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Protein Biomarkers, not just abundance.

Individual with only normal Individual with normal and
biomarker proteins indicative abnormal biomarker proteins
of good health. indicative of disease.

Proteins whose
PRESENCE, ABSENCE, MODIFICATION (PTM, Mutation, variants: proteoforms)
indicate an abnormal biological process.




Protein Biomarkers research relies on cohorts analysis

Proteomics is the large-scale* study of proteins and proteoforms

COVERAGE

Clinical Proteomics is the large-scale study of proteins in a large™ cohort

SCALE

*Proteome as comprehensive as needed (depending on disease)
**Cohort as large as needed to be representative & allow stratification



Proteomics is an umbrella term

Proteomics

COVERAGE
&
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Pros & cons of proteomics approaches

Proteomics
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Combine unbiased vs targeted for discovery and validation
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Recent improvements of MS-based proteomics
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Clinical samples present additional challenges in LC-MSMS

ZMS @

HEC{ENT IMPHOYEMENTS  \,

Clinical samples

Plasma/serum

Biopsies

>

Primary cells/ B ’.'\ \,
organoids \/ \ \\
f r.--—-—n_._‘_“__ lb
Pre-analytical ‘: : ion
- : | ! - hu
i

time traces
e — :

f L | 1 | \/ s scans)

= {'r’m'f? P precursor . M/z

S fragment

COVERAGE : : :
Automation LC: Fast gradients MS: DIA! Data analysis:

& =>from 12-24 =>from 12SPD to x2.5 coverage IA for DIA

SCALE to 96 & 384 plates per day 40&120 SPD ++ repeatability



Case studies : what can LC MSMS proteomics achieve?

PLASMA &
SKIN BIOPSY deepPLASMA
“ F’
i
NS o
Pachyonychia Epidermide Bullosa-
congenita (PC) Infection (EBRD) &

Becker Myodistrophy (BMD)
v’ The challenges

v’ The optimization
v’ The results



The challenge. Protein extraction from skin.

Sara Ceccacci
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Challenge in tissue lysis and protein extraction due

to the abundance of structural proteins (keratins,
collagens)
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The optimization. Skin Proteomics Workflow
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Pachyonychia Congenita:
pushing the coverage to understand and cure

/ Treatments \

Pachyonychia congenita

Callus shaving and Statins

Autosomal recessive, keratolytics

Inheritance e Controversial
prevalence 1/1000 000 Palliatives response

Genotype mutations on one of 5 Keratins

Phenotype Painful palmoplantar keratoderma Oral painkillers, anti- Notable " EGER inhibitor

inflammatory side effects

Painful (erlotinib)
drug delivery

Botulinum o
) mTOR inhibitor
toxin

small inhibitory (sirolinum)
K RNAs (siRNAs) /

AlM
Elucidate pathogenic mechanisms —> refine treatment
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Global proteomics of skin tissues from 10 PC patients

10 PC patients

Non-lesional (NL)
2 mm SF skin biopsy
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Global proteomics of skin tissues from 10 PC patients

Sara Ceccacci
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B 70 candidates in common with
a previous transcriptomics study *
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Upregulated proteins in PC lesional samples

Sara Ceccacci
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Optimization of deepPhosphoproteomics of the skin biopsy
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I“ EGFR pathway overactivation & keratins hyperphosphorylation

Upregulated phosphosites
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I Refined PC pathogenic mechanism

Sara Ceccacci
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I“ Conclusions on part |

® SCALE (24 SPD) and COVERAGE (+7000 protein +4000 phosphosites) from full-thickness

miniaturized 2 mm skin biopsies;

® UNBIASED LC MSMS : We confirmed pathway alterations reported in murine models of the

disease in PC patients :

® New potential targets identified : informed drug repurposing

26



Case studies : what can LC MSMS proteomics achieve?

SKIN BIOPSY

Pachyonychia
congenita (PC)

PLASMA &
deepPLASMA

o

Epidermolysis Bullosa-
Infection (EBRD) &
Becker Myodistrophy (BMD)

Very
challenging
samples.
WHY??



Challenge 1. Analytical: proteins dynamic range in biofluids

Plasma protein concentration ranking plot
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Challenge 1. Analytical: proteins dynamic range in biofluids

Biopsy Neat plasma

8 8 8
S S S
3 3 5 - :
= = = A =
] ] H wgs_ = lulu
o o C 3 3
2 2 ] =
£ £ £ ‘ ‘
] [¢] ] Ve
5 4 5 4 5 4
§ § g Patients biofluids
= NOTCH3 = =

2 v 2 2

0 2500 5000 7500 10000 0 2500 5000 7500 10000 0 2500 5000 7500 10000
Rank Abundance Rank Abundance Rank Abundance

v" In LC-MSMS we see the top 4 -5 logs (most
abundant proteins)

=> very limited coverage in plasma



Challenge 2. Biological: interpersonal variability
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i v Interpersonal variability is huge

= More variability requires more samples
(especially for small differences!)
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= It adds on pre-analytical, induced variability

Metatla et al, Clinical proteomics 2024



Our optimizations for plasma analysis

|

> Neat plasma: limited COVERAGE can be enough

~~ Plasma derived EVs: specific subset of plasma proteins

> Plasma enrichment: when higher COVERAGE is necessary



Our optimizations for plasma analysis

> Neat plasma: limited COVERAGE can be enough

.~ Plasma derived EVs: specific subset of plasma proteins

> Plasma enrichment: when higher COVERAGE is necessary



Our optimization for higher coverage in neat plasma
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Severity driven by S. aureus strain : precision microbiology
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Severity driven by S. aureus strain : precision micriobiology
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Our optimizations for plasma analysis

