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HWE BHH: 2315 ETAAClEH#HH 7 (thCIINH ) F B4 450 5 F H ML & 2% 48 &% (SEC-
HPLC ) 7 #% . 753%: thCI1INH #8 /5 , R A TSK GEL3000SW & %45, 214 nm M| ik % sF 2 5 A4 dt 474,
VA 250 mmol L™ B85 %2 7% (pH 6.8 ) A #3048, ik 0.5 mL - min™ #E472e00, R /£ 25.0~85.0 pg-mL™
K EFEE P, thCIINH AR S ¥ AR FE 9 P % & BT (R F3545 % 0.997 ), thCIINH A& 7 4 5 3|
3IANERAWE, XA BT — %K 6 RBHGRASMATHEEN A 0.11%.0.15% F= 0.60%, RSD 53
A 10.7%.9.0% #7 3.9%. 4 #tK thC1INH # 5% F B R &M 6922 5 3 4 0.82%.1.01%.0.97% F= 0.92%. %5
18 : SEC-HPLC 7 3% A T thC1INH R e94am] , A LR SM R AN E S o= Bif WL T T Ak,

KR THA Cl BgBad74) 7] (rhC1INH ) ; 9T L &5 20& A48 &% (SEC-HPLC ) ; RE&W &2 ; A= 4);
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Determination of aggregates protein in recombinant
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Abstract Objective: To develop a size—exclusion high performance liquid chromatograph ( SEC-HPLC ) for
determination of the aggregates protein in recombinant human C1 esterase inhibitor (thC1INH ). Methods: The
rhC1INH samples were diluted with mobile phase and separated on a column of TSK GEL3000SW column. The mobile
phase was 250 mmol * L™ phosphate buffer ( pH 6.8 ) , the flow rate was 0.5 mL * min™', and detection wavelength
was 214 nm. Results: The peak area of rhC1INH standard showed a good liner relationship with the concentration
over the range of 25.0-85.0 wg* mL™ (the mean R’=0.997 ). Three aggregate peaks were isolated from thC1INH,
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and the mean contents of three peaks were 0.11%, 0.15% and 0.60% , with RSD of 10.7%, 9.0% and 3.9%,
respectively. The total aggregates in four batches of rhC1INH were 0.82%, 1.01%, 0.97% and 0.92%, respectively.
Conclusion: The SEC-HPLC revealed a feasible detection for the rhC1INH aggregates, and provided basis for

establishment of aggregates—related quality standards and product evaluation.

Keywords: recombinant human C1 esterase inhibitor (thC1INH ) ; size—exclusion high performance liquid

chromatograph ( SEC-HPLC. ); content of aggregates ; quality control ; biopharmaceuticals

C1 i itg 411 %1 3 ( C1 esterase inhibitor, CIINH ) &
1957 AL ML P A B ISR o1, i T 22 AR
B3] ( Serpins ) AR ABI CLINH 2 FFiE
HHEE BOTFAAAE T I o R 7R I RS
Hh BT BB AR A, CLINH = ZE Ml kMAER I ( Cls.
Clr F1 MASP2 ) 42 il 0% i 44 (UM s it R 95E 1 A1
T X a) WIEPEEE A (BN X T a) FILFEE
P it (L2248 28 1 5 B AN 20 S AT IR RS 0 ) B35
£ 4 CHINH SR BI /48 5 CLINH B2 8
REATRIST , AMACRIZ A BTG R AR ARG , ANRE ST 43 M ]
efisors i Ae , M5 UK R, iS5
B RAFIRG IRA7 M58 NS08 T URIK i, X 02
5| 35 A P 1L 7K i ( Hereditary Angioedema, HAE )
(9 B A 7 HAE S50 Y, B BR EHEFE CLINH
Wi HAE B8 SR R B eia r g S

