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ABSTRACT

Background. The cause of chronic kidney disease (CKD) remains unknown in ∼20% of patients with kidney failure.
Massively parallel sequencing (MPS) can be a valuable diagnostic tool in patients with unexplained CKD, with a
diagnostic yield of 12%–56%. Here, we report the use of MPS to establish a genetic diagnosis in a 24-year-old index
patient who presented with hypertension, nephrotic-range proteinuria and kidney failure of unknown origin.
Additionally, we describe a second family with the same mutation presenting with early-onset CKD.
Results. In Family 1, MPS identified a known pathogenic variant in GLA (p.Ile319Thr), and plasma
globotriaosylsphingosine and α-galactosidase A activity were compatible with the diagnosis of Fabry disease (FD).
Segregation analysis identified three other family members carrying the same pathogenic variant who had mild or
absent kidney phenotypes. One family member was offered enzyme therapy. While FD could not be established with
certainty as the cause of kidney failure in the index patient, no alternative explanation was found. In Family 2, the index
patient had severe glomerulosclerosis and a kidney biopsy compatible with FD at the age of 30 years, along with cardiac
involvement and a history of acroparesthesia since childhood, in keeping with a more classical Fabry phenotype.
Conclusion. These findings highlight the large phenotypic heterogeneity associated with GLA mutations in FD and
underline several important implications of MPS in the work-up of patients with unexplained kidney failure.
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INTRODUCTION

Chronic kidney disease (CKD) can be caused by a wide range of
disorders, including acquired and inherited diseases. The cause
of CKD remains unknown in around 20% of patients with kid-
ney failure [1]. Establishing the underlying kidney disease can
have important consequences, including therapeutic implica-
tions. Previous studies have shown that massively parallel se-
quencing (MPS), formerly known as next generation sequencing,
can be a useful diagnostic tool in patientswith unexplainedCKD,
particularly in younger patients [2, 3]. The diagnostic yield of ex-
ome sequencing, one specific form of MPS, in patients with un-
explained CKD has been reported to vary between 12% and 56%,
depending on the population and gene selection [2]. At the same
time,MPS can also raise novel diagnostic challenges, among oth-
ers the risk of incidental findings.

Here, we describe a patient presenting with nephrotic-range
proteinuria and kidney failure of unknown origin without spe-
cific clinical symptoms. MPS unexpectedly identified a known
pathogenic variant in the GLA gene predisposing for Fabry
disease (FD, OMIM 301500) in the proband and three family
members. Additionally, we describe the clinical presentation of
a second family with the same pathogenic variant, with a Fabry
phenotype more in keeping with classic FD and a similar early-
onset kidney phenotype in one family member. We will discuss
phenotypic heterogeneity in FD and address the potential role
of MPS in patients with unexplained early-onset CKD

RESULTS

Family 1

A 24-year-old man without relevant medical history presented
with frequent nocturia and excessive thirst for 2 months.
Routine laboratory investigation showed an estimated
glomerular filtration rate (CKD Epidemiology Collaboration)

of 9 mL/min/1.73 m2. He denied any other health complaints,
except for mild fatigue. He did not use any medication. Both
the paternal and the maternal grandfather had unspecified
kidney disease, he was not aware of other family members
with CKD. His maternal grandfather also had a pacemaker
(Fig. 1). Blood pressure was 179/114 mmHg, further physical
examination revealed no abnormalities. Additional laboratory
tests showed a serum creatinine of 701 μmol/L, body urea
nitrogen 26 mmol/L, albumin 36 g/L, lactate dehydrogenase
2.72 μmol/L, C-reactive protein <1 mg/L, renal anemia (Hb
6.5 mmol/L), hematocrit 0.33 L/L, thrombocytes 247 × 109/L,
neutrophils 5.6 × 109/L, lymphocytes 2.0 × 109/L, monocytes
1.0 × 109/L, basophils <0.1 × 109/L, eosinophiles 0.2 × 109/L and
hyperparathyroidism (parathyroid hormone 31 pmol/L). Urine
analysis revealed nephrotic-range proteinuria (5.3 g/day) with
minimal erythrocyturia (0–10 erythrocytes/μL). Auto-immune
serology was negative. Electrocardiogram showed a sinus
rhythm, PR interval of 162 ms and signs of left ventricular
hypertrophy (LVH). This was confirmed by echocardiography
(left ventricular mass 166 g/m2), which showed no additional
abnormalities and normal ejection fraction. Kidney ultrasonog-
raphy showed diffusely increased echogenicity, with the left
kidney measuring 10.4 cm and right kidney 12.1 cm. The kidney
biopsy consisted of the transition from cortex to medulla and
contained no glomeruli. Microscopic analysis revealed exten-
sive tubular atrophy with interstitial fibrosis, some tubular
intraluminal calcium oxalate crystals, and some inflammatory
infiltrate. A few foamy fibroblasts could be identified. Frozen
material showed only four globally sclerosed glomeruli and no
intact glomeruli. Immunofluorescence was negative.

