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ABSTRACT 

Lysosomal storage diseases are a group of rare, inborn, metabolic 

errors characterized by deficiencies in normal lysosomal function and 

by intralysosomal accumulation of undegraded substrates. Classically, 

lysosomal storage diseases encompassed only enzyme deficiencies of 

the lysosomal hydrolases. More recently, the concept of lysosomal 

storage disease has been expanded to include deficiencies or defects in 

proteins necessary for the normal post-translational modification of 

lysosomal enzymes (which themselves are often glycoproteins), activator proteins, or proteins 

important for proper intracellular trafficking between the lysosome and other intracellular 

compartments. The past 25 years have been characterized by remarkable progress in the 

treatment of these diseases and by the development of multiple therapeutic approaches. These 

approaches include strategies aimed at increasing the residual activity of a missing enzyme 

(enzyme replacement therapy, hematopoietic stem cell transplantation, pharmacological 

chaperone therapy and gene therapy) and approaches based on reducing the flux of substrates 

to lysosomes.  
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INTRODUCTION  

1. Lysosomes were first discovered by Christian de Duve in 1960s. 

2. Lysosomes are membrane-bound organelles that function as the "stomachs" of eukaryotic 

cells. They contain about fifty different enzymes that break down all types of biological 

molecules including proteins, nucleic acids, lipids, and carbohydrates. 

3. Lysosomes originate in the Golgi apparatus, but the digestive enzymes are manufactured 

in the rough endoplasmic reticulum. Lysosomes are found in all eukaryotic cells, but are 

most numerous in disease-fighting cells, such as white blood cells.  
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4. Cells transport material into lysosomes, the material is digested by the enzymes, and the 

digested molecules are moved back into the cytosol for use by the cell. Both extracelluar 

materials brought into the cell by Endocytosis and obsolete intracellular materials are 

degraded in the lysosome. they serves as the ñrecycling centerò for the cell. 

5. Size range: 0.1-1.2µm. 

6. Contains 40 hydrolytic enzymes(works at PH 4.8)  

7. The lysosomal storage diseases (LSDs) are a group of disorders heralding in a new era in 

the treatment of genetic diseases. Enzyme replacement therapy (ERT) moves the 

treatment of these disorders from symptomatic management to therapeutic interventions. 

8. The disease manifestations result from progressive accumulation of the specific 

macromolecules that cause the cells containing the lysosomes to become engorged.  

9. The LSDs are a group of over 40 different disorders characterized by the lack of 

sufficient enzymatic activity to prevent the accumulation of specific macromolecules, 

such as glycosphingolipids (a variety of different lipids), mucopolysaccharides, or 

glycogen, in various tissues. 

 

l; 

 

Enzymes  

Some important enzymes found within lysosomes include: 

1. Lipase, which digests lipids  

2. Carbohydrase, which digest carbohydrates (e.g., sugars)  

3. Proteases, which digest proteins  

4. Nucleases, which digest nucleic acids  

5. Phosphoric Acid monoesters.  

http://en.wikipedia.org/wiki/Lipase
http://en.wikipedia.org/wiki/Lipid
http://en.wikipedia.org/wiki/Carbohydrase
http://en.wikipedia.org/wiki/Carbohydrate
http://en.wikipedia.org/wiki/Protease
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Nuclease
http://en.wikipedia.org/wiki/Nucleic_acid
http://en.wikipedia.org/wiki/Phosphoric_acid
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6. Lysosomal enzymes are synthesized in the cytosol and the endoplasmic reticulum. 

 

Functions 

ü Lysosomes are used for the digestion of macromolecules from phagocytosis (ingestion of 

other dying cells or larger extracelluar material, like foreign invading microbes), 

Endocytosis (where receptor proteins are recycled from the cell surface), and Autophagy 

(wherein old or unneeded organelles or proteins, or microbes that have invaded the 

cytoplasm are delivered to the lysosome).  

