Analysis of urinary GAGs: Evaluation of results
from the MPS-scheme

s it time to evaluate your GAG-methodology?
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EQA schemes ERNDIM
S0

Quantitative schemes

Qualitative schemes

Amino acids (serum) Amino Acids Interpretation

Acylcarnitines (serum) Diagnostic Proficiency Testing (urine)

Organic acids (urine) Organic acids (urine)

Purines-Pyrimidines (urine) Acylcarnitines (DBS)

Special Assays Serum Mucopolysaccharides (urine) -
Special Assays Urine CDG (serum)

Special Assays DBS

Hybrid schemes Interpretation scoring

Lysosomal enzymes (Fib) Yes
Cystine (WBC) Yes
Pterins (urine) Yes

2018: 15 EQA schemes, 1788 scheme registrations
Neurotransmitters (CSF) Yes 2023: 17 EQA schemes, 2165 scheme registrations (+21%)
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Quantitative test: GAG-subtyping:
* 1,9-dimethylmethylene blue (DMB) * 1D-electrophoresis (discontinuous)
 AlcianBlue e 2D-electrophoresis
« Carbazole * Capillary Zone Electrophoresis
e Cetylpyridinium chloride (CPC) turbidity  HPLC
* Harmine testing « TLC
* HPLC * Mass-spectrometry

* Mass-spectrometry .




ERNDIM UMPS scheme: GAG-analysis

Quantitative GAGs (2017)

Not specified,

14%

LC-MS/MS , 4%

CPC-turbidity, _— |

3% (T

Harmine, 2%7 .

Alcian Blue, 8%

y ___DMB, 69%

n=100
Quantitative GAGs (2023)

Not specified,

18% \

LC-MS/MS, 6%

_\\
CPC-turbidity, .

2%

Harmine, 2%_/
Alcian Blue, 6%/

\ DMB, 65%

LC-MS/MS, 11% -

2D

GAG-subtyping (2017)

Not specified,
10% _\
TLC,

electrophoresis,—/>

8%

Not specified,

LC-MS/MS, 19% _

2D-

electrophoresis,_/
9%

GAG-subtyping (2023)

\

9% __TLC, 15%

‘ee{xrophoress;

i

18%

1D-

electrophoresis,

54%

1D
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n=100
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ERNDIM UMPS scheme: GAG-analysis
S0

Quantitative GAGs (2017) GAG-subtyping (2017)

. Not speufled
Not specified, 10%

19%
Y | N

TLC, 18%

LC-MS/MS, 11%__-

Most labs use DMB-method for quantitative GAG-analysis (65 %) and
1D-electrophoresis for GAG-subtyping (48%)

___DMB, 69%
Iectrophore5|s
Alcian Blue, 8% 24%

n =100 n =100

Certain consumables are no longer available
(DMB, cellulose-acetate membranes)

LC-MS/MS, 6% ~

CPC-turbidity,

29 f’
Harmine, 2%_/
Alcian Blue, 6%/

LC-MS/MS, 19% . "
\\_ DMB, 65% electrophoresw J ' electrophore5|s,
48%

n=283 n=283
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GAG-analysis by mass-spectrometry
S0

» Chemical degradation (methanolysis)
- Zhang etal., Clinical Chemistry, 57, 1005-1012, 2011
- Zhang et al., Molecular Genetics and Metabolism, 114: 123-128, 2015 Com plex GAGs
- Auray-Blais et al., Analytica Chimica Acta, 936, 139-148, 2016

» Enzymatic degradation
- Langereis et al., Plos One 10, e0138622, 2015
-  Kubashi et al., Molecular Genetics and Metabolism, 120, 247-254, 2017

» Chemical and Enzymatic degradation (combined)
- Mathis etal., JIMD Reports, 65:116-123, 2024

» GAG-substrate analysis

- Lawrence et al., Nature Chemical Biology, 8:197-204, 2012 MonO/disaccha rides
- Saville et al. Genetics in Medicine, 21:753-757, 2019
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Participants that use MS-technology for GAG-analysis M

2017 2023

m Chemical GAG hydrolysis
{(methanolysis)

B Chemical GAG hydrolysis
{methanolysis)

B Enzymatic GAG hydrolysis B Enzymatic GAG hydrolysis

m Methanolysis combined with
enzymatic GAG hydrolysis

B Methanolysis combined with
enzymatic GAG hydrolysis

' GAG-substrate analysis GAG-substrate analysis

(n=11, 11/100) (n=16, 16/83)

