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What are lysosomes? 

Lysosomes are Cellular Organelles 

Lysosome 

‘Stomach’  
of the cell 

Proteases  

Glycosidases  

Sulfatases  

large molecules 
Obsolete organelles 

other cells 
 
 

small 
molecules 

 
 
 

lysosome 
pH ~4.5 

cytosol 
pH ~7.2 

The end products are either reused by the cell or excreted from the 
body. 

 

Lysosomes are the ‘Recyclers’ of the Cell  
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LYSOSOMAL STORAGE DISORDERS (LSD) ARE… 

• Group of ~50 rare disorders, with a combined prevalence of 1 : 5,000 live births 

• Recessively inherited genetic disorders 

• Carriers may have low total enzyme activity, unaffected 

• Most autosomal, some X-linked (i.e., Fabry) 

• Mutations affect the severity of the LSD 

• Can come slowly in adulthood or arrive suddenly and fatally in infancy 

• Phenotype cannot be predicted from genotype 

• 10 LSDs have drug therapies (others treated by bone marrow transplant), but 

LSDs with neurological dysfunction are poorly served 

• Symptoms can include seizures and dementia, enlargement of the spleen and 

liver, and abnormal bone formation 

 

 

 

 

 

Mutation 1 

Mutation 2 

Unstable enzyme 

Enzyme not transported 

Partial enzyme activity 

No enzyme activity 

Attenuated (late onset) 

Severe (immediate) 
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What are Lysosomal Storage Disorders? 

LSD affects Normal Functioning of Cells 

Platt F 2017 
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Highlighting LSD Candidates For Newborn Screening 

Pompe 

1:40,000 

● Glycogen storage disease type II, also called Pompe 

disease, is an autosomal recessive metabolic disorder 

which damages muscle and nerve cells throughout the 

body.  

● Symptoms: Floppy Baby (of muscle weakness, poor muscle 

tone), Difficulty breathing, Trouble feeding / failure to thrive, 

Respiratory infections 

● ERT, 2006 

Fabry 

1:40,000* 

● It is inherited in an X-linked manner. 

● Mutation in the GLA gene cause deficient a-Galactosidase 

A enzyme activity which lead to progressive 

globotriaosylceramide (GL-3) accumulation 

● Symptoms: Enlarged heart, Heart murmur, Unknown cause 

of kidney failure, Fabry crises (pain in particularly in hands 

and feet), Stomach pain, nausea, and vomiting 

● ERT, 2003 

Gaucher 

1:57,000 

● One of the most common lysosomal storage disorders 

● Type 1, 2, 3 

● Not enough enzyme glucocerebrosidase (GCase), which 

breaks down a certain lipid, or fat, in the body's cells called 

glucocerebroside 

● Symptoms: enlarged spleen and liver, which are often 

present at birth; liver malfunction; bone deformities, pain or 

crises; severe neurologic complications 

● ERT, 1991 and SRT, 2002 
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A good separation between normal and affected groups is prerequisite 

for screening purposes. 

MPS-I & Pompe – Normal vs- Affected 
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Early Detection is Critical - POMPE 

Chien YH, et al. J Pediatr. 2015; 166:985-
991 

NBS 
Clinical comparators 
Untreated historical 

group 

Screening benefits: 

 

• Identify affected as 
early as possible 
 

• Provide 
reproductive 
choices for 
preventive actions 
for additional 
babies 
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LSD Therapy – Better outcome when treated early in life 

• Enzyme Replacement 
Therapy - Intraveneous 
delivery of deficient enzymes 

ERT 

• Substrate Reduction Therapy 
- oral intake of molecules to 
reduce excess substrates 

SRT 

• Hematopoietic stem cell 
transplatation 

HSCT  

• Gene Therapy GT 
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Potential LSD Candidates For Newborn Screening 

Disorder Prevalence Approved Therapy Therapy in Clinical Trial 

Pompe 1 : 40,000 ERT, 2006 GT, phase I/II  

MPS-I 1 : 100,000 ERT, 2003 

Fabry 1 : 40,000* ERT, 2003 HSCT, phase I/SRT, phase II 

Gaucher 1 : 57,000 ERT, 1991/SRT, 2002 GT, phase I 

Krabbe 1 : 100,000 HSCT ? 