LT, 26 [ 25 RRCUH L v - 717 % CLINHL 32 202 1
3% >k Y5 1) Berinert . Cetor . Cinryze . Haegarda e 45 1 5
A3 W5 2 B PR S LT v g EZH N C g it 4000 1) 541
( recombinant human C1 esterase inhibitor, thC1INH ) 2§ {2l
¥ Ruconests Ruconest T~ 2010 - H1 2014 443 57 15 K B
ANSE EBAE BT, 3 T A AR HAE (B 2k
BARRIAIT ™ FRFLITAILIE A9 thC1INH A A
S5, KX T (2 98 k) FIBHIEALFEBE MK TR
4% CLINH, FI5% 1 5 1 R I AY CLINH —3 1

2015 4F 10 A, W 25 3 5 Yot 17 AR IR
CUINH f¥ o i 4 i b . R rthC1INH B 4875
Wi RN DG [ LT, 245 M A L T A
TRAREWRRIN I EMIREEOR, REW 5
Y S5 AR ], IR B mT LA A AR A 7 a2
FEft e S R, e sk | pH B IR
B T I P R IR B A5 2 1 i el AR S R 1 B 3R G 1915
. RE VRS2 2500 £ YiEYE AN 251830
SR RE IR, 5 RS ) e SN, e T g it
W 25 49 9 A A R At R e, 7R AR
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25 R P F ST B ST Al B AT T
REWHEATEN, TR E 7 b R G BB i
LI A R B

ABFTHNT T thCUNH AW S5 THEH =L
AR €A (SEC-HPLC ) P T, FEXT 4 SR i B 7
DRE , k thCINH SR AR st T B
1 UFES5RH

OB (RS ( Waters, 2659 4355 4% , 2487/2489
LHMEGI RS, Empower TAESY ) ; TSK GEL3000SW 7,
%45 (TOSOH, 5 pm, 7.8 mm x 300 mm ).

rhCIINH XJFE 5 (BEE BAE ) 5 SE A I8 R
( Biorad, 151-1901 ) ; % 84 ( 250 mmol - L™ 8 iR 2%
M, pH 6.8 ) 5 # 4l 7K ( Millipore, Mili-Q Advantage
UK RS ),

4 4L Y% thCIINH B & (S1.S2. 83 Fil S4, Bl 84
12, Hor S1 T SEC-HPLC J5 1245601 ),
2 FHik
2.1 B
2.1.1 thC1INH YRS AW B 1 thC1INH XT R
i, TR BIAIFR B 2 0.1 mg - mL™", 43 55 28 o ke i
4 25.0,35.0.45.0,55.0.65.0,75.0 F11 85.0 pg* mL™
(AR IR VAR
2,12 RGUEHVEAR B RSB e B A T
A 1.0 mL #2lK, sE R A5 B 15.0 wl S8 A
% 585.0 pL Jishitl, mmRAE &
2.1.3 thC1INH {4t 3 5 % % B 1 rhC1INH A
air, 1 14.0 mL &8 407K 78 73V i , 11 I s A B 2
6.0 mg - mL™" ., [AIASF, AT SHAHAE 2 (T BE
22 kAt

TSK GEL3000SW {71j%4+: ( TOSOH, 5 pum, 7.8 mm x
300 mm ) ; & F 250 mmol - L' 4 # B2 2% wh % (pH
6.8 ) i BN AHIEAT 45 BEVEIBE , BT S [H] 2 45 min, Ji R
0.5 mL* min™"; KK 214 nm; H:IE 20~25 C ; #F
FEE 20 pl.
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FHTEAUA— (L M hCINH A i, B @1
B AT SRR LA N A e A e A, &)
3 gﬁ% 0. 08
3.1 REUE R 3%

REE ARG @ L 1 s e "%
S B R (P 1-A) ;s BB, y kB M
(W4 ) FBH 3% B (1 (I S5) 2 14 B T (Rs ) N d
27(RSD J3.1%); MIEREM (W 6) fBissms % 5 10 5 2 % 0 % 4 4
(N)H} 19 367(RSD H 2.4% ), i BHFER A% 5 1 1Y 0. 14,
OB EEREE, P 1-D g thCHINH BE R B GHERL R ol 5 ?
thC1INH [ 31 (15 4) b, 3853 B3 5] 3 N RE Y4 0. 10]
(U6 1~3), 1 5 J FLJH IR thCIINH AR A o e

