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2 CASE PRESENTATION

A 37 years old man came with CC of lower limb edema.
PMH:

Proteinuria from 10 years ago

Phy.Exam:

Normal

Lab Exam:

Positive data : Cr=1.4 mg/dl. U/A=pro+++. Urine protein 24h=1800mg

Kidney biopsy:




Clinical History : A 37 y/o man with non-nephrotic range of proteinuria
Lzl;or-wy findings: Cr: 1.42 mg/dl , 24hr Pro: 1800 mg, U/A : Pr: +++
The specimen is received in formalin, labeled as " Kidney blopsy”, consists of a piece of pale-tan cylindrical
_tissue measuring 1.5 cm In length and 0.2om in diameter,
Submitted in toto in one block .
Serial sections prepared. Stained by H&E, Masson’s Trichrome, PAS and JMS methods.
MICROSCOPY:
Microscopic examination shows one needle-shaped fragments of cortical kidney tissue with the following
histopathological changes :
~Glomeruli: Up to 14 glomeruli in serial sections are identified. One of them shows sglobal sclerosis. Mild
mesangial matrix expansion and hypercellularity in some glomerull is seen. GBM shows normal thickness and
shape. Podocytes show expanded cytoplasm with pale and foamy appearance. No endocapiilary proliferation is
seen. There is no evidence of crescent. No glomerulitis Is identifled. Glomerular size is Increased.
~Tubules and interstitium: Mild focal interstitial infiltration of inflammatory cells including lymphocytes is
seen. Mild focal tubular atrophy and proportional interstitial fibrosis Involving less than 10% of the specimen are
identified. Intraluminal RBC/WBC casts not seen.
-Vessels : Unremarkable
IMMUNOFLUORESCENCE STUDY(#98-459):
Frozen sections reveal 8 glomeruli with following Immune reaction with the following antisera:
Polyvalent{(G.A.M): Negative
IgG: Negative
IgA: Negative

Negative
C1q: Negative
Fibrinogen: Negative
ELECTRON MICROSCOPY STUDY: Please see our ref EM#98-234

DIAGNOSIS:
" KIDNEY NEEDLE BIOPSY":
, mnm.a'mocm AND ELECTRON MICROSCOPIC FINDINGS ARE COMPATIBLE WITH FABRY DISEASE
< :
Fabry disease is a lysosomal storage disorder caused by genetic deficiency in alpha-galactosidase leading to
UM of globotriaosylceramide In many cell types. In males with residual alpha-Gal activity, signs and
g F may be restricted to kidney (renal variant) and lack the classic features of the disease. For definite
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Clinical History: A 37 year old man with subnephrothic range of proteinuria since
chidhood.
ial recieved:

From Imam khomeini hospital / path. lab, in gloutaraldehyde fixative, submitted in one resin
embedded block for electron microscopic examination.
Thick sections of entire specimen stained by toluidene-blue revealed kidney tissue
containing 2glomeruli and following histopathological findings:

- Glomeruli: Large podocytes with lamellated round densely stained inclusions.

- Tubules and interstitium: Resorptive droplets in some tubular epithelial cell.

o 5
- Global efffacement of visceral foot processes.

- Large podocytes with cytoplasmic lamellated zebra-body like inclusions.

- Segmental thickening of GBM.

- Segmental GBM wrinkling / duplication and remodeling.

- Expansion of GBM-like mesangial matrix and mesangial hypercellularity.

- No subepithelial, mesangial paramesangial and subendothelial electron dense deposits.

DIAGNOSIS:
ULTRASTRUCTURAL FINDINGS ARE COMPATIBLE WITH FABRY DISEASE.




Fabry nephropathy with prominent vacuolization of podocytes
(hematoxylin and eosin stain).
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Fabry nephropathy with darkly stained round inclusions in
podocytes (red arrow), mesangial cells (yellow arrow), and
endothelial cells (white arrow) in a glomerulus.There is an
arteriole with Fabry inclusions in smooth muscle cells
(asterisk; toluidine blue stain).




Fabry nephropathy with deposition of hyaline-like material in
the media of an interlobular artery (arrows), consistent with
Fabry arteriopathy (periodic acid-Schiff stain).




Fabry nephropathy with typical Fabry glycosphingolipid inclusions shaped as
multilamellated myelin figures (red arrow) and zebra bodies (yellow arrows) in
podocytes.There are also smaller inclusions in endothelial cells (black arrow)
and mesangial cells (white arrow; electron microscopy).
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10 INTRODUCTION

* Fabry disease is an X-linked inherited condition due to the absence or reduction of a-

galactosidase activity in lysosomes, that results in accumulation of globotriaosylceramide

(Gb3) and related neutral glycosphingolipids.

* Manifestations of Fabry disease include serious and progressive impairment of renal and

cardiac function.

* In addition, patients experience pain, gastrointestinal disturbance, transient ischaemic

attacks and strokes.




Il INTRODUCTION

* Additional effects on the skin, eyes, ears, lungs and bones are often seen.
* The first symptoms of classic Fabry disease usually appear in childhood.

* Despite being X-linked, females can suffer the same severity of symptoms as males, and

life expectancy is reduced in both females and males.




12 INTRODUCTION

* The second most common LSD after Gaucher disease is Fabry disease, with a worldwide
prevalence of approximately | in 40 000 to | in 117000 live births for the classic form of
the disease.

* Wide variations in the prevalence of Fabry disease have been reported in different
countries, and with increasing awareness and screening, it is likely that the actual

prevalence may be higher than previously recorded, particularly when late-onset

phenotypes are taken into account.




