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Fabry disease, a complex
pathology not easy to diagnose
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Abstract

Fabry disease is a multisystemic lysosomal
storage disorder, inherited in an X-linked man-
ner. It is a defect of metabolism of the gly-
cosphingolipids, due to the reduction or
absence of the activity of lysosomal enzyme a-
galactosidase A. This reduction of activity
causes the storage of globotriaosylceramide
and derivatives in the lysosomes, triggering a
cascade of cellular events, mainly in vascular
endothelium. These events are the responsible
for the systemic clinical manifestations and
the renal, cardiac and cerebrovascular compli-
cations, or a combination of them. The sympto-
matology can lead to the premature death of
patient between the fourth or fifth decade of
life. The first symptoms can occur at different
ages, generally in childhood, with different
severity and course. Fabry disease is suspected
on the basis of clinical and anamnestic-famil-
ial data, and it is confirmed by enzymatic and
genetic assays. However, Fabry disease could
be a pathology more complex than previously
considered, and the diagnostic tests that are
currently in use could be not always sufficient
to confirm the clinical diagnosis. Probably,
other factors could be also involved in the
onset of symptomatology. In the last years, the
knowledge of the disease is considerably
increased but other studies are necessary to
make a prompt and reliable diagnosis. An early
diagnosis of Fabry disease is essential for the
beginning of the enzyme replacement therapy,
which can contribute to arrest its progression
and improve the quality of life of patients.

Anderson-Fabry: description
of the disease

Anderson-Fabry (or Fabry) disease (FD)
takes the name from the two dermatologists
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that independently described for the first time
the pathology at the end of 1800. It is a lysoso-
mal storage disorder caused by a functional
defect of the enzyme o-galactosidase A (o-GAL
A).! This deficit is responsible for the alter-
ation of the metabolism of some glycosphin-
golipids, mainly globotriaosylceramide (Gb3)
and lyso-Gb3, which consequently build up in
the lysosomes of different cellular types, most-
ly in vascular endothelial cells.? The disease is
considered rare and its incidence was estimat-
ed at 1:40,000 in general population. However,
recent neonatal screening studies showed a
higher incidence: about 1 in 3100 among new-
born males in Italy? and 1 in 1500 among new-
born males in Taiwan.! Fabry disease is caused
by mutations in the GLA gene, encoding the a-
GAL A, located on the long arm of the X-chro-
mosome (Xq21-22).5 This localization deter-
mines a X-linked transmission of the patholo-
gy: this means that an affected male can trans-
mit the defect only to daughters, while an
affected woman has 50% of probability to
transmit the GLA gene mutated to her sons and
daughters. To date, more than 770 mutations
in the GLA coding regions were described in
Fabry patients (Human Gene Mutation
Database, www.hgmd.org). However, there is
not a clear genotype-phenotype correlation.
Generally, the classic clinical manifestations
of Fabry disease occur during pediatric age
with lancinating acroparesthesias in the
extremities.® The autonomic nervous system
impairment is responsible for the alteration of
sweating, which becomes a critical element in
particular situations (like fever or physical
exertion): in these moments, patients can
manifest the typical crisis of pain, due to the
thermoregulation disorder. Also the gastroin-
testinal pain, associated to diarrhea alternated
with sensation of abdominal fullness, is
caused by the involvement of the vegetative
local system. The skin in Fabry disease can
manifest the typical angiokeratomas localized
mainly in the swimsuit area or even they can
be present as angiokeratomas corporis dif-
fusum. Moreover, patients can have lymphede-
mas mostly in the lower limbs. The eye, like in
many neuro-metabolic diseases, shows differ-
ent signs such as the typical cornea verticilla-
ta, cataract and telangiectasia of the conjuncti-
va. The storage of glycosphingolipids in renal
cells compromise their function, leading to a
progressive nephropathy that is one of the
most critical manifestation of the disease.” In
Fabry patients, the hearth frequently presents
a left ventricular hypertrophy, seemingly idio-
pathic, and a direct impairment of valvular
apparatus and intracardiac conduction, with
various complications, such as cardiac failure
or arrhythmic pathology, which can lead to
death caused by myocardial infarction. The
endocrine system has been the object of deep
investigations: it frequently presents a deficit
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related to high vascularity and low cellular
turnover that are typical of endocrine tissue.®?
Besides the impairment of the peripheral nerv-
ous system, Fabry patients present a direct
involvement of the brain with juvenile
ischemic strokes and possible hemorrhagic
episodes. However, the classic clinical picture,
with all the typical manifestations of the dis-
ease, is observed only in about 30% of affected
patients. Instead, the 70% of them is affected
by atypical variants of the disease that usually
manifest a mild and late-onset phenotype and
frequently the involvement of a single organ.
Moreover, female patients usually present a
milder and more variable symptomatology in
comparison to male subjects. In fact, female
patients are usually heterozygous and they
have organs that are chimeras of normal and
affected cells because one of the two X-chro-
mosomes is inactivated (lyonization). For this
reason, their symptomatology is milder and
therefore these patients are more difficult to
diagnose. Until some years ago, affected
women were considered carriers, but this idea
was revised and today it is known that female
patients can present severe manifestations of
the disease. Therefore, since also heterozy-
gous women can develop an irreversible organ
damage, a careful clinical follow-up should be
carried out, even if the values of enzyme activ-
ity are in the normal range.