ü Autophagy may also lead to autophagic cell death, a form of programmed self-

destruction, or autolysis, of the cell, which means that the cell is digesting itself. 

ü Other functions include digesting foreign bacteria (or other forms of waste) that invade a 

cell and helping repair damage to the plasma membrane by serving as a membrane patch, 

sealing the wound. 

 

 

 

http://en.wikipedia.org/wiki/Endoplasmic_reticulum
http://en.wikipedia.org/wiki/Macromolecule
http://en.wikipedia.org/wiki/Receptor_(biochemistry)
http://en.wikipedia.org/wiki/Autophagy
http://en.wikipedia.org/wiki/Autophagy
http://en.wikipedia.org/wiki/Programmed_cell_death
http://en.wikipedia.org/wiki/Programmed_cell_death
http://en.wikipedia.org/wiki/Autolysis
http://en.wikipedia.org/wiki/Plasma_membrane
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Diseases resulting from defects in lysosomal function 

¶ I-cell disease  

¶ Lysosomal storage diseases  

 

I -cell disease 

1. Caused by the deficiency of an enzyme (N-acetyglucosamine phosphotransferase. 

Because of the absence of this enzyme,the secreted enzymes lack the mannose phosphate 

residues which is a signal for targeting lysosomal enzymes to lysosomes. 

2. An intriguing exception is I-cell disease, which is caused by a deficiency in the enzyme 

that catalyzes the first step in the tagging of lysosomal enzymes with mannose-6-

phosphate in the Golgi apparatus. 

3. The result is a general failure of lysosomal enzymes to be incorporated into lysosomes. 

 

http://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3102/
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Symptoms: A rare inherited metabolic disorder characterized by coarse facial features, 

skeletal abnormalities and mental retardation .Many cells from these patients contain 

lysosomes that are bloated with undegraded materials.  

 

Lysosomal Storage Diseases 

The lysosomal storage disease are a group of over forty human genetic disorders that result 

from defects in lysosomal function. The diseases are relatively rare and together have an 

incidence of approximately 1 in 7000-8000 live births. 

 

History  

1. Tay-Sachs disease was the first lysosomal storage disorder (LSD) described, in 1881 

2. Gaucher disease was the second, in 1882. 

3. The first link between an enzyme deficiency and a LSD (a-glucosidase and Pompe 

disease) was published in 1963.  

4. The successful treatment of a LSD, Gaucher disease with ɓ-glucosidase, became available 

in the early 1990s. 
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Causes of Lysosomal storage diseases 

 

 

Symptoms 

The symptoms of lysosomal storage disease vary, depending on the particular disorder and 

other variables like the age of onset, and can be mild to severe. They can include 

developmental delay, seizures, dementia, deafness and/or blindness. Some people with 

http://en.wikipedia.org/wiki/Seizures
http://en.wikipedia.org/wiki/Dementia
http://en.wikipedia.org/wiki/Deafness
http://en.wikipedia.org/wiki/Blindness
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Lysosomal storage disease have enlarged livers (hepatomegaly) and enlarged spleens 

(splenomegaly), pulmonary and cardiac problems, bones that grow abnormally and 

movement disorders. 

 

LSD sub categories 

ü Sub-categories are based on the type of enzymatic defect and/or stored substrate product.  

ü For example, the Mucopolysaccharidosis (MPS) are grouped together because each 

results from an enzyme deficiency that causes accumulation of particular 

glycosaminoglycans (GAG) substrates. 

 

I - Defective metabolism of glycosaminoglycans "the Mucopolysaccharidosis"  

Å MPS I (Hurler, Hurler-Scheie, Scheie) 

Å MPS II (Hunter) 

Å MPS III (San filipo Types A,B,C and D) 

Å MPS IV (Morquio type A and B) 

Å MPS VI (Maroteaux-Lamy) 

Å MPS VII (Sly) 

Å MPS IX (Hyaluronidase deficiency) 

Å Multiple Sulfatase deficiency. 

