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Abstract

Fabry disease is a rare X-linked lysosomal storage disorder due to mutations in the GLA gene causing the deficiency of a-galactosidase A (a-
gal A). Several systems are involved in this disease, including the kidneys leading to End Stage Kidney Disease. We now report a case series
for ten family members screened and tested positive for Fabry disease after evaluating the index case post-kidney transplantation.
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Introduction
Fabry disease is a rare progressive multisystem X-linked lysosomal
storage disorder caused by mutations in the GLA gene leading to a-
galactosidase A (a-gal A) deficiency. This enzyme is a lysosomal
enzyme involved in glycosphingolipid catabolism [1]. Reduced
activity or absence of a-galactosidase A (a-gal A) enzyme results in
accumulation of

progressive glycolipids, mainly

globotriaosylceramide  (GL-3, Gb3) and its derivative,
globotriaosylsphingosine (also-GL-3), in plasma and a wide range of
cells in the body such as vascular endothelial cells, cardiomyocytes,
arterial smooth muscle cells, and other cell types in the kidneys and
the nervous system [2]. Fabry disease is found in all races and regions
worldwide, with an estimated incidence of 1:40,000 — 1:170,000 in
the general population [3]. In the Gulf countries, the prevalence of
Fabry disease in the United Arab Emirates (UAE), for example, was
estimated to be around 0.25 per 100,000 live births [4], while Al-
Sannaa NA et al.reported the prevalence of Fabry disease in the
Eastern province of Saudi Arabia to be around 42.2 per 100,000 live
births [5]. A prospective study by Salwa et al. recently assessed the
prevalence of Fabry disease among Saudi patients on hemodialysis in
3 major hospitals. The majority of Fabry disease in this cohort was

4.8 per 1000 patients [6].

Case Reports

Case 1: index

Mr. S is a 43-year-old male from the AL-Hassa governorate in the
Eastern Province of Saudi Arabia, who presented to our transplant
center in 2018 with ESKD with unknown etiology. He required
hemodialysis for almost two years, and then he received a living-
related kidney transplant from his bother in October 2019 with
excellent immediate graft function. The patient’s immunosuppression

regimen comprised intravenous anti-thymocyte globulin and triple

At present, more than 1000 GLA gene variants have been discovered
[3], and this may be the cause for its broad spectrum of clinical
phenotypes ranging from “classic” severe form in males to
asymptomatic females [7]. Classical Fabry disease may present
initially with chronic neuropathic pain and episodic painful paincrises
that emerge during childhood and then involve other systems
manifested by eyes, skin abnormalities, gastrointestinal (GI)
disturbances, kidney injuries, and further complications in the heart,
lung, and central nervous system [2]. Heterozygotes may present late
and display all disease symptoms, including pain, orthostatic
hypotension, angiokeratoma, ocular abnormalities, cochleovestibular
involvement, gastrointestinal symptoms, and respiratory involvement
[8].

In this context, we report ten cases from one family in which they
tested positive for Fabry disease during screening by enzyme assay.
Some developed complications, such as cardiac disease and End Stage
Kidney Disease (ESKD) and are being monitored for disease
manifestations. All of them were referred for enzyme replacement

therapy.

immunosuppression (prednisone, tacrolimus, and mycophenolate
mofetil). His post-transplant course was uneventful, with serum
creatinine around 0.8 to 1 mg/dl without significant proteinuria.
However, two months later, he reported progressive generalized body
fatigue and chronic constipation, in addition to the development of
punctate skin lesions on his arms, which warranted a skin biopsy.

The skin biopsy showed sections of epidermal hyperplasia

characterized by acanthosis, elongation of rete ridges, and
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hyperkeratosis with the epidermis encircling the dilated vascular
space. Often thrombosis within the vascular ectasia was also present
(Figure 1). According to the skin biopsy results, additional
investigations were requested. The patient was evaluated for o-
galactosidase A (a-Gal A) enzyme activity which came to be
markedly deficient in the recipient (0.08 nmol /hour /mL in plasm)
(Figure 2), and diagnosis of Fabry disease (FD) was confirmed.
Further evaluation of his respiratory, gastrointestinal, central nervous
(CNS), and cardiovascular systems were unremarkable. The kidney

function in his respective donor remained normal (serum creatinine

around 1 mg/dl with no proteinuria), and his alpha-galactosidase level
was normal.

The Family history showed that the recipient’s parents, who were
close relatives, died at a young age with unclear cause. The index case
has four brothers with no sisters. Two of his brothers were healthy,
while the other two had ESKD of unknown etiology (Figure 3). The
alpha-galactosidase enzyme activity was measured for the daughter of
the index case and his affected brothers. The recipient was referredto

a local metabolic center to initiate Enzyme Replacement Therapy
(ERT).

