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“Mutations in GBAT are an important modifier of Parkinson’s disease severity and onset. °Glucocerebrosidase (GBAT) gene encodes for the B-glucosidase enzyme.
>ADPKD: Autosomal dominant polycystic kidney disease. Glycopshingolipid J4ASMD: Acid sphingomyelinase deficiency.

accumulation can drive cyst formation and growth; activation of glycosphingolipid
biosynthesis is due in part to increased activity of GCS.
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The Role of GLYCOSPHINGOLIPIDS and SPHINGOLIPIDS
in Rare Lysosomal Storage Diseases and other Rare Diseases'®

Rare lysomal
sforage diseases
Other rare
diseases
GM2 gangliosidosis represents two rare inherited, progressive

Enzyme neurodegenerative lysosomal storage diseases. GM2
gangliosidosis occurs due to mutations in the HEXA or

HEXB genes, leading to partial deficiency in the enzyme
B-hexosaminidase A (Tay-Sachs Disease) or a combined
deficiency of B-hexosaminidase A and B (Sandhoff Disease).'?

Diagnosis is made by detecting low levels of B-hexosaminidase
enzyme activity in plasma or peripheral blood. Molecular
analysis of HEXA and HEXB genes may be carried out in
addition to enzyme assay for carrier detection or to confirm
inifial diagnosis.?

GM2 gangliosidosis can manifest as early as infancy to
early adulthood.The spectrum of manifestations of GM2
gangliosidosis commonly involves motor symptoms with
difficulty walking, extrapyramidal dysfunction, difficulty
GLYCOSPHINGOLIPID speaking and impaired manual dexterity. Psychiatric
PRODUCTION symptoms are features as well as cognitive dysfunction and
dementia (in some subtypes of these diseases).??

GM2 Gangliosidosis

Enzyme deficiency
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GM2 gangliosidosis research is ongoing.
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1.Bisel B, Pavone FS, Calamai M. GM1 and GM2 gangliosides: recent developments. Biomol Concepts.
2014;5(1):87-93. 2. Mahuran DJ. Biochemical consequences of mutations causing the GM2 gangliosidoses.
Biochim Biophys Acta. 1999;1455(2-3):105-138. 3. Cachon-Gonzalez MB, Zaccariotto E, Cox TM. Genetics and
therapies for GM2 gangliosidosis. Curr Gene Ther. 2018;18(2):68-89.
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The Role of GLYCOSPHINGOLIPIDS and SPHINGOLIPIDS
in Rare Lysosomal Storage Diseases and other Rare Diseases'®

Rare lysomal
sforage diseases
Ofther rare
diseases

Enzyme Tay-Sachs disease is a rare, autosomal recessive lysosomal
storage disease caused by a deficiency of B-hexosaminidase
A activity, the lysosomal enzyme that degrades GM?2
ganglioside. Reduced enzyme function results in excessive
accumulation of GM2 ganglioside primarily within neurons
and leads fo cell death and neurodegenerative symptoms.'2

Diagnosis is made on the basis of a HEXA gene mutation
(tfested via genotyping or sequencing) in combination with
absent B-hexosaminidase A enzyme activity (fested via
enzyme assay). In patients with an unknown family history, an
enzyme assay should be followed by a genetic test to confirm
diagnosis.?

Infantile Tay-Sachs presents as hypotonia, loss of moftor skills,
decreased attentfiveness, and increased startle response with
onset from 3 to 6 months of age.That may be followed by
progressive neurological deterioration including blindness,
dementia, seizures, and subsequent death before the age of
3-5 years.?

Tay-Sachs disease research is ongoing.

