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ik 800 L+h™', 324858 B m/k 50~2 000, FAIE—RLEH, —misbsk 4y X A AB AL B 5 225 N 48 B 3%, o A7
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Abstract Objective: To establish the quality standard of physicochemical reference for recombinant
human erythropoietin ( thEPO ) , and to evaluate the quality of thEPO physicochemical references from eight
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pharmaceutical companies. Methods: The biological activity in vivo was measured by normal mouse reticulocyte
count method, and the peptide map was drawn by LC-MS. Chromatographic conditions: BEH300 C4 column
(2.1 mm x50 mm, 3.5 um ) was adopted, the mobile phase was water ( A ) —acetonitrile ( B ) —1% formic acid
( C) with gradient elution ( 0-60 min, 1%B — 60%B, 10%C; 60-61 min, 60%B — 90%B, 10%C; 61-75 min,
90%B — 1%B, 10%C ) at the flow rate of 0.2 mL * min~', the column temperature was 40 °C., the sample storage
temperature was 10 “C, the sample volume was 5 plL; Mass spectrometry conditions: The data were collected by
MS" model, the capillary voltage was 3000 V, the cone voltage was 40 V, the solvent gas temperature was 350 °C.,
the source temperature was 120 °C, the solvent gas flow rate was 800 L+ h™', the scan range was m/z 500-2 000.
The primary structure, the disulfide bond linkage and glycosylation sites were confirmed. N-linked glycosylation
maps were drawn and the oligosaccharide structures were analyzed by LC—-MS, and the isomers were analyzed by
capillary zone electrophoresis. The sample inject pressure was 3.45 kPa, the inject time was 10 s, the separate
voltage was 15.4 kV, the separate time was 80 min and the detection wavelength was 214 nm. The rest of the test
items were in accordance with the 2015 ( 3 ) edition of Chinese Pharmacopoeia. Results: The established methods
were compared and applied to the tests of thEPO physicochemical references, and the results met the proposed
quality standard for rhEPO physicochemical references. All the samples had consistent amino acid sequence,
disulfide bonds ( Cys7-Cys161, Cys29-Cys33 ), O-glycosylation site ( Ser126 ) and N—glycosylation sites ( Asn24,
Asn38, Asn83 ), glycosylation patterns of the samples were different, and the relative proportions of the different
glycoforms were not consistent. Isoelectric focusing results showed 5-8 charge isomers bands, composition
charge isomers of different samples were different. The content of protein, specific activityin vivo, electrophoresis
purity, liquid phase purity, isoelectric focusing, sialic acid content, N terminal amino acid sequence and peptide
mapping results were in line with the physicochemical quality control standard. Conclusion: The quality standard
for thEPO physicochemical reference is established, and the qualities of physicochemical references from different
companies are generally stable and consistent, but there are some differences in the glycosylation level. Analysis
and comparison of differences between rhEPO physicochemical reference from different companies in biological
activity.

Keywords: recombinant human erythropoietin; physicochemical reference; prime structure confirm; isoforms

analysis; specification; quality evaluation
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F) ) 3 UV=1601PC 254k — W] WS G T ( Beckman
NE=IDE Mini—protein3 ok (X (GEZ &) Spectra
MAX250 [ 45 AL (MD 2y & )5 2 .0 #1( Beckman 2y
] ) ; Waters Alliance 2695 &% R AH (2,11 22 48 ( Waters
75 Al ) 5 Waters 2996 — % 457 B 21 A Il £ ( Waters 23
H) ) ; Waters ACQUITY H-Class # 2808 (014 R 58
( Waters 2y 7 ) ; Symmetry 300 Cq 3% 4 (2.1 mm x
150 mm, 3.5 pm; HEORF: /b R Ak B B S A
Waters 23 # ) ; BEH300 C, 2 3% # (2.1 mm x 50 mm,
3.5 mm; HORE: T BESERE BEdE A IR Waters 23 F] ) 5
ACQUITY UPLC BEH Glycan &34+ ( 2.1 mm x 150 mm,
1.7 pm; R T £ 4% A0 UKL Waters 23 7] )
PAS0O plus & 4l 4 H 7K 1L ( Beckman 2y 7] ) ; Xevo
G2 QTof Jii & X ( Waters 2> #] ) ; Masslynx4.2 5 1
B (Waters 2 #] ) ; Biopharmalynx %4 #i 4b P %K
1 ( Waters 2 7 ) ; 32 Karat ™ & 41 #¢ 1} ( Beckman
NEIDN
1.2 B