Figure 1: Skin Biopsy: Epidermal hyperplasia and thrombosis within the vascular ectasia

Result:

¢.692A>G (p.Asp231Gly)

Interpretation:

Following hemizygous mutation was detected:

The detected p.Asp231Gly is a known missense mutation Park et al 2009) and confirms Fabry disease in your patient.

Figure 2: Genetic testing confirms Fabry disease

Figure 3: Family Pedigree
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Case 2

Mr. A is a 46-year-old gentleman with hypertension and ESKD on
regular hemodialysis. He is one of the affected brothers who tested
positive for Fabry disease. No past medical history of cardiovascular
disease or cerebrovascular events was documented.

Case 3

Mr. H is a 49-year-old gentleman with ESKD on regular hemodialysis
and valvular heart disease post valve replacement and pacemaker
insertion. He is the other affected brother who tested positive for
Fabry disease. Apart from his cardiac and renal conditions, no other
organs were affected.

Case 4

Ms. ES, the daughter of the index case, was screened for Fabry disease
at the age of 15 and tested positive. She did not show any evidence of
organ involvement at that time. At 17, she was referred for cardiac
evaluation by echocardiogram as part of screening. The
echocardiogram showed a mildly dilated left atrium with trace mitral
valve regurgitation. Otherwise, the rest of the study was
unremarkable, with an average ejection fraction of > 55 %. She was
also referred to the dermatology service to assess the multiple skin
lesions on her right arm, which had been there since birth. They
thought these lesions were melanocytic nevus vs. nevus spills with no

indication of a skin biopsy. Meanwhile, Ms. ES is still following up

Table 1: Clinical characteristics of the studied population

with our nephrology service for microscopic hematuria and stable
kidney function, and a kidney biopsy is planned for her. On
Ultrasound, both her kidneys were normal in size with preserved
parenchymal echogenicity.

Case 5

Ms. SH is the daughter of Mr.H, who is 26 years old and under follow-
up with our nephrology center for managing her microscopic
hematuria and proteinuria, and she was referred for a kidney biopsy.
Her echocardiogram was unremarkable. Despite no other organ being
affected, she is on regular follow-ups with the dermatologist,
ophthalmologist, and neurologist.

Cases from (6 — 10)

Mr. A, the other brother, has five daughters, all of whom tested
positive during screening. Four of them are under the care of adult
nephrology for managing microscopic hematuria and albuminuria
with stable renal function tests. The fifth daughter is still underfollow-
up with pediatric nephrology. Their cardiac evaluations are
unremarkable, with typical echocardiogram results. No other disease
manifestations were detected during follow-up. (Table 1) illustrates
the patients’ characteristics for the ten cases.

Due to the unavailability of enzyme replacement therapy in ourcenter,
all ten cases were referred to another local hospital to initiate the

appropriate treatment.

Presenting Feature

kidney disease

kidney disease

kidney disease

kidney disease

asymptomatic

kidney disease

Patient Characteristics 1 2 3 4 5 6 7 8 9 10

Name Mr. S Mr. A Mr. H Ms. ES Ms. SH Ms. HA Ms. ZA Ms. SA Ms. ZAA Ms. K

Age 45 48 50 18 26 21 24 26 28 6

Sex male male male female female female female female female female
kidney disease kidney and  |skin lesions and

asymptomatic

and skin lesions cardiac disease kidney
Creatinine (umol/liter) 92 558 386 58 60 57 59 56 63
ACR (mg/g) 25 anuric 340 6.4 11 50 20.24 4.4 5.6
negative for . Bilhofiie Blood +, Blood -.H‘, T blood T+, negative for Blood .++,
Urinanalysis blood, trace anuric : s protein ¢ protein blood and protein
) protein + protein - i protein + - E )
protein negative negative protein negative
Hemizygous Hemizygous Hemizygous Heterozygous | Heterozygous | Heterozygous | Heterozygous | Heterozygous | Heterozygous | Heterozygous
Genetic testing mutation mutation mutation mutation mutation mutation mutation mutation mutation mutation
(p.Asp231Gly) (p.Asp231Gly) (p.Asp231Gly) | (p.Asp231Gly) | (p.Asp231Gly) | (p.Asp231Gly) | (p.Asp231Gly) | (p.Asp231Gly) | (p.Asp231Gly) | (p.Asp231Gly)
Alpha-galactosidase (nmol/h/mg): = . s i - - 2 : o
0.0 (psoitive 0.0 (psoitive 0.1 (positive 0.8 (psoitive 1.8 (psoitive 1.6 (positive 3.3 (negative 3.7 (negative 2.1 (positive
(Cut-off value > 2.8) (p ) (p ) (p ) (p ) (p ) (p ) (negative) (negative) (p )
yso-GL3 (gt ) Not applicable Not applicable Not applicable | 4.1 (psoitive) | 6.3 (positive) | 6.4 (positive) | 7.7 (positive) | 5.5 (positive) | 6.3 (positive)
cut-off value < 3.5
angiokertoma skin
arketny angiokertoma
Skin disease on left nill nill = . nill nill nill nill nill
2 5 vs melanocytic
inguinal and
; nevus
right forerm
chronic
Gastrointestinal SIIEHpatien s/p nill nil nil nill nill nill nill
(colonscopy: | hemorrhoidectomy
hemorrhoids)
Neurological nill nill nill nill nill nill nill nill nill

