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ABSTRACT

The article is devoted to Fabry disease, which is a very rare disorder (orphan disease). Fabry
disease is a multisystem enzymopathy, the second most common lysosomal disorder after Gau-
cher disease. Fabry disease is related to the lysosomal storage of the decomposition product of
complex lipids, such as globotriaosylceramide (GL-3 and lyso GL-3) in the endothelial cells of
the heart vessels, kidneys, brain and peripheral nervous system resulting ftom a decrease in the
activity of alpha-galactosidase-A enzyme (a -GAL A). The example of a family case in the article
reflects the necessary diagnostic algorithm for early verification of this disease. It is important
to evaluate organs — systems, the control of the plasma globotriaosylsphingosine (Plasma Gh3)
biomarker for the timely initiation of etiopathogenetic enzyme replacement therapy, which should
be used in children with neuropathic pain and albuminuria (with a creatinine level in blood
plasma > 3 mg/mmol), severe gastrointestinal tract lesions, abdominal pain and heart damage.
Enzyme replacement therapy should also be used for the asymptomatic form of Fabry disease in
boys from the age of 7. The article demonstrates the correlation of the therapy and prognosis of
patients with etiotropic enzyme replacement therapy prescription.

Cascade genetic screening of children having at least one first-degree relative with Fabry dis-
ease is the simplest and most effective method for diagnosing the disease. It has been shown that
Fabry disease is a rare disorder and a high index of professional medical competence is required
for the initial diagnosis. Early detection of Fabry disease in clinical practice may be difficult due
to the heterogeneity of the clinical manifestations of the disease and the similarity with other rheu-
matological diseases that are more common in children. Neuropathic pains in the extremities, ac-
roparesthesia in combination with abdominal pain and connective tissue dysplasia in boys can
serve as ““Red Flags™ for doctors, allowing to suspect Fabry disease. All children with Fabry dis-
ease, including those with preclinical forms of the disease, need constant control and regular clin-
ical monitoring. The article demonstrates an examination of 24 members of one family, 12 of which
with Fabry disease, and thus verifies the algorithm for diagnosing this disease.
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INTRODUCTION

Fabry disease (FD) is a multisystem enzymopa-
thy, the second most common lysosomal disorder

composition product of complex lipids, such as glo-
botriaosylceramide (GL-3 and lyso GL-3) in the

after Gaucher disease [Crivaro A et al., 2019]. The
disease is related to the lysosomal storage of the de-
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endothelial cells of the heart vessels, kidneys, brain
and peripheral nervous system, resulting from a de-
crease in the activity of alpha-galactosidase-A -en-
zyme (oo -GAL A). Unlike other storage diseases,
manifested by severe developmental delay and clin-
ical symptoms appearing at an early age, Fabry dis-
ease is often revealed after the age of 20, when pa-
tients visit cardiologists, nephrologists or neurolo-
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gists [Suntjens E et al., 2017; Wilson H et al., 2017].
Clinical expression in hemizygous men is detected
in adolescence and youth. As for heterozygous
women, it can vary from an asymptomatic course
throughout life to manifestations as severe as in
hemizygous men, thus justifying the necessity for
cascade genetic screening [Schiffmann R, 2015;
Karovaikina E et al., 2019]. Screening is performed
for patients with chronic renal failure (CRF) receiv-
ing treatment with programmed hemodialysis, hy-
pertrophic cardiomyopathy, and patients with early
strokes [Moiseev S, 2019 a; b].

Due to the gradual accumulation of globotriao-
sylceramide from the prenatal age, the symptoms
of the disease in children are less severe [Politei J
et al., 2018]. Clinical manifestations of the disease
can only appear as fever and abdominal pain of un-
known origin, sometimes in combination with ac-
roparasthesia. The most common symptoms of
Fabry disease in children and adolescents are neu-
ropathic pain, hyperhidrosis/anhydrosis, angioker-
atomas, vortex keratopathy, and microalbuminuria
[Marchesoni C et al., 2018; Politei J et al., 2018;
Germain D et al., 2019]. Over time, the symptoms
of renal failure increase, cardiac disorders and
cerebrovascular pathology join [Kuzenkova L et
al., 2015; Germain D et al., 2019].

