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• Sphingolipidoses = group of 
Lysosomal Storage Diseases 
affecting the metabolism of 
Sphingolipids

• Several enzymatic deficiencies 
are known, corresponding to 
disorders

• The diagnosis is based on 
enzymatic activity measurement

With the use of MS/MS: 
Lysosphingolipids have become 

biomarkers for screening and 
follow-up of 

Sphingolipidoses

Sphingolipidoses
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Lysosphingolipids: Biomarkers of Sphingolipidoses

Lysosphingolipids (LysoSL) 
- deacylated form of the sphingolipids
- role in pathophysiology ?

Measurement of the primary accumulated SL poorly informative in plasma
LysoSL: A thousand time less important in plasma (nmol/L vs µmol/L)

BUT more discriminant

Dekker et al. Blood 2011 

LysoGlucosylceramide Glucosylceramide

Chuang et al. Mol Genet Metab 2014

LysoSphingomyelin Sphingomyelin

LysoGb3Gb3

Rombach et al. Biochim Biophys Acta 2010



LysoGlobotriaosylceramide (LysoGb3)     Fabry

Lysogalactosyl-ceramide (LysoGalCer)     Krabbe

Lysoglucosyl-ceramide (LysoGlcCer)       Gaucher

Lysosphingomyelin (LysoSM)           ASMD (Niemann-Pick A/B)

LysoSM509/N-palmitoyl-O-phosphocholineserine ASMD and NPC

Aerts et al. Proc Natl Acad Sci USA, 2008

Chuang et al. Clin Chim Acta 2013

Giese et al. Orphanet J Rare Dis 2015

Dekker et al. Blood 2011

Chuang et al . Mol Genet Metab 2014

Lysosphingolipids: measurement by tandem mass spectrometry (MSMS)

Pettazzoni et al. PLoS One. 2017

Since 15 years, many reports state of the measurement of LysoSLs by MSMS either isolated, or in multiplex, 
in plasma, urine or dried blood spots (DBS) 
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+ measurement in DBS since 2023+ measurement in DBS since 2023
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Are they usefull for diagnosis ?
Are they linked to the severity of the disease ?
Are they usefull for monitoring patients ?
Could DBS replace plasma ?



LysoGlobotriaosylceramide (LysoGb3): 
biomarker of Fabry disease
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LysoGL3

Globotriaosylsphingosine
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Fabry disease is an X linked disorder
caused by mutation on GLA gene 

with 2 phenotypes : 
Classical Form and Variant form

corresponding to specific mutations

Fabry disease (X-linked)

Ortiz et al.,  MGM 123 (2018) 416–427

(1) Adapted from Elliot et al Mol Genet Metab 2016

GLA gene analysis mandatory



LysoGb3: a diagnostic biomarker in plasma

J Med Genet 2015
N < 0.6 nmol/L      154 patients

LysoGb3 
Normal in 4/8 cases

Pettazzoni et al. PLoS One. 2017

** Variant GLA
mutations in females

p.Arg363His (n=3)
p.Asn215Ser

p.Phe113Leu (n=4)

* Variant GLA 
mutations in males

p.Ile232Thr
p.Met296Val
p.Arg301Gln
p.Arg363His

p.Asn215Ser (n=2)
p.Asn215Ser
p.Ile198Thr

p.Phe113Leu (n=3)

*
**

Fabry disease (X-linked)

9

PNAS 
2008

Plasma LysoGb3 is a sensitive biomarker of screening, 
LESS OVERLAP than U Gb3 between patients and controls, but can be normal in females
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Ratio AGAL/LysoGb3 could increase the sensitivity in females
Fabry disease (X-linked)

Duro et al Int. J. Mol. Sci. 2024, 25, 5158 Clinica Chimica Acta 561 (2024) 119824
L. Kuchar et al. 

Baydakova et al Clin Chim Acta. 2020 Feb

268 females with classical form: 
30% AGalA activity decreased vs 
80% lysoGb3 increase

185 females with late onset form

12 untreated male FD patients (6 classic FD 
and 6 late-onset cardiac FD), and 50 untreated 
heterozygous female FD patients (25 classic FD 
and 25 late-onset cardiac FD) 

Ratio AGAL WBC/lysoGb3
sensitivity 98%

In females
lysoGb3 more sensitive than AGalA in 
classical forms
BUT 80% of late onset forms had
normal LysoGb3 !
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The biomaker is higher in case of severe variant in GLA gene (frame-shift and nonsense variants)
Useful for Variant of Uncertain Significance (VUS)

LysoGb3: A phenotype biomarker in males
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Fabry disease (X-linked)

Nowak et al Mol Gen Metab 2018

SEVERE MISSENSE

Results LYON, 
France
Unpublished
data



LysoGb3: A phenotype biomarker not always informative in females

In females, LysoGb3 levels did not depend on the mutation severity 12

Fabry disease (X-linked)

In a same family LysoGb3 values 
are lower in females than males
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Fabry disease (X-linked)
LysoGb3 in dried blood spots (DBS): correlated but less sensitive than in plasma