 

II - Defective degradation of glycan portion of glycoproteins  

Å Aspartylglucosaminuria  

Å Fucosidosis, type I and II 

Å Mannosidosis  

Å Sialidosis, type I and II  

 

III - Defective degradation of glycogen  

Å Pompe disease 

 

IV - Defective degradation of sphingolipid components  

Å Acid sphingomyelinase deficiency (Niemann-Pick A & B) 

Å Fabry disease 

Å Farber disease 

Å Gauchers disease, type I, II and III 

Å GM1 gangliosidosis, type I, II and III 

http://en.wikipedia.org/wiki/Livers
http://en.wikipedia.org/wiki/Hepatomegaly
http://en.wikipedia.org/wiki/Splenomegaly
http://en.wikipedia.org/wiki/Pulmonary
http://en.wikipedia.org/wiki/Cardiac
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Å GM2 gangliosidosis (Tay-Sachs type I, II, III and Handoff  

Å Krabbe disease 

Å Metachromatic Leukodystrophy, type I, II and III 

 

V - Defective degradation of polypeptides  

Å Pycnodysostosis  

 

VI - Defective degradation or transport of cholesterol, cholesterol esters, or other complex 

lipids  

Å Neuronal ceroid lipofuscinoses, type I, II, III and IV 

 

VII - Multiple dGalactosialidosis 

Å Mucolipidosis, type II and IIIeficiencies of lysosomal enzyme 

 

VIII - Transport and trafficking defects  

Å Cystinosis 

Å Danon disease  

Å Mucolipidosis type IV 

Å Niemann-Pick type C 

Å Infantile sialic acid storage disease 

Å Salla disease 

 

Types of Lysosomal storage diseases 

Gaucher Disease (most common) 

 The disease results from the defective activity of glucocerebrosidase (GCase) and the 

subsequent storage of glucosylceramide in lysosomes of the macrophages. 

Å Most prevelant metabolic storage disorder. 

Å Lipid storage disorder. 

Å Accumulation of Glucocerebrosidase. 

Å Anaemia, Fatigue, Spleen, Bone and liver are effected. 

Å Enzyme replacement since 1994. 

Å Genetics Autosomal recessive. 

Å 1/50,000 births of European Jewish Population. 
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Fabry Disease 

-galactosidase A (a-gal A) and the 

subsequent storage of globotriaosylceramide (GL3) in lysosomes of the vascular 

endothelium, renal podocytes, and myocardial and neural cells. 

Å It is the only X-linked storage disease 

Å It occurs due to deficiency of Alpha galactosidase A. 

Å Accumulation of Ceramide trihexosidase occurs. 

Å Symptoms include Peripheral neuropathy, CV/renal disease, angiokeratomas, pain in 

extremites, 

Å Inheritance pattern X-linked recessive. 

Å Males are more effected than females.  
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Pompe Disease 

-

glucosidase (GAA) resulting in lysosomal glycogen accumulation. 

 

Å Acid alpha-glucosidase deficiency. 

Å Glycogen storage disease type2. 

Å Accumulation of glycogen occurs in liver. 

Å Clinical features include muscle weakness, macroglossia, hypertropic cardiomyopathy, 

respiratory failure, early death.  
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Tay-Sachs disease 

1. Tay-sachs disease Caused by the deficiency of the enzyme ɓ-N-hexosaminidase A. The 

ganglioside Gm2 accumulate in the bloated lysosomal of brain cells dysfunction. 

2. The mucopolysaccharidoses are a group of LSDs that result in abnormal tissue 

accumulations of glycosaminoglycans (GAGs). 

3. There are six types of MPS disorders. Currently enzyme replacement therapy is available 

for three MPS disorders. 

