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MAIN BIOMARKERS

N-palmitoyl-O-phosphocholineserine
(Maekawa et al 2019)



Anderson-Fabry disease was first described in 1898 separately and simultaneously by a German dermatologist 
(Johannes Fabry) and an English dermatologist (William Anderson), who identified the typical skin lesion of the disease, 
consisting of reddish maculopapular cutaneous angiectasias.

Fabry disease: Hystory

➢ 1967: α-galactosidase A

➢ 2001: Enzyme replacement therapy (ERT) 
becomes commercially available, providing 
recombinant α-galactosidase A to patients with 
Fabry disease. 



Fabry disease
mainly affected organs

Periferal nervous system
neuropathic pain

Heart
Arrithmias, LVH, aortic 

dilatation mitral and aortic 
valve disease, myocardial 

fibrosis

Kidney
microalbuminuria, 
proteinuria, renal 

insufficiency

Central nervous system
Disfunction of nervous system, pain, 

psychiatric manifestations, stroke, 
transient ischemic attack, white 

matter lesions

Gastrointestinal tract
nausea, vomiting, diarrhea, 

abdominal pain

Ocular
Corneal deposits, lenticular 

opacities

Fabry disease clinical manifestations



✓ Analysis of biomarkers in body fluids

Fabry disease diagnosis

Fabry disease is an X-linked genetic disease, characterized by the accumulation of specific glycosphingolipids, 
primarily globotriaosylceramide (Gb3) and its deacylated form globotriaolsylsphingosine (lyso-Gb3) in biological 
fluids, vascular endothelium, heart, and kidneys.

✓ α-galactosidase A activity Boutin et al. 2012

Gb3

Lyso-Gb3

✓ Confirmation by genetic test in the GLA gene



Fabry disease biomarkers
Negative correlation between Lyso-Gb3 plasma 
concentration and AGAL activity.



Fabry disease biomarkers

Boutin et al. 2014

✓ lyso-Gb3 and its related analogues in plasma are higher in Fabry males compared to Fabry females and higher for 
untreated males compared to treated males and decrease significantly after the beginning of enzyme replacement 
therapy (ERT) treatment.

✓ In plasma, lyso-Gb3 is significantly more abundant than its related analogues



Fabry disease is an X-linked genetic disease, more severe 
in hemizygous males compared to heterozygous females.

Boutin et al. 2012

Fabry disease: plasma Lyso-Gb3

Hemizygous Males: always affected, and reduced AGAL activity

Heterozygous females: they are not merely carriers, broad 
spectrum of manifestations is possible due to X-chromosome 
inactivation.



✓ Lyso-Gb3 is higher in cases with severe variants in GLA gene 
(frameshift and nonsense) and useful in variants of uncertain 
significance (VUS)

✓ in females, lysoGb3 did not depend on mutation severity

*males with the same ERT preparation (α-agalsidase) at a 
stable dose of at least 5 years

Serum LysoGb3 levels in affected males*



✓ AGAL/LysoGb3 ratio increases the sensitivity in famales

ROC curve for a-Gal A/LysoGb3 for FD 
female patients

G.V. Baydakova et al. Clin Chim Acta 2020

40-70% of female carriers may have normal AGAL activity



Lyso-Gb3 in DBS

✓ Lyso-Gb3 analysis in DBS is less sensitive than 
plasma

✓ Lyso-Gb3 levels in sera can be estimated from 
the DBS concentration by multiplying the DBS 
value by 1.5.

✓ Poor correlation between DBS and sera in 
healthy controls due to the very low Lyso-Gb3 
levels, which are at the limits of the assays 
sensitivity.



Trend in plasma lyso-Gb3 levels over time in 
patients carrying later-onset variants.
(cut-off 1.3 nmol/L) 

Plasma lyso-Gb3 levels over time in subjects 
carrying benign and unclassified variants 
(including p.Ala143Thr).

✓ 173,342 newborns in 5 years

✓ The screening method used α-galactosidase A 
enzyme activity and Lyso-Gb3 analysis in dried blood 
samples via a multiplex MS/MS assay.

✓ Genetic testing: 22 males were confirmed to be 
carriers of GLA gene variants; all were asymptomatic

✓ The incidence was 1:7879



Gaucher disease was first described in 1882 by French physician Philippe Gaucher.

The underlying enzyme deficiency was identified in the 1960s;

Gaucher disease

In 1984, the gene cloning allowed the development of enzyme replacement therapy 
(ERT) in the 1990s, which significantly improved treatment for the non-neurological 
form of the disease. 



Gaucher disease clinical manifestations

Gaucher disease
mainly affected organs

Bones
Joint pain and damage, 

weakened bones, arthritis, 
osteoporosis, osteonecrosis

Lungs
Breathing difficulties

Central nervous system
Difficulties in coordination and 

motor skills, cognitive problems, 
seizures, developmental delay.

