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1. mAb CQA Characterization
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3. Online IEX-MS: Considerations for Method Development
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Quality Attributes to Consider — Waters
Biotherapeutic Monoclonal Antibodies (mAb) THE SCIENCE DF WHAT'S POSSIBLES
Functional characteristics Physico-chemical characteristics
0 N-terminal heterogeneity
-\(\6\ pyroglutamate formation
- e(\‘0 Other modifications
(&\0.'
o AA modifications
Fabes deamidation, oxidation, glycation,
isomerization
K Fragmentation
= Cleavage in hinge region, Asp-Pro
Oligosaccharides
Fucosylation, sialyation, galactosylation...
FCui
Effector functions Disulfide bonds
complement interaction Free thiols, disulfide shuffling, thioether
Fc recepter interaction

C-terminal heterogeneity
Lysine processing, proline amidation
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Reverse Phase vs lon Exchange Chromatography

Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Reverse Phase (RP) Ion Exchange (IEX)

Separation Based On... Hydrophobicity

Protein Surface Charge

Conditions Denaturing Native
+ Deamidation

Common Variants « Oxidation + Sialic acid & other N-glycan variants

Separated « Clipping (LMW) « C-terminal lysine variants
« Sulfation/phosphorylation

Advantages Easy MS-compatibility Abl!lty to collect fractions and test functionality of
variants

: ZI:I::%? sdees;rrgzg gc:gg%:{;gnfu/nctlonahty + Traditional IEX mobile phases are not MS-compatible
Gaps P » Tedious fraction collection is required for simple peak

isomerization species or N-glycan
variants

identification

©2019 Waters Corporation



T ——_———"__

lon Exchange Chromatography Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

® Separation according to differences in
their surface charge Py

Analyte [Cation]

Attracted to
Negative Surface

= Most mAbs have pl > 7, so cation
exchange (CEX) is more common

= CEX separation strategies:

Negatively Charged
Analyte [Anion]

Attracted to
Positive Surface

— pH gradient (increase of pH, altering protein
surface charge)

— Salt gradient (increase ionic strength, altering
protein binding to stationary phase)
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Charge Variant Identification with Traditional IEX Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= Fraction Collection & MS Analysis = 2D-LC/MS
— Intact or subunit analysis

+Llys 0 +Llys1 +Llys 2
— Peptide Mapping A) B) N S -
Heart-cut Heart-cut Heart-cut
4 6 8 10 12 14 16 18 20 4 & 1 B n u 1 1 n 4 6 8 10 12 14 16 18 2
Retention time [min] Retention time [min] Retention time [min]
148,511.0 Da 148,640.0 Da 148767.0 Da
A129Da A256Da
GOF/GOF GOF/GOF GOF/GOF
F,
GOF/GIF :‘e:::nvoluled GOF/GIF :‘e::;nvoluled GOF/G1F :’e:::nvoluled
Ao +0 Lys fraction GOF/G2F +1 Lys fraction GOF/G2F 42 Lys fraction
GIF/GIF GIF/GIF
GI1F/G1F
Acquity WFMA ] i
142500 143000 169500 148500 145000 149500 150000 143500 149000 149500 150200
Mass [Da] v Mass [Da] Mass [Da]

Birdsall, R. et al “Characterization of Biotherapeutics: ACQUITY UPLC H-Class Bio with 2D Part 2 of 3:
Rendering a Viable Interface for IEX with ESI-MS Analysis”
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Why Should We Couple IEX to MS Directly? . SCIE\NQCFCHE! .fssm.@

= Enable quick decision-making o0
-

= Reduce the need for tedious fraction collection

= Easily distinguish desired product from impurities ¢/g@\y
A\al
1\

= Avoid complex 2D-LC setups 9
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Considerations for Online IEX-MS

Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= Optimal chromatographic separation with volatile salts allowing for ESI ionization

— BioResolve SCX column

- Ammonium-based dual salt / pH gradient mechanism for optimal separation

— Native MS analysis

— Multi-component
surface chemistry

80;)

Hydrophilic coating

BioResﬁoyly\eJ'L

©2019 Waters Corporation
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Intact mAb RP
(denatured MS) analysis