Fabry disease is a rare disorder and a high index
of professional medical competence is required for
the initial diagnosis. Early detection of Fabry dis-
ease in clinical practice may be difficult due to the
heterogeneity of the clinical manifestations of the
disease and its similarity with other rheumatologi-
cal diseases that are more common in children [Moi-
seev S, 2019b; Vordenbdumen S et al., 2019]. Clas-
sic manifestations of the disease, primarily myocar-
dial hypertrophy and kidney damage, are not typical
for children [Garman S, Garboczi D, 2002; Wilson
H et al., 2017]. With the advent of enzyme and ge-
netic screening, an earlier diagnosis and initiation of
Fabry disease therapy in children has become pos-
sible [Politei J et al., 2018; Germain D et al., 2019].

Cascade (genetic) family screening (CGS) is a
unigue method for detecting the disease before the
development of clinical symptoms with a family
history of Fabry disease, which enables to under-
take early initiation of targeted treatment with en-
zyme-replacing and enzyme-reducing drugs [Ra-
maswami U et al., 2019; Spada M et al., 2019].
Traditional CGS starts with the identification of an
adult patient with Fabry disease who suffers from
CRF, heart failure, or suffered an early stroke.
When examining a proband, several diseased rela-

tives are usually identified. CGS includes system-
atic testing of all 1% degree relatives (parents,
brothers, sisters and children), followed by testing
the 2" and 3™ degree relatives, if the disease is de-
tected in relatives of the 1% line.

Fabry disease is registered in the OMIM data-
base (Online Mendelian Inheritance in Man; No
301500). Currently, about 800 mutations in the
GLA gene have been identified, most of which
are pathogenic, leading to a decrease in a-GAL
synthesis and progressive accumulation of glo-
botriosylceramide in the lysosomes, manifested
by various types of FD course [Germain D et al.,
2020]. GLA gene mutations are available in the
UGMD international database. Most of the de-
scribed mutations are single missense and non-
sense mutations, although the so-called “major”
mutations that are common in large families and
populations are described as well [Germain D et
al., 2020]. Most of them are unique for each fam-
ily [Zhou C et al., 2018; Cer6n-Rodriguez M et
al., 2019]. Only in some cases there are clear
geno-phenotypic correlations [Germain D et al.,
2020]. Many researchers have shown the depen-
dence of the disease onset age, the severity and
the pathological process diffusion on the nature
of mutations and the level of a-GAL and Lyso
Gb3 (Tab. 1) [Marchesoni C et al., 2018; Politei
J et al., 2018; Zhou C et al., 2018; Moiseev S,
2019c]. CGS allows us to establish interdepen-
dence between various mutation versions with a
predominant prevalence of kidney or cardiovas-
cular pathology in a patient [Militaru S et al.,
2019; Arora V et al., 2020; Hoss S et al., 2020].

CLINICAL CASE

Three children (an 11-year-old girl, 6 and 7-year-
old boys) with Fabry disease under-
went examination (tab. 2). The
onset of the disease in all children
debuted with complaints of inter-
mittent pain in the legs that oc-
curred after physical activity.

The 11-year-old girl underwent
examination (I). A child from the
first pregnancy without complica-
tions; urgent, natural delivery; the
perinatal history is not burdened,;

To overcome it

is possible, due to the

uniting the knowledge and
will of all doctors in the world

67



TripELETS V.M. et al.