• Values in DBS were well correlated with paired plasma (R2 =0.94)
• All male FD values were elevated
• but 5/30 female FD values were under the cut-off in DBS, vs only 3/30 in 

plasma 
=> DBS LESS SENSITIVE THAN PLASMA
In good accordance with literature 
(Polo et al 2019 (1))

Results LYON, 
France
Unpublished data

A. Nowak et al. Molecular Genetics and Metabolism 121 (2017) 320–324

Boutin et al Int. J. Mol. Sci. 2023, 24, 3223. (1) Polo et al Clin Chem Lab Med 2019

Fabry patients
N=41 males 
N=30 females

Controls N=265 



Arends et al. Molecular Genetics and Metabolism 2017

Enzyme Replacement Therapy Pharmacologic Chaperone
Migalastat

LysoGb3: Treatment follow-up

Germain et al. Genet Med. 2019

LATE-TREATMENT
Treatment started after the 
age of 25y in males

EARLY-TREATMENT
Treatment started before the 
age of 25y in males
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Fabry disease (X-linked)
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“Although plasma lyso-Gb3 has been shown to decrease or
stabilize in patients receiving treatment with ERT and
migalastat, several studies demonstrated that neither
lyso-Gb3 concentration nor rate of change
predicts the risk of Fabry-associated clinical
events in either ERT-or migalastat-treated patients (2, 3).

Additionally, the exact mechanism by which substrate
accumulation acts in Fabry disease is not completely
understood (2,6).”

LysoGb3: utility of lyso-Gb3 as a biomarker to monitor treatment response ?

Fabry disease (X-linked)

1. Arends M, et al J Am Soc Nephrol. (2017) 28:1631–41. 

2. Bichet DG, et al Genet Med. (2021) 23:192–201. 
3. Arends M, et al PLoS One. (2017) 12:e0182379. 

4. Nowak A, et al J Med Genet. (2022) 59:287–93. 

6. Rozenfeld et al. Mol Genet Metab. (2017) 122:19–27. 

However, its usefulness in monitoring the effectiveness of the treatment is debated within the literature(1, 2, 3, 4). 



Activates a signaling pathway causing 
podocyte damage
Sanchez-Nino et al Hum Mol Genet 2015

Risk factor for white matter 
lesions in male
Rombach et al. Biochim Biophys acta 2010

Correlated to the disease severity
Smid BE et al. J Med Genet 2015

Activation of calcium channels in 
sensory neurons
Choi et al Nerosci Lett 2015

Risk factor of ventricular hypertrophy
in female
Rombach SM et al. Biochim Biophys acta 2010

LysoGb3

LysoGb3: role in pathophysiology
Fabry disease (X-linked)



Lysoglucosylceramide (LysoGb1): 
biomarker of Gaucher disease
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LysoGalactosylceramide (Psychosine)

Psychosine < 3% of LysoHerCer in controls
Chuang et al, clin chim acta 2019

LysoGlucosylceramide

isomeric compounds 



LysoHexCer (LysoGb1): the most specific and sensitive 
biomarker for the diagnosis than chitotriosidase or CCL18

Gaucher disease

Pettazzoni et al. PLoS One. 2017

* Treated by SRT*

• Sensitive: Highly elevated in Gaucher, large range of values, 
sometimes very moderately

• Elevated in case of saposin C deficiency (Dekker et al 2001, Motta et al 2016, Pettazzoni 

et al 2017), LIMP2 deficiency (Dubot P et al 2022 Jan;94:124-126)

• Specific: Not elevated in other LSD, in carriers (Pettazzoni et al 2017, Dekker et al, 2001, 
Rolfs et al. PLoS One 2013)  with or without Parkinson disease (Dinur et al Int. J. Mol. Sci. 
2022)

Rolfs et al. PLoS One 2013

LGL1 LGL1
Chitotriosidase CCL18
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Reliable response biomarker (ERT or SRT)

6 % of patients are 
homozygous for 24 bp
duplication in CHIT1
gene and 30 – 40 % 

heterozygotes

LysoGb1
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ERT (n = 4) 
Eliglustat (n = 4) 
Miglustat ( n = 9)

Smid et al. Orphanet J Rare Dis 2016

Dekker et al. Blood 2011

Decreases under treatment
Correlation with chitotriosidase and CCL18 
( = indirect and non specific biomarkers)

LGL1 levels decrease after
Enzyme Replacement Therapy (ERT)

Murugesan et al. Am J Hematol 2016

Mean 3,6 years
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LysoGb1: correlatedwith visceraland haematologicalparameters (1-3)

(1) Dekker et al. Blood 2011  (2) Murugesan et al. Am J Hematol 2016  (3) Hurvitz et al. Int J Mol Sci 2019
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NOT correlatedwith skeletal disease (1, 7)
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(4)Basiri et al. Elife 2023  

LysoGb1: correlatedwith SEVERITY 
in pediatric, and adultpopulation  (5,6)