Cardiovascular

has cardiac

involvment:
ECG: LVH; deep
T inversion and

ECG: LVH

S/p replacment
of two valves +

echo: mildly
dilated left

unremarkable | unremarkbale | unremarkbale | unremakable | unremarkable

observation

sTd . pacemaker atrium, trace
r
ep — inseration MR, EF: >55%
relative short
PR

transplanted

kid bi Gl St not done as

idney biopsy | not done as patien
Renal Biopsy ¥ : p Y P patient has notdoneyet | notdoneyet | notdoneyet | notdoneyet |notinidcicated | notdone yet

was within has ESKD
ESKD
normal
referred to referred to other referred to

ERT under process | underprocess | under process | underprocess | notindicated | underprocess | notindicated

other center center other center

post kidney S e : : : : : : =
RRT ; it on hemodialysis | on hemdialysis | not applicable | not applicable | not applicable | not applicable | not applicable | not applicable | not applicable

ransplan
- o o under under under under under under under

Outcome initated on ERT | initiated on ERT  |initiated on ERT

observation observation observation observation observation observation

ACR: Albumin-Creatinine Ratio, ERT: Enzyme Replacement Therapy, RRT: Renal Replacement Therapy
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Discussion

Epidemiology

Fabry disease is an X-linked rare lysosomal storage disorder resulting
from the deficiency of a-galactosidase A (a-Gal A) and affects
multiple systems. The prevalence of Fabry disease has been estimated
between 1:40,000 and 1:60,000, while in other registries, it reached
approximately 1:117,000 between individuals. However, the majority
is still underestimated and varies among different populations [9]. In
the Russian nationwide screening program, for example, the
prevalence of Fabry disease in 5,572 hemodialysis patients was 0.36
%, with a 10-fold increase in males than females (0.53 and 0.05 %,
respectively) [10]. FD is thought to be underdiagnosed in Arab
countries due to the limited publications in this region and the fact
that few Arab patients with FD are included in the Fabry registry
[2,6].

Pathogenesis

Fabry disease is caused by a deficiency or absence of a-galactosidase
A (a-gal A) enzyme activity due to mutations in the GLA gene
resulting in intracellular accumulation of globotriaosylceramide
(Gb3) and its derivative leading to multiorgan damage [9]. Various
cells are affected, including capillary endothelial cells, renal
(podocytes, tubular cells, glomerular endothelial, mesangial, and
interstitial cells), cardiac (cardiomyocytes and fibroblasts), and nerve
cells [11].

Clinical Presentation

The primary disease process begins in infancy or earlier during fetal
development. However, contrary to many other lysosomal storage
diseases, most patients remain clinically asymptomatic during the
very first years of life [8].

The Fabry disease was initially described in males with a severe
clinical phenotype that develops early in childhood or adolescence
and progresses to multiorgan failure, now known as “classic” Fabry
disease. However, a larger group of patients produce later-onset
phenotypes with a milder presentation called the “variant” phenotype
[2,9]. Clinical presentation in females ranges from asymptomatic to
severe phenotype, explained by the X chromosome inactivation
(Lyonization) profile, but usually develops ten years later than in male
patients [12]. Although many female carriers will be relatively
asymptomatic, recent evidence has emerged that females with Fabry
disease can develop clinical symptoms and have a reduced life
expectancy compared with healthy subjects [13].

