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Abstract

Fabry disease is an X-linked hereditary disorder caused by deficient a-galactosidase A (GLA) activity. Patients with Fabry
disease are often treated with enzyme replacement therapy (ERT). However, ERT often induces the formation of neutral-
izing antidrug antibodies (ADAs), which may impair the therapeutic efficacy. Here, we report the case of a 32-year-old man
with Fabry disease and resultant neutralizing ADAs who was treated by switching from agalsidase-a to agalsidase-p. We
monitored biomarkers, such as plasma globotriaosylsphingosine (lyso-Gb3), urinary globotriaosylceramide (Gb3), urinary
mulberry bodies, renal and cardiac parameters, and disease severity during the treatment period. Although plasma lyso-Gb3
and urinary Gb3 levels quickly decreased within two months after the initiation of ERT with agalsidase-a, they gradually
increased thereafter. The urinary mulberry bodies continued to appear. Both the ADA titer and serum mediated GLA inhi-
bition rates started to increase after two months. Moreover, 3.5 years after ERT, the vacuolated podocyte area in the renal
biopsy decreased slightly from 23.1 to 18.9%. However, plasma lyso-Gb3 levels increased, and urinary Gb3, mulberry body
levels, and ADA titers remained high. Therefore, we switched to agalsidase-f which reduced, but did not normalize, plasma
lyso-Gb3 levels and stabilized renal and cardiac parameters. Disease severity was attenuated. However, urinary Gb3 and
mulberry body levels did not decrease noticeably in the presence of high ADA titers. The kidneys take up a small amount of
the administered recombinant enzyme, and the clearance of Gb3 that has accumulated in the kidney may be limited despite
the switching from agalsidase-o to agalsidase-p.
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B< Hisato Shima Fabry disease is an X-linked hereditary disorder caused by
h.shima@khg.or.jp deficient a-galactosidase A (GLA) activity, which results in
h mulation of gl ri Icerami nd globo-
1 Department of Kidney Disease, Kawashima Hospital, 6-1 t ,e accu u, atio ,0 g obot aosylcera de (Gb3) and g obo
Kitasakoichiban-Cho, Tokushima 770-0011, Japan triaosylsphingosine (lyso-Gb3) [1]. Plasma lyso-Gb3 levels
are considered better biomarkers for disease progression
2 Department of Functional Bioanalysis, Meiji Pharmaceutical . p .g ..
University, 2-522-1 Noshio, KiyOSE, TOkyO 204-8588, Japan than plasma Gb3 levels [2, 3] Urlnary Gb3, which origi-
nates from tubular cells and the urinary collecting system,
3 Department of Clinical Genetics, Meiji Pharmaceutical ) . .. y &8y
University, 2-522-1 Noshio, Kiyose, Tokyo 204-8588, Japan is also a diagnostic biomarker for Fabry nephropathy [4].
The detection of urinary mulberry bodies that originate from
4 Department of Laboratory, Kawashima Hospital, 6-1 . K y K y R . g, K
Kitasakoichiban-Cho, Tokushima 770-0011, Japan podocytes is highly accurate in diagnosing patients with
clinically suspected Fabry disease [5, 6]. Patients with Fabr
> Department of Cardiovascular Medicine, Kawashima . Y SUSp y [. ] . Y
Hospital, 6-1 Kitasakoichiban-Cho, Tokushima 770-0011, disease have often been treated with two different enzyme
Japan replacement therapies (ERT), including recombinant GLA,

@ Springer


http://orcid.org/0000-0003-3918-4735
http://crossmark.crossref.org/dialog/?doi=10.1007/s13730-023-00843-1&domain=pdf

CEN Case Reports (2024) 13:290-296

291

agalsidase-a (0.2 mg/kg biweekly) or agalsidase-p (1.0 mg/
kg biweekly) [7]. However, ERT often induces the forma-
tion of neutralizing antidrug antibodies (ADAs), which may
impair therapeutic efficacy [8].

We report the case of a 32-year-old man with Fabry dis-
ease in whom neutralizing ADAs were treated by switching
from agalsidase-a to agalsidase-f. In addition to renal and
cardiac involvement and disease severity, we closely moni-
tored the changes in ADA titers and levels of biomarkers
such as plasma lyso-Gb3, urinary Gb3, and urinary mulberry
bodies during the treatment period.