Tue NEw ARMENIAN MEDIcaL JourN4L, VOI.14 (2020), No 3, p. 66-72

Publications about FD in children with presents of their own

clinical cases with the 2017-2019

T4aBLE 1 adolescence. The examination revealed
peripheral  polyneuropathy, vortex
keratopathy and microalbuminuria

with preserved renal function. At the

Articles Age(years) age of 25, the CGS revealed a hetero-
Authors Country Year N  Average Range zygous mutation of c. [1133G-> A] (p.
Cer6n-Rodriguez M. Mexico 2019 7 6 3-12  [Cys 378Tyr]), elevated Lyso Gb3 level
Ramaswami U. UK 2019 31 12 518 Of 7.6 ng/ml, a-GAL level of 4.0
Semyachkina A. Russia 2018 6 1 5.17 mmol/l. The brother of the child’s
) Chi — 0 2 mother (V, proband) suffered from
elieat ) '”f_i chronic renal failure from adolescence,
Marchesoni C. Argentina 2018 44 15 7-21 received treatment with program he-
Liern M. Argentina 2018 31 12 modialysis and died at the age of 37 as
Ersoz MG. Turkey 2018 1 11 11 a result of a progressing chronic heart
Namazova-Baranova L,. Russia 2017 110 10 2-18 La'tl)ure'd_-rhe C?: a(ljl_lowed to Vg_”fy
Suntjens E. Netherlands 2017 47 12 5-18 abry disease. he |’sease was diag-
nosed in the proband’s mother (VIII)

Wilson H.C. USA 2017 26 10 <18

(65 years of age), siblins - three sisters

early psychomotor development according to age.
At the age of 6 she underwent surgery for “acute
abdomen” and suspicion of appendicitis. From the
age of 9, the girl had fatigue, periodic pain in the
legs, creeping, tingling and cold sensations in the
distal extremities (mainly hands), frequent abdom-
inal pain, sometimes with vomiting. Fabry disease
was detected in maternal relatives and in the
mother of the child. Therefore, the girl was also
examined. Vortex keratopathy OU (cornea verticil-
lata) was revealed. CGS revealed a heterozygous
mutation of c. (1133G-> A) (p. [Cys 378Tyr]). The
level of a-GAL is 4.0 mmol/l (the norm is over 1.2
mmol/l), Lyso Gb3 is 5.7 ng/ml (norm is 0-3.5 ng/
ml). The girl’s mother (1V), 29 years old, had burn-
ing pains in her hands and feet, periodic rises in
temperature to subfebrile state, hypohidrosis, diz-
ziness, and poor physical exercise tolerance, since

(VI, 1V) (45 and 29 years of age) and
twins - brother (V1) and sister (VII) (26 years of
age). Probably, another brother (1X) who died in
adolescence (at the age of 15) suffered from Fabry
diseasee. He died of chronic renal failure and was
diagnosed with “Fanconi syndrome”, angiokerato-
mas, tubulointerstitial nephropathy, and limb de-
formity. Two brothers (X, XI) of the proband (42,
44 years of age) are healthy. All the siblings of the
proband with a diagnosed Fabry disease had peri-
odic episodes of subfebrile condition and dizzi-
ness, physical activity intolerance, acroparasthe-
sia, neuropathic pains mainly in the hands, hypohi-
drosis, angiokeratomas and vortex keratopathy.
Proband and all the FD siblings received enzyme
replacement therapy with intravenous infusions of
agalsidase-beta. The 7-year-old son of the pra-
band’s younger sister (VII) suffering from Fabry
disease, a child from the first, normal pregnancy;

TABLE 2

Baseline characteristics of children with ¢.1133G->A/p.Cys 378Tyr variant

Patient Age Sex o-Gal A Plasma Gb3 Genotype Phenotype Symptoms
) activity nl: <7.0
nl: >1.64 (ug/ml)
(umol/L/hr)
1 11 girl 4.0 5.7 Heterozygous c[1133G->A] Acr,
(p.[Cys 378Tyr]) a.p.,
C.V.
2 7 boy 3.7 95.4 Hemizygous c[1133G->A] ctd Acr
(p.[Cys 378Tyr])
3 6 boy 2.4 69.2 Hemizygous c[1133G->A] ctd