13 INTRODUCTION

* The mean age at onset of the signs and symptoms of Fabry disease has been reported
between 3 and 10 years in males and 6—15 years in females.

* The later manifestations of Fabry disease (such as renal impairment, cerebrovascular
disease and cardiomyopathy) result in a reduced life expectancy, to <50 years in men and

<70 years in women.

* Furthermore, quality of life is reduced in both male and female patients, not only due to
end-organ failure, but also to a range of other symptoms, including Gl problems, pain,

acroparaesthesia, depression and temperature intolerance.




14 INTRODUCTION

* Signs and symptoms that tend to develop later in adolescence and early adulthood are

associated with end-organ failure and premature death.

* These include proteinuria and glomerulosclerosis, cardiac hypertrophy and arrhythmia,

other cardiovascular disease and stroke.




Fabry disease: a review of management strategies 643

Table 1 Typical signs and symptoms of Fabry disease according to age

Typical time at onset

Signs and symptoms

Childhood and adolescence (<16 years)

Early adulthood (17-30 years)

Later adulthood (age >30 years)

Neuropathic pain

Ophthalmological abnormalities (cornea verticillata and tortuous
retinal blood vessels)

Hearing impairment

Dyshidrosis (hypohidrosis and hyperhidrosis)

Hypersensitivity to heat and cold

Gastrointestinal disturbances and abdominal pain

Lethargy and tiredness

Angiokeratomas

Onset of renal and cardiac signs, e.g. microalbuminuria, proteinuria,
abnormal heart rate variability

Extension of any of the above

Proteinuria and progressive renal failure

Cardiomyopathy

Transient ischaemic attacks, strokes

Facial dysmorphism

Worsening of any of the above

Heart disease (e.g. left ventricular hypertrophy, angina, arrhythmia and
dyspnoea)

Stroke and transient ischaemic attacks

Osteopenia and osteoporosis
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16 DIAGNOSIS AND SCREENING

 Diagnosis of Fabry disease is often delayed by at least 3 years, and often by >20 years,

after the onset of signs and symptoms.

* The reasons for this delay include the condition’s rarity (and cor- responding lack of
awareness among clinicians) and the diversity and non-specificity of presenting symptoms.




Symptoms suggestive of Fabry disease

Family member
(e.g. angiokeratomas, acroparesthesiae) see Table 1

with Fabry disease

Biochemical/genetic analysis: males Genetic/biochemical analysis: females

I 7 = Measurement of plasma or urinary Gb; or lyso-Gby, = Genetic analysis of the GALA gene
= Measurement of plasma a-galactosidase A activity = Measurement of plasma or urinary Gb; or lyso-
= Confirmation of Fabry disease by genetic analysis of Gb,

the GALA gene

Initial positive diagnosis of Fabry
disease — referral to tertiary centre

W

Baseline valuation at tertiary centre

4

Pain/QOL Neurological Eyes/ears Renal function Cardiography Gl system Dermatology
= Structured system = Slit—lamp = Urine dipstick test = ECG o Diarrh.oea’ e Angiokeratomas
assessment = Brain MRI examination (micrgalbt_Jminuria/ = Echo Ll Constlp.atlon e Dyshidrosis
scales (e.g. BPI, || = Temperature = Audiogram proteinuria) = 24-hour Holter [ | = Abdominal « Telangiectasia
VAS, SF-36) sensitivity tests = 24-hoururine = Assessment of pain

(protein) cardiac function
= Electromyography = Biopsy (only if

indicated)

= Ultrasound

(vascularlesions)

a4

Enzyme replacement therapy
Concomitant therapy

h. 4

Follow-up

Figure 2. General algorithm for the diagnosis and assessment of patients with Fabry disease (see text for more detail). The
initial point of presentation will vary depending on the first symptom. A particular specialist may therefore focus on just one
aspect of the disease in the algorithm above before confirmation of the diagnosis and consideration of enzyme replacement

therapy.




@ MAYO CLINIC Fabry Disease Diagnostic Testing Algorithm
I 8 LABORATORIES

‘ Clinical suspicion or family history of Fabry disease ‘

.

FMTT / Familial Mutation,

Targeted Testing, Varies YES Positive family history with mutation identified |
Males Ema]es ‘
\ 4
Recommended initial evaluation (select 1) Analysis of alpha-galactosidase
| = AGAW / Alpha-Galactosidase, Leukocytes enzyme activity is not sensitive for
| and/or carrier detection in all females. It is
| = AGAS / Alpha-Galactosidase, Serum recommended that molecular testing

be performed for diagnosis in females.

1 1 | v

Normal alpha-galactosidase Decreased alpha-galactosidase SR Custgm Cone Paqel, Here'ditary,
i iy I Next-Generation Sequencing, Varies
enzyme activity enzyme activity @G Gene List ID: IEMCP-SRU6J3)
Fabry di t hl likel ‘ L4
abry disease highly unlikely [ ] NG VAHARTOR L
pseudodeficiency
(<1% of affected males have Disease-causing Variant of unknown allele identified
leukocyte enzyme values variant identified significance identified
| within the normal range) * *
Fabry di fi d ‘ If not already performed, consider: .
abry disease confirme: s : Fab 7 =
5 . z ry disease unlikely.
= gﬁz?ns {Clohatriaosylaphing oslne, Results must be interpreted in the

= CTSU) /. CGoramide Trihexosides context of an individual’s clinical

Consider: FMTT for S U ey Er iy, T and/or biochemical profile.