Tay-Sachs Disease

Enzyme deficiency

Globotriaosylcera

GLYCOSPHINGOLIPID
PRODUCTION

SPHINGOLIPID
PRODUCTION

1. Lyn N, Pulikottil-Jacob R, Rochmann C, et al. Patient and caregiver perspectives on burden of disease
manifestations in late-onset Tay-Sachs and Sandhoff diseases. Orphanet J Rare Dis. 2020;15(1):92. 2. Fernandes
Filho JA, Shapiro BE.Tay-Sachs disease. Arch Neurol. 2004;61(9):1466-1468. 3. Zhang J, Chen H, Kornreich R, Yu C.
Prenatal diagnosis of Tay-Sachs disease. Methods Mol Biol. 2019;1885:233-250.
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The Role of GLYCOSPHINGOLIPIDS and SPHINGOLIPIDS
in Rare Lysosomal Storage Diseases and other Rare Diseases'®

Rare lysomal
sforage diseases
Ofther rare
diseases

Enzyme Sandhoff disease is a rare, autosomal recessive lysosomal
storage disease caused by a combined deficiency of
B-hexosaminidase A and B activities. Reduced enzyme
function results in excessive accumulation of GM2 ganglioside
primarily within neurons and leads to cell death and
neurodegenerative symptoms.!

A plasma or leukocyte enzyme assay detecting absent
B-hexosaminidase A and B enzyme activity is needed to
confirm a diagnosis.?

Globotriaosylcera The classic form of Sandhoff disease presents in infancy with
symptom onset between ages 2 and 9 months. Symptoms
include progressive weakness, intellectual disability, vision and
hearing impairment, exaggerated startle response, seizures,
and death usually before age 3.3

Sandhoff Disease

Enzyme deficiency

GLYCOSPHINGOLIPID
PRODUCTION Sandhoff disease research is ongoing.

SPHINGOLIPID
PRODUCTION

1. Lyn N, Pulikottil-Jacob R, Rochmann C, et al. Patient and caregiver perspectives on burden of disease
manifestations in late-onset Tay-Sachs and Sandhoff diseases. Orphanet J Rare Dis. 2020;15(1):92.2. Chamoles N,
Blanco M, Gaggioli D, Casentini C.Tay-Sachs and Sandhoff diseases: enzymatic diagnosis in dried blood spots on
filter paper: retrospective diagnoses in newborn-screening cards. Clinica Chimica Acta. 2002;318(1-2):133-137.
3.Sung AR, Moretti P Shaibani A. Case of late-onset Sandhoff disease due to a novel mutation in the HEXB gene.
Neurol Genet. 2018;4(4):e260.

“Mutations in GBAT are an important modifier of Parkinson’s disease severity and onset. °Glucocerebrosidase (GBAT) gene encodes for the B-glucosidase enzyme.
>ADPKD: Autosomal dominant polycystic kidney disease. Glycopshingolipid J4ASMD: Acid sphingomyelinase deficiency.

accumulation can drive cyst formation and growth; activation of glycosphingolipid

biosynthesis is due in part to increased activity of GCS.

References

1. Natoli TA, Modur V, Ibraghimov-Beskrovnaya O. Glycosphingolipid metabolism and polycystic kidney disease. Cell Signal. 2020;69:109526.

2.Shayman JA.Targeting glucosylceramide synthesis in the treatment of rare and common renal disease. Semin Nephrol. 2018;38(2):183-192.

3. Grabowski GA. Gaucher disease and other storage disorders. Hematology Am Soc Hematol Educ Program.2012;2012:13-18.

4.Schulze H and Sandhoff K. Lysosomall lipid storage diseases. Cold Spring Harb Perspect Biol. 2011;3(6):a004804.

5. Stirnemann J, Belmatoug N, Camou F, et al. A review of Gaucher disease pathophysiology, clinical presentation and treatments. Int J Mol Sci. 2017;18(2):441.
6. Mahuran DJ. Biochemical consequences of mutations causing the GM2 gangliosidoses. Biochim Biophys Acta. 1999;1455(2-3):105-138.

7.Khan A and Sergi C. Sialidosis: A review of morphology and molecular biology of a rare pediatric disorder. Diagnostics (Basel). 2018;8(2):29.