(p.[Cys 378Tyr])

Nortks: ctd - connective tissue dysplasia, a.p. - abdominal pains, acr - acroparaesthesia, c.v. -

cornea verticillata.
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natural, urgent delivery; early development ac-
cording to age. From the age of 6, the boy had
pains in the arms and legs, periodic pains in the
abdomen. Connective tissue dysplasia was re-
vealed. CGS detected a hemizygous mutation of
€.[1133G-> A] (p. [Cys 378Tyr]), an elevated level
of Lyso Gb3 of 95.4 ng/ml, and an a-GAL level of
3.7 mmol/l. Four daughters of the proband’s elder
sister(VI) suffering from Fabry disease underwent
examination. According to the results, two chil-
dren (XII, XII1) are healthy and two children (26
and 27 years of age) have FD (X1V, XV) with com-
plaints of burning episodes in their hands. In addi-
tion, the two children of the patient X1V were ex-
amined. The daughter is healthy (XVI), but the son
(XVI1, 6 years old) has a hemizygous mutation, an
elevated level of Lyso Gb3 of 69.2 ng/ml, an
a-GAL level of 2.4 mmol/l without clinical mani-
festations of FD. The boy’s perinatal history is not
burdened; the child is from a first, normal preg-
nancy; natural, urgent delivery; early psycho-motor
development was without pathology. The examina-
tion revealed signs of connective tissue dysplasia.
In total, 24 members of one family underwent
CGS examination. Fabry disease was revealed in
12 of them. The proband’s mother (64 years old),
brothers and sister (aged 26-45), as well as the sib-
lings’ children (aged 7-22) and the grandson of the
proband’s sister (6 years old) underwent examina-

tion too. The DNA diagnostics revealed a change
in the nucleotide sequence ¢.1133G> A, leading to
the replacement of p.C378Y in 6 women in the het-
erozygous state and in 6 men in the hemizygous
state, described in the international HGMD muta-
tion database (CM 993664) (Fig.1).

DiscusSION

Fabry disease is a multi-organ disorder that has
various phenotypic gene expression even in the same
genealogy, from mild and blurred to marked and se-
vere forms. In recent years, the diagnostics of Fabry
disease has significantly improved. The application
of fluorometric research of dry blood spots and mass
spectrometry in FD risk groups, cascade family
screening, genetic studies [Politei J et al., 2018; Ger-
main D et al., 2019] allow to identify mutations lead-
ing to a significant damage to the cardiovascular sys-
tem or kidneys [Germain D et al., 2020].

During the FD diagnostics in a proband, patho-
logical alleles of the GLA gene can be detected in
children of subsequent generations in the absence of
significant gender differences.The diagnostics of
the disease in children remains a challenge due to
polymorphism and nonspecificity of the early mani-
festations of the disease [Wilson H et al., 2017].

Typical manifestations of the disease, in most
cases, develop in adulthood, which is related to
age-dependent penetration and variable expressiv-
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ity of the dominant gene. Due to the lack of spe-
cific symptoms of the disease, the diagnostics of
index cases in children is rare. The main signs and
symptoms of FD in childhood are pain in the limbs,
fatigue, problems with the gastrointestinal tract,
decreased or absent sweating accompanied by epi-
sodes of hyperthermia, intolerance to physical ex-
ertion and angiokeratoma [Pensabene L et al.,
2016; Wilson H et al., 2017] Among the additional
signs are: hearing loss, dizziness, albuminuria and
stunted growth [Germain D et al., 2019]. Rela-
tives, especially males, who died from heart, kid-
ney failure or stroke before the age of 50 are ag-
gravating factors for the development of Fabry
disease. According to literature, the average age of
neuropathic pain onset in boys is 7 years, whereas
for girls it is 9 years [Namazova-Baranova L et al.,
2017; Semyachkina A et al., 2018], which coin-
cides with our data. Also, in the observed children,
neuropathic pain was accompanied by abdominal
pain, which is typical of the clinical manifestations
of the disease in childhood (chronic pain in the ex-
tremities cannot be specific predicts of the disease,
whereas the nature of the pain and comorbidity
with other symptoms are important, most often in
children with abdominal pains) [Pensabene L et
al., 2016; Namazova-Baranova L et al., 2017]. It
should be noted that connective tissue dysplasia
was detected in the boys with FD. However, in lit-
erature it is described as a nonspecific symptom of
this disease [Semyachkina A et al., 2018].

