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• Olivier Lidove declares 
o Travel fees, accommodations from Shire-Takeda and Sanofi-Genzyme 
o Honorarium from Shire-Takeda, Sanofi-Genzyme and Amicus Therapeutics

• Wladimir Mauhin declares 
o Travel fees and accommodations from Shire-Takeda, Amicus Therapeutics, 

Sanofi-Genzyme
o Honorarium from Shire, Sanofi-Genzyme, Amicus and Chiesi

DISCLOSURE
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• HOW MANY PATIENTS WITH FABRY DISEASE HAVE YOU SEEN?

1. ZERO

2. 1 – 5 patients

3. 6 – 10 patients

4. 11 – 20 patients

5. > 20 patients

QUESTION: 
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HISTORY



J. Fabry

1898

W. Anderson

1950-60

C. De Duve
1955

Angiokeratoma
corporis diffusum

Extensive semiological description of Fabry disease: 
neurological, renal, cardiac involvement = classic Fabry disease
(Rahman et al. 1961, Burda et al. 1967)

Fabry disease = Lysosomal disease
(K. Hashimoto et al. 1965)



J. Fabry

1898

W. Anderson

1950’

C. 
De Duve

Angiokeratoma
corporis diffusum

Lysosome

1965

K. 
Hashimoto

Fabry 
= lysosomal

R. Brady

1960-70

Fabry disease = 
Enzymatic defect in
α- Galactosidase A

(R. Brady, 1967)

GLA gene on the X chromosome 
(MN. Hamers et al. 1977)
> 1000 mutations en 2022

Globotriaosylceramide = Gb3 = GL3 = CD77



Symptoms XY > XX 

Acroparesthesia

GI disorders: pain, 
bloating, diarrhea..

Angiokeratoma

Early strokes
Cognitive disorders
Anxiety/ depression

Proteinuria
Kidney failure

Hypertrophic
cardiomyopathy, 

arrhythmia

Cornea
verticillata
Cataract

Deafness
Vertigo

Hypo/anhidrosis
Sport or heat intolerance

Classic
Fabry 

Disease



Lanet DA et al. Initial symptoms in young pediatric patients with classic
pathogenic Variants in the GLA gene, poster WORLD 2022

Heat intolerance++++

GI symptoms (pain, bloating)





Fredeau L, et al. Br J Dermatol 2020.



Gavazzi, Radiology 2006
Aspecific white matter lesions
with no clear neurological impact



Fazekas, Stroke 2015

T1 hypersignal in pulvinar
Matias-Guiu, Neurologia 2014



Short PR++ (different from WPW)
LV hypertrophy



J. Fabry

1898

W. Anderson

1950’

C. 
De Duve

Angiokeratoma
corporis diffusum

Lysosome

1965

K. 
Hashimoto

R. 
Brady

1960-70

α-Gal A defect

GLA gene

Fabry 
= lysosomal

1990’

First descriptions of atypical
presentation = late onset = cardiac
variant = non classic Fabry disease

Non classic Fabry disease
- Residual α-Galactosidase A enzymatic activity ≠ 0
- Predominant, almost exclusive cardiac disease
(W. Von Scheidt et al. 1991)



Hypertrophic
cardiomyopathy, 

arrhythmia

Classic Fabry Disease Non-Classic Fabry Disease

Deafness
Vertigo

Genetic : Mostly missense
mutations

aGal activity > 1% 

LysoGb3 intermediate

Genetic : Nonsense or 
missense mutations

aGal activity < 1% 

LysoGb3: high, very high

1 < 10



Cardiac involvement

*severe cardiac event = IVS > 17mm, LVef <50%, Implantable cardiac device (ICD), angor, cardiac transplant)

Þ Classic vs Non-classic; p= 0,012

Þ More than half of the Fabry males patients need an ICD after 60.
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Mauhin W et al, PLoS One 2020
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EXAMPLE OF F113L LATE-ONSET 
PORTUGUESE VARIANT

AZEVEDO ET AL.  MOL GENET METAB 2020

N= 120 (females 73 / males 47)
Mean age +/- SD : 46 y. +/- 18

albuminuria ≥30 mg/ 24 h was also found in 24.1% of the 
normotensive non-diabetic patients, with a trend for a 
male predominance (35.7% vs. 17.6%, p= 0,07)
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• X- INACTIVATION =  LYONISATION

WHAT ABOUT WOMEN?