8.McGovern MM, Lippa N, Bagiella E, et al. Morbidity and mortality in type B Niemann-Pick disease. Genet Med. 2013;15(8):618-623.

MATGIS 2008288 10 SANOFI GENZYME g



The Role of GLYCOSPHINGOLIPIDS and SPHINGOLIPIDS

Rare lysomal
storage diseases
Other rare
diseases

Enzyme Sialidosis is a rare, autosomal recessive inherited disease
caused by a-N-acetyl neuraminidase deficiency leading to an
abnormal accumulation of substrates infracellularly. Sialidosis
is divided into two subtypes with different ages of onset and
severity.!

Diagnosis is made by detecting low level of a-neuraminidase
in blood or skin tissue through a blood test or skin biopsy,
respectively. In cases with a family history of sialidosis, patients
can be diagnosed by evaluating a-neuraminidase activity
through a prenatal amniocentesis.?

Sialidosis type | is a milder form of the disease that occurs in

the second decade of life and results in loss of vision, ataxia,

cherry red spot at the macula, and grand-mal seizures.
Sialidosis type Il is the severe form of the disease characterized

gr:é%gg:rg:foupm by abnormal somatic features including vertebral deformities,
cherry red spot at the macula, and myoclonus.34

Sialidosis research is ongoing.

Sialidosis

Enzyme deficiency

Globotriaosylcera

SPHINGOLIPID
PRODUCTION

1.Khan A, Sergi C. Sialidosis: A review of morphology and molecular biology of a rare pediatric disorder.
Diagnostics (Basel). 2018;8(2):29. 2. Sialidosis. NORD (National Organization for Rare Disorders) website.
Accessed October 26, 2020. https:/ /rarediseases.org/rare-diseases/sialidosis/ 3. Bonten EJ, Arts WE, Beck M, et
al. Novel mutations in lysosomal neuraminidase identify functional domains and determine clinical severity in
sialidosis. Hum Mol Genet. 2000;9(18):2715-2725. 4.Tripathy K, Patel BC. Cherry Red Spot. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2020. Accessed October 26, 2020. https://www.ncbi.nlm.nih.gov/
books/NBK539841/#_ NBK539841_pubdet_
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The Role of GLYCOSPHINGOLIPIDS and SPHINGOLIPIDS

Rare lysomal
storage diseases
Other rare
diseases

Enzyme

Ganglioside GM3 Synthase
Deficiency

TG " B - Ganglioside GM3 synthase deficiency, also known as ‘Salt
and Pepper Syndrome’, is an autosomal recessive syndrome
caused by a defect in the ST3GALS gene.The ST3GALS gene
encodes for the enzyme GMS3 synthase which forms the
glycosphingolipid GM3 ganglioside.The deficiency in GM3
synthase results in an absence of GM3 and its downstream
derivatives.'®

. If ganglioside GM3 synthase deficiency is suspected, genetic
CleelifeleblieEle  icsiing defecting a mufation in ST3GAL5 is needed for
diagnosis.The absence of plasma GM3 ganglioside and its
downstream derivatives is also suggestive of disease. !¢

Ganglioside GM3 synthase deficiency often presents with

(el (eloli g, llN[elollldly  scvere irritability, developmental stagnation, blindness, seizures,
PRODUCTION and significant intellectual disability. However, many newborns
can be symptom-free for a period of time after birth.'-°