46+

2000 ZEIGU 30‘0‘[;_ 3560 40‘00 45‘00 SDIUU 55‘00 6600
28+ 27+ 2.13e4

1 Intact mAb IEX 29+ | | 26+

1 (native MS) analysis

+

30+[ 25
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SEC-MS to Study pH and lonic Strength Effect on MS Signal Woaters
Intact NIST mAb THE SCIENCE OF WHAT'S POSSIBLE.
Fixed Buffer Concentration Fixed pH
5 1 5 1
o 4 4 1
2 g 0 3
1 155
Téé 2 4 é% 2 4
I 28 11
0 0
> X 3x 6X
Increasing pH lonic strength (mM)

= SEC-MS to observe MS response vs. mobile phase pH and ionic strength

= pH impacts signal more than increases in ionic strength, yet it is still desirable to reduce
salt content to not overburden the MS

©2019 Waters Corporation 9
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A Robust and Reproducible IEX Method Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

015 1062 Regeneration
OK | ™% Infliximab Nonreduced
= 2 Triplicate Injection
0.1 1K uv @ 280nm
) £
g 0.075
é 0.05
BioResoIve‘“l\ \
- s
0
0 2I.5 é 715 1|0 12|,5 1|5 17|.5 2|0 2215 2|5 27|.5 3'0
Retention time [min]
£
. Column: BioResolve SCX, 3um, 2.1 x 50 mm @ 30 °C
. MP: Ammonium-based dual salt/pH gradient
. Flow Rate: 0.1 mL/min
. Injection Volume: 5-10 pg on column

Online pH & conductivity traces confirm desired linear gradient
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Is The Separation Generic? Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

| _NIST mAb
Column: BioResolve SCX 3um, 2.1 x 100 mm @ 30 °C 4
Mobile Phases: Ammonium-based dual salt / pH gradient ——— o =
Flow Rate: 0.1 mL/min 5 o] Rituximab

Gradient: 40-98% B in 20 min 3 3 5 5 7 8 3 10 I A 3 14 15 16 7 18 10

|
BioResolve | Infliximab
COLUMNS 2 | I I | | | AJ u L | | | | | |
. : i Trastuzumab
One single gradient works v )\
for a Wlde range Of mAbS! o m::wm 4 5 6 7 8 ] 10 1 12 13 14 15 1% 7 18 wix

[Au]
—,
%
&

%WZS- o 570/ \\jﬁug&az o CetUXImab

Ab:
I8
g
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Considerations for MS Signal Optimization A
NIST mAb, Vion IMS QTOf Parameter Original Optimized

Source temp.: 135 °C 120 °C
Desolvation temp.: 500 °C 350 °C
Cone gas flow: 300 L/h 100 L/h
. ] Desolvation gas flow: 800 L/h 600 L/h
Original settings
TIC . Combined Spectrum: Main Peak Zoom m/z 4500-6000
1927. E!;;iuwm o
I—1928.07839
1632 3000
284 505 182775532
- 1927.66604— o
'g % 1779765307 <
3 < 20007 0345674 520421688 3
3 1e5 g 5116970297 [3200.87788 =
u 16.82 H 511115414 [5300,37753 ‘T
F L | 1000 2313i1u7& 4941".5153 5301.02525 €
, 2918.17054 4941,02742 | <
T T T T T 3173.27235 4935,8820 o
5 75 10 125 15 175
WA

y
2000 2500 3000 3500 4000 4500 5000 3500

Observed mass [m/z]

4600 4800 S0 S0 S0 S0 SB0 60

Optimized settings

5111.28135 6773
1111 5203.92006 - H
5111.15414~| 000
5000 A [20065582 o 3.5x sign al
5111.06328 : .
503 stnatran—|  [5200.87788 |mpr0vem ent'
530002592
- 5105.81282
" 5 2000 510572201
9
£ % 1927.86693 4240.55445-]
8 2586 502 [ 1927.69952- 912;2‘:4;20;18 494072368 ~—
I 12.25 £ ~ a2s.11247 4940.33061|
E 2000 - 493540005 [ |
J\l—g’&g 1534 1928.20176 4935.079
0 o 210330519 317421747 4781.63385-)
T T T T T T 4781.15829”]
5 75 10 125 15 173 0 4600 4800 000 200 5400 600 £800 6000
460 4800 5000 400 560K s %
1500 2000 2500 3000 3500 4000 4500 5000 3500 — ) " Observed mass [m/z]

Observed mass [m/z]
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Considerations for MS Optimization Waters -
Qual ity Of Reagents THE SCIENCE OF WHAT'S POSSIBLE.”