Mauer, PLoSOne 2014

Statistically 50% cells with enzymatic
defect

No cross correction between cells ! (Beck 
et Cox, Mol Genet Metab Reports, 2020)

Random mosaicism?

Women can have severe Fabry disease
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FABRY DISEASE PATHOPHYSIOLOGY PART I

A B   +   C
Enzyme

Activator

Nucleus
Endoplasmic

reticulum Golgi

Lysosome



Sphingolipidosis : defect in sphingolipids catabolism

Sphingolipids??

- Lipids with backbone of sphingoid bases
- > 300 different structures
- 3 categories: 

- Cerebrosides
- Globosides
- Gangliosides

- Essential to structure the plasmic
membrane

- Play a role in the cellular specialisation

Þ Structural role/ mechanic
Þ Immunological role
Þ Hormonal receptor

- Cerebrosides => myelin

Sandhoff, 2013



Globotriaosylceramide = Gb3 = GL3 = CD77 = Pk Ag 
Preferentially within the lipid rafts

B Lymphocyte : CD77 = differentiation marker for the germinal center/ associated to CD19
Pk Ag in P0-Pk blood group
On endothelial and renal cells: target/ binding site for shigatoxins
CD4 T cells : first non covalent binding site for HIV

From Villar et al., Methods in Cell biology, Dec 2016
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FABRY DISEASE PATHOPHYSIOLOGY PART I

Gb3
Lactosyl
ceramide

aGal A

Activator

Nucleus
Endoplasmic

reticulum Golgi

Lysosome
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FABRY DISEASE PATHOPHYSIOLOGY PART I

Gb3
Lactosyl
ceramide

aGal A

Activator

Nucleus
Endoplasmic

reticulum Golgi

Lysosome

LysoGb3
lysoGb3 = deacetylated form of Gb3 = soluble = specifically elevated in Fabry disease
Higher in classic phenotype compared to non-classic
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• In males
o Alpha-galactosidase enzymatic activity necessarily decreased (<1% of normal range in classic; 

< 5% in non-classic phenotype)
o LysoGb3 mildly (non-classic) to highly (classic) elevated
o Genotyping GLA gene : be carreful of Variant of Unknown Significance (VUS)

• In females
o Alpha-galactosidase enzymatic activity possibly decreased = reflect of X-inactivation bias

ÞUsually normal!
o LysoGb3 normal to elevated
ÞGenotyping GLA gene : be carreful of Variant of Unknown Significance

• Biopsy +++ : zebra bodies, Gb3 inclusions
o If atypical presentation : proteinuria > 3 g/d (nephrotic syndrome is unusual in FD), kidney disease

without proteinuria, renal disease in non-classic patient 
o If unknown genetic variant or VUS

HOW TO DIAGNOSE FABRY DISEASE
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• Screening on clinical criteria 1980 – 1996 (classic
phenotype) = 1/117 000 (Meikle, 1999)

• Systematic newborn screening programs
oItaly: 1/4600 births (Spada, 2006)
oIllinois: 1/8454 births (Burton, 2017)
oMissouri: 1/3277 births (Hopkins, 2018)

EPIDEMIOLOGY



Variant of Unknown Significance
=  VUS

Background: 
• Diagnosis: Genetic > Enzymatic
• Newborn screenings (Matern, 2015)

• Classic: 1/22570 males
• Non-classic: 1/1390 males
• Variant of Unknown Significance (VUS) 

• VUS in males: need to have low aGal
enzyme activity + organ disease (familial 
or personal = biopsy)



Renal transplant or haemodialysis ≈ 0,2%

Hypertrophic cardiomyopathy ≈ 1%

Cryptogenic stroke ≈ 0,1%

Doheny et al., J Med Genet 2018
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FABRY DISEASE PATHOPHYSIOLOGY PART I I

Adapted from de Rombach et al, 
Mol Genet Metab, 2010

Brakch et al., Eur Heart J, 2010

AT-1/2 : angiotensin receptors ; ANG-II : 
angiotensine II ; PAI-1 : plasminogen
activator inhibitor I ; NO : Nitric oxid ; 
RBC : red blood cell ; ROS : reactive
oxygene species ; S1P: sphingosine 1 
phosphate; WBC : white blood cell

Hypothesis
ÞRole of lysoGb3 
ÞRole of sphingosine 1 phosphate

Cellular proliferation of muscular cells in the media



• N= 15 treatment-naive Fabry patients (7 females/ 8 males)