Liver and spleen
enlargement

Ocular
Difficulties in eyes movements, 

yellow spots in eyes

Blood
Anemia, fatigue 

thrombocytopenia

Types:

Type 1 (Non-neuronopathic): The most common type, typically with symptoms appearing later 
in life and primarily affecting the spleen, liver, and bones. 

Type 2 (Acute Neuronopathic): A severe, early-onset form affecting the brain and nervous 
system, often leading to death in early childhood. 

Type 3 (Chronic Neuronopathic): An intermediate form with neurological symptoms, such as 
seizures and impaired eye movements, developing over time. 

GD, the most prevalent lysosomal storage disorder, is an autosomal recessive inborn error of metabolism characterized 
by the toxic accumulation of glucocerebroside lipids within multiple organs.
GD results from mutations in the GBA1 gene, leading to deficient glucocerebrosidase activity within lysosomes.



Gaucher disease diagnosis

✓ Confirmation by genetic test in GBA1 gene

✓ Analysis of plasma biomarker (Lyso-Gb1)

Ravel-Vilk S, Int. J. Mol. Sci. 2020

✓ Glucocerebrosidase activity



Gaucher disease

Dekker et al. 2011

Relation between disease severity and glucosylsphingosine levels



Gaucher disease: DBS

• 444 screened subjects

• age: 21 (1–78) years

✓ The Authors proposed a paradigm change for the diagnosis 
of GD based on lyso-Gb1 measurements and confirmatory 
GBA1 mutation analyses in DBS.

✓ Lyso-Gb1 levels of the diagnosed with nGD (neuronopathic 
GD) were non-significantly different from mild GD1 and 
severe GD1.

Cut-off 9 ng/mL 
sensitivity  100%
specificity  91,3%



➢ 1914 Albert Niemann describes first patient

➢ 1927 Ludwig Pick recognizes NPC from Gaucher's disease

➢ 1958 A. Crocker and S. Farber group NPA, NPB and NPC

➢ 1966 R. Brady identifies the NPA/B enzyme defect (ASMD)

➢ 1996 M. Vanier: recognition of 2 complementary groups of NPCs and cloning of NPC1

➢ 2000 NPC2 gene cloned

➢ 2006 Therapeutic authorization for Miglustat

➢ 2011 Plasma cholestan-3β,5α,6β-triol (Triol) and 7-ketocholesterol (7-KC) proposed as biomarkers of 

NPC

➢ 2014 Plasma lysosphingomyelin proposed as a biomarker for NPA/B

➢ 2015 Discovery of lysosphingomyelin-509 in plasma as a biomarker of NPC.

➢ 2019 Discovery of the structure of lysosphingomyelin-509 (Maekawa) as a phosphatidylserine.

➢ 2020 ERT therapies for ASMD

➢ 2024-2025 New therapies for Niemann-Pick Disease Type C (NPC) include the FDA-approved 

arimoclomol and the European-approved levacetylleucine, both approved in combination with the 

existing drug miglustat to slow disease progression and improve neurological symptoms.

Niemann Pick disease: Hystory Albert Niemann

Berlin 1880–1921

Ludwig Pick
(1868–1944)



Acid sphingomyelinase deficiencymutation in SMPD1 gene 

sphingomyelin accumulation in spleen, liver and lungs lysosomes

11p15.4

Acid sphingomyelinase deficiency (ASMD)



First appearance of symptoms

Organ involvement

Rate of symptom progression

Severity

Three types of ASMD, differing in severity and symptom onset:

TYPE A TYPE A/B TYPE B

infantile neurovisceral chronic neurovisceral chronic visceral (most common)

ASMD

Infancy to childhood

Variable multiorgan, limited 
or no neurodegeneration

Variable, slower

Least severe

Infancy to childhood

Variable multiorgan, 
typically including 
neurodegeneration

Variable

Moderate severity

Early infancy

Multiorgan, including 
neurodegeneration

Rapid

Most severe

The level of residual activity of ASMase cannot predict the ASMD phenotype.
Wasserstein et al. Mol Gen Metab 2019



Niemann-Pick type C Mechanism & Clinical manifestations

Vanier MT. J Inherit Metab Dis. 2015;38:187–99Brown and Goldstein J Biol Chem 2012; 287(27):22418-35

It is not an enzymatic defect 



Biomarkers for Niemann-Pick disease Type C and ASMD

✓ Oxysterols: 3,5,6-cholestantriol (Triol) and 7-ketocholesterol (7-KC)

✓ Lyso-sphingomyelin  (Lyso-SM) and lyso-sphingomyelin 509 (Lyso-SM-509, N-

palmitoyl-O-phosphocholineserine)

✓ Bile acids: 3β,5α,6β-trihydroxycholanic acid and its glycine conjugate



Jiang X, et al. J Lipid Res. 2011;52:1435-4; 
Porter F, et al. Sci Transl Med. 2010;2:56ra81