The availability of a recombinant enzyme
replacement therapy (ERT) has an important
impact on clinical management of affected
patients, improving the prognosis and their
quality of life. The data reported in literature
show the importance of a specific therapeutic
intervention made as early as possible, before
the organ involvement becomes irreversible.!’
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However, ERT alone does not appear to resolve
or arrest some manifestations of Fabry disease
and it has been recommended the use of addi-
tive therapies in FD patients, such as the pari-
calcitol that is able to reduce proteinuria in the
presence of ERT and anti-RAS therapy.!"!

Cardiac involvement in Fabry
disease

Cardiac involvement is frequent in Fabry
disease, both in males and in females; patients
often show a left ventricular hypertrophy that
mimics sarcomeric hypertrophic cardiomyopa-
thy.”? Arrhythmias, valvular alterations and
conduction defects are also common in FD and
they generally appear in the fourth decade of
life with a progressive onset.

A study conducted on 1448 patients from the
International Fabry Registry showed that left
ventricular hypertrophy is present in 14% of
men and 20% of women, that manifested also
other signs and symptoms that are typical of
FD.B Moreover, literature reports that 2-3% of
patients with idiopathic left ventricular hyper-
trophy are affected by Fabry disease,* as well
as 0.5% of patients with a previous diagnosis
of hypertrophic cardiomyopathy.!s

Regarding the role of cardiologists in the
management of Fabry patients, they are
involved in many aspects: the differential diag-
nosis with other cardiomyopathies, the early
diagnosis of hearth damage in subjects with
mutations in the GLA gene, the progression of
cardiac damage, and the decisions concerning
the beginning and the follow-up of the enzyme
replacement therapy.

A disease often seen but rarely
diagnosed

Fabry disease is considered a rare pathology
but actually, according to the recent data in lit-
erature, it would be more correct to consider
this syndrome like an uncommon disorder that
is not well known. To date, the diagnosis is still
difficult because of the features of the disease:
its clinical manifestations overlap with the
ones of other pathologies and, for this reason,
there is a wide possibility of differential diag-
noses made by different medical specialists.!®
The difficulties in diagnosing this pathology
are shown by retrospective studies that high-
lighted a significant diagnostic delay in about
40% of male and 70% of female patients. In
particular, the average time elapsing between
the beginning of first signs and symptoms and
the correct diagnosis is 13 years for male
patients and 17 years for female patients.
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Moreover, the diagnostic error is a concrete
risk and it determines an underestimation of
the real number of affected subjects. These
data confirm the considerations present in
Hoffmann and Mayatepek’s article, in which
they wrote that Fabry disease is a disorder
often seen but rarely diagnosed."” Therefore
screening programs in high-risk populations
(composed of patients, primarily males, with
end-stage renal disease, left ventricular hyper-
trophy, cryptogenic strokes) should be serious-
ly taken into account; e.g., a European study
revealed that the prevalence of Fabry disease
is 0.264% among male dialysis patients.!s

