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[ Abstract] Objective: To develop quality control methods for recombinant anti-interleukin-23 monoclonal
antibodies (anti-IL.23 mAb). Methods; Peptide map analysis by RP-HPLC was used for identification of an anti-
IL-23 mAb. The purity was measured by reduced/non-reduced capillary electrophoresis-sodium dodecyl sulfonate
(CE-SDS) and size exclusion-high performance liquid chromatography ( SEC-HPLC). Charge heterogeneity was
measured by imaging capillary isoelectric focusing electrophoresis (iclEF). LC isoAsp95 was measured by RP-HPLC.
The biological activity was determined on U20S IL23R/ILI2RB1 dimerization cell. Other quality control items
complied with corresponding requirements of “Chinese Pharmacopeia” 2015 edition and related guidelines. Results:.

Peptide mapping showed the specific spectrum of the anti-IL23 mAb, which could be adopted for the identification
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test. The area percentage of heavy chain, NGHC and light chain was (97.84 +0.12)% as detected by reduced
CE-SDS; the area percentage of main peak detected by non-reduced CE-SDS was (97.23 +0.11)% . The area
percentage of monomer peak and total aggregate peak detected by SEC-HPLC were (99.26 £0.005)% and (0.71 +
0.005) % , respectively. The area percentage of main peak, acid peak and alkaline peak detected by iclEF were
(73.83+0.29)% , (24.03 £0.34)% and (2.10 £0.09) % , respectively. The percentage of LC isoAsp95 was
(3.37 £0.52) % . The relative biological activity was (102.25 £8.47)% . Conclusion: A series of quality control
methods for anti-IL23 mAbs has been established, which can be adaptable in ensuring the safety, effectiveness and

quality controllability for similar biologics. The study is of great significance as a representative quality control reference

for anti-IL.23 mAbs.
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ICH 450 OG5 5 J5L ) B K, B X R IET L+ e il
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Pt TL-23 FAATE 0 2 L i FURE i 2 O AR S0 00 =% B
FEo A5 00 A ] B 40 N TL-23 (eBioScience 23
), Cat. No. :34-8239) ; McCoy’s 5A }% 57 K ( Iwakata
& Grace P, Cat. No. :16600-082) . £ K 3if 5 2 1L
7 (Cat. No. ;16140-063 ) W H Gibco 2y &) ; i1 % 2% B
(Cat. No. ;30-240-CR ) , G418 ( Cat. No. ;:30-234-CR) .
0.25% i 3% [ B#/EDTA ( Cat. No. :25-053-CI) I H
Corning 2~ ] ;4 175 H & H ( BSA, Sigma A\ #] , Cat.
No. : A7638) ; PathHunter® FLASH # Il ik %] & ( Dis-
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coverX 2\ A, Cat. No. :93-0247) ,{#i FI} ¥4 Flash Ji& 4D
I Flash 20 OR300 22 whig LA 4 1R AT 1E ) PathHunter®
Flash #:032050) TAF %% SDS-MW 2 #7308 &% A
SDS #f & 22 vh i ( SDS-MW Gel Buffer,0. 1 mol- L™
SEARAR,0.1 mol - L' #4112, Cat. No. :390953 ) ; 2% 14
4 H, f# it Pharmalyte 3 ~ 10 ( Cat. No. :17-0456-01) ,
Pharmalyte 8 ~ 10. 5 ( Cat. No. ;17-0455-01) lJ § GE
Healthcare 2\ 7] 5 iCE3 7 & (45 0. 5% F1 1% H
FELFYE R, BB K B A H W) (IR )2 B A L pl
markers 8. 18 ( Cat. No. : 102408 ) #11 9. 77 ( Cat. No.
102219 ) ¥y H ProteinSimple 2\ &) ; #2 ik B B ( CPB,
Sigma /&) , Cat. No. :C9584) ; Agilent 7100-CMP Sci-
entific EMASS-II-Agilent 6230 TOF,CR3520 cIEF-MS
G & B B4 A (CMP Scientific 20 7] ) 5 Lys-C i
AL ( WAKO /A &), Cat. No. :125-05061 ) ,,
2 UsR

