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Abstract

Glycosylation is one of the critical quality attributes (CQAs) of antibody drugs. In the modern an-
tibody industry, the regulation and control of glycosylation has avital impact on the pharmacoki-
netics (PK), potency and immunogenicity. As one of the most complicate and important modifica-
tions among all post-translational modifications (PTMs), the characterization and quality control
of N-glycans can be very challenging. In the early stage, it is critically important to develop effi-
cient N-glycan analysis strategies for innovative drugs and establish N-glycan similarity criteria
for biosimilar; in the late stage, comparability study of N-glycans is necessary when manufacturing
process changed. This article reviews the characterization methods of N-glycosylation of antibody
drugs at different levels, and discusses the N-glycan research strategies of innovative drugs and
biosimilars in the early and late stages in conjunction with relevant regulations.
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1. FuiFIpEEALSImE T

VAT T B T FE P4 (Therapeutic Monoclonal Antibodies, t-mAbs)Z547) C R 2 A 1 PR 2 A5 11 259
Fole #AE 2020 FJE, DA 90 FhaTT MEBUAS: SR E A 20 IR B E E)R(U.S. Food & Drug Ad-
ministration, FDA) L& BRI 24 i 4 F1L = (European Medicines Agency, EMA)ILHEF T-IIfiR, 4G 88 Fhfifk
ZIPIEAL TIRPRAE FEBY B[ 1] [2]0 H T-Ha Rt MR, PUaR 2 thiisk 7 sk AmpLd. B, of
Z PR ZGY) S IR BT VEAE S [ A% SR B E R R T e R R BRI [2]

T SR o PR K2 T 1gG (Immunoglobulin G) [3]. 1gG Fifh&—MbEE 1, 7E Fe
AT CH2 S B G- (1 N-FESEAL AT A5, I8 H AL T Asn297, KZJ 15%~20%[1 % 7% 1gG 43 F1E Fab
XA N-FEE[4]. HT RS E AR, PUaZschs b2 BA A RNERE) & A R R EYI5].

&Y BT T U 2580 1%, RS DIRe R 2 Ve R OCH BE[6]. 1, A o M v R AL AR A4
bb AR WV R A0 ) P A LA B R SRR S A7), R H SR b S & i PR B T ) LS BR8]
O TR I B = Bl v H FE R B 0 AT AR 5 Fe 5 FeyRIMMa 22 [A] (RIS A J7, W4 e o A4 1 i 1 4 B A
5 (1) 2 o 25 P4 4 ] (Antibody-dependent Cell-mediated Cytotoxicity, ADCC) [8][9] [10], SR1fj Fe [X A i i) M
TRIR 2= BEAR U ADCC FIRMA RS (1) 21 i 25 1/ F (Complement Dependent Cytotoxicity, CDC) [10] [11]
[12]o 534, HEAEAJER I R A FPUia P T RefEEAE N TR N-0, X457 it S SR 3 o, ] R
B FEEE R R A R R 2, AT RESZ i HUAR BRI, T S B0™ A EIE A BURE R 13].

N-BE BT H A2 S5 MR S 2B W) B M B DI QB RPUR Y I FIVPA I OC 8, DRk, #ERf
R N AT VE R R 2. 8 B 0@ i) N-FE 3 A b, DLSRAS HURBE ZE A AL i BE AL RORE & B 1 A
FAB R, IR SRE Y TRIE . BRIl T 2000 & L= S R ez i), A iak ol b A m]
DI —3R
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2. N-BEEALRIES %

5 S8 N-FEA M X LA 29~ 0] Do i BERREm, 7E QR Y 29 AN ZE W) S 25 (T K
REREA, R R BRI 7 A T EORRAE N 7 B VR AR B . 7 B BRI 7 A AR (13220
C2RRIHIE T AT # N-BE b, EEAEEEER. Wik, BERAMG SR AT [14]. AL
B AW FEM R AR P A8 T R W T i R 2 A 2

2.1. SEEERKFE

FERE H KA A8 5 2 B ERE R AN S . BPRE R, BRI RNE B RE
ST AR IR, Bl R B S . SEAEE[15] [16].

