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Abstract

Introduction: The prevalence of urinary myeloid bodies in
Fabry disease patients and their correlation with renal in-
volvement remains unclear. Methods: This single-center,
retrospective study included 25 patients with Fabry disease
and 27 controls. We analyzed 24-h urine samples for the
presence of urinary myeloid bodies and evaluated clinical
data, including serum creatinine, estimated glomerular
filtration rate (eGFR), 24-h urinary protein levels, a-Gal A,
and Lyso-GL-3. Seven Fabry patients underwent analysis of
urine samples before and after 1 year of enzyme replacement
therapy (ERT). Results: Urinary myeloid bodies were detected
in 84% of Fabry patients (21 out of 25), with no significant
gender differences. None of the healthy controls or patients
with other renal disease patients had urinary myeloid bodies.
Among the Fabry patients with myeloid bodies, 48% had no
proteinuria, and 52% were in CKD1 stage G1. Furthermore,
urinary myeloid bodies were detected in 4 patients under the

age of 20, despite the absence of or only minimal proteinuria,
and these patients all exhibited a substantial number of my-
eloid bodies. After 1 year of ERT, significant reductions in both
the count (p = 0.043) and area ratio (p = 0.028) of myeloid
bodies were observed. Conclusion: Urinary myeloid bodies are
specific to Fabry disease and are associated with early renal
injury, even in the absence of proteinuria. These findings
suggest that urinary myeloid bodies may serve as a nonin-
vasive biomarker for the early diagnosis of Fabry disease and

for monitoring the efficacy of ERT.  © 2025 The Authors).
Published by S. Karger AG, Basel

Introduction
Fabry disease is a rare X-linked genetic disorder caused

by mutations in the GLA gene, leading to reduced or
absent a-galactosidase A (a-Gal A) activity and
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subsequent lysosomal dysfunction [1]. This results in the
pathological accumulation of lipid substances, including
globotriaosylceramide (GL-3) and its derivative globo-
triaosylsphingosine (Lyso-GL-3), in various organs, such
as the kidneys, heart, nervous system, and skin, ultimately
causing organ dysfunction [2-4]. The clinical phenotype
of Fabry disease demonstrates significant heterogeneity
[5], with classification into classic and late-onset forms
based on the age at onset, clinical manifestations, and the
degree of enzyme activity reduction [6]. In the classic
form, patients typically exhibit severely reduced or absent
residual a-Gal A activity, which is associated with a
poorer prognosis. Early signs and symptoms generally
manifest during childhood and include neuropathic pain,
corneal verticillata, gastrointestinal disturbances, hypo-
hidrosis, and angiokeratomas. Over time, these patients
may develop progressive complications such as renal
failure, hypertrophic cardiomyopathy, arrhythmias,
hearing loss, and stroke.

Renal involvement is a major contributor to disability
and mortality in Fabry disease. Early identification of
high-risk individuals and timely initiation of targeted
therapy are therefore critical for improving patient
outcomes [7]. The most common renal manifestations of
Fabry disease are proteinuria and renal dysfunction [8],
which are widely recognized as markers of kidney injury
and indicators for initiating targeted treatment. Studies
have demonstrated that enzyme replacement therapy
(ERT) is often insufficient to reverse podocyte damage or
halt further decline in renal function in patients with
proteinuria exceeding 1 g/day [9]. Consequently, it is
imperative to identify novel biomarkers of early Fabry-
related kidney injury to facilitate earlier initiation of ERT
and improve renal prognosis in affected patients [10]. A
hallmark histopathological feature of Fabry disease is the
presence of multilamellar myelin figures, or “myeloid
bodies,” which are observable under electron microscopy.
These myeloid bodies are critical for diagnosing Fabry
disease and are closely associated with disease progres-
sion [11, 12]. First identified in the urine sediment of
Fabry patients by Katz and Lyons in [13] 1977, their
diagnostic value was later substantiated by Murayama’s
team [14] in 2018. Despite these findings, the prevalence
of urinary myeloid bodies and their correlation with
Fabry disease progression remain inadequately under-
stood. This study aimed to quantitatively analyze the
number and area ratio of myeloid bodies in the urine
sediment of patients with Fabry disease, report their
prevalence, explore their association with disease pro-
gression, and evaluate their potential as a noninvasive
biomarker for monitoring the effectiveness of ERT.

