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Abstract ; Therapeutic monoclonal antibodies ( mAbs) are widely used in the efficient treatment of malignant tumors and
autoimmune diseases due to their advantages of high targeting and potent effects, and have become a hotspot for new drug research
and development worldwide.Due to the complex structure of antibody drugs, modification variants,such as oxidation,deamidation
glycosylation, etc. , easily occur in the process of production, storage, and even in patients, which not only increase the
heterogeneity of the mAb,but also affect its stability and bioactivity,so the monitoring of the changes of mAb'’s in vitro and ex vivo
modification is essential for the analysis of the drug research and development, production,and the dynamics of the fate of mAb in
vivo analysis. Liquid chromatography-mass spectrometry ( LC-MS) has become an important analytical tool for antibody quality
research and clinical monitoring by combining liquid chromatography separation and mass spectrometry detection , whereas the pre-
treatment of biological samples for in vivo analysis of mAb faces analytical challenges such as severe matrix interferences as well
as low blood drug concentrations. The sample pre-treatment process and the progress of the application of LC-MS technology
involved in the analysis of antibody modification variants were summarised.
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Fig.2 Common modification variants of IgG1
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Tab.2 Elution order of common post-translational modifications relative to the main peak

Modification RPLC protein CEX? SEC HIC RPLC peptide
Aspartate isomerization Pre-peak Variable — Pre-peak Pre-peak
Asparagine deamidation" Post-peak+Pre-peak Post-peak — Post-peak +Pre-peak Post-peak +Pre-peak
Oxidation Pre-peak Variable — Pre-peak Pre-peak
PyroGlu from Glu(—H,0) Post-peak Post-peak — Post-peak Post-peak
PyroGlu from Gln(—NHj;) Post-peak Pre-peak — Post-peak Post-peak
Succinimide Post-peak Post-peak — Post-peak Post-peak
Sugar Pre-peak Variable — Pre-peak Pre-peak
C-terminal lysine Pre-peak Post-peak — Pre-peak Pre-peak
Aggregation — — Pre-peak Post-peak —
Fragmentation Variable Variable Post-peaks Variable Variable

£ :1) Under certain conditions, asparagine deamidation gives rise to asparatate and isoaspartate with the latter appearing as a post-peak and the

former as a pre-peak ;2 ) Situation is typically reversed in AEX.
3.1.1 RPLC-MS
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IEPRML T 2 A v T Fe 25454 1L
K (FEZ R 257 (R AR 51k ) 2 =, 3
SRR AR A B B8] 5 R PR S % 7 a5 I A S A R AT
A, RPLC-MS A 7E 1Y F AN 02 70 B 5k
T 20, H R A LI B A 45 B S X s
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3.1.2 HILIC-MS

FAKAHEAE @35 (HILIC) X SR K AL &1
AR R AR T AN Bk, RS YR #D RPLC X
DAPR B E SR AR PRI S W A I B RTAE ) 25
Yt gE o HILIC 55 B K 22 FH T ko0 25
BWEHT 7 D Awi 2L A T RPLC-MS Al
HILIC-MS #5550 F 9 R )8 | il 2 2k V8 2 5 bt
KI5 5 1deS i DTT i S A5 2 /) Fd |
LC \Fe/2 WAL Fy B S IEW] T HILIC-MS
FAEAHTFE KPS SR BE F1 DL K 5 RPLC-MS
FEFRATT PABORE Y 1 ) FL M Ry S 2 1 T DR
2 522G 7E T S v 1) SR A AT AR s A
71T B Duivelshof 5% £ middle-up 7K-F [ FF
K —Ff HILIC-MS X 22 5t 75 56 %) Bl 35 AR B it
FTHiEE %2, IE S5 1E WS % HR 2-AB #RiC Y N-
RME T A5 EL A B AR e TR
T2 AR IE T REAL BABT L K E I A AT R 24
FSEANZG R RLRAE IER] T 3 7K - HILIC-MS
T X%F mAb AR M RUE S T EEPE
3.1.3 IEX-MS