% ) 1% (Reversed-Phase Liquid Chromatography, RP-LC)X} T 25 F i A RIFHI 0 S RE /1, W5 %
- RATHS (] J5E #E (Electron Spray Ionization-Time of Flight Mass Spectrum, ESI-TOF MS)HkF # 8 FH  5¢ 3%
HEMHT[17] 8 S TR(70°C~80°C) kA a6 73 B9 FE AN [RIAC 3, (it e o Tk A v e i Rl A
T P 20 e o SR A3 AN [ Joe % 1) [T 5 R, 88 P 00 0t 5 P V8 711) (e PR I 1 PR ) R - X 7R (= L R
R AL T IRt n] LA RP-LC fITERE[17] [18]. ESI-TOF MS # Zig T Ko FHIERME, HAm
G FE AN 3 R A0 Ao A EG T J 53 O A F B HOR (MALDI) K 3, EST LB HURBE M, A5
FEAERE R, IR T RAE B A I S AR [ 19].

2.2. WEIKF

AP TR B 11 S e R R 1 P AR IS (1deS) PR e T A IR R T 1 V67 PE BT I W £ 7K F- 2347 - 1deS R
1E 1gG 885 X T 7 R P AL AU REATREY), (EHKAR )y F(ab))2 1 Fe Bt T4 Id sl i i 2™
=S 23~25 kD AR BY(LC, Fd Al Fe/2) [20]. X =ANFBER A RP-LC H ESI-TOF MS [ AR B
AT BRGNS =AFr BU B o AT 2 BR80T, BB A9 318 B 7, BERL R B O &
MG . 1deS HEAUKMEA mFERME, mAEM RIFME M. R8T AT 2Pk B A 28 m
BURE X BEDIAL 5 [21], PR, VR FAE — e R b S2 i A 5 M o i) P

2.3. BERKAKE

JIR T 73 H 38 0 AE HUIAR S A 2 AR AL i A AL o A 22 %0 B2 F M (Trypsin, Asp-N All Lys-C 5%)
(RI2H VR FAE BT AA B AA OB IR B, A RP-LCMS/MS BEAT 43 B8 43T o B0 SIEB0 l  4i it e M R s 1
KREZMER, GRS EM, P, RomBih, FoIRMEER Mg, X% 07 M T Al
TG TER B0 22] [23]. HEk GBI, N7 REREFIIEEESRR, &2 AR
THATHEL BT K [23]; BAh, B A BN M i ZLM AR KRB ] DL, BRI AR — il
re ARSI B, — BN B R A (R SRALE

24. FEFEEKE

N-PEH f(EndoH. PNGase F 25)AEUs B HUE A M) N-WELE, FEH ot R FI(2-AB. 2-AA Z5)fiTE 4L,
| FH 2 K M EAE FH W AH 3 7% (Hydrophilic  Interaction Chromatography, HILIC) 43 &5, %¢ )6 &6 Il #%
(Fluorescence Detector, FLD) Kl ¢ H A5 5 H AT 8 &40 H, 0T 5 BC 5 Al 28 147 @ PR 7 -

HILIC &) 28 F AR AL B W 43 B 5k, %5 A LA wh s A P () o] e A, 38 (5 A K
BRI CTEERTRBIAE, X S8 P iA S BA 1R S ik e [24] [25].

TiE B E R A AT I B s 2 — R oV N B 2R s PR SRME I A S S R . X T R 2 AL
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EEFEE

L ST, AR B (5 T LIS Bl Pl 2 BT 3R 23],
3. RRME~PHREMR

1k 213 5% #1)(Chemistry, Manufacturing and Controls, CMC) T % 1 7= i i 2E i JE 3, 27 i i i
PIPRIE. fEAIEMMIFRE ST, UL “%4. AR ENE” AHW, R BB AN F )75 FEAF
B BB 22 1] TR 0 T 0 SR

3.1. {ESFERREEHIEER

EEEMAMIEBEEE, RN REER, JEE K2 S 2 5 (National Medical Products
Administration, NMPA) R F 24 i3 i R 223K B Br 1 18 <2 13 (The International Council for Harmonisation
of Technical Requirements for Pharmaceuticals for Human Use, ICH) L&A 1 — &R 515 8 A 5VA 7 2590 h 2k
WA RIFEE .

