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Fabry disease (FD) is a rare inherited X-linked lysosomal storage disorder caused by a 

deficiency in alfa-galactosidase A (α-GAL). It is resulting in the accumulation of glycosphingo-
lipids that leads to multiple organ dysfunction and ultimately signs and symptoms of the 
disease. The aim of this study was to examine the significance of genotypic α-GAL mutations in 
the treatment of FD. The disease can be divided into a severe, classical phenotype, and a 
milder nonclassical phenotype. Numerous α-GAL mutations are described in gene mutation 
databases. Missense, nonsense, consensus splice site, cryptic splicing, and frameshift mutations 
are reported. Enzyme replacement therapy (ERT) can lead to a significant clinical improvement. 

Depending on the α-GAL mutation, there are various recommendations for initiation of ERT in 
adult male and female patients with classic Fabry mutations, later-onset Fabry mutations or α-
GAL variants of unknown significance. ERT with recombinant human agalsidase alfa and 
agalsidase beta is currently available therapy. Although there are no uniform guidelines, 
development of signs or symptoms related to FD should be an indication to start ERT. Treat-
ment with ERT should be combined with adjuvant treatments for specific disease manifesta-
tions. Migalastat is a new oral pharmacological molecule developed as an alternative treatment 
to intravenous ERT for patients with FD and amenable mutations. Migalastat and ERT have 
similar effects on renal function in patients with FD. Long-term treatment of adult Fabry 
patients should involve timely ERT, regular assessment of disease progression in all patients, 
use of appropriate adjunctive therapies and multidisciplinary team approach. 
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Introduction 
 
Alfa-galactosidase A (α-GAL) is an enzyme 

that cleaves the terminal α-galactosyl unit of the α-
gal epitopes and converts this epitope into a disac-
charide called N-acetyllactosamine. This enzyme 
predominantly hydrolyzes ceramide trihexoside, and 
it can catalyze the hydrolysis of melibiose into galac-
tose and glucose. The enzyme is encoded by the α-
GAL gene. Defects in human α-GAL result in Fabry 
disease (FD), because of failure to catabolize α-D-

galactosyl glycolipid moieties (1, 2). FD is a rare 
inherited X-linked lysosomal storage disorder caused 
by a deficiency in alfa-galactosidase A (α-GAL), 
which removes terminal galactose from various ga-
lacto-glycolipids (3). It is resulting in accumulation 
of glycosphingolipids with terminal a-D-galactosyl 
residue, particularly globotriaosylceramide and glo-
botriaosylsphingosine, in plasma, vascular endothe-
lial cells, podocytes, cardiomyocytes, and arterial 
smooth muscle cells (4–6).  

Although the exact pathophysiology of FD is 
still only partly understood, this accumulation of gly-
cosphingolipids leads to multiple organ involvement 
and ultimately signs and symptoms of the disease 
(7). This multisystem disorder is manifested by de-
veloping progressive proteinuric kidney disease, a 
fibrotic cardiac disease resulting in rhythm and con-
duction disturbances, progressive hypertrophic car-
diomyopathy, small-fiber neuropathy, and mostly is-
chemic cerebrovascular stroke (4). Although FD is 
X–linked disorder, women often have less severe 
signs and symptoms of FD, compared with men (8). 
Cardiac involvement contributes to considerable 
morbidity and early death due to heart failure or 
ventricular arrhythmias. The incidence of FD has 
been estimated to be approximately 1 in 40,000 to 1 



Significance of genotypic alpha galactosidase a mutations in fabry...                                                          Jelena Ranđelović et al. 

77 

in 117,000 male (9, 10). Prevalence of FD may be 
much higher than previously believed. High inci-
dence of later-onset FD was revealed by newborn 
screening (1 in 1,250 to 1 in 3,100 male newborns). 
Data in the literature shows that 1.2% of young 
patients with the unexplained acute cerebrovascular 
disease have FD (11–13). 