[Intact NIST mAb] 28+

S30L34767

Quiality of reagents and mobile phase m_\f
preparation will have an impact... ’j%/ ‘\\w Poor quality reagents
...on quality of results —

529545368

...on cleanliness of the instrument

T T T T T T T 1 1 1 1
200 585 R0 58 B0 B N0 B BN OBE 3

©2019 Waters Corporation 13



NIST mAb C-terminal Lysine Variant

Evaluation on BioAccord System

sl UV @ 280nm

0.1

Absorbance [AU]

0.05

10upg on column

12.08

6 & 10

TIC
woco]  (miz 1000-7000)

20000 Capillary Voltage: 1.5kV
Cone Voltage: 150V
Desolvation Temp: 350°C
Scan Rate: 2 Hz

Intengity [Counts]

] 8 W

©2019 Waters Corporation
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Combined MS Spectrum of Selected Peaks

200001 A

10000+

BioAccord:

YSTEM

Waters

SuniF

THE SCIENCE OF WHAT'S POSSIBLE.”

2000

{]_

==

MaxEnt1 Deconvolution

GOF/G1F 1585
A -14820200
= G1F/G1F
£ 9 14836300
2 GOF/GOF
g o | | NIST mAb,
2 V| e 0K
%"100000- s
U
£ 14799800 14868600
\ I
0 ’ I ‘ | .
14765 14865 1495 155 151¢5
GOF/G1F 1 Yped
B 148000
g GOF/GOF | G1F/G1F
3 w0 | e NIST mAb,
1
2 10000 14865400 1K
E !G1FIG2F
8 14859300
g 14796100 !
£ 1 14997500
175200 | 14344600,

147e5 14865 1483 1583 15163

Expected Mass: 148,036.6 Da (GOF/GOF, 2 x pQ1)
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Absorbance [AL] Absorbance [AL)

Absarbance [AL]

Case Study 1: Infliximab Biosimilar Analysis
UV integration for quantitative comparison charge variant profiles

Inflimat ME_2K

n02- UV @ 280nm :"E";;“‘“ M Retention time (min) % Area (%)
Irflienab NR_TE 10.61 37.8
agn. 11.00 19.5
11.59 42.8
1 I. T e T T . T - - II
] T g g 14+ 11 12 13 14 15 16 7
Retention time (min) % Area (%)
0.05 10.61 42.6
11.00 20.4
0025 11.59 37.0
Eln T é- ‘:I 'IIJ 'IIE 16 1‘7
Retention time (min) % Area (%)
oo Infliximab MR Inflicimab NR_2K 10.61 39.7
1055 1160
Mfsiarals MR 1K 11.00 21.0
0.0z 11.59 39.3
H T g e 10 1 12 13 14 15 16 7

Hebention hme [min]

Waters

THE SCIENCE OF WHAT'S POSSIBLE.”
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Case Study 1: Infliximab Biosimilar Analysis I SCLENCE OF WHASS PSSIBLES

MaxEnt1 Deconvolution

148676.0 @ %
6.33e3
A 1488370
5000
A 3 1483130 Infliximab, OK
2 00 149000.0
0.054 UV @ 280nm Infliximab NR —_Infliimab NR_2K g
2 1053 - 149164.0
< 1480580 148330.0 1494760 140826.0
w O T T T T T T T T T
50025 Infliximak: NR_1K 14865 14835 148525 1488e5 14925 1493e5 1.495¢5 1498e5  15¢5
£+ -148805.0 %
E —148968.0 5.25e3
= 7 4000 B
T I : o - | —_ " 1486440 Infliximab, 1K
6 7 8 a 10 11 12 13 14 15 %‘ 2000 126 Da 1291270
£ ->
s 495930 “OBSO_  agemso
O T T T T T T T T T
. . . . . 14865 14835 1485e5 1488e5 1495 1493e5 1495¢5 1498e5 15€5
Qualitative online MS analysis to confirm oo 1490050 B
; . . . 7500 83963
species or investigate differences . C 1467700 B
2 5000 Infliximab, 2K
(=)
= +256 Da
2 -—=p 149257.0
£ 25001
1483180 1487130 V\_W 1494180
\ 1497580
0

T T T T T T T T T
148e5 148325 148525 14885 14925 149325 14095e5 1498e5 155
©2019 Waters Corporation Mass [Da] 16
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Case Study 2: Forced Degradation Study Woaters
Trastuzumab’ pH 8.0 Stress THE SCIENCE OF WHAT'S POSSIBLE.”