XA, 6 HIRBC OB, AT o Coe T
YU 1~3 A T4 0.0 ﬂ
32 LM ™ *MJ\HJ\

rhC 1IN X J 5 5 5,38 P 25 52 LT 1-C DA XY ol JWVYULW
MR TR BB AR R (X)), FEIERIE T REUS TR (Y) o0 ‘ ‘ ‘ : :
ﬁﬁ?gjﬂiﬁ]ﬂaﬁ»jﬁ, @Uﬂjﬁ‘ﬂ:‘% 0 5 10 15 20t/min25 30 35 40 45
Y=2.972 x 10'X-2.11 x 10°  R*=0.998 -1

W5 3 WIRA I FH R S0 09980997 ™% i
F10.995 (5 {4 4 0.997, RSD 4 0.16% ), i ¥ 7& Z;:
25.0~85.0 pg-mL” JLHIN, X RGKE SIERRZ g 1

= w

) 2 B0 RO PG R ool |
33 WEE o] a .
I ST 4tk thC1INH #4217 6 R G5 2T, 53 51) 0

G RANREY (g 1-3) ALERGYE 22— o & % & % &
Pk R TR B 20 3% 36 1 7, STRE S /ol
REYNTEY &8N 0.86%, RSD 4 4.8%; % 3 B4 o 14,

W1 RSD J9 3.9%, 5 2 A0 1 B A WMIRSD A 5] i ’

4 9.0% F110.7%. [F) i, SLFE & b E 2 CLUNH L o 4 |

I3 il 98.229%, RSD R 0.04%. i IA 12 7 15 1) .08 |

Wi R UF. 530, thCIINH R B HPR AT (1 3) F g ) i l

9 Rs 18 (515, ITRIEEMAN SRR AWZERH o | W

WOV, W3 D WD S LIRS R g ol

1 <1.0, Horhde 2 Fide 1 143 B RCRR 25 . thClINH 32 J B VL

o) RSD B S AIGT08 3 06 2 g 1 49 RSD. -0.02 : : : ‘ : ‘ : : ‘
3.4 %ﬁ—f‘@g@iﬁ 0 5 10 15 20t/min25 30 35 40 45

BCSTAEah, B 2 h b e 1O SR 4 G m 1 sEc-HPLC it
1:':1 llé‘ % é % E{/‘J /E',\ % éj\%'lj )ﬁ 0.70% .0.77% . 0.75% ﬂ] Fig.1 Chromatograms of SEC-HPLC
N N N A. 75 XS B (blank control ) B. R IEFRE NS ( gel filtration standard )
1A RIES
0.76%, :FiLJ{Ej{] 0.75%, RSD ji’ 4.2% %%EtL{J‘Jd: C. thC1INH %f B8 &4 (thC1INH reference substance ) D. rhC1INH £ fh

11‘,:"(‘ , 51 ﬁl%ﬁ 6h [j;J E‘J%ﬁi‘@ Eﬂ?o (thC1INH sample )
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Tab.1 The results of total aggregates and Rs in rhC1INH
M (AUC ) /% 3B (separation degree, Rs )
g HEATREINE
= & k& & &
’ (‘retention time 14 4 1% 3 1% 2 14 1 HIEAY) i 4 S50 3 it 3 it 2 It 2 i 1
(No.) f peak 4 ) /mi e ( peak 4 and (peak 3 and ( peak 2 and
of peak 4)/min (peak 4) (peak3) (pea2) (peakl) (total aggregates )
peak 3) peak 2) peak 1)
1 14.83 98.16 0.62 0.16 0.12 0.90 1.78 0.92 —
2 14.83 98.17 0.62 0.16 0.12 0.90 1.78 0.92 —
3 14.83 98.21 0.61 0.16 0.11 0.88 1.80 0.93 —
4 14.83 98.23 0.59 0.14 0.10 0.83 1.81 0.93 —
5 14.89 98.26 0.57 0.13 0.10 0.80 1.80 0.93 —
6 14.84 98.26 0.57 0.14 0.13 0.84 1.81 0.91 0.87
. ii,j
P 14.84 98.22 0.60 0.15 0.11 0.86 1.80 0.92 0.87
(' mean )
RSD/% 0.16 0.04 3.92 8.96 10.69 4.80 0.76 0.88 —