In classic Fabry disease, early manifestations occur during childhood
and affect the peripheral nervous system, characterized by chronic
neuropathic pain and episodic severe pain crises. Progressive hearing
loss has been reported in 16-54 % of affected patients, while varying
degrees of tinnitus presented as an early symptom [8,14,15]. Other
symptoms such as sweating abnormalities (hypohidrosis), skin
manifestation (angiokeratomas), gastrointestinal (GI) disturbances
(bloating, diarrhea, abdominal pain), corneal (cornea verticillate) and

lenticular opacities have also been reported at a young age [2,8,9,16].
Renal impairment, manifested by microalbuminuria and proteinuria,
usually occurs in the 2nd to 3rd decade of life and progresses to renal
failure [17]. Cardiac abnormalities involved a wide range of
manifestations, including left ventricular hypertrophy (LVH),
valvular dysfunction, electrocardiogram abnormalities, arrhythmias,
ischemia, and cardiac fibrosis and were reported in approximately 40-
60 % of patients with Fabry disease [8,18]. Cerebrovascular
involvement includes symptoms such as headache, dizziness,
transient ischemic attacks, and ischemic strokes [19,20].
Diagnosis

Recognizing early signs and symptoms of the disease is essential to
initiate the treatment in Enzyme Replacement Therapy (ERT)
promptly and start screening the family members. However, early
diagnosis of Fabry disease could be challenging as the clinical
manifestations may resemble other disorders. Moreover, significant
cardiac or renal dysfunction usually occurs later in adulthood,;
therefore, confirmation of the disease is traditionally delayed [8].
a-Gal A activity testing in plasma or leukocytes is diagnostic for male
patients; however, in female patients, demonstration of the plasma
enzyme activity is often found within the normal range. Therefore,
genetic analysis is warranted to establish the disease. Screening
individuals with a family history of Fabry disease is a helpful tool to
identify patients before developing symptoms [2,8]. Furthermore,
screening of the following high-risk groups may be beneficial to
detect the disease early and start the management on time: patients
with unexplained hypertrophic cardiomyopathy HCM or with
unexplained LVH, patients with ESKD, post-kidney transplantation,
or patients with unexplained proteinuria or microalbuminuria,
individuals (aged 15-55 years) with unexplained stroke [9].

Sodré et al. reported, in a cross-sectional study, a prevalence of Fabry
disease of 9.47 % in relatives of 71 patients with chronic kidney
disease (CKD) [21]. The European Renal Best Practice (ERBP) has
provided, based on a combination of systematic literature reviews, a
consensus meeting with an international panel of experts, and peer
review, guidance for nephrologists in diagnosing and treating Fabry
nephropathy. Accordingly, it was suggested to screen patients for
Fabry disease when there is an unexplained chronic kidney disease in
males younger than 50 years and females of any age by measuring a-
galactosidase A activity in plasma, white blood cells, or dried blood
spots in men and mutation analysis in women [22].

In the pediatric population, the diagnosis of FD is infrequent due to
the nonspecific nature of clinical presentation at a young age [23]. An
interval of 13.7 years was documented between the onset of symptoms
and diagnosis in men and 16.3 years in women [24], and the frequency

of misdiagnosis reached approximately 25 % [25].
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Treatment

Management of patients with Fabry disease should focus on
supportive care to prevent further progression to irreversible tissue
damage. ERT should be provided with proper follow-up and
assessment of treatment response by a physician with experience in
Fabry disease management [2]. ERT is available in the form of
agalsidase alfa (Replagal)®, Shire HGT, Inc., Cambridge, MA, USA)
and agalsidase beta (Fabrazyme®, Sanofi Genzyme, Cambridge, MA,
USA). Agalsidase alfa is given at 0.2 mg/kg body weight every other
week by intravenous (1V) infusion and is approved in many countries
worldwide but not by the US Food and Drug Administration [26].
Agalsidase beta is administered at 1.0 mg/kg body weight once every
2 weeks as an IV infusion and is approved in Europe, the USA, and
many other countries [27].

Enzyme replacement therapy has challenges. It is expensive
(~$200,000 per patient annually) and time-consuming (i.e., hours
required for infusion). Furthermore, ERT may cause infusion
reactions and is ineffective in all patients, such as those with End
Stage Organ Disease or with antibodies to the recombinant enzyme
[28].

Conclusion

Fabry disease is a rare progressive lysosomal storage disorder
characterized by a deficiency of a-galactosidase A (a-gal A). It affects
multiple systems, including the kidneys leading to End Stage Kidney
Disease. The prevalence of FD is considered underdiagnosed,
especially in Arab countries. To our knowledge, this is the third
publication from Saudi Arabia. Herewith, we have presented a case
series from one family from the Eastern Province of Saudi Arabia in
whom they tested positive for Fabry disease during screening by
enzyme assay. The index case has been investigated post-kidney
transplantation, and accordingly, the family members were screened
and evaluated.

Screening for Fabry disease is essential, especially in neonates,
dialysis patients, and transplant populations, to identify the size of the
problem in the Gulf and to implement early interventions for this
disorder. It is also essential to acquire a national registry to understand
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