
 
 

Enzyme Replacement Therapy  
 
What is enzyme replacement therapy (ERT)?  
Our genes encode specific instructions to make proteins, which carry out essential 
functions in our body. An enzyme is a type of protein whose function is to catalyze certain 
reactions. Often, they break down specific substances (substrates) in our body to produce 
one or more products. If a gene encoding an enzyme has a harmful change (i.e., 
pathogenic variant), it may not provide correct instructions to produce functional enzymes. 
Deficiencies in certain enzymes can lead to a toxic accumulation of substances in the 
body. This is what happens in GM2 gangliosidoses (Tay-Sachs and Sandhoff), Canavan, 
and GM1 gangliosidosis diseases where genetic changes cause reduced or absent activity 
in the HexA, HexB, ASPA, and GLB1 enzymes, respectively.   
 
Enzyme replacement therapy (ERT) is a treatment where the functional enzyme is 
infused into the body to substitute for the missing or malfunctioning enzyme in its 
cells. This therapeutic principle has been successfully applied in many other 
lysosomal storage diseases.  
 
Challenges of developing ERT for lysosomal storage diseases with a Central Nervous 
System (CNS) component.  

Large molecules like enzymes do not pass the blood-brain-barrier (BBB). This is the biggest 
challenge with using ERT to treat GM2 gangliosidoses (Tay-Sachs and Sandhoff disease), 
GM1 gangliosidosis, and Canavan disease, which have a significant CNS disease 
component. The BBB protects our brain from toxins or infectious agents by strictly 
regulating the transport of substances and drugs, preventing many substances from 
entering on their own, including enzymes. Enzyme replacement therapies use recombinant 
enzymes, and have been used to treat other conditions, such as Gaucher, Pompe, Fabry, 
and MPS diseases (PMID: 35865957). However, as enzymes cannot cross the BBB, it makes 
them ineffective in treating or improving neuronal symptoms of GM2 gangliosidoses (Tay-
Sachs and Sandhoff), Canavan, or GM1 gangliosidosis diseases, unless additional 
methods to overcome the BBB are utilized, some of which are mentioned below.  



Direct injections into the CNS: While direct administration into the brain and spinal fluid 
has been explored, these methods are very invasive, require frequent injections into the 
brain, and not all parts of the brain can be reached at the same time (PMID: 35865957).  

Nanoparticles: Researchers are exploring various methods to overcome the BBB in ERT. 
One approach delivers the enzyme using ERT-carrying nanoparticles, small lipid particles 
capable of crossing the BBB (PMID: 35865957), thus IV administration is possible. 
Nanoparticle use in ERT is being actively studied, and the NTSAD is currently funding a 
study exploring this research area. Click here for more information: 
https://ntsad.org/ntsad-research/ntsad-grant-opportunities/  

Receptor-mediated transcytosis platforms: Another ERT transport approach uses 
receptor-mediated transcytosis, specifically targeting the transferrin (an iron transporting 
protein) receptor, which is found on the BBB and functions there to transport transferrin 
into the brain (PMID: 32867370). JCR Pharmaceuticals is using transferrin receptor-
targeting antibodies to deliver enzymes into the CNS using their proprietary J-Brain Cargo® 
system (https://www.jcrpharm.co.jp/en/site/en/biopharmaceutical/global.html). This 
system enables enzyme delivery across the BBB, which is essential in targeting CNS 
diseases. There are also other variations of receptor-mediated transcytosis platforms 
currently being explored by additional groups, and these approaches may be promising.   

Enzyme modifications: It may be possible to modify the enzyme directly to increase its 
transport across the BBB.  One study treated ASPA, the defective enzyme in Canavan 
disease, with polyethylene glycol (PEG) to directly modify the enzyme so it can reach the 
appropriate cells. This PEGylated form of ASPA showed the potential to traverse the BBB, 
although the exact transport mechanism remained unknown (PMIDs: 25066302, 
21095151). 

What are the limitations of ERT?  

Blood-Brain Barrier (BBB): ERT is based on replacing enzymes, which are generally unable 
to cross the BBB and reach target cells in the CNS. Additional methods, as discussed 
above, are necessary to enable most enzymes to cross the BBB. 
Immune responses: Patients may have an immune response against delivering some 
enzymes into the body. 
Administration: ERT requires life-long, frequent treatment that can be burdensome, 
especially depending on the route of administration.   
Age: ERT is most effective when treatment is started at younger ages, as early treatment 
can minimize damage caused by the condition.  
 

https://www.jcrpharm.co.jp/en/site/en/biopharmaceutical/global.html


To access the literature reference, enter the PMID number into the PubMed 
(https://pubmed.ncbi.nlm.nih.gov/) search box or Google “PMID XXXXXXXX”, replacing the 
“X’s” with the appropriate number.  
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