35 R H
Fi I “2.27 T S5, X S1.S2.,S3 il S4 itk
B AT T S B CREHEAE S I 39K ). 441t
thC1INH 2786 1 RE 9, Horh SR G W& 5005k
0.82%,1.01%.0.97% 1 0.92% ( 3 2 ).
%2 RhCIINHHEZEEYEE
Tab.2 The total aggregates in rhC1INH

45 (No.) S1 2 S3 S4
1 0.76 1.01 0.97 0.92
2 0.82 1.00 0.97 0.91
3 0.89 1.01 0.96 0.92
34 {H (mean ) 0.82 1.01 0.97 0.92
RSD/% 7.90 0.50 0.36 0.44
4 itig

TEAEIHEAR I IR A S A v s i
P22 G SO ) B BT B, o T A e
JO R b AH DG 2% I / 28 11 1 25 0 S Wb AN ] 2 (1
R H 7, thCTINH SR P T3 3R R R i 7L it
77l B A DG AR B/ B R AR AR T Al A L R
AN S EEE OSSR R R Y AR AR
Y B R A RS, A 5E £ X rhC1INH
PR RGP TS . AW A AL 322
SR 7K 4 ¥y SR R A P R R R T AR
CI1INH A9 N 3 35 A7 FURR A 116 2 LR ik 3, = %L
T 2 A TR 22 R R R RS A S

AL Ha i

S |

TR AR RRE CUINH 2544 FN R 45 22 24 R 2 1 g 1)
il 7 PR o B SR L B IR R R S5 R 2
TE CUNH MR MR 3G MEANEZ R
12220 B, A thCTINH 72 i 1 12 543 1F
) A2 P R AW B i i e /N
[%][10]0

H T, S0 258 RS WA ik A
§fi SDS-PAGE . SEC ( i 7 22 A5 I 5 19 A [ J5 3% )
B 25 )7 v, Horp SEC-HPLC J2& H B 1 T 20 b7 8
HYE AR TSP X chCUINH T 7,
DA A 24 i e 4 T 5 5 0 B ARG I i B BR E R, AR
FFEEEXF thC1INH Fh RS9 T SEC-HPLC £l
J7#%. M SEC-HPLC (345 5l LIE H (& 1-D ) :
thC1INH 3 5 73 Bk W s (% 4 ) {47 78 3 > 2 1 g
(U6 1- 0% 3), 3 A5 (I A0 7% & W W AIK T rhC1INH
FER UG 5 FE S B R T I, 06 3 55 rhCINH 3 014
REAE A 25000 1 5 e 3 UG 2 0 2 T 1 R REARAR 3R
U0 5 B AR (ERE AR IE DG 2 06 1 5 a0 4
B B . ARSI rhCHINH H RS R A &
AT T, 450 B 4 LUK rhCHINH B & Y 2
LR A ILEEE N 98.3% , I Ve E] 4 14.8 min;
BEREYHEEZ N 0.82%~1.01%., 1F Feussner %:[9]
FIATFFE R, 13.5 min Y6 (8] 2 115 09 25 RS o3 2
by B AR A & A R L 2 0.6%. AR SC
5 Feussner 5% i 2% 55 Al i€ 5 SEC-HPLC 44 (iR
A RS R pH A5 ) R bR 25 5 A OG5 S b R
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AEAAFRRAF B TR 2552 ) thCTINH H 3RS W0 &
o TE TR, AT E I 3 AR A
YAy, R SDS-PAGE (SIS YCHU KT AT 5
VHEZ B m RO FHEBL G35 i T IR A T
DLYERE I 3 06 2 AN 1 AHOCER IR AWK

ZE LT, AWFGE S T rhC1INH = i Hh R A
Wy ARSI 73 ST AT BE ™ AR I i R
TR RIS, R AT REIS /D CLINH il 7 b 45 1 B4 W)
()i e nT 2 PR YL R o
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