Niemann-Pick A/B 1 : 250,000 ERT, phase III 

MPS-II 1 : 136,000 ERT, 2006 GT, phase I/II 

MPS-IVA 1 : 250,000 ERT, 2014 

MPS-VI 1 : 300,000 ERT, 2005 

*male births 

Platt F 2017 
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Strategies For LSD Screening 

• MSMS or fluometric methods 

Direct measurement of lysosomal enzymatic activity 

• Misses cases where enzyme is folded but inactive (e.g. 10-20% of MPS-II 
cases) 

Direct measurement of lysosomal enzymatic abundance 

• Measurement of substrates that accumulate due to a deficient lysosomal 
enzyme 

• Substrates may not accumulate within 1-3 days after birth 

• Promising for 2nd tier tests  

LSD biomarker quantification 

• Pathogenic mutation not known 

• Too slow and expensive 

• Poor knowledge of genotype-phenotype relationship 

Sequencing of lysosomal proteins 
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Direct measurement of lysosomal enzymatic activity using 

tandem mass spectrometry and fluorometric methods 

• Disadvantage of fluorescent is lack of 
multiplexing  

    This will be problematic because the number of  

      LSDs entering in NBS arena is increasing 

 

• Advantage of MS/MS is multiplexing 

     and high dynamic range 
      Multiple enzymes can be analyzed in a  

      single DBS punch 

 

 

• Not all lysosomal enzymes can be assayed  

    by fluorometric method 
     Ex. All fluorometric substrates for Niemann-Pick-A/B  

     lead to False-negative due to a mutation that causes 

     high reading of enzymatic activity for fluorogenic substrates  

     compared to the natural sphingomyelin substrate 

 

 

the MS/MS 
substrate is 

nearly identical to 
natural, 

difference in the 
length of the fatty 

acyl chain.  

enzyme 

fluorescence 
currently can’t  

multiplex 

Structure diversity 

allows multiplexing 

enzyme 

Fabry 

all substrates produce the same 

 fluorescent enzyme product 
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A supporting publication 

MS/MS method emerging as the laboratories Choice 

 



Other Publications 
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Experiences and results from labs screening 

LSD 



16 

Global LSD Newborn Screening Status 

Terriotory Region POMPE MPS-I FABRY GAUCHER KRABBE 
NIEMANN-PICK 

A/B 

NA 

Georgia, US P P 

Illinois, US S S S S S S 

Kentucky, US S S S 

Michigan, US P P 

Missouri, US S S S S S 

North Carolina, US P 

New Jersey, US P P P P P P 

New York, US S S P S 

Ohio, US S S S 

Pennsylvania, US S 

Tennessee, US P P P P P P 

Washington, US P P P P P P 

Wisconsin, US P 

Mexico P P P P P P 

APAC 

Taiwan S S S S 

Japan P P P P P P 

Korea  P P P P P P 

China P P P P P P 

EMEA 

Austria P P P P P 

Belgium P P P P 

Hungary P P P P 

Italy P P P P 

Spain P 

France D D D D D D 

Russia D D D D D D 

S = Screening 
P = Pilot 
D = Diagnostic  

22 OUT OF 25 
PROGRAMS 

USING MASS 
SPEC BASED 

ENZYME 
ACTIVITY 
ASSAYS! 



• NBS for LSDs is successful by direct measurement of enzyme activities in 

DBS. 

 

• Newborn screening for LSDs is taking off in the US and some countries in 

Europe and Asia. From Asia, Taiwan is leading and screening 4 LSDs when 

Myozyme is available in 2005 (for Pompe treatment under country’s health 

reimbursement). 

 

• MSMS enzyme assays have a much higher analytical range than fluorimetric 

assays, leading to a lower number of screen positives, as shown by large-

scale pilot studies using equivalent cutoffs. 

 

• PerkinElmer NeoLSDTM is CE-IVD product, available and used by Newborn 

Screening facilities. 

Summary 
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