The disease can be divided into a severe, 
classical phenotype, and a milder nonclassical phe-
notype. Patients with classical FD had a history of 
more events than patients with nonclassical disease 
and they are more likely to develop complications. 
Patients with classical FD most often have symp-
toms such as neuropathic pain, cornea verticillata, 
and angiokeratoma. Clinical manifestations include 
hypertrophic cardiomyopathy, arrhythmias, progres-
sive renal failure, and stroke. Furthermore, patients 
with classical FD have lower glomerular filtration rate 
(GFR), higher left ventricular mass and higher 
plasma globotriaosylsphingosine concentrations than 
patients with nonclassical FD. Nonclassical FD is 
characterized by a more variable disease course, pa-
tients are generally moderately and mildly affected 
and disease manifestations may be limited to a 
single organ (4, 14, 15). There are described va-
rious manifestations of FD, as a cardiac variant with 
manifestations limited to the heart (with left ven-
tricular hypertrophy of unknown etiology) and a 
renal variant among hemodialysis patients with un-
known etiology. Lung manifestations, as dyspnea, 
wheezing and a dry cough are frequent symptoms in 
many Fabry patients (16). Thus, the great import-
ance for the treatment of FD is accurate and early 
diagnosis (13, 17, 18).  

There is a wide phenotypic variability among 
patients with FD. Patients with missense α-GAL mu-
tations and variable residual enzyme activity have 
milder disease manifestations. For example, the 
N215S mutation may have residual enzyme activity 
in plasma. In heterozygous females, random X-in-
activation may result in the normal level of α-GAL 
activity in the plasma or white blood cells in up to 
60% of women (19). FD in early adulthood is cha-
racterized by more extensive angiokeratomas, high 
albuminuria (> 1g/24 hours), edema or lymphe-
dema, fever, hypohidrosis or anhidrosis, lymphade-
nopathy, heat sensitivity, diarrhea, abdominal pain, 
and cardiac problems. FD in later adulthood is ma-
nifested by heart disease (usually fibrotic, left and 
right ventricular hypertrophy, heart valve abnorma-
lities and dysrhythmias, angina, diastolic heart 
failure), chronic kidney disease including end-stage 
renal disease, stroke or transient ischemic attacks 
and deafness (19–22).  

The aim of this study was to examine the 
significance of genotypic α-GAL mutations in the 
treatment of FD. The data used in the research are 
obtained from the books and relevant literature by 
means of PubMed browser. 

 
Genetics 
 
The complete genomic sequences of the hu-

man α-GAL gene have been determined and to date, 
several disease-causing α-GAL mutations have been 
identified, including missense mutations, small dele-

tions, insertions, splice mutations, and large gene 
rearrangements (23).  

More than 500 pathologic variants of α-GAL 
have already been described; most of them are 
family-specific. Numerous α-GAL mutations are de-
scribed in gene mutation databases (24, 25). FD is 
caused by missense, nonsense, consensus splice 
site, cryptic splicing, and frameshift mutations (small 
and large deletions and insertions). Mentioned mu-
tations are associated with the classic or later-onset 
FD phenotype, α-GAL variants of unclear signifi-
cance, and benign variants. Patients with missense 
and nonsense mutations have nearly absent GLA 
activities and increased lyso- globotriaosylceramide 
levels (20, 26). 

Patients with mutations within intronic or re-
gulatory α-GAL regions have nonclassical FD pheno-
types accompanied by late-onset organ manifesta-
tions such as cardiomyopathy, kidney failure, stroke, 
or neuropathic pain. The clinical impact of the α-GAL 
p.A143T variation in adult Fabry patients was de-
termined in the recent study and patients with this 
mutation have clinical symptoms and manifestations 
compared with other classical missense mutations. 
Most male p.A143T patients had only slightly de-
creased residual α-GAL activities and normal lyso-
Gb3 levels, while α-GAL activity in heterozygous fe-
males was normal. Female and male p.A143T pa-
tients had a less renal and cardiac involvement in 
comparison to FD patients with other missense mu-
tations and these patients showed less severe FD-
typical symptoms. Both gender p.A143T patients 
suffering from stroke or transient ischemic attack 
showed no further FD-typical organ manifestations. 
The risk for albuminuria and increased disease se-
verity scores was significantly lower in p.A143T pa-
tients in comparison to groups with classical FD mis-
sense mutations. There was no accumulation of ne-
urologic events in family members of p.A143T pa-
tients with stroke or transient ischemic attack. Fe-
male p.A143T patients with stroke or TRANSIENT 
ISCHEMIC ATTACK did not show skewed X chromo-
some inactivation. This study suggested the p.A143T 
variation to be more likely a neutral variant or a 
genetic modifier than a disease causing mutation. 
p.A143T could be a genetic variant of unknown sig-
nificance. Thus, recommendation is that p.A143T 
patients with stroke or TRANSIENT ISCHEMIC 
ATTACK of unknown etiology should be further eva-
luated, since the diagnosis of FD is not probable and 
enzyme replacement therapy (ERT) or chaperone 
treatment should not be an unreflected option (27). 

