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Abstract

A 52-year-old woman had been found to have hematuria at her annual checkup 5 years in a row. She hoped to donate her
kidney to her husband, so we performed a percutaneous kidney biopsy at our department. It was difficult for us to detect
apparent abnormalities under a light microscopic examination, and she was determined to meet the eligibility criteria for
living kidney transplantation. However, the sample for electron microscopy was not evaluated before kidney donation. She
subsequently underwent living kidney transplantation as a donor. A 1-h biopsy revealed swelling and obvious vacuolation of
the glomerular podocytes, which were characteristic of Fabry disease. Her medical history and examinations were reviewed.
No findings or episodes were observed. Pre-donation electronmicroscopy revealed numerous zebra bodies in the podocytes.
A definite diagnosis of heterozygous Fabry disease was made based on the GLA gene mutation despite the normal range of
leukocyte a-Gal A activity. Based on the pathological deposition of GL-3, chaperone therapy was initiated to suppress the
progression of organ damage. In this case, we could not confirm a diagnosis of Fabry disease despite performing a renal
biopsy prior to kidney donation. Kidney donor candidates may sometimes have factors that cannot be assumed based on
medical or family history. Thus, it is important to perform a renal biopsy before kidney donation when necessary, and to
always conduct a detailed evaluation including electron microscopy.
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Introduction

Fabry disease is a rare X-linked multisystemic lysosomal
storage disorder caused by reduction in activity of leuko-
cyte a-galactosidase A due to the genetic deletion, resulting
in the accumulation of glycolipids, such as globotriaosyl-
ceramide (GL-3) [1, 2]. Early signs and symptoms typi-
cally manifest during childhood and adolescence and may
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include neuropathic pain, impaired hearing, corneal opaci-
ties, angiokeratoma, and hypohidrosis. Disease progression
leads to kidney dysfunction and cardiac and cerebrovascular
complications in adulthood, which causes a poor quality of
life and increased risk of premature death [3]. Not only men
but also heterozygous women may develop and present with
variable phenotypes [4, 5]. It is necessary for all suspected
women to have their GLA gene evaluated, as the a-Gal A
activity may be in the normal range [3, 6, 7].

We herein report a case of unrecognized heterozygous
Fabry disease in a patient who underwent kidney donation
as an instructive case study.

Case presentation

A 52-year-old woman had been taking an antihypertensive
agent for 7 years, but her weight loss brought her blood pres-
sure under control, so drugs were no longer needed. There
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was no remarkable family history. Her husband had been on
hemodialysis due to diabetic nephropathy for 10 years, and
she hoped to donate her kidney to her husband. However,
hematuria had been noted on her annual checkup for the
past 5 years. Therefore, she was referred to our hospital for
a detailed examination of her kidneys.

On admission, her height was 164 cm, weight was 63 kg,
and blood pressure was 116/73 mmHg. Laboratory stud-
ies showed the following: white blood cells 4.730/pL, red
blood cells 425 x 10*/pL, hemoglobin 13.5 g/dL, hemato-
crit 39.2%, platelets 208,000/puL, serum total protein 7.3 g/
dL, albumin 4.2 g/dL, blood urea nitrogen 13.6 mg/dL,
creatinine 0.76 mg/dL, 24-h creatinine clearance 103 mL/
min (mGFR 105.7 mL/min/1.73 mz), sodium 140 mEq/L,
potassium 4.0 mEq/L, chloride 106 mEq/L, calcium 9.3 mg/
dL, phosphorus 3.4 mg/dL, and cystatin C 0.84 mg/L. A
urinalysis showed hematuria (2+4). A urinary sediment
examination found hematuria at 1-4/high-power field and
no urinary casts. Neither evident proteinuria nor albumi-
nuria was noted. The bilateral kidneys were of normal size
and form on computed tomography. The electrocardiography
showed no arrhythmia. The echocardiography revealed no

valvular disease or cardiac hypertrophy. The lung function
was normal.

She underwent a percutaneous renal biopsy to ascertain
the etiology of her hematuria. Light microscopy contained
only seven glomeruli, none of which showed sclerosis.
On immunofluorescence, there was no significant positive
staining for IgG, IgA, IgM, Clq, C3d, or fibrinogen. It was
difficult for us to detect latent abnormalities under light
microscopy (Fig. 1a) before kidney donation, and she was
determined to meet the eligibility criteria for living kidney
transplantation. However, the sample for electron micros-
copy was not evaluated before kidney donation. She subse-
quently underwent living kidney donation to her husband.

The ABO-incompatible protocol of our hospital was initi-
ated, and basiliximab, steroids, tacrolimus, and mycopheno-
latemofetil were used as primary immunosuppressive agents
after desensitization by plasma exchange. Her husband was
discharged with an acceptable graft function (serum creati-
nine 1.69 mg/dL) However, a 1-h biopsy revealed swelling
and obvious vacuolation of the glomerular podocytes, char-
acteristic of Fabry disease (Fig. 1b), which prompted us to
suspect Fabry disease for the first time.

