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Sphingolipidoses

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
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With the use of MS/MS:
Lysosphingolipids have become
biomarkers for screening and
follow-up of
Sphingolipidoses
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Lysosphingolipids: Biomarkers of Sphingolipidoses

Lysosphingolipids (LysoSL)
- deacylated form of the sphingolipids
- role in pathophysiology ?
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Adapted from Advances in Gaucher Diseose: Bosic and Clinical Perspectives. Future medicine. 2013.

Glycosphingolipid aspects of Gaucher disease lipidomics. Sun and Zhang.

Measurement of the primary accumulated SL poorly informative in plasma
LysoSL: A thousand time less important in plasma (nmol/L vs umol/L)
BUT more discriminant
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Lysosphingolipids: measurement by tandem mass spectrometry (MSMS)

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)

LysoGlobotriaosylceramide (LysoGb,) Fabry Aerts et al. Proc Natl Acad Sci USA, 2008

Chuang et al. Clin Chim Acta 2013

Lysoglucosyl-ceramide (LysoGlcCer)  Gaucher Dekker et al. Blood 2011

Lysosphingomyelin (LysoSM) AsMD (Niemann-Pick A/B) Chuang et al . Mol Genet Metab 2014

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

Giese et al. Orphanet J Rare Dis 2015

Contents lists available at ScienceDirect

RESEARCH ARTICLE

LC-MS/MS multiplex analysis of
lysosphingolipids in plasma and amniotic
oE GruvTER fluid: A novel tool for the screening of

Clinica Chimica Acta

journal hamepage: www elseviar.com/logate/clinchim

Simultaneous quantitation of sphingoid bases by UPLC-ESI-MS/MS with @n
identical '*C-encoded internal standards

sphingolipidoses and Niemann-Pick type C

M. Mirzaian *, P. Wisse ®, M. Ferraz *, AR.A. Marques 5, P. Gaspar %, S.V. Qussoren #, K. Kytidou #, .D.C. Cod 1
C. van der Marel ", HS. Overkleeft °, |.M. Aerts ** d ISease

Open Access

Giulia Polo, Alessandro P. Burlina, Thilini B. Kolamunnage, Michele Zampieri, Carlo Dionisi-Vici,
Pietro Strisciuglio, Martina Zaninotto, Mario Plebani and Alberto B. Burlina*

Magali Pettazzoni'*, Roseline Froissart’-2, Cécile Pagan', Marie T. Vanier®*,

Diagnosis of sphingolipidoses: a new simultaneous Séverine Ruet', Philippe Latour*, Nathalie Gutfon®, Alain Fouilhoux®, Dominique
& - P. Germain’, Thierry Levade®, Christine Vianey-Saban'®, Monique Piraud™,
measurement of lysosphingolipids by LC-MS/MS David Cheillan™>*

DE GRUYTER Clin Chem Lab Med 2019; aop a

Pettazzoni et al. PLoS One. 2017
Giulia Pole, Alessandro P. Burlina, Enzo Ranieri, Francesca Colucci, Laura Rubert,

Antonia Pascarella, Giovanni Duro, Albina Tummolo, Andrea Padoan, Mario Plebani
and Alberto B. Burlina* . .
Plasma and dried blood spot lysosphingolipids + measurement in DBS since 2023

for the diagnosis of different sphingolipidoses: Measurement of lysosphingolipids in dried blood spots by LC-MSMS: HCL
a comparative study A useful tool for the diagnosis of sphingolipidoses

', Bastien Feirrera*, Emilien Ville!, Séverine Ruet®, Cécile Acquaviva-Bourdain®, Magali Pettazzoni*’




Contribution of biomarkers in the diagnosis
and follow-up of sphingolipidoses

Are they usefull for diagnosis ?