Combined Spectra, Smoothed MaxEnt1 deconvolution

#x 143064 128227 o
515 \ 143
C - s0] A 7 148383
: £ £ 1000
014 Main 5 3
2, =
UV @ 280nm < = i
2 550 -~ 148553
1427 i bl
£ =
0,075 - 147917
~ Acidic 0 - ; r T T ¥
2 Basic 5200 5400 5600 5800 6000 1478¢5 1485 1483¢5 1485¢5 14885 1.49¢5
i
H 2% -148225 2] %
g 0057 B 5000 549¢3 Jy. 13804
2 12.90 2 B £ 10000
E s
8 3
oos| 990 D & 2500 z
1487 " 2 £ 5000
A Trastuzumab TO £ E Las5as
1143 Trastuzumab 1 week @ 25C* 147917
o o
0 - - r - - r - - r - r 3 5200 5400 5600 5800 6000 1478¢5 1485 1483¢5 1485¢5 14885 1.49¢5
0 25 5 75 10 125 15 175 20 225 25 27.5 30
Retention time [min] 10000 ) > - 148224 #x
C 1.04e4 3284
= < 1ag063 | 146386
E 2 20000
2 50004 >
. . . 2 a
Acidic Main Basic £ g 118545
- 147915
0, 0, 0, 07 f A T T T T T
TO 14.0% 74.7% 11.3% 5200 5400 5600 5800 6000 1478e5 148e5 1483e5 1.485e5 1.488e5 1.49e5
& x 148223 @)
0 0 0 _ 187e3 145062 297e3
1wk25C 32.7% 58.3% 9.0% e D E 143382
5 5 2000
£ 1000 S
Z z
A +18.7% -16.4% -2.3% i 3 148347
E 2
- 5200 5400 5600 5800 6000 ; T . J Y : -
1478e5 1485 1483e5 1485e5 14885 1.49e5
Observed mass [m/z] Mass [Da]
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Forced Degradation Study WCITQI’S @
Trastuzumab: IdeS Digested Samples THE SEIENCE BT HATES Fossigte

UV @ 280nm q F W

0.025 ]

(Fab)2 = Further localize the increase in
acidic variants to the Fab region

1962
0.0z

(Fcl2)2

(Fab)2 Acidic

0.015 -]

Rbsorbance [AU]

= Good correlation to intact mAb
analysis via UV integration

2
o

Trastuzumab TO
Trastuzumab 1 week @ 25C*

=]
Q
Q
o
I

33

[+]

= |deS digest analysis gives better
mass accuracy and greater
confidence in assignments

] 10 12 14 186 18 zo 22 =S

(Fcl2)2 Acidic Main Basic (Fab)2 Acidic Main Basic
TO 7.1% 84.4% 8.5% TO 20.9% 70.3% 8.9%
1wk25C 11.6% 81.2% 7.2% 1wk25C 34.9% 56.4% 8.7%
A +4.5% -3.2% -1.3% A +14.1% -13.8% -0.2%

©2019 Waters Corporation 18



Forced Degradation Study
Trastuzumab: IdeS Digested Samples

w1607 C

Combined Spectra
@)%
) 632
T 500
5 —
A % I
2
£ @ 100000
= .l )
2500 3000 3500 4000 4500 5000 U
@)% =
v 7393
£
3 5000
B z 0 T T
5 8 10
=
o
2500 3000 3500 4000 4500 5000
B
200

Intensity [Counts]

T y t y y
2500 3000 3500 4000 4500 5000

Bx W
'g 7.06e3
2 5000
D =
£ | L Expected mass:
- e 3 - 3 — 97,627.96 Da
2500 3000 3500 4000 4500 5000
) ‘1‘.13‘:.54
§ 100004
: N - [
25‘00 3600 35‘00 40‘00 45‘00 5600
H b Expected mass (GOF/GOF):
3 0o 50,464.08 Da
F oz
ﬁ W N .‘.Lu ‘rLA Lk.‘_‘m“ '

T f t 7
2500 3000 3500 4000 4500 5000
Observed mass [m/z]
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MaxEnt1 deconvolution (Fc/2)2