Fig.1 a, ¢, d Renal pathology prior to kidney donation; b a 1-h
biopsy. a No apparent change was detected in the glomeruli under a
light microscopic examination before kidney donation (PAS stain-
ing X 400). b A 1-h biopsy revealed remarkable swelling and obvious

vacuolation of the glomerular podocytes (PAS staining X 400). ¢ Pre-
donation electron microscopy revealed numerous zebra bodies in the
podocytes (X3000). d Basement membrane thinning (180 nm) was
observed in part of the specimen (Arrowhead). Scale bars 2 pm
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Her medical history and examinations were reviewed.
No findings or episodes, such as impaired hearing, pain in
the limbs, hypohidrosis, abdominal pain, cornea verticillata,
or angiokeratoma, were observed. Although the leukocyte
a-Gal A activity was 50.9 nmol/h/mg protein within a nor-
mal lower limit (controls 49.8—116.4 nmol/h/mg protein),
pre-donation electron microscopy revealed numerous zebra
bodies, consistent with Fabry disease, in the podocytes
(Fig. 1c). In addition, basement membrane thinning was
observed (Fig. 1d). Multiple microinfarctions of cerebral
white matter were detected on brain magnetic resonance
imaging. A definitive diagnosis of heterozygous Fabry dis-
ease was made based on GLA gene testing (missense muta-
tion, ¢.888G > A; p. Met296lle).

Although her renal function has been stable with no albu-
minuria observed either before or after kidney donation,
based on the accumulation of glycolipids in kidney cells,
migalastat as chaperone therapy was initiated to suppress
the progression of organ damage due to Fabry disease. Mild
headache was the only adverse effect; however, the symptom
gradually improved and administration could be continued.

Discussion

In the present case, Fabry disease was not considered as a
differential diagnosis because most patients with hematu-
ria without overt proteinuria are, in general, pathologically
diagnosed as IgA nephropathy or thin basement membrane
disease [8], and there was no characteristic medical or fam-
ily history. However, a kidney biopsy was performed before
kidney donation, and there should have been an opportunity
to diagnose the underlying disease. Actually, on a detailed
review of pre-donation light microscopy specimens, slight
swelling and vacuolation of the glomerular podocytes were
observed. The major cause of failure to diagnose Fabry
disease was that kidney donation was performed without
confirming the electron microscopic findings before kidney
donation. An opportunity to reconsider the indication of the
donor might have been obtained if Fabry nephropathy had
been suspected based on the detection of zebra bodies by
electron microscopic observation and a definitive diagnosis
had been made by genetic testing.

Furthermore, basement membrane thinning was
observed in part of the specimen by electron microscopy,
which was considered to be a cause of hematuria. Thus,
a thorough evaluation for basement membrane disease
should be performed before donation. In recent years,
cases of benign familial hematuria including thin base-
ment membrane disease have been reported to cause focal
segmental glomerulosclerosis and lead to renal failure
[9]. In particular, it is noted that urinary protein tends to
appear rapidly after the 30 s in patients with COL4A3/
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COL4A4 mutations, as is observed in patients with Alport
syndrome. Although the risk of renal failure due to the
natural course of thin basement membrane disease may
have been low in this patient in her 50 s, genetic testing
for basement membrane disease as well as Fabry disease
should be performed before donation.

A recent report indicated that kidney donors had an
increased risk of end-stage kidney disease in comparison
with a matched cohort of healthy nondonors [10]. In addi-
tion to Fabry disease, the patient had risk factors for kidney
failure, such as thin basement membrane disease and donor
nephrectomy, thus, the care taken for chronic kidney disease
management should have been greater in comparison with
that for other donors.

There are only a few reports of unrecognized kidney
donation from heterozygous patients to recipients (Table 1)
[11-17], suggesting that the renal prognosis after kidney
donation appears to be stable in the short term, however, the
long-term prognosis is unclear. The renal complications of
Fabry disease are key contributors to the morbidity and mor-
tality associated with the disorder [18]. Fabry nephropathy
proven by a renal biopsy was demonstrated in this case, and
minimizing the effects of Fabry nephropathy may improve
the patient’s renal outcome. General guidelines recommend
that specific treatment be initiated as soon as symptoms
occur, regardless of a classical or heterozygous status, since
patients in whom treatment is initiated at an appropriate
timing benefit the most and have more favorable long-term
renal outcomes [19, 20]. While she was asymptomatic before
and after donation, based on the pathological deposition of
GL-3, we determined that migalastat should be administered
to prevent the development of organ damage.

Enzyme replacement therapy (ERT) has been convention-
ally shown to have a good therapeutic effect [21], however,
ERT must be administered as an intravenous infusion every
other week. In addition, complications such as infusion reac-
tion can affect the treatment compliance [22]. Migalastat,
the first-in-class pharmacologic chaperone administered in
this case, was approved in Japan in 2018. The ATTRACT
study indicated that the therapeutic effect of migalastat on
the renal function is equivalent that of ERT [23], and the
greatest advantage is of migalastat is that it can be admin-
istered orally. However, it is necessary to confirm that the
patient has a migalastat-amenable form of a-Gal A muta-
tion [24-26]. The present patient was fortunate to have a
migalastat-amenable mutation, despite the fact that such
mutations account for <30% of currently identified gene
mutations in the Japanese population [27]. The main adverse
effect is headache, which can be treated symptomatically in
the majority of cases. Additionally, migalastat is not rec-
ommended for patients with severe renal dysfunction, and
attention should be paid to changes in the renal function after
renal donation in the future.
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In summary, we encountered a case of latent heterozy-
gous Fabry disease in a female living kidney donor candi-
date. Kidney donor candidates may sometimes have factors
that cannot be assumed based on medical or family history
————— and may be at risk for renal failure in the future. Thus, it is
important to perform a renal biopsy before kidney donation
when necessary, and to always conduct a detailed evaluation,
including electron microscopy.
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29
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29
46
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F
M
F
F
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M
M

Therapy for FD
A
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None
RT
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N/A
E

Prognosis
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N/A

Relationship
Mother
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Mother
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Sister

Age (years)
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1
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F

F

F

M

F

F
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Table 1 Living-donor kidney transplantations from patients with unrecognized Fabry disease

FD Fabry disease, ERT enzyme replacement therapy
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