Are they linked to the severity of the disease ?
Are they usefull for monitoring patients ?
Could DBS replace plasma ?
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LysoGlobotriaosylceramide (LysoGb3):
biomarker of Fabry disease

LysoGL3

Globotriaosylsphingosine



Fabry disease (X-linked)

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

Patogenic mutations,
classical phenolype
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Ortiz et al., MGM 123 (2018) 416-427
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Fabry disease (X-linked)
LysoGb3: a diagnostic biomarker in plasma

Elevated globotriaosylsphingosine =~ PNAS
is a hallmark of Fabry disease 2008 * Variant GLA
Johannes M. Aerts**, Johanna E. Groener®, Sijmen Kuiper*, Wilma E. Donker-Koopman*, Anneke Strijland*, mutations in males
Roelof Ottenhoff*, Cindy van Roomen*, Mina Mirzaian*, Frits A. Wijburg*, Gabor E. Linthorst*, Anouk C. Vedder*, p.lle232Thr
Saskia M. Rombach*, Josanne Cox-Brinkman*, Pentti Somerharju®, Rolf G. Boot*, Carla E. Hollak*, Roscoe O. Brady's, p.Met296Val
and Ben J. Poorthuis* p.Arg301Gln
p.Arg363His
ORIGINAL ARTICLE 200 | p.Asn215Ser (n=2)
Plasma globotriaosylsphingosine in relation 180 | p-Asn2155en
to phenotypes of Fabry disease 160 1 p-lle198Thr
140 - p.Phel13Leu (n=3)
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Plasma LysoGbs is a sensitive biomarker of screening,

LESS OVERLAP than U Gb3 between patients and controls, but can be normal in females 9




Fabry disease (X-linked)
Ratio AGAL/LysoGb3 could increase the sensitivity in females

In females

Clinica Chimica Acta
olume 501, February 2020, Pages 27-32

lysoGb3 more sensitive than AGalA in
classical forms T

-Galactosidase SO ratio as a
BUT 80% of late onset forms had . '

potential marker for Fabry disease in
normal LysoGb3 ! females

G.Y. Baydakova °, A.A. llyushking ® & &, S, Moiseev ©, 1.0. Bychkov °, N.V. Nikitina ®,
T.A. Buruleva %, EY. Zakharova ®

Baydakova et al Clin Chim Acta. 2020 Feb
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L. Kuchar et al.
Clinica Chimica Acta 561 (2024&&19824

Duro et al Int. J. Mol. Sci. 2024, 25, 5158




Fabry disease (X-linked)
LysoGb3: A phenotype biomarker in males
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Fabry disease (X-linked)
LysoGb3: A phenotype biomarker not always informative in females

LysoGb3 plasma (nmol/L)
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In females, LysoGb3 levels did not depend on the mutation severity

In a same family LysoGb3 values
than males




Fabry disease (X-linked)

LysoGb3 in dried blood spots (DBS): correlated but less sensitive than in plasma 000
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Lyso-Gb3 in Dry Blood Spots, ngimL

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

Intemational Joumal of
Molecular Sciences

Article

Mass Spectrometry Analysis of Globotriaosylsphingosine and

Its Analogues in Dried Blood Spots

Michel Boutin %, Pamela Lavoie !, Margot Beaudon 2 Georges Kabala Ntumba ! Daniel G. Bichet 3,

Bruno Maranda ! and Christiane Auray-Blais L
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Unpublished data
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0 - R2=°'f424 ' . Fabry patients

o 20 40 e 8o 100 N=41males
® 0,5; \0«0. e © G}é Plasma LysoGb3 (nM) N=30 females
A 4 v Controls N=265

Values in DBS were well correlated with paired plasma (R? =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))

Boutin et al Int. J. Mol. Sci. 2023, 24, 3223.

(1) Polo et al Clin Chem Lab Med 2019 13




Fabry disease (X-linked)

LysoGb3: Treatment follow-up

Enzyme Replacement Therapy

EARLY-TREATMENT
Treatment started before the
age of 25y in males

LysoGh3 (nmoll)
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Fabry disease (X-linked)

LysoGb3: utility of lyso-Gb3 as a biomarker to monitor treatment response ?
However, its usefulness in monitoring the effectiveness of the treatment is debated within the literature(%- 2.3, 4)-

@ Check for updates

OPEN ACCESS

Somchai Chutipongtanate,

& frontiers | Frontiers in Medicine

Consensus recommendations for
the treatment and management of
patients with Fabry disease on
migalastat: a modified Delphi
study

Daniel G. Bichet’, Robert J. Hopkin?, Patricio Aguiar®*,
Sridhar R. Allam®%, Yin-Hsiu Chien’%, Roberto Giugliani®*°,
Staci Kallish*, Sabina Kineen®?, Olivier Lidove™*,
Dau-Ming Niu*>*¢, lacopo Olivotto¥, Juan Politei*?,