Urinary Myeloid Bodies for Diagnosis of
Early FD

Methods

Study Design and Population

This single-center, retrospective study was conducted
at the Department of Nephrology, Zhong Da Hospital,
Southeast University, between February 2023 and De-
cember 2024. Fabry patients included in the study met the
following criteria: diagnosis of Fabry disease confirmed
by reduced plasma a-Gal A enzyme activity and the
presence of GLA gene mutations, with no restriction on
age or gender. For comparative purposes, we included 2
healthy individuals with no prior medical conditions, as
well as 25 patients with other renal diseases (4 hyper-
tensive nephropathy, 4 diabetic nephropathy, 3 minimal
change disease, 3 membranous nephropathy, 3 focal
segmental glomerulosclerosis, 3 IgA nephropathy,
3 ANCA-associated glomerulonephritis, and 2 lupus
nephritis) who were similar in gender and age for 24-h
urine sample collection. Patients were excluded if baseline
data were unavailable or if they were unable to provide a
24-h urine sample (minimum 500 mL).

Baseline clinical data, including demographic infor-
mation (age, gender), clinical manifestations, serum
creatinine, estimated glomerular filtration rate (eGFR),
and 24-h urinary protein, were collected. In addition, 24-
h urine samples were obtained for the preparation of
urinary sediment pathological slides. To assess changes in
urinary myeloid body excretion pre- and post-treatment,
7 Fabry patients provided 24-h urine samples after
completing 1 year of ERT.

Preparation of Urine Sediment Pathological Sections

A 24-h urine sample (minimum 500 mL) was collected
from each patient (shown in Fig. 1). The sample was ali-
quoted into 15 mL centrifuge tubes and centrifuged at
2,500 rpm for 10 min at 4°C. The supernatant was dis-
carded, and the precipitate was retained. This centrifugation
process was repeated until all urine samples were processed,
resulting in the collection of urine sediment. The sediment
was then fixed in 2.5% glutaraldehyde for 4 h, followed by
three washes with 0.1 mL of PBS. Afterward, the sediment
was fixed with 1% osmium tetroxide for 2 h, rinsed three
times with distilled water, and subjected to a graded de-
hydration protocol. Finally, the sample was embedded,
sectioned, and stained to create pathological specimens.

Qualitative and Quantitative Analysis of Urinary

Mpyeloid Bodies

Urine sediment pathological sections were examined
using a transmission electron microscope at x2,500
magnification. Twenty random images per patient were
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Fig. 1. Quantitative analysis of urinary myeloid bodies.

captured. These images were independently assessed by
two researchers who were blinded to each other’s find-
ings. Using Image-Pro Plus software, the number of
myeloid bodies in each image was counted, the area
occupied by these myeloid bodies was outlined, and the
ratio of this area to the total field of view area was cal-
culated to determine the myeloid bodies area ratio.

Statistical Analyses

Descriptive statistics were reported as proportions,
means with standard deviations, or medians with
interquartile ranges as appropriate. Between-group dif-
ferences and the impact of ERT on urinary myeloid body
excretion were analyzed using the Wilcoxon rank-
sum test.

