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1. Describe “Rare Disorders”

2. Summarize Lysosomal Storage Diseases

3. List the therapeutic approaches and challenges in LSDs

4. Cite the current and emerging therapies for LSDs 





• Lack of recognition

• Overlapping clinical presentations

• Lag in diagnosis

• Biased information 

• Limitations of evidence-based medicine



• How common are LSDs?

• LSDs are underdiagnosed 
• LSDs present during infancy, childhood and adulthood
• LSDs are multi-systemic disorders: Complete clinical examination 

including skin, eyes, skeletal system, visceral organs, and 
neurologic examination (including auditory) is mandatory

• Specific therapies exist for some LSDs
• The earlier the diagnosis is made, the earlier treatment can start 

and the better chances are to prevent further affected offspring in  
the family

In live births? 1:5000 or 1:50,000 or 1 in 100,000
How frequently is a baby born with an LSD worldwide?

LSDs cause 

multisystemic 

dysfunction



Wappner RS. Pediatr Ann. 1993;22(5):282-292

Collective prevalence: 1 in 5000 live births
Mucopolysaccharidoses (MPS)

• Hurler syndrome
• Hunter Syndrome

Sphingolipidoses 
• GM1 gangliosidosis types 1-3
• GM2 gangliosidosis (Tay-Sachs and 

Sandhoff diseases)
• Gaucher disease
• Fabry disease
• Niemann-Pick disease
• Krabbe disease
• Metachromatic leukodystrophy
• Multiple sulfatase deficiency

Glycoproteinoses
• Mannosidosis 
• Sialidosis

Lysosomal enzyme transport 
disorders 

• Mucolipidosis (I-cell)

Lysosomal membrane transport 
disorders 

•Sialic acid storage disease
•Cystinosis

Others
• Lysosomal acid lipase deficiency
• Neuronal ceroid lipofuscinoses 

(CLN2/Batten disease)
• Acid ceramidase deficiency (Farber 

disease)
• Glycogen storage disease (Pompe 

disease)

50+ 
recognized 

types



MPS 
Attenuated forms 
with normal cognition 
or minimal 
visceral/skeletal 
involvement

Tay-Sachs
“Late-onset” forms:
•Cerebellar degeneration 
•Anterior horn cell 
involvement

•Psychiatric manifestations 
in adolescence/adulthood

Gaucher
Symptom onset 
across lifespan, 
even within 
families

Fabry
Females
Cardiac/renal variants

Pompe
Adult-onset mimics 
LGMD*
Lacks cardiomyopathy

Neurodegeneration begins in utero with MPS types IVA and VII, Gaucher type 2, 
GM1 gangliosidosis, Niemann-Pick type C, Farber disease, infantile-free sialic acid storage disease, 

Mucolipidosis type II (non-immune hydrops fetalis)

* LGMD = limb-girdle muscular dystrophyWhybra C, et al. Orphanet J Rare Dis. 2012;7:86
Gimovsky AC, et al.  Am J Obstet Gynecol. 2015;212(3):281–290



Parenti G, et al. Mol Ther. 2015;23(7):1138-1148
Bley AE, et al. Pediatrics. 2011;128:e1233-e1241
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For most LSDs, 
severe vs 
attenuated 

phenotypes are 
determined by 

residual 
enzyme activity



Recognition of 
glycans by MR

endocytosis

Receptor 
recycling

• Uptake 
• Trafficking
• Enzyme stability
• Immunogenicity

• Trafficking
• Molecular crowding
• ER stress 
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} Enzyme replacement therapy (ERT)
◦ Exogenous recombinant enzymes with M6P “tags”
◦ Overcome catabolic pathway block, affect clearance of stored substrate
◦ Most do not cross the BBB

} Small molecules
◦ Substrate reduction therapy (SRT)
� Reduce the production of substrate by inhibiting upstream paths
� May cross the BBB
◦ Chaperone therapy 
� Rescue the misfolded protein and deliver to lysosome
� May cross the BBB

} Hematopoietic stem cell transplantation
} Gene therapy: ex vivo, in vivo



Disease FDA-Approved Human Trials 
( Phase 2/3) Pre/early clinical “Off label”

MPS ERT – IV (I, II, IVA, 
VI, VII)

• ERT – IV, IT
• in vivo gene therapy • in vivo gene therapy HSCT

Pompe disease ERT – IV • ER/Chaperone
• in vivo gene therapy • in vivo gene therapy

Gaucher disease ERT – IV
SRT • in vivo gene therapy* • in vivo gene therapy

• ex vivo gene therapy

Fabry disease ERT – IV

• ERT
• SRT
• in vivo gene therapy*
• ex vivo gene therapy

• in vivo gene therapy

Krabbe disease HSCT

ClinicalTrials.gov. https://clinicaltrials.gov/.

*Awaiting 1st human dose

https://clinicaltrials.gov/