The multiplicity of mutations may contribute 
to variations in the residual enzyme activity and the 
different clinical presentations. Most of α-GAL gene 
variants is unique for each family. In study on FD 
screening in a predominantly hypertensive popula-
tion with left ventricular hypertrophy (LVH) was 
found a mutation of unknown significance in α-GAL 
gene not previously described in the literature – GLA 
c.785G>T; p.W262L, whose significance could not 
be defined. This clinical investigation was able to 
establish the association between the mutation and 
the clinical presentation. It is also documented that 
the clinical management required defining the role of 
the mutation on the development of the clinical 
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presentation. This study allowed the definition of a 
novel causal mutation for Fabry disease – GLA 
c.785G > T; p.W262L (28). 

Two new mutations were identified in Turkey. 
The female patient with M11V mutation had rhe-
umatologic symptoms and microalbuminuria. The 
male patient with R190X mutation had a classical 
phenotype. R190X mutation causes premature ter-
mination, and probably leads to degradation of the 
protein (29). 

Benign and probably benign variants have a 
high frequency. Medical specialists should be aware 
that, due to this high frequency, such mutations 
may be seen in screening studies. This benign poly-
morphism may not be related to actual Fabry-re-
lated manifestations, as there is no published evi-
dence of lysosomal substrate accumulation in the 
tissues expressing them (30). Most often, nonsense, 
consensus splice site, and most frameshift mutations 
are associated with the classic phenotype. They 
result in low or no α-GAL enzyme activity. On the 
other side, missense mutations and rare cryptic 
splicing mutations are associated with the later-
onset phenotypes and they result in enzymes with 
residual α-GAL activity. Current clinical studies have 
not stratified Fabry patients by genotype (26, 31). 

Women with heterozygous α-GAL mutations 
suffer from significant multisystemic disease and re-
duced quality of life and must be monitored and 
treated accordingly. The asymptomatic female car-
rier of FD is the exception, not the rule (32). In 
female heterozygous Fabry patients who express the 
normally functioning α-GAL allele, symptoms are 
mild and rarely occur, while female patients who 
express the mutant α-GAL allele have a disease 
course which may be similar to the male disease 
phenotype (either classic or later-onset). It depends 
on the underlying α-GAL mutation in their family. At 
least 43% of obligate carrier women have severe 
clinical manifestations (33). While the onset of first 
Fabry-associated symptoms in affected hemizygous 
males with low or absent enzymatic α-GAL activity 
starts in early childhood, females with FD present 
with a heterogeneous clinical picture and variable di-
sease progression, independent of the presence of a 
nonsense or a missense mutation. Recent study 
showed that although females with missense muta-
tions seem to have a lower risk to suffer from severe 
FD manifestations, affected females showed a si-
milar disease burden compared to females with non-
sense mutations. The variation and the missing 
genotype-phenotype correlation might be due to the 
controversially discussed X-chromosomal inactiva-
tion.  

Individuals with the c.196G > C nucleotide 
change which leads to the E66Q enzyme having low 
α-GAL activity and they have been suspected to 
have the later-onset Fabry disease phenotype lead-
ing to renal and cardiac disease. Biochemical, patho-
logical and structural studies strongly suggest that 
the c.196G > C is not a pathogenic mutation but is a 
functional polymorphism (34). 

Analysis of genotype-phenotype correlations 
in FD is complicated by a number of factors, such as 
the high proportion of private mutations and the 
large phenotypic heterogeneity (35). Some geno-

type-phenotype correlations, as the missense muta-
tion p.N215S is established in patients with cardiac 
manifestations (hypertrophic cardiomyopathy) (36). 
Determining genotype-phenotype relationships is 
important for the assessment of whether affected 
patients may benefit from ERT. The atypical or late-
onset type phenotypes present a therapeutic di-
lemma.  