• Median age 43 y. (23-64)

• Classic 11 /  Non classic 4

Thickening of the arteriolar walls



Black arrows: mesangial cells vacuolization
Blue arrow: podocyte vacuolization Interstitial fibrosis

Global glomerular sclerosis and 
interstitial

inflammatory lymphocyte infiltration



Apoptosis
Anti-caspase 3 staining

TGF beta 
TGF-β1 staining in 

proximal tubular cells 
but not in glomeruli

FIBROSIS
Glomerulosclerosis
Interstitial fibrosis

Green : αSMA (myofibroblasts)
Red : CD31 (Endothelial cells)

FGF-2
FGF2 was found in 
75% of tubular,
mesangial and 
endothelial cells

Myofibroblasts
Myofibroblasts surrounding 
peritubular and periglomerular
capillaries

LysoGb3

Proximal tubular cell
VEGF?

Rozenfeld et al, Mol Genet Metab



• N = 55 untreated males
• 4 to 60 y. (median age 26 Y.)
• Kidney biopsy for clinical trial
• Classic phenotype 80% (?)

• Any patient with eGFR < 60ml/min/1,73m²
• Numerous clinical and genetic missing data

JASN 31: 865–875, 2020



At 27 y. of age, the relative volume of GL3 
inclusions reach a plateau at 63% of the cell
volume

GL3 volume and podocyte volume increase with age
Fabry podocyte = 4 times bigger than non Fabry podocyte

Independent prognostic factor associated
with podocyte loss
- GL3 volume (p<0,001)
- Residual enzymatic activity (p=0,001)

Þ Early treatment would theoretically
be better



Sphingolipids structure the lipid rafts
• Toll like receptors
• Receptors and inflammatory cascade (IL1b, TNFa…)

Villar et al., Methods in cell biol, 2016
Köberlin et al., Cell, 2015Risselada and Marrinck, PNAS 2008





Joly, Kidney Int 2014

Peroxydated
coumpounds such as 

3NT
= Oxydative stress

3NT = 3 NitroTyrosine

Enough to cause the fabry vasculopathy ?
Shu et al, Kidney int, 2014

eNOS gene polymorphism (Marin-Medina, 2016)

Excess of 
Gb 3

Disturbances in lipid-
rafts structure

« uncoupling » of 
eNOS
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AUTOPHAGY

Lieberman et al., Autophagy, 2012
Chévrier et al., Autophagy, 2010
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MISFOLDED PROTEINS AND ER STRESS



Chronic inflammation leads to fibrosis and 
loss of function

• Epithelial-mesenchymal
transition of tubular epithelial
cells due to Gb3 and lysoGb3 
(Jeon 2015)

• Cardiac fibrosis (Weidemann, 
2013)



40

TREATMENT

Neuropathic painkillers
Anticoagulant, cardiac device…
Preventive care (tobacco, etc…)
Supportive psychological care

ACEi or ARB

Venglustat

Enzyme replacement therapy: 
agalsidase alfa and agalsidase beta
Chaperone: migalastat

Adapted from Platt, Nature 2014
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ENZYME REPLACEMENT THERAPY: 
AGALSIDASE ALFA O R AGALSIDASE BETA

agalsidase alfa agalsidase beta

Marketing Replagal® Fabrazyme®

Pharmaceutical Shire-Takeda Genzyme-Sanofi

Product. Human fibroblast Chinese Hamster Ovary

Intravenous infusion

Dose /14d. 0.2 mg/kg 1 mg/kg

Patients All Fabry patients

Differences in terms of glycosylation sites

Immunogenicity: Inhibitory anti-agalsidase antibodies in patients with no residual
enzyme activity (males with classic phenotype)

The dose matters: to date, preference for higher dose of ERT



Renal events: end stage kidney disease needing dialysis; or kidney transplantation;

Cardiovascular events: myocardial infarction; needing cardiovascular devices; severe arrhythmia; or congestive heart failure;

Cerebrovascular events: stroke; or transitory ischemic attack.