at-risk family members

—
-

I Clickable PDF

Click on blue tests to view test catalog Information

© Mayo Foundation for Medical Education and Research (MFMER). All rights reserved. 04/2022




MAYO CLINIC
LABORATORIES

Fabry Disease: Newborn Screen-Positive Follow-up

Decreased alpha-galactosidase
enzyme on newborn screen

17 MALE 1 FEMALE | —

AGAV / Alpha-Galactosidase, Leukocytes
OR
AGAS / Alpha-Galactosidase, Serum

[NommaL | [Low ]

v v v
False-positive FABRZ /7 Fabry Disease, Full Gene Analysis, Varies
newborn screen

mutation identified mutation identified allele identified

I No disease-causing | Disease-causing Pseudodeficiency

|
v

Refer for genetic counseling False-positive
and comprehensive family newborn screen
MaLE FEMALE history discussion.

v v
= Reduced enzyme result = Fabry disease unlikely = Consider performing
suggests Fabry disease = Presence of a mutation FMTT / Familial Mutation,
= Suggests the presence that is undetectable by this Targeted Testing, Varies
of a mutation that is method is not ruled out. for at-risk family members
undetectable by this method

% Clickable PDF

© Mayo Foundation for Medical Education and Research (MFMER). All rights reserved.



20 DIAGNOSIS AND SCREENING

* In males with left ventricular hypertrophy (LVH) or hypertrophic cardiomyopathy, |—4%
have been shown to have previously undiagnosed Fabry disease.

* Screening of female patients with hypertrophic cardiomyopathy has also detected a

prevalence of Fabry disease of 1%




LEFT VENTRICULAR ENDOMYOCARDIAL BIOPSY SHOWING A FRAGMENT OF CONDUCTION TISSUE (CT) INWHICH
ALMOST THE ENTIRE CELL AREA IS OCCUPIED BY LARGE VACUOLES (ARROWS) WHEREAS IN THE WORKING
MYOCARDIUM ONLY SMALL PERINUCLEAR VACUOLES ARE EVIDENT. (B): TRANSMISSION ELECTRONMICROSCOPY

2 I SHOWING THE VACUOLES TO CONSIST OF SINGLE MEMBRANE-BOUND MYELIN BODIES CONTAINING CONCENTRIC
LAMELLAE SUGGESTIVE OF FABRY DISEASE. REPRODUCED WITH PERMISSION FROM FRUSTACI AND CHIMENTI.




22 AORTIC ROOT DILATATION (47 MM) IN A 51-YEAR-OLD MALE PATIENT WITH FABRY
DISEASE.7 COURTESY: OLIVIER DUBOURG AND DOMINIQUE P GERMAIN, UNIVERSITY OF
VERSAILLES, FRANCE.




23 (A) T1 SAGITTAL IMAGE SHOWING A SLIGHT HYPERINTENSITY (YELLOW ARROWS) IN THE PULVINAR AREA OF A 46-
YEAR-OLD MALE FABRY PATIENT. (B) T1 AXIAL IMAGE SHOW- ING A WELL-DEFINED SYMMETRIC HYPERINTENSITY
(YELLOW ARROWS) OF BOTH PULVINAR NUCLEI OF A 46-YEAR OLD MALE FABRY PATIENT. COURTESY: FREDERIC
COLAS, ROBERT CARLIER AND DOMINIQUE P GERMAIN, UNIVERSITY OF VERSAILLES, FRANCE.




TYPICAL ANGIOKERATOMAS. COURTESY: DOMINIQUE P
24  GERMAIN, UNIVERSITY OF VERSAILLES, FRANCE.




25 DEPRESSION AND REDUCED QUALITY OF LIFE

* Depression is a frequent and under-diagnosed problem among patients with Fabry

disease.

* In a UK-based survey, as many as 46% of patients were found to have depression and 28%

could be classified as having severe clinical depression.

* Most patients were previously undiagnosed for depression, highlighting the need for the

correct assessment of depressive symptoms in patients with Fabry disease.




TYPICAL FACIAL DYSMORPHISM IN A PATIENT WITH FABRY DISEASE.
, SHOWING PROMINENT SUPRA ORBITAL RIDGES, BUSHY EYEBROWS, PERI-ORBITAL PUFFINESS, MILD
26 PTOSIS, PROMINENT JAW LINE.
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RENAL DISEASE

* Patients with Fabry disease who have established renal failure will require appropriate
management of anaemia, renal bone disease and hypertension.

* Angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs)
are useful as antiproteinuric agents and in the control of hypertension in patients with
proteinuria.

* Many patients with Fabry disease and renal involvement who have not been given ERT may
require dialysis or renal transplantation

* Transplanted kidneys remain free of Gb3 accumulation and 5-year organ survival is as good as
in patients without Fabry disease.