Labs that use MS-technology for GAG-analysis (19.7%, 2023)



Diagnosis of defects in GAG-metabolism:
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Comparative Study > Hum Mol Genet. 2017 Jan 1;26(1):173-183. doi: 10.1093/hmg/ddw377. Case Reports > Clin Genet. 2021 Sep;100(3):308-317. doi: 10.1111/cge.14002. Epub 2021 Jun 4.
Mutation in VPS33A affects metabolism of Homozygous missense VPS16 variant is associated
glycosaminoglycans: a new type of with a novel disease, resembling
mucopolysaccharidosis with severe systemic mucopolysaccharidosis-plus syndrome in two
symptoms siblings
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Affiliations + expand PMID: 34013567 DOI: 10.1111/cge.14002
PMID: 28013294 DOI: 10.1093/hmg/ddw377

> J Med Genet. 2022 Oct;59(10):957-964. doi: 10.1136/jmedgenet-2021-108061. Epub 2021 Dec 16.

Novel subtype of mucopolysaccharidosis caused by
arylsulfatase K (ARSK) deficiency

Sarah Verheyen 1 Jasmin Blatterer 1, Michael R Speicher 1, Gandham SriLakshmi Bhavani 2,

Geert-Jan Boons * 4, Mai-Britt llse 2, Dominik Andrae 2, Jens Sprof 6 Frédéric Maxime Vaz /,
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Biomarkers for disease and therapy? M
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Metab Brain Dis (2017) 32:1403-1415
DOI 10.1007/511011-017-0009-1

@ CrossMark Clinica Chimica Acta 541 (2023) 117250

ORIGINAL ARTICLE

Contents lists available at ScienceDirect

Clinica Chimica Acta

Serum global metabolomics profiling reveals profound metabolic ELSEVIER journal homepage: www elsevier com/locate/cea

impairments in patients with MPS IIIA and MPS I1IB

Haiyan Fu'? - Aaron S. Meadows' - Ricardo J. Pineda' - Robert P. Mohney" -
Steve Stirdivant® - Douglas M. Tir]cICa.rty'*2

Untargeted LC-HRMS metabolomics reveals candidate biomarkers
for mucopolysaccharidoses

Human Molecular Genetics, 2017, Vol. 26, No. 19 3837-3849

doi: 10.1093/hmg/ddx277
Advance Access Publication Date: 19 July 2017
Original Article

ORIGINAL ARTICLE

Abnormal polyamine metabolism is unique to the
neuropathic forms of MPS: potential for biomarker
development and insight into pathogenesis

Christian Hinderer™', Nathan Katz™T, Jean-Pierre Louboutin?®, Peter Bell?,
Jakub Tolar®, Paul J. Orchard?, Troy C. Lund®, Mohamad Nayal®, Liwei Weng?,
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Review

Biomarkers for Lysosomal Storage Disorders with an
Emphasis on Mass Spectrometry

Ryuichi Mashima *, Torayuki Okuyama and Mari Ohira

Department of Clinical Laboratory Medicine, National Center for Child Health and Development, 2-10-1 Okura,
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Advantages of mass-spectrometry based techniques M
for GAG-analysis T .‘

» Mass-spectrometry can perform both quantitative GAGs and GAG-subtyping in a single run

» Mass-spectrometry is a sensitive and specific method for detecting metabolites 2 less
urine is needed for routine diagnostics

> Different GAG-species or GAG-related metabolites can be quantified
» Follow-up of high risk screening (NBS, e.g. MPS-I)

> ...
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1. Detection of metabolites
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GAG-subtyping: MPS-I(H) (M, 5 years old, circulated in 2022) m

1D-electrophoresis (n=43) 2D-electrophoresis (n=9) TLC (n=12) Mass-spectrometry (n=16)
25 8- 15- 15-
20
6_
b 5+ : :
Z Z z z .
5- 27
0- 0- 0 T 0-_— I 1
3 & S
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&
N\

Similar sample for MPS-l was circulated in 2018, 2020 and 2021
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GAG-subtyping: MPS-I(H) (M, 5 years old, circulated in 2022) M

1D-electrophoresis (n=43) Thin Layer Chromatography (n=12)

DS and HS DS and HS
W DS or HS W DS or HS
2D-electrophoresis (n=9) Mass-spectrometry (n=16)
DS and HS DS and HS or MPS-| substrate
m DS or HS W DS or HS