 

Mucopolysaccharidosis I: (Hurler, Hurler-Scheie, or Scheie syndrome) resulting from 

deficiency of alpha-L-idurnoidase, 

 

Hurlerôs Disease 

Å It occurs due to the deficiency of Alpha-L-iduronidase. 

Å Accumulation of heparin sulphate and dermatan takes place. 

Å Symptoms include Corneal clouding, development delay, mental retardation, dwarfism, 

Hearing loss. 

Å Inheritance pattern is autosomal recessive. 

 

Mucopolysaccharidosis VI: (Maroteaux-Lamy syndrome) caused by deficiency of 

arylsulfatase B.  

 

Mucopolysaccharidosis II: (Hunter syndrome) resulting from deficiency of iduronate 

sulfatase. 

 

Hunter Disease 

Å It occurs due to MPS II or idyronate-2-sulfatase deficiency. 

Å Accumulation of dermatan and heparin sulphate.  

Å It is an X linked recessive disease. 
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Å Symptoms include Coarse face, mental retardation, mongolian blue spots, skeletal 

deformities, cardiomyopathy.  

 

Niemann-Pick B Disease: caused by lipid storage disorders. 

 

Signs and Symptoms 

Fabry disease: causes kidney and heart problems and skin rash. (ceramidetrihexosidase 

deficiency) 

Gauchers disease: causes the spleen enlargement, anemia and bone lesions if untreated. 

(glucoserebrosidase) 

 

Hurlers syndrome: causes deformities of the skeleton and facial features, enlargement of 

liver spleen, joint stuff ness, clouding of the cornea, mental retardation and deafness. 

 

Niemann -pick B disease: leads to enlargement of the liver and spleen, as well as lung 

disease. 

 

Tay-sachs disease: A lysosomal storage disease that occurs more commonly in people of 

eastern European Ashkenazi descent and causes degeneration of the brain in infant. 

 

Treatment 

ü There are no cures for lysosomal storage diseases and treatment is mostly symptomatic, 

although bone marrow transplantation and enzyme replacement therapy (ERT) have been 

tried with some success.  

ü In addition, umbilical cord blood transplantation is being performed at specialized centers 

for a number of these diseases.  

ü In addition, substrate reduction therapy, a method used to decrease the accumulation of 

storage material, is currently being evaluated for some of these diseases. Furthermore, a 

technique used to stabilize the defective enzymes produced by patients, is being examined 

for certain of these disorders. The experimental technique of gene therapy may offer cures 

in the future. 

 

http://en.wikipedia.org/wiki/Bone_marrow_transplantation
http://en.wikipedia.org/wiki/Enzyme_replacement_therapy
http://en.wikipedia.org/wiki/Umbilical_cord_blood
http://en.wikipedia.org/wiki/Substrate_reduction_therapy
http://en.wikipedia.org/wiki/Gene_therapy
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Enzyme replacement trials in lysosomal storage diseases 

ü Enzyme replacement therapy is a medical treatment replacing an enzyme in patients in 

whom that particular enzyme is deficient or absent. Usually this is done by giving the 

patient an intravenous (IV) infusion containing the enzyme. Enzyme replacement therapy 

is currently available for some lysosomal diseases: Gaucher disease, Fabry disease, MPS 

I, MPS VI and Glycogen storage disease type II. Enzyme replacement therapy does not 

"treat" the underlying disease, only the symptoms. 

 

Gaucherôs disease 

Å In the case of Gaucher disease Cerezyme is used. It contains Beta-glucosidase, it is 

administered IV. 

Å Allergic reactions  

Å Reduction  

Å 13.85% adverse events 

Å 1%< anaphylaxis 

 

Pompeôs disease 

Å In this Myozyme contains Alpha-glucosidase, a recombinant analog of human 

glucosidase have been approved for both infantile and later onset forms.  

Å IV dosing every 2 weeks 

Å Early treatment better outcome. 