Table 2 Effects of ERT on other signs and symptoms of Fabry disease

28

Effect

Enzyme

Reference

Amelioration of Gl pain and diarrhoea at 6 months and
3 years of treatment
Improvement of acroparaesthesia at 24 months
Improvement of anhidrosis after 24 months
Improvement of pulmonary symptoms
Improvement of hearing loss at 12 months
Significant decrease in cerebral hyperfusion vs. placebo after
6 months, although no impact on incidence of stroke or TIAs
Significant improvement (reduction) in elevated cerebral
blood flow velocities after 18 months

Agalsidase alfa
Agalsidase beta
Agalsidase alfa
Agalsidase alfa
Agalsidase beta
Agalsidase alfa
Agalsidase alfa

Agalsidase alfa

46
148
152
42,152
149
44
150

151
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ORIGINAL ARTICLE

Podocyturia in Fabry disease: a 10-year follow-up

Bojan Vujkovac ® ?, Irena Srebotnik Kirbis ® 2, Tajda Keber?,
Andreja Cokan Vujkovac®, Martin Tretjak® and Sandra Rados Krnel®
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Slovenia

Correspondence to: Bojan Vujkovac; E-mail: bojan.vujkovac@guest.arnes.si

ABSTRACT

Background. Fabry disease (FD) is a rare X-linked disorder of sphingolipid metabolism that results in chronic proteinuric
nephropathy. Podocytes are one of the most affected renal cells and play an important role in the development and
progression of kidney disease. Detached podocytes found in urine (podocyturia) are considered as a non-invasive early
marker of kidney injury; however, the dynamics of podocyte loss remains unknown.

Methods. In this 10-year follow-up study, podocyturia and other renal clinical data were evaluated in 39 patients with FD.
From 2009 to 2019, podocyturia was assessed in 566 fresh urine samples from 13 male and 26 female FD patients using
immunocytochemical detection of podocalyxin.

Results. Podocyturia (number of podocytes per 100 mL of urine) was found in 311/566 (54.9%) of the samples, more frequently
(68.9 = 21.9% versus 50.6 = 25.9%; P =0.035) and with higher values (364 + 286 versus 182 + 180 number of podocytes per

gram of creatinine (Cr) in urine; P =0.020) in males compared with females. The mean number of assessed samples for each
patient was 14.5 (range 3-40) and the frequency of samples with podocyturia ranged from 0% to 100% (median 57%).
Podocyturia was already present in 42.9% of patients <20 years of age and in 89.5% of normoalbuminuric patients.
Podocyturia correlated with albuminuria (urine albumin:Cr ratio) (r =0.20, P < 0.001) and a higher incidence and values of
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GRAPHICAL ABSTRACT

Clinical
Kidney
Journal

Podocyturia in Fabry disease: a 10-year follow-up

Fabry disease (FD) is a rare X-linked disorder of sphingolipid metabolism that results in chronic proteinuric nephropathy.
Podocytes are one of the most affected renal cells. Detached podocytes found in urine are considered as a non-invasive
early marker of kidney injury, however, the dynamics of podocyte loss remain unknown.

Methods

Retrospective observational study

ﬂ 10-year follow-up:
| 200902019
E Slovenj Gradec, Slovenia

39 patients with FD:
o :
o3

Evaluation of podocyturia (UPodo),
using immunocytochemical
detection of podocalyxin

Conclusion: Podocyturia is an early clinical event in the development of Fabry

nephropathy. However, podocyturia was a discontinuous event with wide
variability.

Keywords: albuminuria, biomarkers, Fabry disease, immunocytochemistry, podocalyxin, podocyturia, proteinuria, renal

function

Results

566 fresh urine samples

Positive in 311/566 of samples
Assessed samples for each patient: 14.5 (3—4.0)

More frequent and with higher values in males
Present in 42.9% of patients < 20 years of age
Present in 89.5% of normoalbuminuric patients

Correlated with albuminuria
Higher incidence and values in lower eGFR

Vujkovac B., et al
Clinical Kidney Journal (2021)
®@CKJsocial



31

Treatment




32

Received: 31 July 2019

Revised: 10 February 2020

PN VIIECRK 105 upuales

Accepted: 17 February 2020

DOI: 10.1002/jimd.12228

REVIEW ARTICLE

SEnl WILEY
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Abstract

Enzyme replacement therapy (ERT) with recombinant a-galactosidase A (r-
aGAL A) for the treatment of Fabry disease has been available for over
15 years. Long-term treatment may slow down disease progression, but car-
diac, renal, and cerebral complications still develop in most patients. In addi-
tion, lifelong intravenous treatment is burdensome. Therefore, several new
treatment approaches have been explored over the past decade. Chaperone
therapy (Migalastat; 1-deoxygalactonojirimycin) is the only other currently
approved therapy for Fabry disease. This oral small molecule aims to improve
enzyme activity of mutated a-galactosidase A and can only be used in patients
with specific mutations. Treatments currently under evaluation in (pre)clinical

trials are second generation enzyme replacement therapies (Pegunigalsidase-




33 TREATMENT

* Enzyme replacement therapy (ERT) with recombinant a-galactosidase A (- aGAL A) for
the treatment of Fabry disease has been available for over |5 years.

* Long-term treatment may slow down disease progression, but cardiac, renal, and cerebral
complications still develop in most patients. In addition, lifelong intravenous treatment is
burdensome. Therefore, several new treatment approaches have been explored over the

past decade.

* Chaperone therapy (Migalastat; |-deoxygalactonojirimycin) is the only other currently

approved therapy for Fabry disease.




34 CHAPERONETHERAPY (MIGALASTAT; |-
DEOXYGALACTONOIJIRIMYCIN)

* This oral small molecule aims to improve enzyme activity of mutated a-galactosidase A
and can only be used in patients with specific mutations.

* Treatments currently under evaluation in (pre)clinical trials are:
|- second generation enzyme replacement therapies (Pegunigalsidase- alfa, Moss-aGal),

2-substrate reduction therapies (Venglustat and Lucerastat),

3-mRNA- and gene-based therapy.




