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Introduction

Lysosomes are organelles that are found in all mammalian
cells except red blood cells. As important constituents
of the intracellular vesicular system (including endo-
somes, Golgi apparatus, endoplasmic reticulum), they are
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Abstract

Background Lysosomal storage disorders may impair intracellular lysosomal
processing of antigen with consequences for antibody production [e.g.
immunoglobulin E (IgE)] and atopic disease status.

Aims Serum concentration of total IgE as well as clinical symptoms of atopic
disorders as an indirect consequence of lysosomal impairment of antigen
processing were studied in male and female Fabry disease (FD) patients with
and without replacement of the missing lysosomal enzyme, a-galactosidase A
(0-Gal A).

Methods Observational study in 31 adult FD patients with measurements of
total serum IgE concentration. Questionnaire-derived data were obtained for
atopic eczema (AE) skin lesions, allergic rhinoconjunctivitis (RCA) and allergic
asthma (AA) at present or in the past.

Results Among 12 FD males under enzyme replacement therapy (ERT), 2
showed total IgE concentrations above 100 kU/L. Clinical symptoms for AA
were found in 2, RCA and AE in 1, respectively. Among 10 FD females under
ERT, 4 showed total IgE concentrations above 100 kU/L. Clinical symptoms for
AA were found in 4, RCA in 2 and AE in 2. Among 9 females without ERT, 2
showed total IgE concentrations above 100 kU/L. Clinical symptoms for AA
were found in 2, RCA in 2 and AE in none.

Conclusions FD patients may demonstrate an increased total serum IgE
concentration and may show symptoms of atopic disorders (AA, RCA, AE) in
a prevalence rate comparable to international experience for individuals
without FD. There was no difference between patients with and without ERT.
Lack of detection of AE in females without ERT is suggested to be caused by the
small sample size. FD patients without any o-Gal A activity prior to initiation
of ERT should be in the focus of future studies.

capable of degrading most biological macromolecules.
In regard to extracellular allergen, antigen-presenting
cells such as macrophages or immature dendritic cells
internalize the allergen through different ways (e.g.
endocytosis, phagocytosis or macropinocytosis). In this
process, endosomes take up allergen and fuse with
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fig. 1 AKof FD distributed in characteristic bathing trunk pattern.

lysosomes as they progress into the interior of the cell.
Both compartments contain proteases, which are active
at a low pH and degrade protein antigens into peptides.
Peptides bound to major histocompatibility complex
molecules are then carried to the cell surface where
recognition by CD4 T cells takes place. These T cells may
respond by producing cytokines that can stimulate the
development of IgE-producing B cells. Circulating IgE
then binds to high-affinity receptors (FcRIs) present on
the surfaces of mast cells and basophils, thus contributing
to the clinical signs seen in atopic eczema (AE), allergic
rhinoconjunctivitis (RCA) and allergic asthma (AA)."™*
Fabry disease (FD; synonymous: angiokeratoma corporis
diffusum; McKusick/OMIM 301500), an X chromosome
(Xq22.1)-linked panethnic disorder, is the second most
prevalent lysosomal storage disease in humans.>¢ The
cutaneous hallmark of FD are angiokeratomas (AK), often
distributed in a bathing trunk pattern (fig. 1).”
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A deficient activity of the lysosomal enzyme o-galactosidase
A (o-Gal A; EC 3.2.1.22) was identified to induce
accumulation of different glycosphingolipids (like
globotriaosylceramide) in lysosomes of cutaneous and
non-cutaneous cells.® Glycosphingolipid deposition can
lead to cellular enlargement (causing for instance cardiac
organomegaly) and organ dysfunction (e.g. uraemia due
to renal failure) with an increased risk of premature death
from renal as well as cardiac and/or cerebrovascular
complications.>”°

Treatment of FD consists in symptomatic therapy (e.g.
laser therapy for AK, anticonvulsants for chronic pain,
dialysis or transplantation in severe renal disease) and
causal treatment with substitution of the missing enzyme
[enzyme replacement therapy (ERT)].*""2

In this uncontrolled cross-sectional study, we determined
the frequency of atopic disorders and levels of IgE in FD
patients. Our findings are discussed in two ways: (i) in
respect to possible impairment of lysosomal antigen
processing by storage of glycosphingolipids in lysosomes,
resulting in a reduced level of IgE and clinical symptoms
of atopic disorders; (ii) with regard to possible improve-
ment of lysosomal antigen processing by ERT, resulting in
an increased level of IgE and clinical symptoms of atopic
disorders.

Materials and methods

After approval by the local ethic committee, study
participation was offered to FD patients older than
18 years, who participated in patient meetings conducted
in Miinster, Germany (December 2005; total number of
patients: 20) and Rédermark, Germany (May 2006; total
number of patients: 35), respectively.