1260 HPLC % %% (Agilent 2\ 7)), 1 & & 41 4%
HPLC 5, MWD £ I K % 5b/ T W6 K 91 2% ; Analyt-
FC 1R WA 2% Mo ALS R 2% (Agilent 24 7] ) ;G — 25
i £k 4+ ( GE Healthcare 4\ %], Cat. No. ; 17-0853-2)
Phenomenex Kinetex {64+ (150 mm x2.1 mm,2.6 pum,
Cat. No. :00F-4462-AN) ; PA800 plus T 4l 4 Hi Ik &
4t ( Beckman 2\ B ) & 45 ) ; PDA £ I #% . Beckman
THE (31 em x50 pm, HHKE 21 em) 1 [
Beckman Coulter 2 & ; SEC-HPLC # ] 5% F| Waters
2695 R ROMAH (35 A, 2487 52 S A6 £ , (35 A K
TOSOH TSK-GEL BioAssist G3SWXL (300 mm x 7. 8
mm,5 wm,Cat. No. ;:20026) , {34 TOSOH SWX-
LPEEK (40 mm x 6 mm,7 pm,Cat. No. :18008) ;iCE3
F Y045 45 A B A 12 /L ( ProteinSimple 2\ 7)) 5 Spec-
traMax® M5 2 Iy B [ B5A0 K Softmax® 53-#7 i 1 ( 5
[ Molecular Devices A ] ) .
3 AR

U20S 11.23R/IL12RB1 — & 1k 43 #7 40 i ( Dis-
coverX /A H], Cat. No. : 93-1007C3),2 4> 5Z & IV 3t
IL23R Al ILI2RB1 43 jil il & 3235 T B-gal B4 1
Ny = I N N | AR R N T 7
IL23R A ILI2RBI %Az R Ak, i B-gal A5 1
O HE R RS2 (R AR 45 G KA B-gal MG TE , 7 K W 47
P N SR f e ¥ & L R
4 Fik
4.1 BKE%E

Wl £ 4R 5 9 2 0. 25 mg, fITA 150 pl 22
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P W (6.0 mol-L ™" GuHCI,50 mmol - L™" Tris-
HCI,5 mmol-L "' Na,-EDTA ,pH 8.0) iE%4], SR J5 A
I mol- L™ W5 MiEE 1.5 pl,IRA1 5 B T 37 C Kk
W1h, BUBEMA 1 mol- L™ @l Z Wk 3 wL, &6
BEOEHEF 60 min, SRJFAMA 3.5 pL 1.0 mol- L'
DTT R4 JE A 750 wL 546 2% #hi (50 mmol - L™
Tris-HCl,pH 8.0) ,IE &5 M A 16 pL 0.5 mg-mL "'
Lys-C W, LA 37 CIKME 4 ho A 4 pL TFA Jf
R4 LR TG Lys-C, R Agilent 1260 HPLC % %;,
Phenomenex Kinetex @4+ (150 mm x2.1 mm,2.6 pum)
Oy, KA A A R 0. % () TFA /K,
WhAH B 9 0.1% i TFA 2 I % W, WE 47 86 5 BRI
(0 ~3 min,0% i A B;3 ~7 min,0% —2% i 3h 4
B;7 ~10 min,2% —5% Jii s #H B;10 ~40 min,5% —
20% i gh A B340 ~ 87 min,20% —33% i s Al B;
87 ~ 100 min,33% —3 5% i s A B;100 ~ 103 min,
35% —70% i 2h Al B;103 ~ 106 min,70% —100% i
A B;106 ~ 110 min, 4E 3 100% Wi s AH B; 110 ~
111 min,100% —0% i 2h 4 B; 111 ~ 117 min, 4+
0% i ZhA B) ik 0.3 mLemin "5 FAEARFL 100 pL;
FE b ZE IR EE 4 °C 5 FETR 40 °C 5 K K 214280 nm,
A I B[] 117 min
4.2 CE-SDS i