Our experience

Since 2005 our research group, operating at
the Institute of Biomedicine and Molecular
Immunology of the Italian National Research
Council (IBIM-CNR) of Palermo, is devoted to
the study of Fabry disease. In these years, we
studied about 8500 subjects with a symptoma-
tology attributable to FD, coming from many
Italian clinics, and 3000 healthy controls. In
our case-finding study, exonic mutations in
the GLA gene were found in 190 of the ana-
lyzed subjects, the 27% of which came from
Divisions of Cardiology (Figure 1). The major-
ity of these mutations are already reported in
databases as responsible for Fabry disease,
while others were described by us for the first
time in the world and, considering the genetic,
biochemical and clinical data, they were asso-
ciated to the disease.”?? In particular, we
described twelve novel mutations: three are
nonsense mutations that introduce a stop
codon in the messenger RNA and consequently
produce a truncated protein; five are missense
mutations that replace an amino acid with
another one in the o-GAL A; three are inser-
tions or deletions that cause a frameshift and
a premature termination of the translation;
one is a substitution of a nucleotide with
another one in the non-coding region of the
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GLA gene in a sequence involved in the regula-
tion of gene expression. It is noteworthy that
Fabry disease was promptly hypothesized only
in a small percentage of affected patients that
we studied, in whom the genetic investigation
confirmed the disease, while the majority of
them was previously misdiagnosed. The exon-
ic mutations in the GLA gene identified by us
can be classified in three different groups:
mutations associated to classic phenotype,
mutations that cause atypical variants, and
mutations not responsible for Fabry disease,
according to the literature.

Fabry disease is suspected on the basis of
clinical and anamnestic-familial data, and it is
confirmed by measuring o-galactosidase A
activity, that could be null or deficient, and
genetic analysis, in order to find causative
mutations in the GLA gene. Moreover, a diag-
nostic support could be given by the determi-
nation of the enzyme substrates (Gb3 and lyso-
Gb3) that are accumulated in the lysosomes of
cells of different organs and tissues. However,
we are conscious that Fabry disease could be a
pathology more complex than previously con-
sidered and probably the diagnostic tests cur-
rently in use could be not always sufficient to
confirm the clinical diagnosis. The complexity
of the disease is also shown by the lack of cor-
respondence, in some cases, between enzyme
activity and clinical manifestations in subjects
with mutations in the GLA gene. Indeed, in our
experience we reported many cases of aged
male relatives of probands that, even if they
had causative mutations in the GLA gene and
no enzyme activity, did not present a severe
symptomatology. Vice versa, mutations in the
GLA gene responsible for Fabry phenotype
were not found in the majority of the probands
that we studied, even if they presented clinical
manifestations attributable to the disease. In
both groups of subjects, it is not clear if these
individuals can be considered affected by Fabry
disease. Probably, like it was reported in many
articles, other molecules could be also involved
in the onset of the disease, such as cofactors
essential for the functionality of the o-galac-
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Figure 1. Distribution of patients with mutations in the GLA gene.
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tosidase A (Saposin),?® receptors for the
enzyme transport to the lysosomes (mannose
6-phosphate receptor and Sortilin),?* proteins
that stabilize the o-GAL A structure
(Chaperones).?> These molecules should be
considered in the study of Fabry disease.
Moreover, other genes related to systemic
manifestations could be studied: mutations in
these genes could have a synergistic effect
with the alterations in the systems involved in
Fabry disease or, at least, in the symptomatol-
ogy of patients, that are not necessarily Fabry.