Paul Rakoski*?, Roser Torra'?, Camilla Tendel®>* and
Derralynn A. Hughes***

1. Arends M, et al ) 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.

“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,
accumulation acts
understood (2.6)

the exact mechanism by which substrate
in Fabry disease is not completely

4. Nowak A, et al ) Med Genet. (2022) 59:287-93.
6. Rozenfeld et al. Mol Genet Metab. (2017) 122:19-27.
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Fabry disease (X-linked)
LysoGb3: role in pathophysiology

Activates a signaling pathway causing

podocyte damage
Sanchez-Nino et al Hum Mol Genet 2015

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

LysoGb3 | G

Risk factor for white matter

lesions in male
Rombach et al. Biochim Biophys acta 2010

Risk factor of ventricular hypertrophy

in female
Rombach SM et al. Biochim Biophys acta 2010

Activation of calcium channels in

sensory neurons
Choi et al Nerosci Lett 2015
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Lysoglucosylceramide (LysoGb1l):
biomarker of Gaucher disease

LysoHexosylceramide

LysoGb1 i on N
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Gaucher disease

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

LysoHexCer (nmol/L)

450

400

350

300

250

200

150 = r—

100 -

50 *‘ |

== | =

Q
AN NN N AN A DN S N DN
//’L\o N \S‘//b‘ N \«"' « 0\« 0\(\’ \,\\/ﬁ' ((/"' \(\/9’ RIS

\e\ P B -(,\ & G N o 8 \Q’ oV oV T Wl (\d

KOSV R A O IR S I S N
& @ (er‘a AN RS \Qp AN AN C\ &
& e @ PR RN NN 2%
0F O Lo © e o cd
< N o N &

< ° W

* * Treated by SRT

Pettazzoni et al. PLoS One. 2017

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
etal 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)

] -
-:;‘“;"j)('i'.*\’ a

Elevated plasma glucosylsphingosine in Gaucher disease: relation to phenotype,
storage cell markers, and therapeutic response

Nick Dekker,! Laura van Dussen,? Carla E. M. Hollak,2 Herman Overkleeft,® Saskia Scheij,! Karen Ghauharali,!
Mariélle J. van Breemen,! Maria J. Ferraz," Johanna E. M. Groener,! Mario Maas,* Frits A. Wijburg,® Dave Speijer,’
Anna Tylki-Szymanska,® Pramod K. Mistry,” Rolf G. Boot,! and Johannes M. Aerts'
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Gaucher disease

Reliable response biomarker (ERT or SRT)
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Gaucher disease

LysoGb1: correlated with visceral and haematological pa
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Figure 1. (A) Correlation analysis between lyso-Gb1 levels and the platelet count in treated (hollow
dots, dotted line) and untreated children (full dots, continuous line). (B) Correlation analysis between
lyso-Gb1 levels and the hemoglobin level in treated (hollow dots, dotted line) and untreated children
(full dots, continuous line).
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NOT correlated with skeletal disease (17)
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But decreased levels of LysoGb1 correlated with decreased
probability of avascular osteonecrosis (4
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Gaucher disease
LysoGb1 in Dried blood spots: good correlation with plasma but less sensitive | @ @ @
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LysoGb1 in DBS: First tier analysis for diagnosis
Combined with GBA gene analysis for diagnosis confirmation

International Journal of (\
Molecular Sciences szy

Article
Gaucher Disease Diagnosis Using Lyso-Gb1 on Dry Blood Spot
Samples: Time to Change the Paradigm?

Tama Dinur !, Peter Bauer 2, Christian Beetz 2%, Guido Kramp 2, Claudia Cozma 2, Marius-Tonut Iurascu z

Michal Becker-Cohen !, Majdolen Istaiti ', Arndt Rolfs 24, Ari Zimran ' and Shoshana Revel-Vilk 1.5+

Dinur et al. Int J Mol Sci. 2022 21



Gaucher disease

LysoGb1 levels in plasma as a treatment
decision criteria

International Journal of K\
Molecular Sciences M D\Py
Article

Contribution of Glucosylsphingosine (Lyso-Gb1) to Treatment
Decisions in Patients with Gaucher Disease

Tama Dinur !, Peter Bauer 2, Christian Beetz 2", Claudia Cozma ?, Michal Becker-Cohen !, Majdolen Istaiti 177,
Arndt Rolfs >34, Volha Skrahina 2%, Ari Zimran *** and Shoshana Revel-Vilk 1-5*(

Table 4. Suggested updated criteria for initiation of Gaucher disease-specific treatment.