PLoS One 2017
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ERT:    2years                    3years                       7 years 13 years

N = 20 patients
Males = 12
15 patients started ERT with eGFR > 90 ml/min

Cumulative dose effect

Earlier is better
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• Pegunigalsidase alfa, Chiesi Therapeutics

• Expectations:
o Better pharmacodynamics
o Less immunogenicity
o Monthly infusion

• Ongoing clinical trial

FUTURE:
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• Migalastat = Galafold®, Amicus Therapeutics®

• Oral: 123mg/ 48h away from meals (2h before and after!)

• Only available for « amenable » GLA variants

• Amenable variant if enzymatic activity in transfected-HEK model is
increased > 1,2 fold or > 3 % with 10µM migalastat compared to without

• https://www.galafoldamenabilitytable.com/hcp

• Only 30-50% of patients
o Missense mutations
o Often associated with non classic phenotype

CHAPERONE THERAPY:

Mc Cafferty and Scott, Drugs, 2019

https://www.galafoldamenabilitytable.com/hcp


Hughes DA et al, J Med Genet 2017

Early warnings concerning eGFR decreases under migalastat (eGFR -6 
ml/min/y.) (Lenders et al. Clin pharm Ther 2020)

“the annualized eGFRCKD-EPI change was minimal (mean: -0.1 and 0.1 
mL/min/1.73 m2 in ERT-naive and ERT-experienced patients, 
respectively) (…) patients with Fabry disease and amenable GLA 
variants receiving long-term migalastat treatment (≤8.6 years) 
maintained renal function irrespective of treatment status, sex, or 
phenotype” (Bichet et al. Mol genet Metab rep, 2021)
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• Oral substrate reduction therapy with
venglustat (poster World 2022, Najafian et al)

THE FUTURE IS TODAY

• Gene therapy

Phase 3 trial ongoing
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• YES 
• NO

QUESTION:  WOULD YOU INTRODUCE SPECIF IC 
THERAPY IN  FABRY PATIENTS WITH END-STAGE 
RENAL FAILURE?
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1. Need to protect the heart : cardiovascular is nowadays the leading cause of 
death in Fabry patients

2. No enzymatic cross-correction from renal transplant !

QUESTION: WOULD YOU TREAT PATIENTS 
WITH END-STAGE RENAL FAILURE?
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• Never an emergency !

• Need to know the history of the disease
o Genetic variant : VUS vs non-classic vs classic phenotype
o Familial history (probable genetic polymorphism)

• Ideal timing = pre-symptomatic
o Male : 

• Classic patients
• Systematic treatment = Earlier is better.
• Social burden of ERT

• Non-classic patients
• Ideally start treatment at a presymptomatic stage: cardiac

MRI, longitudinal strain in cardiac echography
o Female:

• Very difficult to predict the disease
• Classic variant: proteinuria
• Non-classic variant: holterECG

WHO & WHEN PATIENTS SHOULD BE TREATED

Cost €
Social life

Long 
term

benefits



MBF: myocardial blood flow

GLS: global longitudinal strain

T1 mapping : normal > hypoT1

T2 mapping : normal > hyperT2

MBF: normal > hyposignal
=> Early microvascular disease?

GLS: normal > decrease => early myocardium/ 
vascularisation uncoupling?

Gadolinium Enhancement : 0 => extended

P wave : short > normal > prolonged
=> Intra atrial conduction acceleration thanks to 
sphigolipids deposits then extracellular remodeling

T wave ratio: short > prolonged

Augusto JB et al, Eur Heart J. 2020
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GENETIC CONSELING : X-LINKED DISEASE

1 patient = 1 family



Acnowledgements

• Patients and families

• Patient’s associations: 
– APMF
– VML

• CRML

• Co-workers
– Groupe collaboratif français

• Collaborators
– Physicians
– Biochemists
– Geneticists
– ………
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THANK YOU

Olivier Lidove, MD; 
Wladimir Mauhin, MD, PhD.

olidove@hopital-dcss.org
wmauhin@hopital-dcss.org

Service de Médecine Interne
GH Diaconesses-Croix Saint Simon, 
125 rue d’Avron, 75020 Paris, France

Centre de Référence Maladies Lysosomales

UMRS 974, UPMC - INSERM

mailto:olidove@hopital-dcss.org
mailto:wmauhin@hopital-dcss.org
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19/04/22 Methylmalonic acidemia
Anais Brassier & Manuel Schiff (Paris, France)

03/05/22 Collagenopathies
Roser Torra (Barcelona, Spain)

17/05/22 Reno-vascular hypertension
Jelena Stojanovic (London, UK)
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@EuRefNetwork