ICH Q6B H1 EMA F 506 — LeWy PR AL, 7 Re PR EAT R AE DLUE I 7 ity 3 Joa 8 B8 — B0 B0 56 AN [R] i pE 4
BRERE SR, ZIREENREES Y, SRR RS A R), BEEALAL RO AT 2R [26] [27]. EMA IR
T EREEA A M A AT 2 B RS, an, Fe JBL GO, G1 FI/ER G2 MM &, IR, A
B E AL A R AL ) 7K, FF25 RS B AR Im R L T T SERE, 5140 Fab R0 6 AW 2% 1 1) 50
&E[27]. FHREFIFERMME N &2 DI SEEm, ICH QSE ER4HliE TERAEDE, nIgER IR R
JEPERS, AT AT LUVEREFT[28]. MRS ICH Q11, 4HFaE MR E N CQA I, ot 545 il g B AL 45 A
PR ], AR SCEE AR R SRR BUT R R E BRI Y CQA IS BETE[29]. SEE FDA #U T
ORI ELE, A R BAT & R, R PRI RO K, BAT & BB K N S B At ah, B ILAF AR
&Y 5N IFEEAT SR DA R L Se B . S bRt i S BE S 7 R SR T SE 8T, HRLEIR IR SR 3
M BRI 46 2 BT B &g s M1 e & 24 I AR E 4 /E R /7 (Standard Operating Procedures, SOPs) LA & H7
IS EARAERN[30]. NMPA ZERAEA YD SANZG AN A 25 AR AL T2 R, RIAE 5 58 2 8 2 A AR M
JRBHGHEIR G, B STAHAUE AN AT 2 JE I 3 1]

NI A FHIGE AL BRGSO, REWEIT AR R Y R AE AN 5 S A AR R AR A2

3.2. REAT %Mk

3.2.1. QUFREZGHY

TEQIHT AL 25 i) R 2 2t st R v, BB S L S A AR AL g, B R TR R4l T
SRR R . EARTERI B, FEEL by S & it G T E 7o

TEANARARA BN B, LR SnAE . s EAUMIIR R R YR 4 i 335 97 4% 1 155 i 25 4 R Ak 10 PR D
HARIEHINEI32]. (EiEBERERR, REtEe iR FE, ManS FIMER IR0 AP Fis A BOK
A R AR T E RN E O . B R LT R BOR B RLORAG I O B, RSSO, B
7730 AR WSk DT AR AT RE RS AR 7 S OB RS L, 0, AR IR pH AVE IR AR
Z5[33]. BR T ManS, GOF 4b, iZMrBUIN 23 560 BTl ot O SRR B I el [6]. 16 FUralifb i BL,
TEE T2 AR ] DU B 1) AR B2 B s A R B AL I PR . B0, MRS T S PR E A
(1% . i (Isoelectric Point, pI)fE, 7E &5 138425 BRI LR pl [EINF= 5, WA S b BG #
DR RIS [34]. HR, 1%k — R IR iR, RATE R T 2RO R aide T
— A R R R R SR B B B AR RS, DASRTS B AR AR A P R

TSRS b, X T RERS Y Tdes BF IR, FLYE Fab B Fo #40MEA AR, 35 I HTiA > 7, W3
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EESEE

AP B3 BT 5 T e AR T R BCR T . %07 iR BERESR BERE L A RN E IR, (RN REVC AR
fr T RAEE. WERE A THA SR, R RR SR 2 T NS R EAER
AL, A% TR R IR AR HEAT 5 S LA DR IR VA BE &, 8RB A &L se B /KT A
BEREKT (9753 B T R 2 PEAEAE F T B 27 i B B LR 3RALE