Israeli Ministry of Health Criteria for

Imiglucerase, 1998 [26] Suggested Updated Criteria for ERT/SRT

. A family history in a sibling with a rapid

. 3 3 *
acceleration in the course of the disease. Ve sproptomtic Drw

e Age of onset of signs or symptoms of the

disease below 5 years of age Age is not a criterion by itself

e  Atany age, enlargement of the spleen and
liver is accompanied by signs of
hypersplenism, abnormal liver function
tests, or other complications

Stays as is

e  Hypersplenism expressed as serious
pancytopenia: hemoglobin below 9 g%,
white count below 3000/mm?, platelet
count of 50,000/ mm? or less, in
consecutive blood tests during a
three-month approximated

Gaucher-related significant, symptomatic
cytopenia and /or bleeding disorder,
irrespective of lyso-Gbl1 levels

¢  Symptomatic anemia which is not the
result of iron deficiency or due to other
causes unrelated to Gaucher disease, or
thrombocytopenia with a tendency to
bleeding, or a consistently decreasing
platelet count.

Redundant

Dinur et al Int J Mol Sci 2023
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Figure 1. Fightyear follow-up on lyso-Gbl levels in patients with GD1 (left pancl) an
GD3 (right panel), depicting raw data, with every trajectory corresponding to a patient.
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Lysoglucosylceramide (LysoGb1): role in pathophysiology

Causes hemolysis

Taketomi et al. Biochim Biophys acta 1976

Promotes B lymphoma,

Multiple Myeloma
Pavlova et al. J Pathol 2015 ;
Nair et al N Engl J Med 2016

Implicated in Osteoblastogenesis

impairment
Mistry et al. Proc Natl Acad Sci USA 2014

M

Causes tissue Inflammation

odifies calcium homeostasis

Lloyd-Evans et al. Biochem J 2003

Promotes pathological aggregation of

a synuclein
Taguchi et al. The Journal Of Neuroscience 2017

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

Schueler et al. Neurobiol Dis 2013

and play a role in development of

peripheral signs
Lukas et al. IIMS 2017
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Acid SphingoMyelinase Deficiency (ASMD — Niemann-Pick A, AB and B)
LysoSM and LysoSM509 increase allows orientation to ASMD
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* Some patients are treated

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)

100+

LysoSM LysoSM509/
PPCS
b 10+
.-i-- e s -t =
==l s
0.1+ . g -
_— [}
s g
£ v [
s " &
,§ 0.01 g
5 1
3014
0.001
01 T T T T L} T T 0.01 T T T L] Ll T Ll
& L QQ @ L q“p ® -é\e i 2 @ ® fo“o La
& & ,(06‘"\ ¥ “:ﬁ' & ® *063’ ¥ ;;‘ &
& &
= DBS | — 10000 | Paired plasma
S ! = :
: | 3 | Y
100.0
2 c o = | e® o®0%
e '® o |
Y T 2 100 e oo
> k I
wn @ 1 ! [ _J
[e] o 1.0 |
@ . @ O — 4 ———
2 l ~ l
0.0 : 0.1 |
0.00 0.00 0.00 0.01 0.10 0.0 0.1 1.0 10.0

LysoSM (nmol/L)

Not correlated with plasma (data not shown)
LysoSM and LSM509 always elevated in untreated ASMD patients (n=11)

Better discrimination in plasma than DBS between controls and ASMD patients
(in good accordance with Polo et al 2019)

@ ASMD (not treated) LysoSM (nmol/L)
@® ASMD (treated)

® NPC

25

HeL

Results LYON
France
Unpublished
data




Acid SphingoMyelinase Deficiency (ASMD — Niemann-Pick A, AB and B)

LysoSM in plasma correlates with clinical subtype and severity
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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
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LysoSM as a biomarker of treatment follow-up (ERT)
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Conclusion

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

v’ 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
v In connection with pathophysiology

N NRNEN

T (3]

* Lysosphingolipid measurement in DBS

v Second-tier test after enzymatic studies in the same DBS sample (routin diagnosis or newborn
screening programs)

v" Might be the first diagnostic step (Gaucher disease) BUT less sensitive than plasma:

00 Normal values should be interpreted with caution (false negative results in mild clinical forms?)

v" 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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