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Abstract
Fabry disease (FD) is an X-linked disorder of the sphingolipid metabolism, caused by defi-
ciency or decreased activity of α-galactosidase A. We report a rare case of Fabry nephropathy 
(FN) in a 21-year-old Japanese female patient presenting with only urinary mulberry bodies; 
she was treated with pharmacological chaperone therapy (PCT) after renal biopsy. The patient 
underwent a detailed examination because her mother was diagnosed with FD in the Division 
of Community Medicine of our hospital. She did not have renal dysfunction or proteinuria, 
and only mulberry bodies were detected in the urine. The activity of α-galactosidase A was 
low, and genetic analysis revealed the R301Q mutation. A percutaneous renal biopsy was per-
formed, and the findings revealed enlargement and vacuolation of glomerular podocytes by 
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light microscopy, and myelin and zebra bodies were detected in podocytes by electron mi-
croscopy. She was diagnosed with FN by renal biopsy and gene analysis. PCT was selected as 
the treatment to prevent cardiac events and renal dysfunction. The present case suggests that 
renal biopsy may be necessary even for young women with only mulberry bodies for the di-
agnosis of FN. It could be useful to evaluate the effect of treatment using the counts of mul-
berry bodies in the urine. In addition, due to its oral administration, PCT may be suitable for 
patients who are unable to visit the hospital frequently.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Fabry disease (FD) is a poor prognostic disease of the glycosphingolipid metabolism with 
X-linked disorder caused by deficiency or reduced activity of α-galactosidase (α-GAL). FD is 
a lysosomal storage disorder caused by mutations in the α-GAL A-encoding gene on the X 
chromosome. FD leads to major disease manifestations, including acroparesthesia, angioker-
atoma, hypohidrosis, corneal opacities, and progressive vascular diseases of the kidney and 
heart [1].

Male patients with FD are classified into 2 categories: the classical and late-onset types, 
while female patients with FD exhibit heterogeneous disease expression [2, 3]. It is chal-
lenging to identify female patients with FD with late-onset type mutations, since there are no 
overt symptoms during childhood. In addition, FD is reported to progress more slowly in 
female patients than in male patients [4]. Male patients with FD with complete deficiency of 
α-GAL A activity show severe symptoms, whereas female patients with FD with residual 
α-GAL A activity show symptoms restricted to the heart or kidney, even at a relatively old age 
[5]. Female patients with FD are at a significant risk of vital organ dysfunction, such as cardiac 
events and renal dysfunction [6]. It is rare for young female patients with FD with only 
mulberry bodies to be diagnosed with Fabry nephropathy (FN) via renal biopsy. There is 
limited information about the cases treated with pharmacological chaperone therapy (PCT) 
as it is a newly developed treatment for FD [7]. Here, we report a case of FN in a young female 
patient presenting with only urinary mulberry bodies, who was eventually treated with PCT.