Uy ~ wroa-r

35

ERT c&
e g

Egress of storage material

—

k r-aGAL A © Cholestrol
endogenous
aGAL A X Gb3
PP Migalastat @ Ceramide

FIGURE 1 Overview of different approaches in treating Fabry disease; Enzyme replacement therapy (ERT) aims to restitute defective
aGAL A. Chaperones bind to the active site of the unstable xGAL A to aid proper folding. Substrate reduction therapy targets the
glycosphingolipid synthesis to reduce formation of Gb3 and its derivatives. Gene therapy aims to correct the underlying genetic defect of
FD. MRNA therapy induces transient endogenous «GAL A production. The egress of Gb3 can potentially be stimulated by enhancing
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TREATMENT OF
FABRY DISEASE
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37 DRUGS FOR FABRY DISEASE

* Agalsidase alfa (Replagal)

* Agalsidase beta (Fabrazyme)
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FABRAZYME
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ABOUT OUR PATIENT:




(619) 781-2009

Patient Details Specimen Details Physician Details
DOB: 09/21/1982 Date collected: 03/29/2021 0944 Local i .
Age(y/m/d): 038/06/08 Date received: 03/29/2021 Referring:
4 Gender: M Date entered: 03/29/2021 1D: °
Patient ID: Date reported: 04/05/2021 1105 ET NPI: 1629507207

General Comments & Additional Information
Total Volume: Not Provided Fasting: Yes

Ordered HHems
Alpha-Galactosidase A

TESTS RESULT FLAG TNITS REFERENCE INTERVAL LaB
Alpha-Galactosidase A

1/ h
Alpha-Galactosidase activity .3 Low nme /rtr/mg =35 .5 folal
P
**pPlease note reference interval change*=¥*
Interpretation Affected o

The above enzyvme activity is consistent with this patient being

affected with alpha-galactosidase A deficiency. Alpha-galactosidase

A deficiency is the underlying defect in the X-linked disordexr Fabrxry

disecase . Genetic counseling for this family is recommended.
Director Review

Jean-Leonn Chong, PhD o1
Director, Riochemical CGCenetics
To discuss these results oxr other testing for inborn errxroxrs of
metabolism, please contact our Biochemical Geneticists at
1-800-345-GENE (4363), LabCorp Genetics Customerxr Service, RTP, NC.
Methodology O

Alpha-galactosidase activity was measured against the axrtificial
substrate 4-methylumbelliferyl-alpha-D-galactopyranoside by the

method of Desnick RJ, et al . (Desnick RJ, Allen KY, Desnick SJ,
Raman MK, Rernlohr RW, Kri~wit WJ Lab Clin Med, 81 (2) :157,1973)
Disclaimex: o1
This test was Jdeveloped and its performance characteristics
determined by Labcorxrp. It has not been cleared oxr approved

by the Food and Drug Administratiorn.

o1 T& LabCorp RTP "Dir: Anjen Chenn, MDPhD
1212 TW Alexander Drive, RTP, NC 27702-0150

L . T et B e e R L T e e e 4

For inquiries, the physician may contact Branch: 800-859-6046 Lab: 858-668-3700
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Type of request L Tl <

Mono (patient) Whole Exome Sequencing Test
Clinical Indication TrS=als JaWa

(sl oam 25 5 5 53K < 5Se 3 5Sie L Fabry s le) Fabry s e b las:

Pedigree/Family Genetic Information s daald Lo (s lass ARilen = S0 s
Sl s s s el siA 52 SSE 5 s Sless Al 2l e s335000 s ad m) s 5l eala e
Test Result Summary TGS AaDla

Pﬁmawmiagnosﬁc Sequence Variant(S) Detected: o B (A2ls)) Sl @i IS Casad ) (s1503 (slgS snlS e -

Phenotype
dbSNP ACMG/ClinVar
Gene WVariant coordinates Associated disease MIM Inheritance® Zyvgosity©
rsiD= 5 Classificatio?
number

ChrX- 100652861 1- 301500
100652861 G A- 1: Fabry discase - R Likely

emi
NM_000169: exon7: 2: Fabry discase, cardiac variant 2: 301500 Pathogenic/NR

€. C12267T: p.P409L

MOWESO1_Page 1 of 4
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Incidental/S dary Sequence Variant(S) Detected (A2 9RT) haS and S Caradl (51513 (slgS sanlS sa -

Phenotype
ACMG/ClinVar
Gene Variant coordinates dbSNP rsID* Associated disease MIM Inheritance® Zygosity*
Classification®
number
T | Chr12- 103260378 Hi 1 } ] T T
1: [Hyperphenylalaninemia, non-PKU N g
103260378 G A- 1: 261600 Pathogenic/Likel
PAH rs28 1865440 mild] AR Het
NM_000277: exonS: 2: 261600 ¥ Pathogenic
2: Phenylketonuria
c.C505T: p.R169C
Chrl- 227170697 | I
COQSA 2ZFATOCRT CXs T7157877S5 < 10 defici i 4 612016 AR H Eamiogen b,
rs oenzyme eficiency. primary., =t
NM_020247: exonS8: Q 2EH © genic
c.Cl1042T: p.R348X

a Al variants with dbSNFTsil) numbers have minor allcle frequencics Iess than ©0.3% unicss otherwisc stated
b AD= 1D ; AR=A IR ¥ ; XL=X-Lmkecd: XLR=X-Linked Recessive; DR= Digcnic Recessive
< H. = : HL 22 : izy : WT=Wild Type

d VUS=Variant of Uncertain Significance. R= Recported, NR= Not Rcported

Current novel hemizygous mutation in GLA4 gene (NM_000169: exon7: ¢.C12267T) leads to amino acid change (p.P409L)
which is likely pathogenic based on most predictors. This mutation still needs to be confirmed in patient and parents by

Sanger sequencing.