The proband and all its direct, blood relatives un-
derwent partial analysis of the GLA gene by means
of direct automatic sequencing, which revealed a
change in the nucleotide sequence of ¢.1133G> A,
leading to a replacement of p.C378Y, described in
literature as a classic phenotype of Fabry disease.
Angiokeratomas on the buttocks and hips, as well as
functional disorders of the renal and cardiovascular
systems occurring in adulthood were previously de-
scribed as typical of FD patients with this patho-
genic GLA mutation. However, the proband had
heart failure in adolescence, whereas the proband’s
brother suffered from it in childhood and this pa-
thology led to early disability and death of the pa-
tients at the age of 37 and 15 years, respectively.
The combination of angiokeratoma, tubulointersti-
tial nephropathy and limb deformities detected in
the proband’s brother in childhood have not been
described in literature as typical conditions for pa-
tients with this mutation.

Four generations of one family underwent CGS
examination, which allowed to identify 3 children

(2 boys and 1 girl) with early clinical manifesta-
tions of Fabry disease. Within the same family, the
picture of the disease varies in severity and clinical
manifestations in childhood, which may be impor-
tant for determining the treatment tactics for chil-
dren with FD if the disease has no clinical mani-
festations or has a mild form. Also, moderate and
severe forms of the disease can be significantly
delayed by early targeted therapy [Kuzenkova L et
al., 2015; Vordenb&umen S et al., 2019].

The French expert group has presented clinical
recommendation for the treatment and monitoring
of children with FD. According to their sugges-
tions, it is necessary to conduct clinical and labora-
tory monitoring of boys from the age of 5 every
year, and girls from the age of 12-15 every 2-3
years in case of asymptomantic course. These steps
should be taken urgently in case of a monosymp-
tomatic course.

It is necessary to evaluate the cardiovascular,
renal, nervous and gastrointestinal systems, conduct
an assessment of vision, hearing, bone system disor-
ders, as well as hold control over the plasma globot-
riosylsphingosine (Plasma Gb3) biomarker. Etiotro-
pic enzyme replacement therapy (ERT) should be
administered in children with neuropathic pain and
albuminuria (with plasma creatinine levels of > 3
mg/mmol), severe gastrointestinal damage, abdomi-
nal pain, and heart damage. ERT should also be ad-
ministered in cases of asymptomatic FD forms in
boys from the age of 7. At the same time, symptom-
atic therapy of the clinical manifestations of the dis-
ease (NSAIDs and carbamazepine in severe acro-
paresthesia) should be conducted.

The prognosis of Fabry disease depends on the
timely diagnostics and administration of etiotropic
enzyme replacement therapy. Cascade genetic
screening of children with at least one first-degree
relative with Fabry disease is the simplest and
most effective method for diagnosing the disease.

CONCLUSION

Cascade genetic family screening is the most
optimal method for verifying the the phenotype of
children with Fabry disease who have a family his-
tory of the disease.

Neuropathic pains in the limbs, acroparesthesia
in combination with abdominal pain and connec-
tive tissue dysplasia in boys can serve as “red
flags” for the doctor, thus allowing to suspect FD.

All children with Fabry disease, including those
in preclinical forms, require constant control and
regular clinical monitoring.
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