Case report

A 32-year-old male was admitted to our hospital for acute
gastroenteritis. He had a medical history of heatstroke
during the summer months, fever of unknown origin, and
peripheral limb pain since childhood. Urinary proteins
have been detected for several years. He had no history of
allergies, medications, or family history. On admission, his
vital signs were as follows: blood pressure, 105/68 mmHg;
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temperature, 36.2 °C; pulse, 78/min; and respiratory rate,
16/min. Physical examination revealed no abnormalities or
skin lesions. His serum creatinine (sCr) level was 0.69 mg/
dL, which was unchanged from baseline. Urinalysis revealed
proteinuria (1.8 g/day) and hematuria (sedimented red blood
cells, 11-30 per high-power field). The levels of urinary
beta-2 microglobulin (107 pg/L; normal, <289 ng/L) and
N-acetyl-beta-D-glucosaminidase (3.1 U/L; normal, < 11.5
U/L) were normal. Mulberry bodies were detected in urinary
sediment samples (Fig. 1a). Electrocardiography revealed
left ventricular (LV) hypertrophy (Fig. 1b). Echocardiog-
raphy revealed LV hypertrophy with normal systolic func-
tion (Fig. 1c). Based on these results, Fabry disease was
suspected.

Renal biopsy revealed expanded glomerular podocytes
with fine vacuolated changes (Fig. 2a). Toluidine blue stain-
ing showed lipid deposits in podocytes (Fig. 2b). Moreover,
electron microscopy revealed myelin-like bodies in podo-
cytes (Fig. 2¢). These findings were consistent with those of
Fabry nephropathy. Corneal verticillata was also observed.
His leukocyte GLA activity was < 1 nmol/h/mg protein
(controls: 17-65 nmol/h/mg protein). The plasma lyso-Gb3
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Fig.1 Findings of the renal and cardiac examinations. a Mulberry
bodies in the urinary sediment. b Electrocardiography image showing
left ventricular hypertrophy. ¢ Echocardiography showing left ven-

v
—

Tt e

tricular hypertrophy with normal systolic function. d Cardiovascular
magnetic resonance native T1 mapping reveals that native T1 values
are diffusely reduced without pseudo-normalization

@ Springer



292

CEN Case Reports (2024) 13:290-296

Baseline

After 3.5 years

Fig.2 Renal biopsy specimen by light microscopy at baseline (a—c)
and after 3.5 years (d-f). a, d Expanded glomerular podocytes with
fine vacuolated changes. Masson trichrome staining (400 X magnifi-
cation), scale bar is 50 pm. The vacuolated podocyte area was 23.1
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Fig.3 Genetic analysis revealed the duplication of CTT
(c.1109_1111) in exon 7 of the GLA gene. GLA, a-galactosidase A

level was apparently high (187 nmol/L; reference range:
0.35-0.71 nmol/L [9]). The urinary Gb3 level was also
high (9.43 pg/mgCr, cut-off value indicating urinary Gb3-
positive: >0.1 pg/mgCr [10]). Genetic analysis revealed a
duplication in exon 7 of the GLA gene (c.1109_1111dupCTT
) (Fig. 3). Therefore, the patient was diagnosed with Fabry
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and 18.9%, representatively. b, e Lipid deposits in the podocytes.
Toluidine blue staining (400X magnification), scale bar is 50 pm.
¢, f Electron microscopy revealed myelin-like bodies in podocytes
(1500 x magnification), scale bar is 50 pm

disease. After his diagnosis, genetic screening of his family
revealed that his mother and older sister harbored the same
GLA mutation.

After the diagnosis was confirmed, ERT with agalsidase-o
was initiated at a dose of 0.2 mg/kg biweekly. The time
courses of urinary protein and sCr levels are presented in
Fig. 4a. The urinary protein level fluctuated between 0.7 and
1.7 g/gCr. The sCr levels did not show an apparent increase
(0.6-0.8 mg/dL). We monitored plasma lyso-Gb3 and uri-
nary Gb3 levels, ADA titers, and serum-mediated GLA inhi-
bition rates, as previously reported [9-11]. We also started
to measure the number of urinary mulberry bodies using
light microscopy on the whole field from 12 months after
the initiation of ERT. The methodology to measure mulberry
bodies of the urinary sediment specimen was as follows:
urine (10 mL) was centrifuged at 500 g for 5 min. The pel-
let was resuspended in 200 pL of the supernatant, 100 pL of
which was then mixed with 25 pL of the Sterheimer staining
solution (ratio: 4:1). A 15 pL of the suspension was loaded
on a glass slide covered by a cover glass (18 x 18 mm). We
counted mulberry bodies, characteristic spiraling compo-
nents that is grayish white and transparent.