Trypsin i) & ( Calbiochem A 7] ) 3 B/ PNGase
F( NewEngland A 7] ); Z M ( Milli-Q ); 1835 7K N
Milli-Q HE4EK , LG R Eigal, R kie S8 .
JABEEE (DTT ) B 2 B e (TAM) ¥ R 73 #r4li, A~H
SRES R 8 4 EPO BEAL X 1A S, 43 ik [ e 2 4 1A
A BRAF] AR HI 25 BeAn A PR B AR LA AT (1L
R A2 AT IR F DR BH = AR 25 BR ST A
Al LZRBRS AWl A R A | LR A Y s 2
A BRAF] B Lg% G254 FRAE] 8 KAk,
1.3 Jrik
131 AX T B 3 R A A R
A 100 mmol « L™ (B R S A% 1A W, JE V8 19 5 ik
JEE 1 mg- mL™ B 20 WL IDAKEEEE 2 pL, 37°C
25 3 ho F Waters ACQUITY H—Class & HH (5,35 1%
F Xevo G2 QTof BT A H#EATIME . (A% 4514 RH
Waters BEH300 C, (2.1 mm x 50 mm, 3.5 pm ) {8, 3% 43,
WA R K (A) = 205 (B)-19% PR KA (C), Kb
Ji ¥ B (0~4.5 min, 85%B — 5%B, 10%C; 4.5~5.5 min,
5%B — 85%B, 10%C. ), % 04 mL * min™ 75K 80 C ;
FERRAFIRIE ] 10 °C 5 EAER 1 pL; B4k Ms®
PR AR, B HLE 3 000 V, Cone HLFE 40V,
FEEFSMIRTE 350 °C, TR 120 C, KIEFI SRR
800 L+ h™ , FHHEF m/z 500~4 000,
1.3.2 BRI 26 BLO.4 mL #F & in A 8

t1, 10 000 r* min™" 25 /0> 10 min, 3 22 3E 33 W&, A
50 mmol « L™ [ B R & 24 1A 7 0.4 mL, &2 & .04
TR LR AL BRERAE 3 Yk, I M 8 JE A 1) 55 40
W ST LA 35 HL 2R P v B, 9 FH 50 mmol - L7 B A5 iR
UL TRORE B R B R T & 2 mg - mL A T
FEo BURF AR 25 wl, IMA V8 Z (50 pg - mL™)
45 pL, 37 C & o &, In ACHE A B 2 pL, 37 °C
B F 2 h, B A 0.1 mol L M DIT A W 1 pL,
37 °C ¥ & 1h, JH Waters ACQUITY H—Class #& #H
35 A S Xevo G2 QTof Jii i AL AT I . 04 5%
%+ 5% F BEH300 C, (2.1 mm x 50 mm, 3.5um ) {4,
FE, W sh A A K (A) - 2 (B)-1% B R K %
(C), B JF ¥E W (0~60 min, 1%B — 60%B, 10%C;
60~61 min, 60%B — 90%B, 10%C; 61~75 min,
90%B — 1%B, 10%C ) ; Jii # 0.2 mL-min™, £ &
40 °C, S RAERLEE A 10 °C, EAERE S pLs; BTi 2%
4 MS" B AR R , BN B 3 000 V, Cone HLJE
40 V, FHEFVAIRIE 350 °C, I 120 °C, ZEFVSR
T 800 L+ h" 434l m/z 50~2 000,

1.3.3  Zmikdsrtr B A 25wl A V8 R
(50 wg-ml™" )45 wl,37 CHFF SR, I A
2 pL, 37CHEE 2 h % . A3k 5040 5 Bk 45 14 W)
“1.3.27 T RE .