Result Interpretation ITASS eads
GLA (GALACTOSIDASE, AL PHA : Cytogenetic Location: Xqg22.1): This gene encodes a homodimeric glycoprotein that hydrolyses
the terminal alpha-galactosyl moieties from glycolipids and glycoproteins. This enzyme predominantly hydrolyzes ceramide trihexoside,
and it can catalyze the hydrolysis of melibiose into galactose and glucose. A variety of mutations in this gene affect the synthesis,
processing, and stability of this enzyme, which causes Fabry disease, a rare lysosomal storage disorder that results from a failure to

catabolize alpha-D-galactosyl glycolipid moieties.

Fabry Disease (FD): Rare X-linked sphingolipidosis disease where glycolipid accumulates in many tissues. The disease consists of an
inborn error of glycosphingolipid catabolismm. FD patients show systemic accumulation of globotriaosylceramide (Gb3) and related
glycosphingolipids in the plasma and cellular lysosomes throughout the body. Clinical recognition in males results from characteristic skin
lesions (angiokeratomas) over the lower trunk. Patients may show ocular deposits, febrile episodes, and burning pain in the extremities.
Death results from renal failure, cardiac or gerebral complicaticgns of hypertension or other vascular disease. Heterozygous females may

exhibit the disorder in an attenuated form, they are more likely to show corneal opacities.

Conclusion Sig xS Appas
This test was performed to identify the most relevant mutations that might explain the disease in this patient. This mutation is in accordance

with the patient’s clinical presentation and still needs to be confirmed in patient and parents by Sanger sequencing.

Recommendations . A Aa S
Clinical correlation of the patient’s phenotype with this result by physicians is recommended. Genetic counseling of the family is
recommended to discuss the implications of this report. Further wvalidation of SNP by Sanger sequencing in healthy relatives is

recommended.

MOWESO1_Page 1 of 4
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Type of Experiment and Analysis Workflow 1S o S Aada 5 Ciliulall £ oS
Sequencing process: Whole Exome Sequencing Platform: NovaSeq6000 Read Length (bp): 150bp PE

Library Type: SureSelect V7-Post Coverage: 100X Single/paired-end sequencing: Paired-end sequencing

» trirmamiaing MNMapping to =1 C A MNMark uplicatc icard)
e 2 i N i h S (BW. MNMark d 11 Pi d
Variant cailgr;\gl"la\{l)d fHltering Base recalibration (GATK) Indel realignment (GATK)

Variant annotation and Final report: family info

filteration (Annowvar)

(Irio)., affect based on IDB, ...

Methods and Limitation 2O sl siaa 5 ORutlasl aladt GRes
The Whole Exome Sequencing test is a highly complex test that is newly developed for the identification of changes in a patient's DNA
that are causative or related to their medical concerns. In contrast to current sequencing tests that analyze one gene or small groups of
related genes at a time, the Whole Exome Sequencing test will analyze the exons or coding regions of thousands of genes simultaneously
using next-generation sequencing techniques. The principle of the test is to sequence nucleotide by nucleotide, the human exome of an
individual to a depth of coverage necessary to build a consensus sequence with high accuracy. This consensus sequence is then compared
to standards and references and the parental WES data and the result is interpreted by board-certified laboratory directors and clinicians. By
sequencing the exome of a patient and their parents and then comparing it to normal reference sequence, variations in an individual's DNA
sequence can be identified and related back to the individual's medical concerns in an effort to discover the cause of the medical disorder.
Although whole Exome Sequencing (WES) is a technique for sequencing all the protein-coding genes (exome) of a genome, however,
certain genes may not be covered completely therefor some mutations could be missed. In in this method first only the subset of DNA that
encodes proteins (exons) will be selected, and then they will be sequenced using Illumine high throughput DNA sequencing technology.
There are 180,000 exons, which constitute about 126 of the human genome, or approximately 30 million base pairs, but mutations in these
sequences are much more likely to have severe consequences than in the remaining 99%%. The goal of this approach is to identify genetic
variation that is responsible for both Mendelian and common diseases. The segregation of candidate pathogenic variation(s) are advised to
be tested by Sanger sequencing. This exome sequence test is designed to evaluate single nucleotide variants within the human exome.
Certain types of sequence variation include large deletions, insertions, duplications, copy number variations, long repeat sequences, triplet
repeat expansions, structural chromosomal rearrangements, polyploidy. repetitive regions such as mono-, di- and tri-nucleotide repeats, GC
rich regions, intronic variants outside of the splice-site, and epigenetic effects are difficult to identify and have not been wvalidated to be
reliably detected for current clinical use. The test is limited in its ability to detect mosaicism. This technology is limited in its ability to
accurately identify variants occurring in regions with high sequence identity to other regions of the genome (e.g paralogous genes and
pseudogenes).Normal findings do not rule out the diagnosis of genetic abnormalities. If specific clinical disorders are suspected, specific
evaluation of known genes by alternate test methods should be considered. Variants that interfere with DNA sequencing and medical
procedures such as bone marrow transplantation and blood transfusion may result in misleading results. The clinical implications of certain

variants may be unknown at the time of analysis.