Case Report

A 21-year-old Japanese woman underwent a detailed examination after her mother was 
diagnosed with FD. She did not have renal dysfunction or proteinuria, and only mulberry 
bodies were detected in her urine. FD was observed in the maternal family. Her mother had 
leg pain and was treated with enzyme replacement therapy (ERT). Her maternal grandfather 
developed cardiac failure and was undergoing hemodialysis (Fig. 1). Therefore, FD was 
strongly suspected. Gene analysis showed that the R301Q mutation was found in exon 6. The 
serum α-GAL A activity of the patient was 8.3 AgaIU (normal range >20.0 AgaIU). Based on 
these results, the patient was diagnosed with FD. Physical examination did not reveal acro-
paresthesia, angiokeratomas, hypohidrosis, or corneal opacities. Since mulberry bodies were 
continuously detected in the urine, she was introduced to our division and admitted for renal 
biopsy. On admission, her height was 155.0 cm, and her body weight was 39.9 kg. Her body 
temperature was 36.5°C, blood pressure was 103/62 mm Hg, and heart rate was 64 beats/
min with sinus rhythm. Clinical laboratory data are as follows: white blood cell count, 3.6 × 
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103/μL with 43.1% neutrophils; hemoglobin level, 12.2 g/dL; platelet count, 18.5 × 104/μL; 
serum creatinine, 0.54 mg/dL; estimated glomerular filtration rate, 127 mL/min/1.73 m2; 
blood urea nitrogen, 7 mg/dL; total protein without M-protein, 6.8 g/dL; albumin, 3.6 g/dL; 
C-reactive protein, 0.01 mg/dL; brain natriuretic peptide, 21.5 pg/mL; immunoglobulin G, 
1,040 mg/dL; immunoglobulin A, 100 mg/dL; and immunoglobulin M, 83 mg/dL. Serum 
complement factors 3 and 4 and complement hemolytic activity were normal. Antinuclear 
antibodies, rheumatoid factor, and anti-neutrophil cytoplasmic antibodies were negative. 
Her urinalysis revealed proteinuria 0.02 g/g creatinine, <1 red blood cell/high-power field, 
N-acetyl-β-D-glucosaminidase 2.1 U/L, β2-microglobulin 188 μg/L, and mulberry bodies 
(Fig. 2). Echocardiography showed the following findings: left ventricular end-diastolic 
diameter, 40.7 mm; left ventricular end-systolic diameter, 27.9 mm; ejection fraction, 59.8%; 
interventricular septal thickness, 6.1 mm; left ventricular posterior wall thickness, 6.0 mm; 
E/A ratio, 2.32; and E/e' 7.4. Left ventricular wall motion abnormalities and valvular disease 
were not observed. There were no findings suggestive of myocardial or cerebrovascular 
damage on cardiac and brain magnetic resonance imaging. We performed a percutaneous 
renal biopsy and obtained the following findings (Fig. 3a–e): the renal biopsy specimens 
contained 40 glomeruli with no tubulointerstitial changes, but all showed enlarged and vacu-
olated podocytes under light microscopy. Myelin bodies and zebra bodies were detected in 
podocytes by electron microscopy. The immunofluorescence staining results were negative. 
Furthermore, we examined the renal biopsy specimens using low-vacuum scanning electron 
microscopy (LV-SEM). LV-SEM (Hitachi Tabletop microscope TM4000; Hitachi High-Technol-
ogies Corp., Tokyo, Japan) enabled the analysis of the three-dimensional structure of renal 
biopsy paraffin sections that were stained with Pt-blue [8]. In the new three-dimensional 
approach, we confirmed the findings of enlarged and vacuolated podocytes (Fig. 3f). Based 
on the results of renal biopsy, the patient was diagnosed with FN. After diagnosis, she started 
treatment with PCT to prevent cardiac events and renal dysfunction.

Fig. 1. Family tree. The black arrow indicates the proband. The proband’s mother had leg pain and was treat-
ed with enzyme replacement therapy. Her grandfather was diagnosed with cardiac Fabry disease and was 
undergoing HD. HD, hemodialysis.
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Discussion

We encountered a case of FN in a young female patient presenting with only urinary 
mulberry bodies, who was eventually treated with PCT. A previous study demonstrated that 
the condition of male patients with FD progressed more rapidly than that of female patients 
with FD [4]. However, female patients with FD have a high risk of cardiac events and renal 

Fig. 2. Mulberry bodies in the urine.

Fig. 3. Representative light microscopy and electron microscopy on the kidney biopsy specimen. a, b Enlarged 
and vacuolated podocytes observed via light microscopy (a: elastica-Masson stain, original magnification, 
×400; b: periodic acid methenamine silver stain, original magnification, ×400). c No tubulointerstitial changes 
observed via light microscopy (elastica-Masson stain, original magnification, ×100). d, e Electron microscopy 
showing osmiophilic lamellar inclusions, with a concentric pattern called myelin bodies, or with elongated 
stripes called zebra bodies mainly in the podocytes (d: original magnification, ×2500; e: original magnifica-
tion, ×5000). f Low-vacuum scanning electron microscopy showing enlarged and vacuolated podocytes 
three dimensionally. Podocytes (P, white arrow) and red blood cells (R) are shown (f: Pt-blue stain, original 
magnification, ×2500).
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dysfunction [6]. Therefore, female patients with FD need to be treated earlier to prevent 
cardiac events and renal dysfunction.