Enzyme activity

In our laboratories the dried blood filter
paper test, a method commonly used for the
determination of o-galactosidase A activity in
blood, was further improved and optimized.
Our data showed that in all the male Fabry
patients with GLA gene mutations the o-galac-
tosidase A activity is lower than normal value.
The same correspondence was not observed in
female patients because in the different cells
of the organism, due to the lyonization, the
enzyme activity is extremely variable from nor-
mal to pathological values.® A retrospective
study conducted by our research group showed
that more than 57% of Fabry female patients
had normal value of the enzyme activity.
Therefore, the genetic analysis in women is
the most reliable assay to confirm the clinical
diagnosis of Fabry disease.

Regarding a possible relation between level
of enzyme activity and severity of Fabry dis-
ease in women, it is necessary to underline
that, generally, patients with null o-GAL A
activity show severe clinical manifestations;
however, this does not mean that female sub-
jects with a normal enzyme activity have no
symptoms. Indeed, due to the lyonization, in
some organs there could be a prevalence of
cells in which the X chromosome with mutated
GLA gene is active, thus causing organ dam-
age.

Conclusions

The classic form of Fabry disease manifest
itself in the childhood with peripheral neuro-
logical symptomatology and, with the age, it
progressively involves kidney, hearth and cen-
tral nervous system. This progression can have
various forms and differences in the clinical
manifestations: age of onset, different sign
and symptoms and their severity. In some
cases, the disease manifests only a mild
painful symptomatology and with a minimal
organ involvement: atypical variants.

Overall, patients that present clinical mani-

festations referable to Fabry disease can be
classified in two groups: i) subjects with
causative mutations in the gene that encodes
the o-galactosidase A (GLA gene); ii) subjects
with a symptomatology referable to Fabry dis-
ease but without mutations in the coding
regions of the GLA gene.

In the first group, the identification of a
causative mutation in the coding regions of
the GLA gene, together with null enzyme activ-
ity and the presence of glycosphingolipid accu-
mulation, confirms the clinical diagnosis made
by the clinician. On the other hand, in the sec-
ond group, consisting of about 98% of subjects
that came to our attention, it is necessary to
use innovative diagnostic tools. However, it is
unlikely that all these cases are Fabry patients
and, realistically, at least the half of Fabry clin-
ical diagnosis could be avoided if specific diag-
nostic algorithms were available for clinicians.
These considerations led us to initiate some
research projects that aim at identifying new
specific molecular markers of Fabry disease, in
order to give an important tool to clinicians for
differential diagnosis. One of these projects
consists in the study of expression profiles of
circulating microRNAs, small molecules
involved in the regulation of gene expression
that are used as important and innovative
diagnostic biomarkers in many pathologies.
Other projects currently underway consist in
proteomics and next generation sequencing
studies.

In spite of the risk of an excess of diagnostic
hypotheses, Fabry disease should be consid-
ered in all the patients with atypical clinical
course, uncertain diagnosis, or clinical picture
with systemic involvement that is not clear, in
particular when a patient also shows painful
crises not justified, paresthesias, heat/cold
intolerance, hypohidrosis, angiokeratomas,
abdominal pain and cornea verticillata.
Furthermore, classic or atypical forms of the
pathology can be suspected in adult subjects
with cryptogenic stroke, hypertrophic car-
diomyopathy or kidney damage. Also the study
of clinical familial history, considering the X-
linked transmission of the disease, can help
the clinician. A reliable and prompt diagnosis
in Fabry patients is essential to initiate early
the enzyme replacement therapy, which is able
to slow down or to arrest the progression of the
disease, improving the quality of life. To date,
the clinical diagnosis of Fabry disease is con-
firmed by genetic and biochemical analyses.
The determination of Gb3 and lyso-Gb3 storage
can also confirm the clinical diagnosis, but it is
desirable the advent of other specific markers
that could take account of other factors poten-
tially involved.

In conclusion, in the last years, the knowl-
edge of the disease is considerably increased
and for this reason we are conscious that it
could be more complex than previously consid-
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ered, and maybe many subjects with a sympto-
matology referable to Fabry disease could be
affected by a different pathology.
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