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Structure, heterogeneity & developability assessment 

of therapeutic Abs, fusion proteins & ADCs

Overview of 2020 papers Mass Spec-network (+20):

• LC and 2D-LC-MS (CEX, HIC, HILIC)

• CE-MS (online)/ nrCE-SDS + MS (offline)

• Collision Induced Unfolding (CIU), SEC-CIU

• Host Cell Proteins MS workflow optimization

• Collaborative papers (Top Dow Sequenc., GlycoNIST)

• Fc-fusion proteins & peptides analytics

• ADCs landscape & analytics
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Non-denaturing (2D-)LC-MS: IEX, SEC, HIC-MS 
(JPBA 2020)

• S. Fekete, D. Guillarme et al
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CEX optimization: column + eluant (JCA 2020)

• S. Fekete,

• D. Guillarme



p 5Festival of Biologics/ EAC (Virtual) - Nov 3, 2020 - Alain Beck, PhD

Capillary Electrophoreris + MS (CE-MS) (JPBA 2020)

• Adalimumab

• Natalizumab

• Nivolumab

• Infliximab

• Palivizumab

• Rituximab

• Trastuzumab

• Y. François et al
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nrCE-SDS: 26 mAbs + 2 ADCs FDA appr. (JPBA 2020)

• Ch, Hz, Hu IgGs

• CHO, NS0, SP2/0

• IgG1, 2, 2/4, 4wt, 4stab

• Glyco-engineered

• A-glycosylated

• Kappa & lambda LC

• Partially reduced IgGs

• Biosimilars

• Hinge Cys & Lys ADCs

• NISTmab
• Standard nrCE-SDS conditions

• Specification for H2L2 species ?
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nrCE-SDS IgG profiles: partially reduced profiles

• nrCE-SDS partially reduced IgG profile

(denaturing conditions)

• “H2L2” in native conditions (SEC, CEX…)

• Functionally active (ELISA, FcgR, FcRn…)

• Wagner E, Beck A et al, JPBA 2020
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nrCE-SDS profiles: Adcetris vs Kadcyla

• Kadcyla: Lys-conjugated ADC

• nrCE-SDS comparable to trastuzumab

• Adcetris: Hinge LCys-conjugated ADC, 

• nr CE-SDS “partially reduced profile”

• “H2L2” in native conditions (SEC, native MS)

• “ Functional” test OK (ELISA, FcgR, FcRn…)
• Wagner E, Beck A et al, JPBA 2020
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nrCE-SDS profiles (H2L2): FDA approved IgGs

• Wagner E, Beck A et al, JPBA 2020

• Standard nrCE-SDS conditions: H2L2 > 90/95% excepted for belimumab and avelumab

>90%
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nrCE-SDS : hIg1Gkappa vs lambda 

• Wagner E, Beck A et al, JPBA 2020

• Terminal Ser in lamda light 

chains have a significant 

impact on the stability of the 

interchain L-H binding

• This bond weaker than the 

disulfide bond of the 

interchain H-H binding

• Application of generic nrCE-

SDS method for the analysis 

of huIgG1 lambda may be 

biased by the sample 

preparation step (denaturation 

step at 70◦C for 10 min)

• Require further optimization 

to be successfully applied to 

this peculiar subclass
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Member of EDQM MAB working group (2017-22)*

*EDQM (PhEur) +
• European National Competent Authorities (eg ANSM, PEI…)
• Australia, Canada, South Korea, Taiwan…
• AstraZeneca, Lilly, Lonza, Merck, Novartis, Pierre Fabre, Sanofi, UCB

• aTNF
• Functional

tests
(Fab/Fc)

• SEC
• cIEF
• CE-SDS
• CZE

https://www.ema.europa.eu/en/partners-networks/eu-partners/eu-member-states/national-competent-authorities-human



p 12Festival of Biologics/ EAC (Virtual) - Nov 3, 2020 - Alain Beck, PhD

HzIgG1, 2 & 4 subtypes (Structural Bio 2020)
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Middle-level-IM-MS & CIU (Anal Chem 2020)

• O. Hernandez-Alba, 

• S. Cianférani et al
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SEC-CIU: workflow automation (Anal Chem 2020)

• E. Desligniere, S. Cianférani
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Optimized workflow for MS quantification of 
Host Cell Proteins (HCPs) (JPR 2020)

m/z

Intensity

Time

Confident and Untargeted HCP 

Identification and Quantification

Accurate HCP 

Quantification

In-solution digestion 

with Trypsin/Lys-C 

enzymes

Deep HCP 

Profiling

In-gel digestion 

with Trypsin/Lys-C 

enzymes

Data-Independent 

Acquisition

Spectral library-free

• Adalimumab

• Bevacizumab

• Nivolumab

• Trastuzumab

• NISTmAb

• C. Carapito
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HCP identification in antibody Drug Products
(Data Dependent vs Independant Acquisition)

Few 10s of identified HCP protein groups

*Data Iindependant
Acquisition allows 

identifying more HCP
≈ 75% more peptides

≈ 20% more protein groups

Identification only

HC

LC

Semi-
fractionation

• Pythoud N, Bons J, Mijola G, Beck A, Cianferani S, Carapito C, JPR 2020
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HCP quantification in antibody Drug Products

≈10 quantified HCP

Quantification numbers Global HCP amount (ppm)

HCP global amount ≈ 100 ppm

Optimized liquid digestion 
(OLD) coupled to spectral 

library-free DIA is more suited 
for fine HCP monitoring

• Pythoud N, Bons J, Mijola G, Beck A, Cianferani S, Carapito C, JPR 2020
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Interlaboratory Study for Characterizing mAbs by Top-Down 

and Middle-Down Mass Spec (JASMS 2020)

• Y. Tsybin et al
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NISTmAb – Glyco-NIST collab. Study (MCP 2020)

• Leoz L, Duewer D, Beck A & 100+ scientists. Mol Cell Proteomics 2020
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Therapeutic Fc-fusion proteins
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Therapeutic Fc-fusion proteins: current analytical
strategies (JSS 2020)

• Duivelshof B, Beck A, Guillarme D, D’Atri V et al, 2020

• V. D’Atri 

et al
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ADC Landscape (Pharmaceuticals 2020)

Open access: https://www.mdpi.com/1424-8247/13/9/245/pdf

• 9 ADC vs 2 BsAbs FDA approv.

• Mature class of oncology drugs
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IGFR-1 ADC: W0101 (MCT 2020)

PhI/II trial

NCT03316638

Solid tumors
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ADCs: Methods & Protocols (N. Thumey, MiMB 2020)
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GlyGLICK ADCs (Genovis): HILIC-MS (Anal Chem 2020)

V. D’Atri,

D. Guillarme

& coll.
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Cutting-edge analytical & structural network: 

antibody-based drugs (2005-20: +220 papers*, +180 talks)**

Associate Editor MAB Working Party Chairman COSSF

2010-13

** Open research & innovation* IF51, +11,000 citations

http://www.thermo.com/
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alain.beck@pierre-fabre.com

Thank you for your attention
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mAbs: 2009-2020 (Open access)

2019 Impact Factor: 4.634

www.tandfonline.com/toc/kmab20/current