More than 700 FD-causing mutations have been identified in genes encoding human 
α-GAL A. The range of phenotypes for α-GAL A mutations can vary widely, depending on the 
individual genotype in patients with FD [9]. The most commonly identified pathogenic muta-
tions in Japanese FD are M296I, R227X, R112H, R112C, and R301Q [2]. In the present case, the 
R301Q mutation was found in exon 6. This is one of the mutations of variant phenotype FD and 
is found in patients with FD of both the classic and later-onset types [2]. Yamamoto et al. [3] 
reported the clinical diversity in patients with FD with the R301Q mutation, and their clinical 
manifestations were markedly divergent despite the same genetic abnormality. According to the 
reported cases by Yamamoto et al. [3], FN was diagnosed by renal biopsy in 3 (1 male and 2 
female patients) out of 10 cases. Two female patients without renal dysfunction were diagnosed 
with FN by renal biopsy; however, they were over 40 years old [3]. The present case was of a 
female FN patient diagnosed at a young age presenting with only mulberry bodies in her urine.

Mulberry bodies, which are caused by the accumulation of globotriaosylceramide on the 
epithelial cells of the distal convoluted tubules, are specific to FD [10]. The diagnostic accuracy 
may vary depending on the ability and experience of the medical technician, and, to the best 
of our knowledge, no study has described the relationship between the quantities of mulberry 
bodies and the progression of renal dysfunction in patients with FD or their utility as 
biomarkers for treatment. However, mulberry bodies are inexpensive and noninvasive 
biomarkers, and the counts of mulberry bodies may be useful for therapeutic evaluation [11]. 
Moreover, several case reports have indicated the usefulness of mulberry bodies in the early 
diagnosis of FN [10, 12].

The treatment options for FD include ERT and PCT. ERT was developed in 2001 as a 
treatment for FD. ERT is based on a chronic, 2-weekly infusion of agalsidase α or β [13]. In a 
previous study, ERT slowed the progression of renal dysfunction, cardiomyopathy, and delayed 
mortality [14]. However, ERT needs to be applied intravenously, and some patients develop 
infusion-associated reactions and antibody formation to ERT. Oral migalastat, a pharmaco-
logical chaperone, was approved in Germany in 2016. Migalastat is administered orally every 
other day. Migalastat binds reversibly to the α-GAL active site, stabilizes specific mutant forms 
of the enzyme, and promotes trafficking to lysosomes, where α-GAL catabolizes accumulated 
disease substrates in patients with FD [15]. Migalastat is expected to be an alternative treatment 
for ERT. However, this therapy is limited to a specific number of mutations. It is estimated that 
only 35%–50% of patients with FD have migalastat-amenable mutations [7]. Our patient had 
mutant forms of α-GAL that were responsive to migalastat. PCT significantly decreased the left 
ventricular mass index, which may contribute to a decrease in cardiac events. Left ventricular 
hypertrophy is associated with cardiac events in patients with FD. Left ventricular mass has 
been shown to be an important parameter for assessing the cardiac effects of the treatment in 
patients with FD [15]. Male patients with FD receiving PCT had an increase in leukocyte α-Gal 
A activity, while this was not confirmed in female patients with FD [16]. Therefore, it could be 
meaningful to measure the change in enzyme activity in WBC for monitoring the therapeutic 
effect of PCT in patients with FD. In a randomized, active-controlled study, PCT and ERT also 
had similar effects on renal function [7]. In addition, PCT can avoid infusion-associated reac-
tions and antibody formation [15]. PCT has better potential to improve the quality of life 
compared to ERT due to its oral administration. Since our case was of a young patient who had 
difficulty in frequent hospital visits, the treatment had a positive effect on her quality of life.

In summary, although the patient in the present case did not have renal dysfunction and 
proteinuria, mulberry bodies were detected in her urine. Based on the results of her renal 
biopsy, the patient was diagnosed with FN at a young age. Young female patients presenting 
with only mulberry bodies and diagnosed with FN by renal biopsy are rare. The present case 
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suggests that renal biopsy can be necessary even for young women presenting with only 
mulberry bodies to prevent cardiac events and renal dysfunction by early detection of FN. 
Since the R301Q mutation was found in exon 6, ERT was considered to be a preferable choice 
for FN according to previous reports [13, 14]. However, we selected PCT as her treatment as 
she had difficulty visiting a hospital frequently, and PCT and ERT have similar treatment 
effects on renal function [7]. It could be useful to assess the effect of treatment using the 
counts of mulberry bodies in FN patients. Furthermore, due to its oral administration, PCT 
could be suitable for patients who are unable to visit the hospital regularly.
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