Likely deamidation

[ [#] x
2 3000 0827 _
50788 .
g i 50466 3.35e3
[}
G1FIGIFS1
£ 50950 51543 T G2F/GIFSL
§ o0 51410
E : AL nL i
50000 50500 51000 51500
Maszs [Da]
5 60000 50626 GOF/G1F ® %
5 1B corrcor 603=4
Q 50463 | 50788 G1F/G1F
& GO/GOF
= GIFIG2F
& 10000 50318 50950
= L
T T T T
50000 50500 51000 51500
Mass [Dal

Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

MaxEnt1 deconvolution (Fab)2

= —97632 [#] =
g C 407ed
J, 25000 . .
; | Acidic Species-
e Likely deamidation
£
0 T T T
97000 98000 93000
Mass [Da]
7 —97631 ] x
§ 20001 D 2.67¢3
= Acidic Species-
‘E Likely deamidation
i
E "
0 T T T
97000 98000 93000
Mass [Da]
w —97629 [#] =
400001 E 4.96e4
g
= Main species
=
G T T T T
97000 92000 93000
Maszs [Da]
- -97631 2] x
€ F 7473
8 5000
= Basic Species- Possible
2 ‘ conformational variant
o
r=3 i
E P,
- o : — :
97000 98000 99000
Mass IDal
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Cetuximab IdeS Digest:

Charge Variants

m (Fab)2 or (Fc/2)2 Species Detected

GOF/GOF-G1F/G2F Deamidation

Fab: H6N4F1+NGNA / H6N4F1+NGNA; H6N4F1+NGNA / H8N5F1+NGNA

Absarbance [AU]

0,025

0.02

0.013

0.01

0.005

10-98%B
UV @ 280 nm
2 3 4

GOF/Man5; G1F/Man5; GOF/GOF, 1K Deamidation

Fc: GOF/Man5, 1K; G1F/Man5, 1K;
Fab: H7N4F1/H6N4F1+NGNA; HON5F1/HE6N4F1+NGNA

H7N4F1/H7N4F1; H7N4F1/HON5F1

A,B (Fc/2)2

C (Fc/2)2 GOF/GOF-G1F/G2F

D (Fc/2)2

E (Fc/2)2 Man5/Man5

F (Fc/2)2 & (Fab)2 Fc: GOF/GOF-G1F/G2F, 1K

G (Fc/2)2 & (Fab)2

H (Fab)2

I (Fc/2)2 GOF/GOF-G1F/G2F, 2K

] (Fc/2)2 GOF/Man5, 2K; G1F/Man5, 2K
K (Fc/2)2 Man5/Man5, 2K
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System: Vion MS QToF
Capillary Voltage: 3.0kV
Cone Voltage: 150V

Source Temperature: 120 °C
Desolvation Gas: 350 °C
Cone Gas flow: 100L/h
Desolvation Gas flow: 600L/hr

Released Glycan analysist: orthogonal support for IEX-MS peak assignments

Rel. -; Fd glycosylations
Abund. 4 * s
(%] M q‘,’i
40:%9 an - ¢
sadf - B0y, A
30 . b 4 I b : ¥ ¥
ol IS O DI ST DI b o8
20 T ** aps am an Amm «ps—H8
15 :< !:' n(‘- -., o.o (i’. .f‘./, .\.,
10 $o— @ . . - b 3
L =] L} Ll L - L
5 !
0 I l BEEN N o omiw e o ic
C AR R RS T O
N ee"e’@\f’*‘e"\f’e“&e"” S TS &S
SELFEIE LSS I EE TS
ST & ¢
FE L ® &
1. Ayoub, et al mAbs, 5:5, 699-710 (2013) H3N4F1 = GOF
H4AN4F1 = G1F
H5N4F1 = G2F
H5N2 = Man5
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https://www.tandfonline.com/doi/abs/10.4161/mabs.25423

Summary and Outlook Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= |EX is used to monitor native state protein charge heterogeneity, and isolate
charge variants for structural and functional analyses

= \We have separated and identified mAb charge variants using IEX-MS with a
combined salt (volatile) and pH gradient separation

= The ability of online IEX-MS to simplify charge variant characterization should
reduce dependency on traditional fractionation-based workflows over time
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TOF Mass Spectrometer”
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Comparison of Profiles for Traditional and MS-Compatible IEX THE SCIENCE OF WHATYS POSSIBLE”
NIST mAb Trastuzumab Infliximab

Non-Volatile
Mobile Phases

Ammonium-based
Volatile Mobile Phases
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