MOWESOI1_Page 3 of 3
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FABRAZYME® 35 mg

infOzsonltuk D Konsantre tos

Damar >olusin aralar. F
Svecit SR Sene SANCFI o
Eskire madde: 3< s agalsidar beta > ~
s =SS s 4 - : tabhicdrac
Yardimcr maddeters: Moannitol, SOdyum Fog e Monobazik monohideg, sodyuwn Fosfat l)'b“zik/'—‘e‘r‘_ i
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Bua ilnc: kullanggas s basiamadan dnce bu KoL AaNNMA TALIL A\;A-r;N'l dikkatlice ok

SEnka sizin icin snemli bilgiler igermoektedir
- Bre Kzallcsrrersg raalimvcrrares sk lanvares. Idala SOnra tekrar oRamayvea ilyyivorg dravabilirsisiz.

ELQer #lave sopp lorerees oliersa, [5itfers FORIOIurmie=a veN-a €C=aCirntzey ofoanisims=-
B ila¢ Rigises olarak size regore oedilmisei, bashalarina vernmesing-

Baskalarirmes helireileri Sizinkilerie oyan dahi olsca, ilag¢ o kisilere zarer "
Bze ilcacars Asellarrzrrrs ssrasirscdes. Foktoree, veva hastaneve sittigirizde Sk roririte=a

sTvderairraz fiksek Yoy
- S wewlderesiTex yazplarilQra GNTICTI UNUIINEE. [)oae Frish Rorsetin wbman sHoverr-ilers derziant d""'da > ./‘—’J
ARBSTER GOz K227)rreerevar-ereas.
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cwwredridir: -
i :n: trcre-s KaelladiGirii=s i

IF. FABR AZYNME pedir ve sie icirs Ksullarssler>
_f: FABR AZVYME s Rullarnsmiadars Grrce dikfat ©olilrrsei merckenicr
= FERIT I 4 ZVYNLE prazsad Keallerrs eder>
Ofcxr e NEErw R EX, >
< Fas z’_‘"Ecr rnelerdir:

“arr scxRlezrzrrear~y

Bashkiar vy e mMirgymbctzaclar

1. FABRAZYMNIE pnedir ve ne igin Kullangg,r? salsidaz be
F_ABR—‘\ZY&"E- beyaz ila beyazims: livofiliu. kiltle veya toz halindedir. 35 mgz = isi = ta ICSTIir. Sindi-
rim SISISII VE meabolizma Griinleri altindap; enzimler grubuna dahildir. ~
FABRAZYME &in madde olarak agalsid, ., beta icerir ve alfa galakiosidaz cnzfm aktivitesinin OSlmadig:
e normalden gastik oldugu Fabry hasm].gnnda enzim wyerine koyma te(.la\'is’l olarak kullamily Fabry
3 tas: iseniz, globotriaosilseramid (GL-3) genilen yagh madde organlanmzdaki hiicrelerden 3Ulamas ve
orcanlanmzdaki domarlarnn duvarlannda bBirikmeyve baslar. =

FABRAZYME. Fabry hastalif: teshisi kongmus hastalarda uzun s@reli enzim yerine koyma tedavisinde
kullaniiir L

Fabrazyme, yetiskinler, 8 yas ve Gzeri gocuk .o ergenlerde kullamhr

2. FABRAZYME" kullanmadan nce dikkae cdilmesi gerckenler

FABRAZYMED asafndaki durumilarda KUL ) o NNAYINIZ .

Eger agalsidaz beta veyva FABRAZYME ' diger bilesenlerine kars: alerjiniz (asim duyarlhihigmiz) varsa
ullanmavimz.

FABRAZYMETasafidaki durumiarda DIKK AT i KULIL ANINIZ

FABRAZYME 1 hullanmadan Snce doktorunuza danmisini=.

Eger FABRAZYME ile tedavi goriiyvorsaniz. inflizyona bagh reaksivonlar gelisebilir. Infiizzvona bagi: reak-
sivon, infizyon srasinda veya infUzyon uygulanan giniin sonuna kadar olusan herhangi bir istenmeyen
etkidir (Bkz Bdaim <. Olas: Yan etkiler). BSyle bir reaksiyvon ile karsilasmaniz durumunda hemen dok-
torunuza haber vermelisiniz. Bu reaksiyvonlarnin olusumunu Onlemek icin ilave ilag uygulamasma ihtiyvagc
duyabilirsiniz.

Bu uyanlar, gegmisteki herhangi bir dSnemde dahi olsa sizin icin gegerlivse litfen doktorunuza danisimi=z.

FABRAZYNME"m vivecek ve igecek ile kullnmnilmmass
FABRAZYNME damar yolu ile kullansldigindan vivecek ve iceccklerls herhangi bir ctkilesim sz konusu
defsldw ve onwaxle wullanabilirsiniz.
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FULL PRESCRIBING INFORMATION
1 INDICATIONS AND USAGE

Fabraryme™ is ndcated for he Yeatimert of adull and pediatnic patents 2 yoars of age and older with

e The recommended dosage of Fabrazyme i 1 mgikg Dody wesght nfused avery hwd woeks as an
ntravencus nfuson
o Infusion rate

- mmmmmcoz’sm& (15 mghour). Sow e nfusion rate n he
event of nfusion-assocated reactions [see Wamings and Precausons (524§

- For patients >30 kg after patient olerance 10 the nfusion s well established, increase the
nfusion rate in incsernents of 005 1 0.08 mpimn (ncrements of 3 10 S5 mphowr) with cach
sebsegquant miusion The mrwmum PluSon duralion s 1.5 hous (based on ndivideal patent
ilerabiny)

~ For patents weighing <30 kg the maxrum infusion e 5 0.25 moiminute (15 mghour)

o Administer anipyretics peor 10 infusion of Fabrazyme fsee Wamings and Precastions (S.2)]

o a0 of 0.25 movaimas] 28 1k
MK 025 mgimmute) as Wierated
22 Prepanation and Administration
Fabrazyme does not contain any preservatves. Vials are for single use only Discard any usused
product