Ganglioside GM3 synthase deficiency research is ongoing.
SPHINGOLIPID
PRODUCTION

1. Simpson MA, Cross H, Proukakis C, et al. Infantile-onset symptomatic epilepsy syndrome caused by a
homozygous loss-of-function mutation of GM3 synthase. Nat Genet. 2004;36(11):1225-1229. 2. Wang H, Bright A,
Xin B, et al. Cutaneous dyspigmentation in patients with ganglioside GM3 synthase deficiency. Am J Med Genet
A.2013;161A(4):875-879. 3. Boccuto L, Aoki K, Flanagan-Steet H, et al. A mutation in a ganglioside biosynthetic
enzyme, ST3GALS, results in salt & pepper syndrome, a neurocutaneous disorder with altered glycolipid and
glycoprotein glycosylation. Hum Mol Genet. 2014;23(2):418-433. 4. Gordon-Lipkin E, Cohen JS, Srivastava S, et al.
ST3GAL5-Related Disorders: A deficiency in ganglioside metabolism and a genetic cause of intellectual disability
and choreoathetosis. J Child Neurol. 2018;33(13):825-831. 5. Wang H, Wang A, Wang D, et al. Early growth and
development impairments in patients with ganglioside GM3 synthase deficiency. Clin Genet. 2016;89(5):625-629.
6.GM3 Synthase Deficiency. NIH - Genetic and Rare Diseases Information Center (GARD). Accessed October 26,
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The Role of GLYCOSPHINGOLIPIDS and SPHINGOLIPIDS
in Rare Lysosomal Storage Diseases and other Rare Diseases'®

Rare lysomal
sforage diseases
Ofther rare
diseases

Enzyme Fabry disease is a rare, progressive, lysosomal storage disease
in which a complete or partial deficiency of the enzyme
a-galactosidase A(a-Gal A) causes glycosphingolipid
accumulation in many cell types.'? Fabry disease can lead
to significant organ damage, including kidney failure and
decreased life expectancy.!

Males are diagnosed by confirming deficient levels of
a-galactosidase enzyme activity using a plasma or leukocyte
enzyme assay. Due to the normal enzyme levels often seen in
females, genetic testing should be used for diagnosis.'

Fabry disease research is ongoing.

Fabry Disease

Enzyme deficiency

Globotriaosylcera

GLYCOSPHINGOLIPID
PRODUCTION

SPHINGOLIPID
PRODUCTION

1. Germain DP. Fabry Disease. Orphanet J Rare Dis. 2010;5(30):1-49. 2. Desnick RJ, loannou YA, Eng CM.
a-Galactosidase A Deficiency: Fabry Disease. In: Valle DL, Antonarakis S, Ballabio A, eds. The Online Metabolic and
Molecular Bases of Inherited Disease. McGraw Hill; 2020.
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Rare lysomal
sforage diseases
Ofther rare
diseases

Enzyme Gaucher disease is a lysosomal storage disease characterized
by a mutation in the glucocerebrosidase (GBAT) gene.

This mutation causes a lack of, or deficient activity of, the
enzyme acid B-glucosidase, leading to the accumulation of
glycosphingolipids in specific cell types resulting in progressive
mulfiorgan dysfunction.™

The diagnosis of Gaucher disease is made by detecting low
acid B-glucosidase enzyme activity using a blood-based
enzyme assay.’

Globotriaosylcera Gaucher disease is classified into three subtypes depending
on the degree of neurological manifestations. Gaucher
disease type 1 (GD1) does not present with central nervous
system (CNS) involvement. Gaucher disease type 3 (GD3),
the chronic neuronopathic form, has a slower neurological
progression and has a slightly later onset of CNS symptoms.
These symptoms typically manifest months to years after birth
compared to Gaucher disease type 2 (GD2). GD3 symptoms
can include developmental delays, ataxia, cognitive deficits,
SPHINGOLIPID el and epilepsy (myoclonic or complex partial seizures).>¢

PRODUCTION Gaucher disease type 3 research is ongoing.