Results

Distribution of Urinary Myeloid Bodies in Fabry

Patients

This study included 25 Fabry patients (Table 1) and
27 control subjects (online suppl. Table S1; for all
online suppl. material, see https://doi.org/10.1159/
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000545604). The median age of the Fabry patient co-
hort was 43 years, with a male-to-female ratio of 44%-
56%. None of the Fabry patients had a history of
cationic amphiphilic drug use. Urinary myeloid bodies
were detected in 21 patients (84%) (shown in Fig. 2).
Comparison between Fabry patients with and without
urinary myeloid bodies revealed no statistically sig-
nificant differences in age, gender, serum creatinine,
eGFR, 24-h urinary protein, a-Gal A, or Lyso-GL-3
(Table 2). Although no statistically significant differ-
ences were observed, patients with myeloid bodies
tended to be younger at diagnosis, had higher serum
creatinine levels, and exhibited more proteinuria
compared to those without myeloid bodies, suggesting
a potentially more severe clinical phenotype. In the
control group, 27 individuals were included, consisting
of 2 healthy subjects with no prior medical history,
from whom no urinary sediment was obtained fol-
lowing centrifugation of 24-h urine samples. The re-
maining 25 patients with other renal diseases (in-
cluding 2 patients with lupus nephritis treated with
hydroxychloroquine), matched in age and gender with
the Fabry disease group, exhibited no urinary myeloid
bodies in their urine sediment.

Yang et al.
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Fig. 2. Typical morphology of urine my-
eloid bodies in Fabry patients under
transmission electron microscopy.
a-c¢ Transmission electron microscopy
images showing typical structures of uri-
nary myeloid bodies (scale bar, 2.0 pm).
d-f Higher magnification images revealing
the multilamellar concentric myelin-like
structures of urinary myeloid bodies
(scale bar, 200 nm).

Intragroup Analysis of Fabry Patients

Based on the presence of urinary myeloid bodies and
proteinuria (defined as urinary protein excretion greater
than 0.15 g/24 h or a positive urinary protein test), patients
were divided into four groups (shown in Fig. 3). Two
patients exhibited neither proteinuria nor myeloid bodies,
and their renal function showed no significant abnormal-
ities, while 14 patients presented with both. Seven additional
patients showed urinary myeloid body excretion despite the
absence of proteinuria. Among these, 4 patients were under
the age of 20 (No. 11, No. 14, No. 22, and No. 23). Except for
patient No. 22, who had minimal proteinuria, the others did
not exhibit proteinuria but showed a significant presence of
urinary myeloid bodies. Notably, a pair of twins (No. 11 and
No. 14) exhibited normal enzymatic activity levels yet
displayed substrate accumulation and urinary myeloid body
presence. In one of the twins with lower enzyme activity
(No. 14), there was a pronounced Lyso-GL-3 accumulation,
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a higher urinary myeloid bodies count, and a greater urinary
myeloid bodies area ratio. These findings suggest that
urinary myeloid body excretion may precede the onset of
proteinuria and a decline in enzymatic activity. Only 2
patients (No. 2 and No. 4) exhibited proteinuria in the
absence of urinary myeloid bodies. At the time of urinary
sediment analysis, they had already received 31 and 32 ERT
sessions, respectively. The absence of myeloid body ex-
cretion may have been influenced by prior ERT treatment.

An intragroup analysis was conducted on patients
with urinary myeloid bodies (shown in Fig. 4). Among
these patients, females slightly outnumbered males (12
vs. 9). Four patients were under 20 years old, 5 were
between 20 and 39 years, 11 were between 40 and
59 years, and 1 patient was over 59 years. Nearly half of
the patients were proteinuria negative; 4 patients had
proteinuria 1+ (protein levels between 0.2 g and 1.0 g/
L); 4 patients had proteinuria 2+ (1.0 g-2.0 g/L); and 3

Yang et al.
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Table 2. Clinical characteristics of patients included in this study

Characteristic Fabry patients

Control (healthy
people excluded)

total myeloid body myeloid body p total p
positive negative value' value?

