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Letôs Learn About Lysosomes



Lysosomal Functions

ÅDegradation of macromolecules

ÅMembrane trafficking and homeostasis

ÅExocytosis

ÅAutophagy

ÅNutrient sensing

ÅCalcium signaling



Li P et al, Trends in Biochemical Sciences 44:110, 2019



Lysosomal Storage Diseases

ÅOver 70 disorders of acid hydrolases and 

associated proteins,  intracellular trafficking, 

membrane transport and function

ÅMost are autosomal recessive, 3 are X-linked 

(Hunter, Fabry, Danon)

Å> 1:5,000, most rare

ïFabry the most common in newborn screening

ïIncreased in some populations (e.g. Gaucher, 

Tay-Sachs in Ashkenazi Jews)



ÅHeterogeneous clinically

ÅMost are housekeeping proteins- the pattern 

of tissue involvement depends on the 

substrate distribution

ÅMost involve multiple organ systems, but 

some predominantly involve the brain or 

skeleton



Reasons to suspect a LSD

ÅCoarse facial features

ÅNeurologic 

ïLoss of acquired developmental milestones

ïBehavioral changes, psychosis

ïSeizures

ïAtaxia

ïNeuropathy, neuropathic pain

ïMacrocephaly

ÅOphthalmologic

ïCorneal clouding, crystals, verticillata

ïOphthalmoplegia (vertical)



ÅENT

ïRecurrent otitis media, sinusitis

ïMacroglossia

ÅPulmonary

ïObstruction

ïDecreased FVC

ÅCardiovascular

ïCardiomyopathy

ïValve disease

ÅGI

ïHepatomegaly, splenomegaly

ïLarge umbilical hernia



ÅMusculoskeletal

ïJoint stiffness, limited range of motion

ïMadelung deformity

ïDwarfism, kyphosis, dysostosis multiplex

ÅDermatologic

ïAngiokeratomas

ïExcessive Mongolian spots

ïHypohidrosis

ÅHematologic

ïAnemia

ïThrombocytopenia



General Pathogenic Mechanisms of Lysosomal 

Storage Diseases

ÅMass effect of lysosomal storage in the cell

ÅAlteration of plasma membrane dynamics and 

signaling 

ÅAltered autophagy

ÅAbnormal intracellular trafficking

Å Inflammation

ÅSecretion of toxic secondary breakdown products

ÅFibrosis

ÅOrgan enlargement

Å Infarction

ÅSecondary storage from cell breakdown and exosome 

export



Treatments for Lysosomal Storage Diseases

ÅSymptomatic and palliative therapies

ÅExport the stored material

ïcystinosis

ÅEnzyme replacement therapy (ERT)

ïMPS I, II, VI, VII, Gaucher (x3), Fabry (x2), Pompe

(x2), Niemann-Pick B

ÅSubstrate reduction therapy

ïGaucher (x2), NPC

ÅIncrease residual enzyme activity

ïFabry (chaperone, migalastat)

ÅHSCT

ïSevere MPS I, MLD, Krabbe



Therapies in or soon to be in trials

ÅNext generation ERT (Fabry)

ÅERT that can cross the BBB (MPS I, II)

ÅERT + chaperone (Pompe)

ÅSubstrate reduction (Fabry, gangliosidoses)

Å Increase residual activity (NPC, arimoclomol, increases 

HSP)

ÅGene Therapy

ïEx vivo HSCT (MLD, MPS I, MPS II, Gaucher, Pompe, 

cystinosis)

ïAAV gene transfer (Fabry, Gaucher, MPS I, MPS II, MPS III, 

Pompe, Krabbe)

Å Improved trafficking (NPC, cyclodextrans)

ÅReduce neuroinflammation (NPC, N-acetyl-L-leucine)

ÅGene editing





Untreated Cystinosis
ÅRenal Fanconi with secondary 

complications

ÅRenal failure

ÅCornea crystals and photophobia

ÅHypothyroidism

ÅHypohidrosis

ÅMale hypogonadism

ÅMyopathy, pulmonary insufficiency, GI, 

cardiovascular, CNS calcifications

ÅVariable intellectual disability



Cystinosis

MMBID
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Crystals in 
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Cystinosis Pathology and Treatment

MMBID



Cystinosis- Response of the Cornea



Cystinosis
Long Term Response To Cysteamine Therapy

ÅIf started early enough and patients are 

compliant (twice a day dosing with 

delayed release formulation), renal 

function is preserved

ÅEye pain and photophobia is eliminated 

(eye drops)

ÅEffect on muscle and brain disease 

remains to be seen



How would HSCT gene therapy work?

Mechanism of in vivo lysosomal cross-correction via tunneling nanotubes. Transplanted Ctnsī/īHSPCs ex vivo transduced 

with SIN-LV carrying CTNS-GFP repopulate the bone marrow of Ctnsī/īmice, migrate into the kidney where they differentiate 

into macrophages. Affected proximal tubular cells (PTCs) are protected from the extracellular environment by the tubular 

basement membrane (TBM). The rescue of PTCs requires that macrophages extend tunneling nanotubes (TNTs) crossing the 

TBM to deliver functional cystinosin-bearing lysosomes and may be take away the endogenous cystine-loaded lysosomes 

(never shown in vivo) from the PTCs, accounting for the long-term recue of the proximal tubules in Ctnsī/ītreated by 

hematopoietic stem and progenitor cell (HSPC) transplantation (Pediatr Neprhol 34:965-973, 2019)



Gaucher Disease

ÅGlucocerebrosidase deficiency

ÅStorage primarily in reticuloendothelial 

system

ÅDiagnosis: enzyme assay, molecular

ÅDisease Spectrum 

ïperinatal lethal (null)

ïinfantile neuronopathic (type II) 

ïlater neuropathic (type III)

ïnon-neuronopathic (type I), can be asymptomatic

ÅBiomarkers- chitotriosidase (~8% null), ACE, 

TRAP, lysoGL1 (glucosylsphingosine)



Gaucher Disease Type I

ÅIncidence
ïGeneral population:  1/40,000

ïAshkenazi Jewish 1/600 (common mutation 
p.N370S mildest)

ÅOnset of clinical symptoms:  birth to never

ÅCommon clinical manifestations
ïSplenomegaly +/- hepatomegaly

ïThrombocytopenia, anemia

ïOsteopenia, osteolysis, bone pain, pathologic 
fractures

ïIncreased risk of Parkinson, MGUS and 
multiple myeloma



The Enzymatic Defect in Gaucher Disease
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