94%
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GAG-subtyping: MPS-I(H) (M, 5 years old, circulated in 2022) M

1D-electrophoresis (n=43) Thin Layer Chromatography (n=12)

TLC or mass-spectrometry detect DS and HS substrate more often compared to
electrophoresis

Similar conclusions are found for MPS-II (data not shown)

This suggest that for detection of DS and HS metabolites TLC or mass-
spectrometry are the best choices

\

DS and HS DS and HS or MPS-| substrate

m DS or HS W DS or HS

94%
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2. GAG-subtyping in MPS-IV
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GAG-subtyping: MPS-IVA (F, 22 years old, circulated in 2023)% S
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Mass-spectrometry (n=16)
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Similar sample for MPS-IVA was circulated in 2018, 2020 and 2021
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GAG-subtyping: MPS-IVA (F, 22 years old, circulated in 2023)%

Statistical analysis: Fisher exact test
1D-electrophoresis (n=40) Thin Layer Chromatography (n=12)

Correct Correct

55% W Incorrect W Incorrect

p<0.0055 p<0.0003

2D-electrophoresis (n=8) Mass-spectrometry (n=16)

Correct Correct

MW Incorrect M Incorrect

94%

p<0.0069
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GAG-subtyping: MPS-IVA (F, 22 years old, circulated in 2023)%

Statistical analysis: Fisher exact test
1D-electrophoresis (n=40) Thin Layer Chromatography (n=12)

Correct Correct

55% W Incorrect W Incorrect

Mass spectrometry is superior to other techniques for diagnosing MPS-IVA

2D-electrophoresis (n=8) Mass-spectrometry (n=16)

Correct Correct

MW Incorrect M Incorrect

94%

p<0.0069
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GAG-subtyping: MPS-IVB (F, 51 years old, circulated in 2022) M Celebrating

19942024
50 -
40 [
Bl Correct
| -
é 307 = Incorrect (normal)
> 20—
10-
0_
NN D B . .. N
v Statistical analysis: Fisher exact test
~(\0‘ °§<\° \$°@ 1D-electrophoresis Mass-spectrometry p=0.0091
&"Q\Q& eQe" 2D-electrophoresis Mass-spectrometry p=0.03
¥ o° & TLC Mass-spectrometry p=0.04
R N



GAG-subtyping: MPS-IVB (F, 51 years old, circulated in 2022) M Celebrating
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50—
407 Bl Correct
g 30 =3 Incorrect (normal)
> 20-

Mass spectrometry is superior to other techniques for diagnosing MPS-IVA + B

L& Statistical analysis: Fisher exact test
&
@é\% o&e‘ &\’0 é"d .
N oéo .&’@ 1D-electrophoresis Mass-spectrometry p=0.0091
&"Q\Q& eQe" 2D-electrophoresis Mass-spectrometry p=0.03
oe,\e’ o° 090' TLC Mass-spectrometry p=0.04
NV \J



ERNDIM UMPS scheme
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3. Analytical Performance
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Analytical Performance: (Quantitative GAGs and GAG-subtyping)

2022 (n=6)

100 —

Scoring criteria:

GAGs quantitative : 1 mark, GAG-subtyping : 1 mark

100

(%)

50

2023 (n=6)

2022: A: Control, B: MPS-I, C: MPS-I1l, D: MPS-IVB, E: Control, F: MPS-III
2023: A: MPS-IVA, B: MPS-I, C: MPS-IIl, D: MPS-|, E: Control, F: MPS-II

Not included: MPS-VI, MPS-VII

100

(%)

Celebrating
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2022-2023 (n=12)

* = p<0.05
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Considerations for evaluation of GAG-methodology
» Mass-spectrometry performs both quantitative GAGs and GAG subtyping in a single experiment

» Labspecialists should be aware of the limited availability of consumables
(DMB, cellulose-acetate membranes)in certain countries

» Mass-spectrometry can have an added value for diagnosis of IEM with mild
disturbances in GAG-metabolism

» Mass-spectrometry detect more metabolites than conventional methods, metabolites that
are relevant for diagnosis

» Mass-spectrometry is superior to other techniques for diagnosing MPS-IVA and MPS-IVB
(GAG-subtyping)

» Analytical Performance is better for mass-spectrometry compared with 1D-electrophoresis
(2022-2023)
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