FHR 21 KRR SR B 2 10 mg-mL ™' B30 pl ke
A A 5 AE BRI S EE L1 5 L Fi SDS A 5 22 th il
161 wL(iBRJ5) B30 pl BESL A 0. 125 mol - 1.7 'N-2,
LT R E T e 10 L A1 SDS Kf i 22 sh i 156 pL(3F
W) IRATE 70 C /K S min, B 80 L & i FE R
g EALA AT, R Beckman PASOO plus & 41 H
KRG A LRZBHME (B 31 em, FRK
BE21 em) A0, A6 I AR Sr B HE 15 KV B
IR B 25 C o FE S IR BE D 25 Co kil i Kl
220 nm, JFERES CHRBE + NGHC + EEE” (iR R AL)
e T2 06 (A S ARY ) 0 T RRUE 43 o
4.3 SEC-HPLC %

W B S PRSI [ 0. 2 mol - L™ R 6 2% vk, B
B2 12.8 g NaH,PO, -H,0 f119.1 g Na,HPO, -2H,0 ¥
Taifbkh, #4521 L,pH (6.8 £0.1) JFikE = 10
mg-mL ', % Waters 2695 HPLC % %5 2489 “£ 4}
K I %% . TOSOH TSK-GEL BioAssist G3SWXL ( 300
mm x 7.8 mm,5 pm) @35 A AT R, A SR A
Wi~ 0.7 mL-min "5 g RE R 20 wL; g RE 2% R E
4 °C MR -AE T 280 nm P AN K F 1% 214 nm



WA A A A0 o A L RECK 214 nm &b By i
T AR TE 2 280 nm Ak (¥ 0 T AR, 7E 280 nm KT,
3 o AR A — AR TS A Y

4.4 ERESEIRERIK(CIEF) %

4.4.1 CcIEF 3 %2 pL CPB(5 mg-mL ") il A&
20 wL B A (10 mg-mL ™) (B B0 1,25 T4
PR R 30 ming HUS 570 pL i 1% HEEAF 48 %K,
1 wL #9 pI marker 8.18,1 wL A% pI marker 9.77,2 pL
) Pharmalytes 3 ~ 10,6 wL AYJ Pharmalytes 8 ~ 10. 5
115 pL 4 KRS . b 5 AW K 3 kV,
FF4E 5 min,

4.4.2 FYEEIK BT (IEF-MS) & A
itk ] cTEF-MS 325050 & 19 22 vh i C iR & 1) 7
A 0.2 mg-mL ™" 4% 11 155050 B AL 0 1 i ol
JRIRAT, HEREVR S 0.1 mg-mL ™', BAIGE R 1 R
Z80: Flush,20 s, 22 wfif B (i 5] & #2414 ) ; Flush,
45 s, Sample; BN E HIK T B S 4. 15 kV,5 mbar;
Fragmentor; 380 V ;Skimmer; 300 V ; B - 1 M 55 2=
$.2.7kV,4.0 mm,1.1 mm,

4.5 RESHKMEEE (RP-HPLC) ik & #4824
95 (L R Z KRB F M (LC isoAsp9s)

FE 5 1Y BT Ak BE R “4. 17 300, SR FH Agilent 1260
HPLC % %, Phenomenex Kinetex & 3% 4% ( 150 mm x
2.1mm,2.6 pm) 53 g5, Kl 55 A A 0. 1%
B TFA KW, W sh A B R 0. 1% ) TFA 2 )I5 %
W5 HEAT BB BE VR (0 ~ 6.7 min, ZEF 29% i s AH B
6.7 ~36.0 min,29% —36% i & #H B;36.0 ~37.0 min,
36% —100% 3 4H B;37.0 ~51.0 min, 43¢ 100%
FahH B;51.0 ~52.0 min, 100% —0% i 5h 4 B;
52.0 ~66. 0 min, 4t 45 0% i 5 A B;66.0 ~67.0 min,
0% —100% 7 s A1 B;67.0 ~ 80. 0 min, 2 100%
Wah A B;80.0 ~81.0 min, 100% —0% i 5 # B;
81.0 ~95. 0 min, ZE+F 0% i sh#H B;95.0 ~96. 0 min,
0% —100% 33140 B,96.0 ~110. 0 min, 4E3# 100%
WA B;110.0 ~ 111.0 min, 100% —29% 3 2l 4
B;111.0 ~125.0 min, 4E4% 29% Wi 3hAH B, i 0. 3
mLemin ") 5 EAEABL 100 pL; BE 5300 4 C 5k
Uik 40 °C 5 Ko 4 2147280 nm s K P F[] 117 min
4.6 MWEITEYHFENE