(6) Curado et al Diagnostics 2023 (5) Hurvitz et al. Int J Mol Sci 2019

Adults GD type I -
LysoPROOF study

But decreased levels of LysoGb1 correlated with decreased
probability of avascular osteonecrosis (4)

(7) Irún et al, Clin Chem Lab Med 2020



plasma
DBS
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Gaucher disease
LysoGb1 in Dried blood spots: good correlation with plasma but less sensitive

All GD patients had
elevation of LysoGb1 
in DBS (n=30)

Correlated with
paired plasma  
(R2=0.93)

LysoGb1 in DBS: First tier analysis for diagnosis 
Combined with GBA gene analysis for diagnosis confirmation

Polo et al Clin Chem Lab Med 2019

Results LYON, 
France
Unpublished data

Dinur et al. Int J Mol Sci. 2022

Less sensitive than plasma



Dubiela et al. Biomolecules 2024

LysoGb1 intraindividual variability in DBS: 
a limitation for treatment follow-up ?

Gaucher disease
LysoGb1 levels in plasma as a treatment
decision criteria

Dinur et al Int J Mol Sci 2023



Lysoglucosylceramide (LysoGb1): role in pathophysiology

Modifies calcium homeostasis
Lloyd-Evans et al. Biochem J 2003 

Causes hemolysis
Taketomi et al. Biochim Biophys acta 1976

Causes tissue Inflammation
and play a role in development of 
peripheral signs
Lukas et al. IJMS 2017

Responsive for Neurotoxicity,
Nilsson O, Svennerholm L. J Neurochem. 1982
Sun et al. Hum Mol Genet 2010
Schueler et al. Neurobiol Dis 2013

Implicated in Osteoblastogenesis
impairment
Mistry et al. Proc Natl Acad Sci USA 2014 

Promotes B lymphoma, 
Multiple Myeloma
Pavlova et al. J Pathol 2015 ; 
Nair et al N Engl J Med 2016

Promotes pathological aggregation of 
α synuclein
Taguchi et al. The Journal Of Neuroscience 2017LysoGb1
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Lysosphingomyelin (LysoSM) and LysoSM509/PPCS: 
biomarkers of Acid SphingoMyelinase Deficiency 

(ASMD / Niemann-Pick type A,B or AB)

LysoSM509 / 
N-palmitoyl-O-phosphocholineserine
(PPCS)

LysoSM

LysoSM

Sphingosylphosphorylcholine

SPC



* Some patients are treated

LysoSM always elevated, helpful to 
differenciate ASMD from NPC*

Pettazzoni et al. PLoS One. 2017

* *

*LysoSM very slightly increased in about 30% Niemann-Pick 
type C (Pettazzoni et al 2017, Welford et al 2016) 

LysoSM and LysoSM509 increase allows orientation to ASMD

LysoSM509/PPCS 
always elevated

Acid SphingoMyelinase Deficiency (ASMD – Niemann-Pick A, AB and B)
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Results LYON, 
France
Unpublished
data
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Acid SphingoMyelinase Deficiency (ASMD – Niemann-Pick A, AB and B)
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n=3
ASMD AB

Breilyn MS. Mol Genet Metab Rep. 2021 Jul 7;28:100780. 

LysoSM in plasma correlates with clinical subtype and severity

All ASMD patients (n=92) have elevated LysoSM in 
plasma at diagnosis

LysoSM higher in type A and AB compared to type B, 
with an overlap

p<0.0001

Ly
so

SM
(n

m
ol

/L
)

ASMD  A   ASMD AB   ASMD B

n=5            n=5             n=82

Results LYON, 
France
Unpublished
data
2018-2024

Ly
so

SM
Ly

so
SM

Type A Type AB and B

MILD MODERATE SEVERE



27

Acid SphingoMyelinase Deficiency (ASMD – Niemann-Pick A, AB and B)
LysoSM as a biomarker of treatment follow-up (ERT) 
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Conclusion

• Lysosphingolipids multiplex measurement by MSMS  in plasma
= Efficient and rapid biochemical screening tool 

 Useful for diagnosis purpose: Sensitive and Specific biomarkers
Better screening of Fabry females than alphaGalA activity or urinary Gb3
But possibly normal screening (Fabry females: variant cases), mild forms ?

 Related with the severity of the disease
 Differential screening of ASMD, NPC and Gaucher disease in the same run
 Useful for the monitoring of patients under treatment (ERT, SRT, Chaperon therapy) and 

therapeutic decisions
 In connection with pathophysiology

• Lysosphingolipid measurement in DBS
 Second-tier test after enzymatic studies in the same DBS sample (routin diagnosis or newborn 

screening programs)
 Might be the first diagnostic step (Gaucher disease) BUT less sensitive than plasma: 

Normal values should be interpreted with caution (false negative results in mild clinical forms?)
 Would facilitate the patient follow-up compared to plasma BUT great intra-individual variability

=> More studies are needed, interest of analogues ?
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Thank you for your attention !