The working diagnosis was kidney failure of unknown ori-
gin, with a differential diagnosis that included focal segmental
sclerosis (FSGS), membranous nephropathy or immunoglobulin
A (IgA) nephropathy. IgA nephropathy was considered less
likely as the patient had only mild erythrocyturia and kidney

Figure 1: Pedigree of Family 1. The proband is indicated by the black arrow. Solid black symbols indicate family members with the p.Ile319Thr variant. The minus
symbol (–) indicates that the family member does not carry the identified variant. A diamond with (n) specifies that the number of offspring is not shown. Squares

and circle with a diagonal pattern represent patients with reported CKD.
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Figure 2: Pedigree of Family 2. The proband is indicated by the black arrow. Solid black symbols indicate family members with the p.Ile319Thr variant. The minus

symbol (–) indicates that the family member does not carry the identified variant. A diamond with (n) specifies that the number of offspring is not shown. The hatched
square represents a patient with reported anhidrosis.

immunofluorescence for IgA was negative. Given the severe
hypertension upon presentation, thrombotic microangiopathy
(TMA), for example due to hemolytic uremic syndrome (HUS) or
thrombotic thrombocytopenic purpura, were also considered,
but deemed unlikely based on the laboratory results. Two
months after initial presentation, he was accepted for kidney
transplantation. His mother, father and brother came forward
as living donor candidates.

Considering the young age at presentation, the absence of
a primary kidney disease diagnosis, positive family history and
several related potential kidney donors, whole-exome sequenc-
ing was performed followed by variant filtering and analysis
based on the CKD-young gene panel (v18.1, 141 genes) from the
University Medical Center Utrecht. A known pathogenic mis-
sense variant [c.956T > C, p.(Ile319Thr)] in GLA was identified.
Based on the identified pathogenic variant, medical history and
physical examination were repeated with a focus on FD. The
patient denied any FD-related symptoms, such as hypohidrosis,
acroparesthesias, or heat and exercise intolerance. Physical
examination showed no angiokeratomas or corneal opacities.
Additional investigation showed a plasma globotriaosylsph-
ingosine (LysoGb3) level of 10.4 nmol/L (normal ≤0.6 nmol/L),
while α-galactosidase A (α-Gal A) activity was 0.5 nmol/h/mg
(normal 32–70 nmol/h/mg). Cardiac magnetic resonance imag-
ing (MRI) showed a left ventricular mass of 77 g/m2 (reference
value for men <40 years <60 g/m2), a reduced native septal T1
(900 ms) and no signs of fibrosis. Cerebral MRI revealed small
white matter abnormalities in the right frontal lobe and white
matter hyperintensity in the occipital lobe on both sides on
FLAIR images. Based on these results, the patient was diagnosed
with FD. Since kidney biopsy only contained globally sclerosed
glomeruli, no podocytes could be examined and there was no
material for electron microscopy. There may be some vacuoliza-
tion present in interstitial cells, but this could unfortunately not
be proven in the material available. Therefore, no histological

evidence could be provided that FD was the cause of kidney
failure. However, there was also no histological evidence of
another diagnosis explaining kidney failure. The patient was
not considered eligible for enzyme therapy at this time, but this
will be re-evaluated annually.