The genetic background of the patient, con-
comitant diseases, environmental modifiers and the 
presence of additional deleterious α-GAL variants or 
variants of unknown significance may alter the im-
pact of a given gene mutation (30). 

 
Management recommendations 
 
Enzyme replacement therapy (ERT) can lead 

to significant clinical improvement. ERT with re-
combinant human agalsidase alfa and agalsidase 
beta is currently available therapy aimed at the etio-
logy of FD. There is no scientific evidence when the 
optimal moment of ERT initiation is. Although there 
are no uniform guidelines, development of signs or 
symptoms related to FD should be an indication to 
start ERT. If ERT has not already been started earlier 
for nonrenal manifestations such as pain, the deve-
lopment of chronic kidney disease (CKD), patholo-
gical albuminuria, decreased GFR or progressive de-
crease in GFR may be an indication to start (37). 
Research recommendations for initiation of therapy 
include:  

1) determination of the beginning treatment 
in asymptomatic patients, females, patients with 
nonclassic disease;  

2) obtaining expanded information on the 
natural history of FD in classic female patients and 
nonclassic FD patients, and the effects of ERT in 
these groups and  

3) undertaking X-linked inactivation studies 
and early initiation of therapy in females (19). 

Depending on the mutation there are various 
recommendations for initiation of ERT in adult male 
and female patients with classic Fabry mutations, 
later-onset Fabry mutations or α-GAL variants of un-
clear significance. Depending on the approach to 
treatment, patients with classic Fabry mutation can 
be divided into three groups: symptomatic or 
asymptomatic male patients, symptomatic female 
patients, and asymptomatic female patients. In the 
first group, ERT should be considered and is appro-
priate in all patients at any age of presentation. 
Treatment decisions may be influenced by the ad-
vanced elderly age of the patient and severe co-
morbidity. In the second group, initiation of ERT is 
warranted when signs and symptoms suggesting 
major organ involvement occur. In the third group, 
ERT should be considered if there is a laboratory, 
histological, or imaging evidence of kidney, heart, or 
the cerebral injury. ERT should also be considered if 
a skewed X chromosome inactivation pattern with 
predominant expression of the mutant α-GAL allele 
with or without very low α-GAL activity has been de-
monstrated in the presence of signs and symptoms 
of the disease. Male and female patients with later-
onset Fabry mutation or missense α-GAL variants of 
unclear significance should start ERT if there is a 
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laboratory, histological, or imaging evidence of in-
jury to the kidney, heart, or the central nervous 
system, even in the absence of typical Fabry symp-
toms. The abnormalities should be attributable to 
FD; this may require histological assessment or 
biochemical evidence of globotriaosylceramide accu-
mulation. The advice of an expert in genetics and 
management of FD should be sought for interpreta-
tion of the pathogenicity of any α-GAL variants of 
unclear significance. Individuals with well-charac-
terized benign α-GAL polymorphisms should not be 
treated with ERT. In the absence of demonstrable 
FD-related tissue pathology or clinical symptoms, 
ERT may not be appropriate, particularly in hetero-
zygous female patients. These patients should be 
monitored regularly by a multidisciplinary care team 
(19, 37–39). Current FD guidelines and recommend-
ations suggest ERT initiation in females with FD after 
the onset of first FD-typical renal, cardiac, and ce-
rebral complications, or in rapidly progressive di-
sease (39, 40). Fifty-seven percent of female FD pa-
tients were under ERT, nearly all presented with 
different organ manifestations that justify ERT initia-
tion according to current European guidelines. One 
third of females were untreated although indications 
(organ manifestations). Some of them refused ERT, 
or can’t receive ERT due to pregnancy or future 
family planning, or they were refusing ERT because 
of possible benefit from future chaperone treatment 
(41). 

Periodic monitoring of anti-agalsidase antibo-
dies in patients receiving ERT is also recommended, 
considering these natural defense mechanisms may 
block the effectiveness of ERT treatment and lead to 
dose adjustment. Early treatment of FD may im-
prove clinical outcome, initiation of ERT at a younger 
age in patients with classical FD results in a better 
biochemical response (42). ERT should not be rest-
ricted to hemizygous men but should be considered 
for both heterozygous females and children (20). 