HUXE 54 K 1 1% U208 TL23R/IL12RBI 41 Jifd ,
DL 5 35 5%k (B 15 57 25 % 900 mL McCoy’s SA FlI
100 mL #A KT i 4 I 3% ) TR 40k 1.5 x 10° A4
AN - mL ™" B S0 WL A B AEAS M B BT AT FL b
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£ 37 °C 5% CO, RUMEAH 5 5% 30 ~120 min, DA
IL-23(20 ng-mL™") fo 4G I 455 5% Ho6 A3 A AL 2 1
fih 1 B 2 2 B Vi 2 Ry 40 000 ng - mL™", 8K 5 42 R T
s Z IR RE AL 8 DML . #5 50 pl R Bk i
WA B 40 M 96 L ARGE X AL, BT 37 T
5% CO, BYPEE T H % 24 ~26 h, WCH 0 5E Az, JF
752 TP (30 £5) min, &L AIA 100 plL #)
PathHunter® Flash £ I 5 T4 % 9, 18 ) )5 T
Qb33 90 ~ 120 min, 7E SpectraMax® M5 F#R1Y I,
A S e AT B2 8, IR T Softmax® 43 B 4k
PEBEAT IS E )T, I 220 00 2 Bt 22 R P62 LE
FURE B 1 2 55 % W7 Mk JBF ( concentration for 50% of
maximal effect, ECy, ) , 718 FE i 0 A X A4 9 24 30 M
TEA X B M X AW /% = 21
EC, fH/¥: M EC, {H x 100% ,

& ES

1 KEZ®

RP-HPLC Jik A2 i AP I LI 1. H AR
WL, 2 LU a5 48 il 09 T3 TC W] 8 22 5 o T AT
Xt RE b AT A R 25

Ref

20 60 8

Juil
1l S

|
=

Bl 1 g IL23 il 2 1 (Ref) 5RER (S) 0
e )t i

2 EJR/4EFEREE CE-SDS %

ik 5t CE-SDS 5 I 45 2R ULIE 2A, 28 6 Yl i #
i HE + NGHC + B2 5 1 I 0 AR 7 L (97. 84 +
0.12)% ,RSD /0. 12% ., JEi& & CE-SDS il 2%
VLI 2B, 2 6 Y iE FE 3 0 g AR A g el
(97.23 +0.11)% ,RSD } 0. 11% ,,
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t/min
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B8R 888 8 8 B 5
~Y o o @ ~ 3 o
2eE &R & & « 3
N - >
N
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0 5 10 15 20 25 30 35 40
t/min

B2 Pt IL-23 FPTHE AL JE CE-SDS(A) ML )5 CE-SDS(B) fUR Kl 1%

3 SEC-HPLC %

SEC-HPLC £l 45 5 WL J] 3, 28 6 Yl 5, 10
mg-mL "SI W L RE 20 WL ( L RE R R 200 pg)
FE it B B 05 T8 BT 20 R (9926 £0..005) %
RSD 2 0.005% ; & 5 S AR W 1 BUE 43 H hy (0. 71 =
0.005)% ,RSD }0.70% ,

12
t/min

B3 HiIL-23 B4R Y SEC-HPLC AU K%

)
0 2 4 6 8

4 CcIEF 43 #7
4.1 iclEF &%k

FEAL Y icTEF fCR PR WA 4. HALEE, 4t
WAL A 1A TR (g 4) TR PR G O 25 B /N T g
F4 FT A e TR kP 06 DAy S5 R R T 0 B BT A
7% TR A W R A U ) B P U A B A R . 26
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W, 0y AR 43 e (73.83 £0.29) %,
RSD 4 0.39% ;i 1 W iy i 1 AU A 43 bRy (24,03 +
0.34)% ,RSD >y 1.41% ; fis P 04 i 0 o1 AR 43 LG
(2.10 +0.09) % ,RSD %y 4.29% .