Upon referral to a clinical geneticist, segregation analy-
sis identified three other family members carrying the same
p.Ile319Thr pathogenic variant: his mother, brother and a ma-
ternal aunt (Fig. 1). His brother was asymptomatic, and his aunt
turned out to have proteinuria. His mother had hypertension
and cardiac arrythmia, and MRI revealed cardiac fibrosis. She
was offered the option for enzyme replacement therapy. The pa-
tient’s father was selected as kidney donor and the pre-emptive
kidney transplantation was successful.

Family 2

In Canada, a family with the same pathogenic variant was iden-
tified (Fig. 2). The proband of this family, a 46-year-old man, pre-
sented with sudden cardiac arrest at the age of 30 years. A pace-
maker was inserted within 2 days of his acute presentation, and
during the hospitalization he was found to have proteinuria and
increased serum creatinine. The diagnosis of FD was confirmed
by enzyme assay for α-galactosidase which was decreased at
4 nmol/h/mg (normal 13–38 nmol/h/mg). Genetic testing iden-
tified the pathogenic p.Ile319Thr variant in GLA. On history, he
reported acroparesthesias which started at 12 years of age, gas-
trointestinal symptoms including chronic constipation and fre-
quent headaches.

Four months after his initial presentation, he underwent a
kidney biopsy which revealed a severe degree of glomeruloscle-
rosiswithmoderate interstitial fibrosis and tubular atrophy.Vac-
uolization was present in podocytes and tubular epithelial cells.
Immunofluorescence showed weak mesangial staining of IgM
and C3. Electron microscopy revealed the presence of myelin
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figures in cytoplasm of podocytes, consistent with FD and con-
firming the diagnosis Fabry nephropathy. He subsequently de-
veloped kidney failure and started renal replacement therapy at
the age of 41 years. At 45 years of age, he underwent a successful
renal transplant. At 46 years of age, his LVH (identified initially
shortly after his diagnosis) continues to progress with an inter-
ventricular septal thickness at end diastole (IVSD) now at 20mm
and posterior wall thickness also at 20 mm. He is being closely
monitored from the cardiac perspective. He has been on treat-
ment with agalsidase beta since 7 months following his cardiac
arrest.

The brother of the proband, who is 2 years older, has the
same pathogenic variant in GLA. He started developing CKD
more recently with onset of proteinuria at the age of 47 years.
His last 24 h urine collection shows proteinuria of 0.20 g/L/24 h
and his creatinine is trending upward. He is known to have car-
diac involvement, with low myocardial native T1 on MRI, IVSD
of 13 mm, sinus bradycardia and voltage criteria for LVH. At
48 years of age he was started on migalastat in the hopes of
slowing the progression of his FD. He has a α-Gal A activity of
6.0 nmol/h/mg (normal 13–38 nmol/h/mg). Their mother also
has confirmed FD, but she was lost to follow-up. The maternal
grandfather of the proband died young of suspected bowel ob-
struction and suffered from anhidrosis, but no diagnosis of FD
was made while he was alive.

DISCUSSION

FD is a rare X-linked lysosomal storage disease caused by a mu-
tation in GLA, leading to α-Gal A deficiency. In FD, deficiency of
α-Gal A results in lysosomal accumulation of glycosphingolipids
and globotriaosylceramide in various tissues throughout the
body [4]. Men with classical FD usually present with character-
istic symptoms, such as angiokeratoma, acroparesthesia, hypo-
hidrosis and cornea verticillate. Over time, additional symptoms
and complications including stroke, hypertrophic cardiomyopa-
thy, cardiac arrhythmia and proteinuria, and kidney failure may
develop [4].