N 25 21 4 - 25 -
Male/female 11/14 9/12 2/2 >0.99 14/11 0.57
Age, median (IQR), years 43 (32-54) 42 (31-54) 46 (42-51) 037 41 (37-46) 0.63
Serum creatinine, median 68 (57-92) 69 (56-92) 62 (59-76) 0.82 110 (71-138) 0.01
(IQR), pmol/L
eGFR, meanxSD, mL/min/ 90.01+£26.81 89.37+28.69 93.36+£12.56 0.88 67.67+£38.68 0.06
1.73 m?
Proteinuria positive, n (%) 16 (64) 14 (67) 2 (50) 0.60 23 (92) <0.01
24-h proteinuria, mean+SD, g 0.97£1.27 1.02+1.27 0.71£0.94 0.52 4.05+5.33 0.04

a-Gal A, median (IQR), pmol/L/h 1.33 (0.40-2.91) 1.33 (0.43-3.09) 1.13 (0.31-2.06) 0.35 - -
Lyso-GL-3, median (IQR), ng/mL 9.62 9.62 (4.55-59.02) 12,62 (6.12-21.85) 0.94 - -
(4.76-38.12)

IQR, interquartile range; SD, standard deviation. "Comparison of patients with and without myeloid bodies in Fabry disease.
2Comparison between Fabry patients and control (healthy people excluded).

2,8%
2, 8% —\ myeloid body positive and
= proteinuria positive
= myeloid body positive but
o proteinuria negative
7, 28% 14' 56% O myeloid body negative but

proteinuria positive

myeloid body negative and
proteinuria negative

I

Fig. 3. Sector diagram of urinary myeloid bodies and proteinuria in
Fabry patients.

patients had proteinuria 3+ (2.0 g-4.0 g/L). Based on
disease duration and eGFR, patients were staged for
chronic kidney disease (CKD), over half of the patients
were in CKD G1, seven were in CKD G2, two in CKD
G3, and one in CKD G5.

Relationship between Urinary Myeloid Body Excretion

and the Duration of ERT

In this study, 7 patients completed a 1-year course of
ERT, after which their urinary myeloid body count, area
ratio, and proteinuria were evaluated (online suppl. Table

Urinary Myeloid Bodies for Diagnosis of
Early FD

S2). The results revealed a statistically significant decrease
in both the count (p = 0.043) and area ratios (p = 0.028) of
urinary myeloid bodies compared to pre-treatment levels
(shown in Fig. 5). Notably, only 1 patient (No. 6) showed
a slight increase in urinary myeloid bodies count (an
increase from 0.75 to 1.3) and area ratio (an increase from
0.13 to 0.47) after 1-year ERT. Regarding proteinuria, the
qualitative proteinuria level of 1 patient (No. 19) de-
creased from 3+ to 1+, while the remaining patients
exhibited no trend of worsening qualitative proteinuria,
suggesting that ERT may delay or control disease
progression.

Discussion

This study is the first to perform both qualitative and
quantitative analyses of urinary myeloid bodies in Fabry
patients, yielding several new insights. Myeloid bodies
were detected in the urinary sediment of 84% of Fabry
patients. Notably, their presence was observed before the
onset of proteinuria and renal function decline, indicating
their potential utility for early diagnosis. Additionally,
after 1 year of ERT, both the number and area ratio of
urinary myeloid bodies decreased, highlighting their
potential as biomarkers for monitoring ERT effectiveness.

Kidney Dis 2025;11:332-341
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Fig. 5. Quantitative changes in urinary myeloid bodies in Fabry patients after 1 year of ERT, showing alterations

in number (a) and area ratio (b).

Fabry disease affects multiple organs and exhibits highly
heterogeneous clinical manifestations, leading to frequent
misdiagnosis or missed diagnosis [15, 16]. In patients with
Fabry nephropathy [9], reduced a-Gal A activity leads to
the accumulation of lipid substrates in podocytes [17, 18],
resulting in dysfunction and detachment, which progress
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to proteinuria and renal insufficiency [19]. Genetic testing
is the gold standard for diagnosing Fabry disease; however,
it is costly and unsuitable for monitoring therapeutic ef-
ficacy. Decreased a-Gal A activity serves as a diagnostic
marker in male patients, but due to the random inacti-
vation of the X-chromosome, a-Gal A activity in female