Oxysterols: NP-C patients vs Controls

Boenzi S, et al. Clinica Chimica Acta. 2014;437;93–100

Receiver Operating Characteristic (ROC)

Triol AUC: 0.998
 Cut-off: 23.7 ng/mL
 Specificity: 98.3%
 Sensitivity: 100%

7-KC AUC: 0.972
 Cut-off: 40.1 ng/mL
 Specificity: 85.0%
 Sensitivity: 95.5%

Oxysterols as dimethylaminobutyrate derivatives



Controls
n=135

NP-C
n=51

ASMD
n=5

SLOS
n=8

LALD
n=6

FH
n=3

SITO
n=1

Controls
n=135

NP-C
n=51

ASMD
n=5

SLOS
n=8

LALD
n=6

FH
n=3

SITO
n=1

Oxysterols

Non-specific biomarkers for NP-C

NP-C, ASMD and LALD

NP-C, ASMD, LALD and SLOS

Boenzi S, et al. J Lipid Res. 2016;57:361–7

7-KC, 7-ketocholesterol; ASMD, acid sphingomyelinase deficiency (NP-B); 
C-triol, cholestane-3β,5α,6β-triol; LALD, Lysosomal acid lipase deficiency; SLOS, Smith-Lemli-Opitz syndrome



Lyso-sphingolipids: lyso-SM and lyso-SM-509
for differential diagnosis

Disease Patients
No. of 

samples

FD 2 4

GD 5 11

KD 2 3

NP-C 13 28

ASMD 4 12

GM1 5 15

LALD 3 4

Controls 160 160

*** *** *** *** **

*** ***
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(***) p<0.001, (**) p<0.01 ASMD, acid sphingomyelinase deficiency; FD, Fabry disease; GD, Gaucher disease; KD, Krabbe disease; 
GM1, GM1 gangliosidosis;  LALD, lysosomal acid lipase deficiency; MoM, multiple of the median 



Biomarkers vs NP-C phenotype

Phenotype Patients

NP-C total 14

Perinatal-visceral 2

Early infantile 4

Late infantile 3

Juvenile 5

Controls 160
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Controls

(n=160)
Total NP-C

(n=47)

Late infantile

(n=12)

Juvenile

(n=12)

Neon.

cholestasis

(n=7)

Early infantile

(n=16)

***

***

***

** ** *

** ** **

* ** **

Vanier MT. J Inherit Metab Dis. 2015;38:187–99



Biomarkers vs ASMD phenotype

Controls                 ASMD total               Neurovisceral Visceral
(n=160)                      (n=17)                           (n=10)                       (n=7)

Controls                  ASMD total            Neurovisceral Visceral
(n=160)                       (n=17)                       (n=10)                         (n=7)
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Controls NP-C ASMD
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NP-C and ASMD biomarkers on DBS

In DBS, Lyso-Sphingomyelin is a better 
biomarker than Sphingomyelin 



NP-C and ASMD biomarkers on DBS



Plasma oxysterols

✓ High sensitivity for identification of NP-C and ASMD

✓ Oxysterols are not specific biomarkers for NP-C

✓ Oxysterols concentrations correlate with patient’s age and disease phenotype

✓ Oxysterols analysis do not allow for discrimination between NP-C and ASMD

✓ Risk of false positives results: a careful sample storage and treatment is necessary

✓ Oxysterols analysis not suitable on dried blood spots

NP-C and ASMD biomarkers



Plasma lyso-sphingolipids

✓ High sensitivity and specificity for NP-C and ASMD diagnosis

✓ Measurement of Lyso-SM and Lyso-SM-509 allows for discrimination between NP-C and ASMD

✓ Lyso-sphingolipids concentrations correlate with patient’s age and phenotype

✓ Lyso-sphingolipids are more stable compounds compared to oxysterols

✓ The analysis requires an easy sample preparation procedure

✓ Lyso-sphingolipids analysis is not fully suitable on dried blood spots 

NP-C and ASMD biomarkers



Fabry Disease (FD)

Gaucher Disease (GD) 

Niemann-Pick type C

Acid Sphingomielinase 
Deficiency

-galactosidase A

glucocerebrosidase

NPC1 or NPC2

Acid sphingomyelinase

Lyso-globotriaosylsphinosine (Lyso-Gb3)

Glucosylsphingosine (lyso-Gb1) 

Lysosphingomyelin (LysoSM), N-
palmitoyl-O-phosphocholineserine 
(PPCS, LysoSM-509)

Oxysterols, cholestan-3β,5α,6β-triol 
(Triol), 7-ketocholesterol (7-KC); 

Lysosomal disease enzyme deficiency
deacylated or oxydized forms of 
accumulated substrate in serum

Conclusion: main biomarkers Accumulated 
Substrate

Gb3

Gb1

SM

Free Cholesterol

Enzyme substrate

Serum



Thank you for the attention!!
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