The p.Ile319Thr variant identified in these families has been
associated with both classical [5] and non-classical [6] pheno-
types of FD, with the majority of patients presenting with a
non-classical phenotype [7]. Patients with non-classical FD usu-
ally are 30–70 years old at first presentation, are generally less
severely affected than those with classical FD, and have a more
diverse disease course, with some patients having symptoms
limited to a single organ [8]. Men with non-classical FD have
lower plasma lysoGb3 values than men with classical FD and
non-classical FD patients usually have residual α-Gal A activity
[9]. In the proband of Family 1, the identified variant, the absence
of characteristic FD symptoms, lysoGb3 value and some residual
α-Gal A activity all match with non-classical FD. Some patients
with non-classical FD have a renal variant, characterized by CKD
without signs of classical FD [10]. However, a progressive decline
in kidney function usually becomes evident between the fourth
and fifth decade in male patients with non-classical FD [8].
Thus, the relatively early-onset of kidney failure in the proband
of Family 1 raises the question whether FD is the (only) explana-
tion. On the other hand, males with <1% of mean normal α-Gal
A activity (as the proband of Family 1) are more likely to present
with more severe kidney damage [11], and exome sequencing
(including genes associated with atypical HUS and TMA) did
not reveal an alternative genetic cause. Furthermore, various
studies have shown variable genotype–phenotype correlations
in patients with FD, even within the same family [12, 13]. This is

demonstrated in Family 2, where there is also a striking differ-
ence in severity of clinical presentation among family members.
This family also illustrates that the p.Ile319Thr pathogenic vari-
ant can lead to a severe cardiac phenotype, early-onset FD
nephropathy and can cause kidney failure. While α-Gal A
activity and phenotype of the proband of Family 2 is more in
keeping with classical FD, his older brother’s presentation is of
later onset and more in keeping with non-classical FD.

It is known that FD can coexist with several (primary) kidney
diseases, including IgA nephropathy,membranous nephropathy,
FSGS and crescentic glomerulonephritis. Several of these kidney
diseases are also included in the differential diagnosis of the
proband of Family 1 and could offer an alternative explanation
for kidney failure in this patient.Only native kidney biopsy could
help clarify renal involvement of FD or an alternative kidney dis-
ease. Unfortunately, renal biopsy was inconclusive in this pa-
tient and no kidney tissue of sufficient quality was available for
further analysis. However, the fact that in the proband of Fam-
ily 2 the same mutation did lead to biopsy-proven early onset of
Fabry nephropathy makes it more plausible that this mutation
also led to early-onset kidney failure in the proband of Family 1.
In addition, the low T1 values on MRI could point towards car-
diac involvement of FD. The left ventricular mass and T1 will be
regularly assessed by MRI, especially since this variant seems to
be associated with cardiac involvement of FD in both families.

Despite the remaining uncertainty regarding FD as the poten-
tial cause of kidney failure in the proband of Family 1, this case
does demonstrate the relevance of genetic screening in young
patients with kidney failure who are eligible for family trans-
plantation as it guided donor selection. Two of the three poten-
tial donors had the same pathogenic variant as the proband.
Awareness of potential genetic causes of CKD is particularly im-
portant in the transplant setting, as more than half of all living
kidney donors are related to their recipient and related donors
have a higher risk of developing kidney failure after donation,
comparedwith unrelated donors [14]. In addition, the prevalence
of hereditary kidney disease is 25% in all patients on the kid-
ney transplant waitlist [15] and around 11% in patients with un-
explained kidney failure on the kidney transplant waitlist [15,
16]. Genetic screening is therefore pivotal in young patients with
unexplained kidney failure who have potential living-related
donors. The genetic diagnosis in Family 1 had consequences
for all four affected family members: younger family members
have been counselled for family planning and all affected fam-
ily members will be evaluated regularly for FD progression and
eligibility for enzyme replacement therapy. Regular assessment
of cardiac manifestations of FD could be important in all pa-
tients with the p.Ile319Thr variant, as almost all affected mem-
bers of the two families described here display signs of cardiac
involvement.

In conclusion, this report illustrates that the interpretation
of MPS results in the context of the clinical phenotype can be
challenging. At the same time, it highlights several important
implications of a genetic diagnosis in patients with kidney fail-
ure of unknown origin.
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