Avod shakung or agtating s product Do not use Siter needies during he prepasation of he infusion

see Adverse Reactons (6.2))

5 vert NAuSion Bag 10 max e SOLSON. avodng Vigorous Shalung and agtation
6. Do mot nhuse Fabrazyme n the same ntravencus ine wih ofher products
7. Asmnister Fabrazyme an n-ire low proten g 0.2 pen MRec

- usng bnding

he reconsituted and Siuted solstion
3 DOSAGE FORMS AND

For mpecion: S mg or 35 mg of agaiSiaase Deta a5 3 wivie 10 off-white. hyophilzed Cake or powder In
a sngle-dose vial for neconsttution

B CONTRAINDICATIONS

None

of Fabsazyme ¥ medale use S not possibie
umbwwume'CbGC( 36'F 0 8T

|
i
{
ga
:
a
&
!
E
i
E
§

2 Recorsthute each 35 myg vial of Fabraryme Dy siomly imecting 7.2 mi of Sweslle Water for
USP down the msice wall of sach vial. Roll and 3t sach vial gentty Each vial will yleia
a2 5 mgimi dear. colbdess soluon flotal extractable amount per vial 5 35 Tml)
Recorsttute sach 5 mg vial of Fateazyme Dy sionly ingecting 1.1 mi of Sterfie Water for ingecton,
USP down the inside wall of each vial Roll and B cach vial gently Each viad will paid 2 S mpmi
dear, colodess solution fiotal exractable amount per vial S S mg. 1 miL)

abrazyme roguired for the patent d0se. Temove an ogual volume of 0.9% Sodum
Chivede injection. USP fom e nfusion bag.

Table 1: Total infusion Volume Based on Patient Weight

Patient Weight (kg) Minimum Total Volume (mi)
<35 S0
BSr1eo7 100
70.1 o 100 250
100 00

Pasent dose (in mg) + 5 mgiml = Number of mi of reconsShuted Fabrazyme sequired for patient
sose

Exanpie: Patert gose = 80
80 mg + S mgiml = 16 mi of Fabazyme

The data descrbed Delow reflect exposure of 80 patients. ages 16 1o &1 years, 10 1 mghg Fabrazyme
placebo controies

an cpen-label extension study of Fabrarymme treatment for up 10 54 addSonal months. Patents were
mmwmm:wmum

Most Common Adwerse Reactions

Tadie 2 enumerates adverse reacions that occumed during the doubie-bilnd treatment periods of the
mwmim1mmz‘wwm.us The most comemon
adverse reactions reported with Fabraryme were nfusion-assocated reactions, (Fabrazyme 59% vs
wzr.»mam-mwfmsc-.nmowr.\ Ffuson-assocatedc

pares®e-
sa fatgue, perpheral edema. dzzimess and rash. Table 2 ksts the common adverse reactions (25%)
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60 SUMMARY AND RECOMMENDATION

* Fabry disease (FD) is a multisystem lysosomal storage disorder induced by a mutation in
the alpha-galactosidase A (GLA) gene located on the X chromosome.

* Reduced activity or deficiency of alpha-galactosidase A (AGAL) is leading to escalating
storage of intracellular globotriaosylceramide (GL-3) in numerous organs, including the

nervous system, kidneys and heart.

* Typical manifestations include peripheral neuropathic pain, gastrointestinal symptoms,
angiokeratoma, anhidrosis, left ventricular (LV) hypertrophy, cornea verticillate, renal

failure or cryptogenic stroke.
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SUMMARY AND RECOMMENDATION

* measurement of AGAL activity is highly recommended.

* In males, reduced AGAL activity (<|% of the mean normal) is extremely suggestive of classic
FD.

* In females and in patients with late-onset mutations, the enzyme activity may be residual or
even in a normal range; thus, in such cases, genetic testing for Fabry mutations is essential .

* The supplementary measurement of globotriaosylsphingosine (Lyso-Gb3) is advocated. Lyso-

Gb3 levels 22.7 ng/mL are pathological and in general the level of Lyso-Gb3 is related to

disease activity and to the severity of mutation .
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SUMMARY AND RECOMMENDATION

* In addition, Lyso-Gb3 can be used to monitor therapy effects during specific treatment such

as chaperone therapy.

* For assessment of important cardiac involvement, measurements of highly sensitive Troponin

(hsTnT) and B-type natriuretic peptide (NT-proBNP), as biomarkers, are recommended .

* Whereas hsTnT indicates mainly myocardial fibrosis in hypertrophic left ventricles, NT-
proBNP is elevated in end-stage Fabry cardiomyopathy.

* Both blood biomarkers are part of the important diagnostic tools to initiate and to monitor

chaperone therapy.
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Migalastat

‘l

Unstable AGAL

Stable AGAL,
folded by
Migalastat

it Migalastat:
Accumjulation of GL-3

reticulum (E

Figure 1. Overview of action of Migalastat. AGAL, alpha-galactosidase A. GL-3, Globotriaosylce-
ramide. (*) Synthesis of misfolded AGAL. (**) Accumulation of misfolded AGAL.

Migalastat is also a strong competitive inhibitor of AGAL [10]; however, at lower
doses, it increases enzymatic activity for amenable AGAL mutations [25], as described in

Figure 1.

3.1. Migalastat
Currently, Migalastat is the only small molecule oral treatment for FD, administered
123 mg once every other day. Migalastat was approved by the European Medicines