Gaucher Disease

Enzyme deficiency

GLYCOSPHINGOLIPID
PRODUCTION

1. Mistry PK, Cappellini MD, Lukina E, et al. Consensus Conference: A reappraisal of Gaucher disease-
diagnosis and disease management algorithms. Am J Hematol. 2011;86(1):110-115. 2. Mistry PK, Sadan S,
Yang, R, et al. Consequences of diagnostic delays in type 1 Gaucher disease: the need for greater awareness
among hematologists-oncologists and an opportunity for early diagnosis and intervention. Am J Hematol.
2007;82(8):697-701. 3. Pastores GM, Weinreb NJ, Aerts H,et al.Therapeutic goals in the treatment of Gaucher
disease. Semin Hematol. 2004;41(4 suppl 5):4-14. 4. Cox TM. Gaucher disease: understanding the molecular
pathogenesis of sphingolipidoses. J Inherit Metab Dis. 2001;24 Suppl 2:106-121. 5. Schiffmann R, Sevigny J, Rolfs
A, et al.The definition of neuronopathic Gaucher disease. J Inherit Metab Dis. 2020;43(5):1056-1059. 6. Roshan
LalT, Sidransky E.The spectrum of neurological manifestations associated with Gaucher disease. Diseases.
2017;5(1):10.
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The Role of GLYCOSPHINGOLIPIDS and SPHINGOLIPIDS

Rare lysomal
storage diseases
Other rare
diseases

GBA-Parkinson’s Disease (GBA-PD)

Enzyme GBA-Parkinson’s Disease is a neurodegenerative disease
Enzyme déficiency ggﬁﬁd by mutations in the glucocerebrosidase (GBAT)

Heterozygous GBAT mutations are the most common
genetic factor associated with Parkinson’s disease (PD) in all
populations.?

Screening PD patients for GBAT mutations may facilitate early
identification and management of non-motor symptoms such
as cognitive dysfunction.?

Clsleelifeleilletiel  PD patients can experience motor symptoms including
resting tremors, bradykinesia, and rigidity, as well as non-motor
symptoms including depression, pain, and cognitive decline.*

GBA-PD research is ongoing.
GLYCOSPHINGOLIPID

PRODUCTION

SPHINGOLIPID
PRODUCTION
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storage diseases
Oth
ADPKD

Enzyme Autosomal dominant polycystic kidney disease (ADPKD),

the most common inherited kidney disease, is caused by

a mutation in the PKDT or PKD2 gene.' These mutations

cause changes in the cell and can lead fo an increase in
glucosylceramide production by increasing glucosylceramide
synthase production.This accumulation of glycosphingolipids
increases cyst formation and cyst growth.?

An ADPKD diagnosis can be made by detecting kidney cysts
using imaging fests such as ultrasonography, magnetic
resonance imaging or computerized tomography. In cases
where family history is unknown, genetic festing can confirm
diagnosis.'
Patients experience severe kidney complications including
kidney function decline, often resulting in end stage kidney
gr:é%gg:rg:foupm disease requiring dialysis or kidney transplantation.'3

ADPKD research is ongoing.
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Rare lysomal
sforage diseases
Ofther rare
diseases

Enzyme

Acid Sphingomyelinase Deficiency clo% @

(ASMD)

I, AEE) - Acid sphingomyelinase deficiency (ASMD), a lysosomal
storage disease, is a serious and potentially life-threatening
genetic disease caused by mutations in the SMPDT gene
that encodes for the enzyme acid sphingomyelinase

(ASM) which metabolizes sphingomyelin.”? Mutations in
SMPD1 result in various degrees of acid sphingomyelinase
deficiency, leading to the accumulation of sphingomyelin in
various organs and tfissues.?

Globotriaosylcera A simple enzyme activity test can be performed on a dried
blood spot (DBS) to indicate reduced ASM activity. A positive
DBS enzyme assay is highly indicative of ASMD, but an
analysis from a whole blood sample and/or genetic testing

GLYCOSPHINGOLIPID is required fo confirm the diagnosis.?

PRODUCTION The most frequent symptoms of the disease are
hepatosplenomegaly, pulmonary involvement, and
thrombocytopenia.'?4

SPHINGOLIPID ca.  ASMD research is ongoing.
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