ERT should be combined with adjunctive the-
rapies for adult patients with FD. Renal, cardiac, 
neurological, gastrointestinal, cerebrovascular and 
other complications of FD that cause chronic tissue 
injury should be treated with symptomatic specific 
therapy (43–45). 

Migalastat is an oral pharmacological chape-
rone developed as an alternative treatment to intra-
venous ERT for patients with FD and amenable mu-
tations. This new oral small-molecule stabilizes spe-
cific mutant (amenable) forms of α-Gal to facilitate 
normal lysosomal trafficking. In this way, this drug 
may increase endogenous enzymatic activity in pa-
tients with specific missense α-Gal mutations. Miga-
lastat and ERT have similar effects on renal function. 
There is no significant change in left ventricular 
mass index in patients treated with Migalastat com-
pared to patients treated by ERT. In randomized, 
active-controlled study renal, cardiac or cerebrovas-
cular events occurred in 29% and 44% of patients in 
the migalastat and ERT groups, respectively. Plasma 
globotriaosylsphingosine was low and stable in 
migalastat treated patient with FD. Migalastat was 
generally safe and well tolerated (46–48). 

 
Conclusion 
 

FD affects very emotionally and physically on 
patients and their families. Long-term treatment of 
adult patients with FD should include ERT, regular 
assessment of disease progression, and the use of 
appropriate adjunctive therapies (38, 40). 

Numerous α-Gal mutations complicate thera-
peutic management of this rare chronic disease. FD 
requires multidisciplinary care in the treatment of 
organ-specific complications. Active participation of 
medical specialists experienced in treating this dis-
order is necessary, as well as communication be-
tween the neurologist, nephrologist, cardiologist, 

medical geneticist, genetic counselor, psychologist, 

and nurse. Significance of genetic polymorphisms in 
FD pathology remains unknown (49) and the res-
ponse to therapy may depend on α-GAL gene muta-
tions. 
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Fabrijeva bolest (FB) je retko nasledno „X vezano“ lizozomalno oboljenje izazvano 

deficijencijom alfa galaktozidaze A (α-GAL). To dovodi do nagomilavanja glikosfingolipida, što 
dalje vodi do disfunkcije mnogih organa i na kraju do znakova i simptoma bolesti. Cilj ovog 
rada bio je da se ispita značaj genotipskih mutacija α-GAL u terapiji FB. Bolest se može 

manifestovati u vidu teškog, klasičnog fenotipa i blagog, neklasičnog fenotipa. Opisane su 
brojne α-GAL mutacije u bazi podataka o genskim mutacijama, kao što su mutacije po-
grešnog smisla (missense), besmislene mutacije (nonsense), mutacije obrade (splice site), 
kriptičke mutacije (cryptic splicing) i mutacije pomeranja okvira čitanja (frameshift). Terapija 
zamene enzima (TZE) može doprineti značajnom kliničkom poboljšanju. U zavisnosti od vrste 
mutacije α-GAL, postoje različite preporuke o započinjanju TZE kod odraslih muškaraca i žena 
sa klasičnim mutacijama, mutacijama koje dovode do kasnog početka Fabrijeve bolesti i 
varijantama α-GAL nepoznatog značaja. Trenutno dostupna TZE je primena rekombinantne 
agalzidaze alfa i agalzidaze beta. Iako nema jedinstvenih vodiča, razvoj znakova i simptoma 
bolesti trebalo bi da bude indikacija za početak lečenja TZE. Ovu terapiju treba kombinovati sa 
adjuvantnom terapijom za specifične manifestacije bolesti. Migalastat je novi farmakološki 
oralni molekul, razvijen kao alternativa intravenskoj TZE za bolesnike sa FB. Migalastat i TZE 
imaju slične efekte na bubrežnu funkciju kod bolesnika sa ovom bolešću. Dugoročni tretman 
odraslih bolesnika sa FB treba da podrazumeva pravovremenu TZE, redovno praćenje 
progresije bolesti svih obolelih, primenu odgovarajuće adjuvantne terapije i multidisciplinarni 
pristup bolesti. 
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