B ACHR AT (TEX) B T PR & 43
BTGB S | S 1) A 52 S 1, 23 o BH B 7 58 4
ik (CEX) MBI B 728 e (1% 7k ( AEX) P2E,
M1 TR BT LA B 55 T, B TS
TR T 20 B BT PTMs 515 Y fip 22 57
AR B IR A P e A R i £ o YR R SR AL
SRR TR AR AR N R s ER Ak B R A
b KA R AT B8 FA G W e 45 7 A B
PEAR SR X BB RE BB 5 [ E A AT
AEAGHE A FH R B N [R] 53 3 e 28 9 st AH Y
pH R A6 K BT AR S R LR [R] A e I
Ve K, NI T B AH R A 3 e AR Bk, Shi
85 R H Top-down KM ) CEX-MS % REHE T
BT REUAR RS HEPUAR Fe Al & &A™ A H
T AR SR A fb 2 8 0 2 7 DA K 1,0, AR
AR LU 0 g i RIS R 3R T — R A
e HRE AT C R i 2 1R 7k 6 o R AR 1 1 BN
B A, Murisier 2573 1 % 22 H TGS IR 2

) CEX i 1Ak R LA SC 8 5 4R A8 4 TOF-MS 1 #
K HH 327 V30 FH T 22 0 3 b A BT 285 4 1 PRk
FELRFAE, AT H N RKum IR b C A S iR 5y
D) R R AL AT Z FME A
3.1.4 HIC-MS