— > Neat plasma: limited COVERAGE can be enough

~ Plasma derived EVs: specific subset of plasma proteins

> Plasma enrichment: when higher COVERAGE is necessary



Trick to get higher coverage: exosomes coprecipitation
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Our optimizations for plasma analysis

— > Neat plasma: limited COVERAGE can be enough

> Plasma derived EVs: specific subset of plasma proteins

> Plasma enrichment: when higher COVERAGE is necessary
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From 700 to 3350 proteins quantified on average per sample
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Tissue leakage proteins identified after enrichment
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I“ Conclusions on plasma

® COVERAGE is achievable today, although the proteoforms are yet to be explored on a “large scale”

® SCALE is improved fro neat plasma, but not yet for enrichment and EVs prep

® UNBIASED LC MSMS allows to see a lot, but can be complemented by immunobased targeted

methods

It is the END OF THE BEGINNING in clinical proteomics for biomarkers research.
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2. LC separation time has a high impact on PG IDs
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3b. DIA Data analysis: EV-boost
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3b. Plasma proteome contains soluble proteins and EVs

PG IDs
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Most EV markers were found in EVs
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EV fraction is a repertoire of all plasma proteins!
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What is inside « neat plasma »?
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Clever trick to get closer to a liquid biopsy: exosomes

Exosomes markers & Renal Intracellular proteins
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PG IDs
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directly in urines

Urinary Tumour DNA
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RNA (U-miRNA) Y Y

2
3
2
1 CD9; C63;
1 CD81
1
1
1
8
6
4
- 1,
!@1

trypsin
Digestion

nanolLC-MS/MS
analysis

Adapted from New Perspectives on the Role of Liquid Biopsy in Bladder Cancer: Applicability to
Precision Medicine, Cancers 2024

Total urine is directly a liquid biopsy!

Jung et al; In preparation



Evolution of speed and coverage of urinary proteomics

2024
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3/4000 Exosomes + Soluble Proteins

T Coverage
Speed l
@

2014 HEES
! | ’! 4 MONTHS
° 1500 Soluble Proteins

12 MONTHS
1000 Exosomes Proteins




Ongoing study on cohort of 184 samples: rare ciliopathies

Proteins quantified in each urine sample

i

D CNB CNA B C
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>:j

184 Urine w Differential proteins quantified in « disease A » vs controls

Collection over 4 years

Y CNA A A .. B A
Rare nephropathies e o
A*,B*,C L R ot
*ciliopathies o "‘-;! ’Ef i
Controls qi:;' JJJJJ _“”c - "'__‘
CNA, CNB, CN HEALTHY 7] o ‘;-'" . "2?"

Strong signature for A
(compared to any control !)



Proteomics recent technlogical advances:

Metatla et al. Clinical Proteomics (2024) 21:22
https://dol.org/10.1186/512014-024-09477-6

Clinical Proteomics

2024

: : ®
Neat plasma proteomics: getting the best ==
out of the worst

Ines Metatla'!, Kevin Roger', Cerina Chhuen', Sara Ceccacci’, Manuel Chapelle?, Pierre-Olivier Schrit?,
Vadim Demichev® and Ida Chiara Guerrera’ > Acta Neuropathol. 2024 Mar 11;147(1):52. doi: 10.1007/s00401-024-02706-0.

2024

Comprehensive proteomics of CSF, plasma, and
urine identify DDC and other biomarkers of early

Parkinson's disease
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Jarod Rutledge ' 2, Benoit Lehallier 3, Pardis Zarifkar 3 4, Patricia Moran Losada ® 2,
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15 16 17
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Longitudinal plasma proteomic analysis of 1117
hospitalized patients with COVID-19 identifies features
associated with severity and outcomes

Arthur Viode't, Kinga K. Smolen®>t, Patrick van Zalm"%*, David Stevenson Meenakshi Jha',
Kenneth Parker', IMPACC Networks, Ofer Levy>*5, Judith A. Steen Hanno Steen1 23.7%

e Journal of Proteomics
ELSEVIER Volume 321, 30 October 2025, 105519

o - 2025
Mining the plasma proteome: Evaluation of
enrichment methods for depth and
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MS-Based Proteomics of Body Fluids: The End of the
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I“ Upregulated proteins in PC lesional samples
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I“ Upregulated proteins in PC lesional samples
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PC Phosphoproteomics Analysis
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I“ PhosR analysis of upregulated phosphosites

Upregulated phosphosites

Top 3 phosphosite(s) for each kinase
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Upregulated proteins in PC lesional samples
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It’s more about enrichment than depletion

Relative raw intensity
of Albumin per sample (%)
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Plasma EV come mostly from platelets

EV origin in plasma Platelet EV
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(of which 50% platelets!) _ _
. . . B UP in Evs (626 proteins)
EV-origin: Enumerating the tissue-cellular origin of circulating extracellular

vesicles using exLR profile. UP in Platelets (1329 proteins)
Computational and Structural Biotechnology Journal 18, 2020



EV assessement in all the enrichments
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¢ Abundant platelets proteins (TOP100) are still high ranking after enrichment

R/

+* Enrichment methods also enrich low abundance platelet proteins (BOTTOM 100)
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