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The wonders of nature!




MQ‘ Monoclonal antibodies (mAbs)
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| mAbs have become a core aspect of the
pharmaceutical industry

' Together with a huge therapeutic potential
comes an equally great structural
complexity

' mAbs are large (+ 150,000 ba) and

heterogeneous (result of biosynthetic process and
subsequent manufacturing and storage)
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m‘ Unsurpassed resolution offered by comprehensive 2D-LC
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| RPLC x RPLC peptide map of trastuzumab (Herceptin)
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heart-cutting 2D-LC

Making first dimension MS compatible through multiple

Main
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Multi-attribute analysis of mAbs using 3D-LC-MS with
’D multi-method option

2D SEC

Size variants

1D Protein A 2D CEX

3D SEC-MS

mAb titer Charge variants MW

AA sequence

Cell culture 2D HIC PTM
supernatants )

Hydrophobic
variants

Host cell material

7].0%
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m‘ 3D-LC-MS with 2D multi-method option
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Verscheure L. et al. Anal. Chem.
94 (2022) 6502-6511
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3D-LC-MS with 2D multi-method option —
Tocilizumab clone selection
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m‘ Locating mutation by RPLC X RPLC-MS
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Tocilizumab originator (RoActemra)

2p RPLC

2p, RPLC

Clone C

2p, RPLC
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APa  £ynctional ELISA
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EC50 relative to

Sample EC50, nM Actemra
Actemra 0.032 NA
Clone A 0.033 103%
Clone B 0.032 100%
Clone C 0.119 441%
Clone D 0.030 111%
°| Actemra
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" : Clone D
2
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m‘ MD-LC-MS — implementing on-line reduction and digestion
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Ao,

MD-LC-MS of Trastuzumab
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mAU 1 D C E x 25cm x 2.1 mm x 5 uym Agilent Bio-mAb
800 | Temp: 30°C Flow: 200 uL/min
UV: 220 nm
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600 MPA: 10 mM phos pH 7.65
MPB: 10 mM phos pH 7.65, 100 mM NaCl
5-70%B, 0-36 min
400
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200" (Herceptin)
] 150 x 2.1 mm x 2.7 pm AdvanceBio
N& Peptide Map
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‘ ‘ ‘ ‘ ‘ ‘ iy MPA: 0.1% formic acid
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digestion
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MD-LC-MS of Trastuzumab
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m MD-LC-MS with D multi method option and parallel middle-up
A" N

v’, and bottom-up analysis

Verscheure L. et al., J. Chrom. A
1726 (2024) 464947
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MD-LC-MS with D multi method option and parallel middle-up
and bottom-up analysis
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AP eyt generation MD-LC-MS of therapeutic Fc fragment
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m‘ FcRn affinity chromatography-native MS

v’,
| Therapeutic Fc fragment binds FcRn thereby blocking 1gG recycling and increasing IgG
clearance (including disease-causing autoantibodies)

FcRn affinity column 1 mL (Roche)
Flow: 0.2 ml/min

Buffer A: 150 mM NH,OAc pH 5.5
20 ":e:ze';cn‘: slzmp'e Buffer B: 150 mM NH,OAc pH 8.9
ged samp Gradient 20%B 0-10 min, 20-100%B 10-25 min
" Detection: UV 280 nm and Q-TOF
15
707 53931.1 d
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Response Units vs. Acquisition Time (min) gg
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A, 2D-CEX-FCRN-MS
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| Fully automated system to study FcRn binding of charge variants

E Multiple Heart-Cutting Valve j

[ Diverter Valve ]

= - - © -
.

Verscheure L. et al. Anal. Chem. Denaturin g Solvent
96 (2024) 18122-18131
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A D _CEX-FCRN-MS

mAU| Reference UV 280 nm MAbPac SCX-10, 2 x 250 mm (ThermoFisher Scientific)

1
501 Flow: 0.15 mL/min
Buffer A: 20 mM MES pH 5.8
401 Buffer B: 20 mM MES pH 5.8 + 300 mM NaCl
30- Gradient 15%B 0-1 min, 15-43%B 1-67 min
Load: 50 ug
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A D _CEX-FCRN-MS

501 Forced oxidation
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AV

Unstressed
Oxidized

2D-CEX-FcRn-MS

FcRn affinity |

1 basic

25

Unstressed
Peak 1
Oxidized
Peak 1
Peak 2
Peak 3
Peak 4

min
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[ MD-LC-MS with D CEX and parallel middle-up and bottom-
a

v’,‘ up analysis

| MD-LC-MS provides next level of structural detail

= Bottom-up LC-MS: identification of oxidation sites

= Middle-up LC-MS: reveals if one or both HCs are oxidized in case of multiple oxidation events

[ Multiple Heart-Cutting Valve ]

Middle-up MS
2
Desalting/Reduction Call) rtI:ilziLgce '
[ Diverter Valve ]
O 2D Quaterna
/—\ o MS Mode
Selection Valve @. @ » -

DECKET Lo g o - » &
> O hd
1D Eluent - Bottom-up MS
Waste
¥
R - < - [ ~
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AV

Peak identification and
structure/function assessment
is based on:

Intact MS data acquired with
the 2D-CEX-FcRn-MS set-up

Bottom-up and middle-up MS
data acquired with the MD-
LC-MS set-up

Retention time differences in
2D FcRn

"’,“ RIC biologics

2D-CEX-FcRn-MS and mD-LC-MS
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501 Forced oxidation
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APa Ranking based on 2D-CEX-FcRn-MS and MD-LC-MS

7

Ranking of oxidized (charge) variants

Oxidation of HC M253 and M429 has an impact on FcRn binding with more impact of M253

Oxidation of both HC has a bigger impact on FcRn binding compared to single chain oxidation

Binding affinity according to 2D FcRn RRT

0.90 0.88
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