Yang et al.
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patients may fall within the normal range, leading to
misdiagnosis [20, 21]. Plasma lyso-Gb3 levels are currently
the most widely used biomarker in clinical practice and
show partial correlation with disease severity. Neverthe-
less, this marker presents false negatives in female patients
and those with extremely late-onset Fabry disease, as noted
in previous studies [22]. Furthermore, lyso-Gb3 has shown
poor correlation with clinical events in treated patients
[23-25], underscoring the need for novel, specific bio-
markers to improve the stratification and monitoring of
Fabry patients. Although the existence of myeloid bodies
in kidney tissue is important for the diagnosis of Fabry
disease, this method is less applicable for early diagnosis. In
this study, urinary sediment samples from 25 Fabry disease
patients were analyzed, revealing the presence of urinary
myeloid bodies in 21 patients (84%; 9 males and 12 fe-
males). The detection rate was consistent across genders,
with no significant sex-based differences observed. No-
tably, urinary myeloid bodies were absent in healthy
controls and patients with other renal diseases. Although
previous studies have reported drug-induced phospholi-
pidosis characterized by the presence of myeloid bodies in
patients treated with cationic amphiphilic drugs [26], this
study included 2 lupus nephritis patients on hydroxy-
chloroquine therapy, and no urinary myeloid bodies were
observed in their urinary sediment samples. These findings
suggest that urinary myeloid bodies are not universally
associated with the use of cationic amphiphilic drugs.
Detailed medical history taking can help discern the eti-
ology of urinary myeloid bodies, supporting their speci-
ficity to Fabry disease in this context.

Comparison between Fabry disease patients with and
without urinary myeloid bodies revealed no statistically
significant differences in serum creatinine, eGFR, 24-h
urinary protein, a-Gal A, or Lyso-GL-3. These findings
suggest that the presence of urinary myeloid bodies is
clinically significant. Notably, all 4 patients under the age
of 20 also exhibited a significant number of urinary
myeloid bodies. Among those with urinary myeloid
bodies, 50% did not have proteinuria, and 52% had
preserved renal function, suggesting that urinary myeloid
bodies may serve as noninvasive biomarkers for the early
diagnosis of Fabry disease.

ERT is the primary treatment for Fabry disease, designed
to replace deficient a-Gal A [27], reduce intracellular Gb3
accumulation, alleviate symptoms, and slow disease pro-
gression [28-31]. Early diagnosis and timely treatment are
critical for improving patient outcomes. Proteinuria is a
common marker used to evaluate kidney damage in Fabry
disease and to guide the initiation of ERT. However, in
patients with proteinuria exceeding 1 g/day, ERT has

Urinary Myeloid Bodies for Diagnosis of
Early FD

limited effectiveness in reversing podocyte damage [9, 32]
or halting the progression of Fabry nephropathy [33, 34].
This highlights the need for markers that can assess kidney
damage before proteinuria develops. Previous studies have
demonstrated that myeloid bodies accumulate in podocytes
as Fabry disease progresses and are particularly responsive
to ERT [12]. In this study, 7 patients completed a 1-year
course of ERT, which resulted in a significant reduction in
both the number and area ratio of urinary myeloid bodies.
These findings suggest that the excretion of myeloid bodies
in urine could be a useful tool for predicting outcomes and
managing Fabry disease.

There are limitations to be considered. Given the rarity
of Fabry disease, this study included a relatively small
sample size, limiting the ability to perform comparative
analyses across different age-groups and genders within
the Fabry disease population. Additionally, due to the
invasive nature of renal biopsy, the study did not include
sufficient tissue samples to investigate the correlation
between myeloid bodies observed in renal tissues and
those identified in urinary sediment. Finally, the excretion
of urinary myeloid bodies may be influenced by patients’
medication history, such as the use of cationic amphi-
philic drugs [26, 35, 36], or could potentially be associated
with other genetic disorders [37]. However, these asso-
ciations can be distinguished through thorough medical
history taking.

In conclusion, our study first provides a quantitative
analysis of myeloid bodies in the urinary sediment of
Fabry patients, highlighting their widespread presence
and potential as biomarkers for early diagnosis of Fabry
nephropathy and monitoring ERT efficacy. Future large-
scale clinical studies are necessary to further explore the
relationship between urinary myeloid body excretion and
Fabry nephropathy.
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