5 RPLC ML J2 , HIC 2 — FloAR 5 5 7K
PER/INT B W) o ) 835 5k, 5 MS 3k H A8 3R AE
AP R AR SRk i S S S A A P i A
HiK P PTMs A 4732 M 7 3 5 RPLC
A, HIC Z AR PE S5 4F F (AE 38 pH &
T e 0 A ML) ) 3 A A O A P
e A B P R T /K BB 5 (e A 3 5 A 2 [
(1R 18 5 B0 7K VB Ok S B 43 00 AR AR R 1Y
HIC-MS B AT LA 85 1 4 45 35 2L A0 40 AR FH Y
JFAE PR RSV, o) B AR AE L RIRRAS T
(B 7K AR A, F2 B 2 HIC AR Y &
WA A VEEh 5 MS RIEE, 0, Wei
A USI I s —Fh e 150 mmol/L 4 % M \MS FEZ5 1
CPREERAE T S AE | 55 B2 PRI i HIC-MS J5 3 7]
TEFIRZAE 43 B8 R AR BB ) F B 2R AN (=
PR S A A S M ] A DX I 5 S 6 A8 SRR, Yan
25OV AR HIC DY B AT e T B oo o0 S
R T — R A 1 0 T 2, 3k o 35 6 0 7 11
S Ak B AT R B HIC Hh B4 w8 R O s AR DA B 20
HEA MS [ 52 DA 5l 7 2 A B0 N 3ife 25 114 ) fi
ZERRAUR I T BABLAE HIC 405 P iy e B 1
M H A5 5 P RE S A AR B, IRl i e 5 AL
MS T 457~ B O-H Ak | 48U Ab -5 S0s K s 1
Gy TR,
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B — 3 B ALER A (3% 43 25 ) PTMs 742
PRISTUATRR , Jo R AR LAY AR B i i 25
Gy PR L, M LG ¥ T 22 2 YOS K 5 (mD-
LC-MS) — 77 [ 0] DA A il ok 22 AR € 33 4 53 1]
SEBR PR BEA AK |3 D il 1) 45 A A P i A BN
KB A8, R S A ot i 8 B ) 338 FH R it 1)
S A ST o) — 7 ] LUE o 2 5
Sy B ML s AU B2 5 PTMs 28 SR
Y RIS s AN RIEE S AT
SRR HERE I 22 @ PR BT, B R AR FIRT LCx
LC #UAE e o A E A PE LC(IEX (HIC 45) 5 g
BB BN HE 2 1 [n) R, i J — 48 A 1 RPLC
5 RS R n R R TR LR BRERAVE T, Pot 21 3L
T mD-LC-MS JF & T —FhRBUE TR (<2 h) FEZ
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SEEE AT AT AL B AN S3HTY bottom-up HEM , F1| FH S
— AR A B AT F SR A YR R
1 trypsin WA, SR J5 1655 =28 RAH C A 58 R
AHNE 4 RR B 40T il a4 Fh LC S8 1 T
WP /N AE SR A v Bl AR %, R L 2R 1 91
S5 E B 2R AT AL PR 86% ~ 94% 11 B 94% ~
98% , T HiZ )7 3 A — & W PEAl PTMs BEJ7, g
RS AE — YR 3BT PR ) R A T g 5t o e | P At 2 R
AT RSB, Sarin 2 (5 g
MRS G2 v IR AR T 20— 2R Bk AR 5
PR HIC TS — 2 FAE HA A A8 544 1Y) 555 BH 25 -1
AT (WCX) AL 4k LC 43 B R 405 MS
X TAR AR , RRAZ DB PRl 1gG1 W 2K H e
BEPLIR mAb A Fll mAb B ZFh Ak 7 B S mE . K
KRR SR S B AR SR 1 L Bl
HHIC 3% WCX 43-#7 77 ¥5 A L, BE A8 3 fin W ) 21
AR SA%H . IEAE LC H0R 5 MS B A R T
A [R] 4 JEE g Afr B — LC TG 0 8 19 L i i
PE1R mAb PTM AR A 43 B, SR 2 4k 1 5T 9k
FHF- 6 W8 d R0 5 01 & 2 — A MRS, B4R
255 i, Hol HFHEEAEA AT,
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BRI TR S BT B LC-MS $ AR BB
i A 3550 s R R A 5 BT A TR G
25Tl PTMs 844 SRR S ANFe e i PTMs 4 I 1k
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TR AR T A BT B o B AR 5 A LR A
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FG 0 — s DL B, 3 o6 B 1 O TR R
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e SRS 15 ik A 28 e, 7 8 2 149 J ot o7
FER Tk W I 2], AN W] 510 7 B 1) ST A8 4 1 %
T EHA R R R, #55 PTMs Al fE4y
MU mAbs B R H G R e P, HDX-MS 25549
2SR R TR 7R B2 B S5 4 5 T Re TS
PEZ IR AIE R, X 447 2 1 45 4 1) 45 Bh e g Fn AR
HMVEFIHEATARAT . Yan 2515 454 HDX-MS I
FEEIE 28 I o6 52 7 A% mAb1 HE4% CDR X5
54 S R4S (Asp) AL FNES 56 17 FF A% 2 iR
(Met) Ak 51 RS A 7 A Bl Ry #8442 8028 o Bt 44
CDR X S5HUR 45 &G MR IE 5 RIRE T

KB mAb BITRSE A TE N ok, 45 R &k
IR AspS54 (17 55 H ALK CDR 2544 1% e B bk
K, PR SS A6 vt B E PR KR 13%, 5 2 M
SIS MetS56 48 Ak X Jay B 1 32 55 44 52 A7 Fo 1k
FH TS PERS G ) 118%

JFEAR BT (CMS ) 22 2t 9 J5 B 2 3 o 7% A
SR (0 B TR 5 B A5 L AL 24 15 TR IR B e & AR fk
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it QRRE BRI ER Q=naF THA H E ALK
R T ) ) B A 4R 0 1 R A Ak A AR v MS g
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TRA PRI B 4 6] 28 5t (9 07 125, 05 IR 60 2 b
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HIRAE SR A Z AR 2 18 5L T B T mAb i
T 4 52 7465 1 7 00 B BT PO IV 16 446 3o} o

BT T (IM-MS) 545 58 5035 A1 E 3 in
TR NG B R R R — o AL 4
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T AN R 8 S A AR ] R AT IM-MS (93 RS B
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MS X 53t 445 P4 SO 5 o P 1 g FH S

4 REERE
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