 

 

 

 

http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Intravenous
http://en.wikipedia.org/wiki/Gaucher_disease
http://en.wikipedia.org/wiki/Fabry_disease
http://en.wikipedia.org/wiki/MPS_I
http://en.wikipedia.org/wiki/MPS_I
http://en.wikipedia.org/wiki/MPS_VI
http://en.wikipedia.org/wiki/Pompe's_disease
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Complications of Enzyme Replacement Thearpy In Pompeôs 

Å 100% of patients had adverse effects-fever, tachycardia, cynosis, hypotension, rash, 

bronchospasm. 

Å Life threatening anaphylaxis-1% 

Å Allergic reaction-14% 

Å Infusion reaction-51% 

Å Serum sickness in IgG positive patients.  

 

Fabryôs Disease 

Å In this FABRAZYME (Genzyme Corp.) 

Å REPLAGAL (Shire) contains galactosidase. 

 

Hunter Disease 

Å In this ELAPRASE which is a recombinant form of human iduronate2-sulfatase that has 

been recently approved in the US and the European Union for the treatment of MPS II. 

Å Elaprase does not cross the BBB and thus no effect on CNS disease is anticipated. 

 

Complications: Anaphylaxis 

Å Respiratory distress, hypoxia, seizure, hypotension. 

Å Fever-63% 

Å Headache-59% 

Å Joint pain-31% 

 

Delivery of deficient enzymes to the organs in which the accumulating lipids were stored.  

ex: Arylsulfatase A in patients with metachromatic Leukodystrophy 

 

Enzyme isolation procedures to provide enzymes that were pure for human administration. 

ex: ɓ- hexosaminidase A isolated and infused intravenously in to patient with sand Hoff form 

of Tay-sachs disease. 

 

Naglazyme (galsulfase) for MPS VI  

Naglazyme (galsulfase) is an enzyme replacement therapy for the treatment of 

Mucopolysaccharidosis VI (MPS VI), an inherited life-threatening lysosomal storage disorder 

caused by a deficiency of the lysosomal enzyme N-acetylgalactosamine 4-sulfatase. 

Naglazyme provides a recombinant version of this enzyme to individuals diagnosed with 

MPS VI.  
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Liposomes in Enzyme Replacement Therapy 

Entrapment of water soluble substances (enzyme) in aqueous compartments of liposomes 

helps in ER Therapy. 

 

Advantages 

1. Activity of an enzyme remain latent. 

2. Targeted to the diseased tissue. 

 

Otherer Therapy Carriers 

Á Resealed Erythrocytes 

Á Nano particles  

 

 

 

Substrate Reduction Therapy 

ü It offers a novel approach to the treatment of lysosomal storage disorders. By reducing 

the rate of macromolecule synthesis to a level where the residual degradative activity in 

the cell is sufficient to prevent substrate accumulation, it should be possible to reverse 

storage and storage-related pathologies.  

ü Ex: Miglustat  is an N-alkylated imino sugar that acts against a number of enzymes 

involved in processing glycoconjugates, including the ceramide-specific 
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glucosyltransferase, which catalyzes the initial committed step in glycosphingolipid 

synthesis. 

ü Miglustat could therefore be used for substrate reduction therapy in glycosphingolipid 

lysosomal storage disorders.  

 

 

 

Gene Therapy 

Two different approaches to gene therapy 

1. Direct delivery of genes to specific organs,such as the CNS using viral vectors. 

2. Genetically altering hematopoietic stem cells from patients to produce the missing 

enzyme and then returning the altered cells to the patient through bone marrow 

transplantation. 

 

Bone Marrow Replanting Therapy 

Replacement of the deficient enzyme activity by IV infusion of hematopoietic progenitor 

cells. 

 

Eligibility  

Å Transplantation occurs early (under 3 years). 

Å Transplantation occurs in the setting of appropriate neuropsychiatric follow up, 

assessment and support. 

Å A suitable donor is available.  

 