The plasma lyso-Gb3 level quickly decreased within two
months and stayed (70-80 nmol/L) until 21 months after the
initiation of ERT (Fig. 4b). However, it gradually increased
(120-143 nmol/L) afterwards. The urinary Gb3 level also
quickly decreased within two months (Fig. 4c). However, it
increased after three months and remained high afterwards
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Fig.4 Time courses of a urinary protein and sCr levels, b plasma
lyso-Gb3 level, ¢ urinary Gb3 and mulberry body levels, d ADA titer
and serum-mediated GLA inhibition rate in the Fabry disease patient

(4-7 pg/mgCr). The urinary mulberry bodies continued to
appear (Fig. 4c). Both the ADA titer (the cut-off value indi-
cating antibody-positive: AOD 490 nm > 0.250 [11]) and
the serum-mediated GLA inhibition rate (the cut-off value
indicating inhibition-positive: >49% [11]) started to increase
after two months (Fig. 4d). They gradually increased up to
AOD 490 nm=2.66 and 79%, respectively, at 43 months.
Due to an insufficient response, a repeat renal biopsy was
performed. The severity of podocyte vacuolation was assessed
with the use of a previously reported method [6]. Before ERT
initiation, the vacuolated podocyte area was 23.1% (Fig. 2a).
After 3.5 years, this decreased to 18.9% (Fig. 2d, 2e), but
myelin-like bodies in podocytes were still observed (Fig. 2f).
Subsequently, we switched to agalsidase-f at a dose of 1.0 mg/
kg biweekly. Although the ADA titer remained fairly high,
the plasma lyso-Gb3 level quickly decreased from 133 to
95 nmol/L and remained relatively high (70-74 nmol/L)
(Fig. 4b, 4d). Urinary Gb3 and mulberry body levels did
not decrease after switching to agalsidase-f (Fig. 4c). After
switching to agalsidase-f, the patient was pretreated with
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following ERT. sCr, serum creatinine; lyso-Gb3, globotriaosylsphin-
gosine; Gb3, globotriaosylceramide; ADA, antidrug antibody; GLA,
a-galactosidase A; ERT, enzyme replacement therapy

antihistamines for the prevention of infusion-associated reac-
tions (IARs). IARs were not observed at all before and after
switching.

Echocardiographic parameters at baseline and during treat-
ment are presented in Table 1. Interventricular septum thick-
ness, posterior LV wall thickness, and LV mass index did not
significantly change during treatment. The global longitudinal
strain (GLS) continued to slightly improve. LV ejection frac-
tion remained within the normal range (260%). Cardiovascular
magnetic resonance native T1 mapping revealed that the native
T1 values were diffusely reduced without pseudo-normaliza-
tion after a 5-year follow-up (Fig. 1d). The score obtained with
the Fabry disease severity scoring system (DS3) at baseline
was 8.6 (Table 1). The DS3 score was decreased to 3.7 after
5 years of observation.
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Table 1 The parameters of echocardiography and the DS3 for Fabry
disease at baseline and during the treatment

After ERT
Baseline  Agalsidase-o Agalsidase-f
lyear 3year 5 year (1-year fol-
low- up after switch-
ing)
LVDd (mm) 44.0 49.8 46.5 44.7
LVDs (mm) 26.1 322 29.0 26.1
IVST (mm) 9.3 11.5 11.8 12.3
PWT (mm) 10.7 11.5 11.8 12.5
LVMI (g/m?) 94 138 126 126
LVEF (%) 67.0 64.4 61.9 61.0
GLS (%) -141 -146 -157
BNP (pg/mL) 18.5 14.4 32.6
DS3 score 8.6 5.2 6.0 3.7

LVDd left ventricular diastolic dimension, LVDs left ventricular
systolic dimension, /VST Inter ventricular septum thickness, PWT
posterior left ventricular wall thickness, LVMI left ventricular mass
index, LVEF left ventricular ejection fraction, GLS global longitudi-
nal strain, BNP brain natriuretic peptide, ERT enzyme replacement
therapy, DS3 disease severity scoring system

Discussion

In the present case, we switched from agalsidase-a to
agalsidase-p because of the increase in biomarkers, such
as plasma lyso-Gb3, urinary Gb3, and mulberry bodies,
which were possibly affected by the formation of ADAs.
We assessed the effects of switching from agalsidase-a to
agalsidase-p on ADA titers, biomarkers, renal and cardiac
parameters, and disease severity. This case provides impor-
tant clinical suggestions regarding the usefulness of moni-
toring biomarkers and the type of treatment needed in case
of ADA formation.