Inclusion criteria were age 18 years and older, written
informed consent, diagnosis of FD (decreased or undetec-
table activities of the o-Gal A enzyme in males and
females or genetic analysis in females with normal
enzyme activity),'>!"* willingness to complete a question-
naire and to give blood for laboratory analysis. ERT with
a-Gal A (1 mg/kg body weight; intravenously in biweekly
intervals; Fabrazyme, Genzyme, Naarden; the Netherlands)
was permitted.

Exclusion criteria were age younger than 18 years,
uncertainty about FD status, unwillingness, mental or
physical impairment to give a written consent and/or to
answer questions of a questionnaire and/or to give blood
for analysis.

In the questionnaire, questions according to the
International Study of Asthma and Allergies in Childhood
(ISAAC) were used to specify for symptoms of AE, RCA
and AA at present or in the past (for details, see Inter-
national Study of Asthma and Allergies in Childhood.
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fig. 2 FD patients [all (a)/males with ERT/females with ERT/females without ERT (b)], total serum IgE (kU/L) and questionnaire-derived symptoms of atopic dis-

orders (AA, ARC, AE).

Manual. 2nd edition, Auckland, New Zealand, Miinster,
Germany, 1993)."

For measurement of total serum IgE concentration,
a UniCAP 250(R) system was used (Phadia, Uppsala,
Sweden). A total serum IgE antibody concentration above
100 kU/L was considered elevated.'*

Results

The inclusion criteria were fulfilled by 6 patients from
Miinster and 25 patients from Rodermark (12 males; 19
females). The mean age of all participants was 47.8 years
(range, 31-69), in males under ERT 42.3 years (range,
31-69), 51.9 years (range, 35-67) in females under ERT
and 49.3 years (range, 33-69) in females without ERT.

The mean for total serum IgE of the whole study
population was 94.63 kU/L [standard deviation (SD)
160.89 kU/L]. Among FD males, the mean for total serum
IgE was 40.97 kU/L (SD 62.38 kU/L) with clinical symptoms
for AA in 2, RCA and AE in 1, respectively. Among FD
females under ERT, the mean for total serum IgE was
162.03 kU/L (SD 251.87 kU/L) with clinical symptoms for
AA in 4, RCA in 2 and AE in 2. Among females without
ERT, the mean for total serum IgE was 91.28 kU/L (SD
101.70 kU/L) with clinical symptoms for AA in 2, RCA in
2 and AE in none. Figure 2 summarizes the individual
results for total serum IgE and clinical symptoms.

Discussion

In our study, we examined — according to our knowledge
for the very first time — the consequences of FD on
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lysosomal processing of antigen in regard to total IgE
concentration in serum and clinical symptomatology of
atopic disorders by use of an ISAAC question-derived
questionnaire.

If one would assume an inborn functional impairment
of antigen processing in lysosomes due to glycosphingolipid
storage, elicitation of an antigen-derived IgE-response
might fail in FD. Furthermore, IgE-mediated symptoms
of atopic disorders might not develop in this group of
patients. In contrast, substitution of the missing enzyme
(ERT) responsible for glycosphingolipid storage should
result in a measurable IgE response, including an elevated
IgE concentration in serum as well as symptoms of atopic
disorders.

As shown, the ability of FD patients to develop elevated
serum concentrations of total IgE was preserved and
symptoms of atopic disorders were detectable in a
prevalence rate similar to international experience.>™'? In
regard of missing AE in females without ERT, the small
sample size may explain this finding.

The interpretation of our data has to bear in mind
several limitations and peculiarities.

The invitation for study participation to all persons
suffering from FD attending a patient meeting may result
in a selection bias [e.g. encouraging especially FD patients
with atopic disorders to participate; excluding those FD
patients not able to attend the meeting (e.g. due to immo-
bility following a stroke)]. Additionally, a control group is
missing. All male FD patients as well as some females with
renal, cardiac and/or neurological deficits were under
systemic ERT with agalsidase beta. As shown in a large
study in 2001, deposits of undegraded glycosphingolipids
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in cells can be reduced by ERT,* explaining an improve-
ment of lysosomal antigen processing. Female FD patients
in general show some degree of residual enzyme activity
due to random X inactivation,*' thereby accounting for
increased means for total serum IgE and more atopic
symptomatology in FD females compared with males.

In regard to measurements of serum IgE, it has to be
stated that atopic disorders without IgE sensitization are
well known (‘intrinsic type’).?? Nevertheless, the used
questionnaire recorded atopic symptomatology independ-
ently from serum IgE. Treatment with agalsidase beta can
induce IgE antibody formation,? thereby contributing to
elevated IgE antibody concentrations in FD patients under
ERT. Unfortunately, levels of IgG, IgA and IgD were not
analysed and possible associated autoimmune disorders
were not elucidated.

Nevertheless, due to the obtained results and the
limitations mentioned above, we suggest to examine the
effect of lysosomal glycosphingolipid storage in FD on
elicitation of an antigen-derived IgE response and atopic
disorders on the one hand in a a-Gal A knockout mouse
model** and, on the other hand, in FD patients without
any o-Gal A activity before initiation of ERT for example
in a multicentre study.
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