N
<
=

pl 9.77

B4 i IL-23 HHTEE ALY iCIEF (UL K3

4.2 cIEF-Mass E M4 #F

FE S cIEF-Mass 43 87 3% UL &1 5, 06 7 55 &
4 rh iclEF 4y 45 B0 BE S AR — 3. 5 UG R
i A W (g 4) 4y T & R 146 748.37 Da, R Mg
(I 1 ~3) 4 T4 5 M 146 620. 96,146 619. 36 FiI
146 615. 85 Da, B4 (16 5 ) 4> Ty 146 748. 37 Da.,
FPE 5 FE 05 o 2 22 5, M 00 0 R A S Y 2
Ry T R 7| RS A 0 SR €K S 8 2 R R
e,
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0.8+
g 0.7+
= 0.61
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o ; I Peak3 2 apa502 87920293648 ST ” 318809 326017 333270
0 L 1 " L L L L L L L r L h
2400 2500 2600 2700 2800 2900 3000 3100 3200 3300 3400 3500 3600
C x10¢ m/z
1.5F 5
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0.5f %nT.S
x103
a3 3
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Bt €2
e
x10*
4 i
g Peak1 85
B o $3
A
x10*
1r Peak2 é 8
B oo.sf ¢§
x10?
3r 83
% 2 Peak3 £g g
ad er
1F s
L MR AN s A i s A NUAAAN AN S
141 000 141300 141500 141700 141900 151000 153000 153500 153700
miz
S ko | s | owm | om [ A | a3
Mass 146748.37 146618.40 146620.96 146619.36 146615.85
AM 129.93 2.56 0.96 -2.55
Modification Lys 3*Deamidation 1*Deamidation 3*Amidation

A:BPE(m/z 2000 ~4 000) [ cIEF-MS 4>#7H¢ IL-23 i ; B i IL-23 M B AR K L bE m/z ik ;
C 9 IL-23 oy 3 22 g fif A8 A 5 PR A5 R s Do Bt IL-23 g 32 20 o ff A48 S5 AR A8 i 28 L 7
B 5 CcIEF-MS 4p#7$t IL-23 B
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5 4% LC isoAsp95
LC isoAsp95 f) RP-HPLC 1 2 M & 33 UL 18] 6, LC

isoAsp95 KBS B4 3405 85, 48 6 il a2, LC isoAsp95
I E 43R (3.37 £0.52) % ,RSD & 15.43%

LC Asp95

\

LC isoAsp95

2 4 6 8 10 12 14 16

t/min

LC isoAsp95

18

20 22 24 26 28 30 32 34 38

LC Asp95

6 7 8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
t/min

B 6 i [L-23 FHpEE S LC isoAsp95 {3 K i

6 HEXEMFEFENE
IL-23 #E H| 7 U20S 1L23R/IL12RB1 — % 1k 4y
Branid, 7T S IL23R A ILI2RBL — % fk, M1 fif
B-gal g5 M HEAAR TN 32 1A AH 45 A Pk 52 B & 4, n A
KW Rl A A 2E RO . R Rk B R B TL-23 41
IRAFAERT, AT A0 TL-23 537 (R 45 & 40 i 32 1k —
Ak DT 400 o) I 55 P, 40 b AT A ST B RUOC R DATE
MRS B Y 2R TG, @S EoF RIA, A
JE R >0.99, 26 WIE, 55 H b L, B 5 AR
AWy R (102.25 +8.47) % ,RSD Jy 8.28% .,
5]
Bifi 5 92 27 1) & B UG 9 B AL ) A9 TR ABIF 9%
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