In male Fabry disease patients, the first ADAs mostly
develop within 3—6 months after the initiation of ERT [7, 12,
13]. ADAs bind and neutralize ERT in the plasma, leading
to the activation of macrophages that internalize ERT-ADA
complexes, decreasing the cellular uptake of free ERT [7,
14]. Therefore, ADA formation may affect ERT efficacy.
Plasma lyso-Gb3 is a useful specific biomarker for the diag-
nosing Fabry disease and monitoring the patient’s response
to Fabry disease treatment [9]. The plasma lyso-Gb3 level
has also been reported as a significant risk factor associated
with clinical events and markers of disease progression [15].
In this case, the plasma lyso-Gb3 level quickly decreased
within two months and increased thereafter, which may
be due to the formation of ADAs. The urinary Gb3 level
showed similar trends. Currently, there is no consensus on
the treatment of patients with Fabry disease with neutral-
izing ADAs. Switching from agalsidase-a to agalsidase-f§
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may attenuate the negative effects of ADAs by supersaturat-
ing ADAs and performing the catalytic function of excess
enzymes [16]. It may further reduce the plasma lyso-Gb3
level but increase the antibody titer [16, 17].

Since we expected immune tolerance, we initially con-
tinued with the agalsidase-a treatment. However, because
the plasma lyso-Gb3 level increased, and urinary Gb3 and
mulberry body levels and the ADA titer remained high, we
switched to agalsidase-p. In this case, ERT with agalsidase-f§
reduced, but not normalized, the plasma lyso-Gb3 level and
stabilized renal and cardiac parameters. However, urinary
Gb3 and mulberry body levels did not decrease noticeably
in the presence of high ADA titers. This might be because
the main origins of plasma lyso-Gb3 are thought to be the
endothelium and the liver [18], and most of the agalsidase
administered into the blood is taken up by the liver [19].
As the recombinant enzyme was switched, it was assumed
that lyso-Gb3 accumulated in the liver was dissolved by
the dosage effect of the recombinant enzyme, which was
greater than the amount required for the saturation of ADAs.
In contrast, the kidneys take up only a small amount of the
administered recombinant enzyme [20], which may result in
limited clearance of Gb3 deposition in the kidney, despite
the switching from agalsidase-o to agalsidase-f.

Although the plasma lyso-Gb3 level is useful as both a
diagnostic and treatment biomarker, it is unclear whether
it reflects renal pathology [21]. There is no consensus on
the correlation between urinary Gb3 levels and renal events
[10, 22, 23]. Recently, it has been reported that urinary
mulberry bodies might serve as useful biomarkers for the
diagnosis and monitoring of ERT efficacy [6, 21, 24]. Uri-
nary mulberry bodies are derived from podocytes containing
lysosomes with Gb3 accumulation [6]. In our case, urinary
mulberry body and urinary Gb3 levels showed the same
trend, but there was no correlation between their values.
The count of urinary mulberry bodies may vary depending
on the ability and experience of the technicians. Therefore,
the standardization of semiquantitative urinary mulberry
body estimates is required. Recently, it was reported that
the hematuria positivity rate was 31.0% in the biopsy-proven
Fabry nephropathy in the Japan Renal Biopsy Registry [25].
In the present case, hematuria had disappeared after ERT.

Cardiac involvement is an important factor in the morbid-
ity and mortality of patients with Fabry disease, with LV
hypertrophy being the most common cause. Reduced GLS
may be an early marker of Fabry cardiomyopathy [26]. In
this case, the cardiac parameters of LV hypertrophy and GLS
were stable over the five-year follow-up period after ERT ini-
tiation. Cardiovascular magnetic resonance native T1 map-
ping is a useful technique for detecting Gb3 accumulation
and diffuse fibrosis [27]. After myocardial fibrosis, native
T1 mapping may show pseudo-normalization; this was not
observed in this case. Renal function was maintained after
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the initiation of ERT. DS3 for Fabry disease is useful for
assessing and monitoring disease severity [28]. It includes
five domains, with a maximum possible score of 32. The
severity in this case decreased during the treatment period.

In conclusion, considering the various biomarkers and
disease severity, switching from agalsidase-a to agalsidase-3
may stabilize or delay the progression of renal and cardiac
involvement in patients with Fabry disease, thereby form-
ing neutralizing ADAs. However, because the kidneys take
up only a small amount of the administered recombinant
enzyme, the clearance of accumulated Gb3 from the kidneys
may be limited despite the switching from agalsidase-a to
agalsidase-f.
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