3.2.2. £¥R0G

TR AR A R B, T BT R, S V2 DUk R AT 2 R 208, ARk
fLLZ(Biosimilar)tH LR L — Rl A 34

ST HERABITE DA Z BN 1%, 151 A G SR 1 77 T B 5, W B A AS U R AR AR JEE Ry
T YR AR 24 5 T 24 A AL VA I B S N 28 2 —([35]. Samsung Bioepis 7EHEAT 22 Bk HLPT
(Trastuzumab) (19 AE V)AL 25 0 70 Hh R I, TN 00 1 22 BR B b 240 22 2018 4F 8 H BE M rydtt b, 6
O EEREFERL(GO + G + G2) LUl B BB A 28 2019 4F 6 H & 2019 4F 12 A#tik, mHE
FEFEAY(Man5 + Man6) LGB SN, ADCC 351t 45 5t iiE s 1 B AR Ak 27 K () 540 [36] . Sandoz Bio-
pharmaceuticals % )% ¥ B 4T (Rituximab) HEAT BE AL 3B, KA O LE 2010 45 5 H 22 2011 4 BIE] 7=
GO PR S B INZ) 3 5, ADCC BN IE5R[37]. KUk, FERVEBUARLEDSALZI I B e a8 T, e
BZ., EAEREERET K, S0 A AE T bRk 2 IR EERI[16],

EEE S, A H TR T2, (A3 AR ABNZ = 5 Bl B A B 1 1 LA A A PPN A
AL 5 JE R A MR RN ZE S, Bl AN R A R A 7=, AT Bd it b H ADCC. CDC ¥
PEE— D5, FAAE 2R, LG SN 2 5 e e < A VEATE S5 7 T H A IR RAABIL[16]
[38].

3.3. T4 F=HrER

A AR AR PUA LG A di I b AR L, JERAE Lt (Infliximab) F T 5 8t C2 5L T 50 K
WSS RAN R T AR, PP T ZAL A 7 i B AT B VR AR A 23010 FLII RS, Az P piz 1
it AR Je JYTIE R 2B P A, B A 7 DL R P I B RER  RE . RS, S BUICRAE 5
A0 RSt 245 T 45 PR AR R i 2 R AP AE 22 57, U RN 5 52 1) A2 7 R i 1 SO AN s i
KIFTHER

FEEATRERL TR LU PR O, — S5 T2 SR HA AR R 2 e B er T el 5 G AR e PR
U BRI, GBI PRI O ML AR AE P U, RS ST BV RS2 b, SR 0] T2 A8 5 J5 A i i
ATVPAN o T2 AUl S — AR e it 071, Pl PRME + n x A5ifEfR 25 (Average + nSD), HiiAE
FIWLH 3 S 2 7 A s ey A PR R0 R 5 R 1 S TR B S B BEAE N R v N B[ 16] [38]

4. REERE

AESR, [ WA B R PUAR ISR 2 A SR Z5 0K T R . BEE I AR R, BEAL Rk
(R AEDD G e Ro M, R FLAE 7 o S ) J T B B A RS2 B EE AN, IR R I8 1 SR S AT N2
R AN T B R 25 A A MR 2 th B e 2,

B T 2R T 1 1H(Quality by Design, QbD) B & 7E U4 FrH L AAZ 1 77 T H 25 0™ s, G2 IR AL T
FEH: R (Glyco-engineering) iU #L 7 B LA N-BEAE MG, SRATAE9035 1 o0 4 (O S840 TREBUIR D2 o
WHFR[40]. FEINAER B Pt (Mogamulizumab) Fl B LY 22 Bk #4577 (Obinutuzumab) 5t is F 7 1% T3 A 5 2 it
HE LTT[41] [42]. PRI, N-H AR AN TE SR 78 SR M i A H 25 0™ 5

S H A A ARV AT 2454 R R SR A AT — E ZEER, (2 [ N AR 25 1 RIS AE 2 K R
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