1.3.4 NZEHE M H 100 mmol - L7 Y Bk 2 & 5%
VR R E 1 mg e mL, BL20 pl, il
A 0.2 mL &0 &, A PNGase F i 2 pL iR
SR BETE2EB 37T CHY R (L4 17h); 1A
0.2 mL B0 oA 3AE R B L EE(-20C),
RAYSET -20CH # 1 h,4°C, 10 000 r* min™'
B0 10 min, WHC B3, IR . FRHC2- & 3
7% H ik g (2-AB ) 5.5 mg, fill A DMSO- vK fil i 1%
A P (BCDMSO 350 wlL, fil A ¥K & B2 150 pL, 18
G751 100 L, 25 & 2-AB % i i A 1k
1100 wL, il A Fr A DMSO/ i 2 2-AB 1R & W)
LSRR R, A 65 °C 4 @ ¥ P AR IR 3 min,
R R N R N o o N 11 S vl Tl = W) P ]
7 A& P AFRIE R 10 L, BT & B IR
M1 65 °C I B4 3 he AR B4R 50R 80% 1 2
JI§ 50 pL, IR-& ¥4 )5,4°C, 10 000 r* min™" B 0>
10 min, BPAR 15 FH T 638 0 &5 i X . A
Waters ACQUITY H-Class # 15 2 W HH €4 3% 1L &
Waters XevoG2 QTof it 3% {3 K . € 335 45 14 %
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H ACQUITY UPLC BEH Clycan( 2.1 mm x 150 mm,
1.7 pm) 4 3% 45, L 100 mmol - L™ H R % hy
SAH A, N 8 s A B, B B U B (0~35 min,
65%B — 50%B; 35~45 min, 50%B — 65%B ), i
0.4 mL -+ min"", ZEEAE I (4 P4 330 nm, & 530K
K 420 nm ), HEIR(60+5) °C, FEFE2 pl; J 3% 4%
4 MS" R AR, B AN HLE 3 000 V, Cone Hi,
JE 40 V, £ F AR 350 °C, PRI 120 °C, =%
FIAS ARG 800 L h™", 44 1 [l m/z 1 000~3 000,
g5 A TS o A D 25 SR, X 4% N= M AT P
FETE .

135 Skt HERRFRECGEAILEN 0.584 ¢, =72 H
FEHEMR 1.792 ¢, oK LTREH 0.820 g, I A BB LK &
25 % 100.0 mL, Ay B K 2% P A £ V. HE AR PR IR
% 21.0 g, J1] 25 mL @B LK%, A LK ZE i i 4
7 5.0 mL, iITA 1 mol « L™ JE& B 0.125 mL, 1R 25
FHAB ALK E 28 % 50.0 mL, JH Z R pH % 5.55, 0
PKGE 0P 0.1 mol - mL™ A A2 AL AN v TR, R

BN DT HL KA, B A0S LTk AR SRR
3.45 kPa, HEAEITH] 10 s, 40 B HL IR 15.4 KV, 43 25 5] 8]
80 min , MHMPE K 214 nm, BEFBEE 10 °C, B
35 °C.,
1.3.6  HABIEE A B AR R
VKAERE VBAHSERE 55 SR A RV R 1 i L N i A
PR 741 K [ 14 BE v [ 2 L 2015 4F bl — 0 AH OG22
SR SE B o
2 #R
2.1 AHXS i I 4

Y AL R SRR T o, 75 22 BR N S
FE R 43 i, 8 AR S B AR o i 34 B
W—E HRGERIEE 1, 0 BEEIGkLbR, (HE5H
BONE R, A —Em T omESR AN, WE 1,
AN TA) Ak B EPO il i £7 72 A [] 28 B 1) O B 318
M, AR 5 5 R B, AT LIAS 3] 8 A AE 1
EPO FEAL T R S AN [ 2880 O— WIS BT & L g,
W3R 2,

F1 8HLWMERANMEIREBUNRRBEN S FRE (M, ) WELRILER

Tab.1 Comparison of relative molecular mass ( M, ) results of physicochemical reference for

recombinant human EPO from eight companies

o O BEEM O BEAEJCHER R
(none ) (Hex—HexNAc )

Al

( companies )

(18238.91 Da) (18 604.24 Da )

O FHB i AR R TR
. O MM UUE I R
('monosialylated Hex— o
( disialylated Hex—HexNAc )
HexNAc)

(19 186.76 Da)
(18 895.50 Da )

M/Da ( liﬁ ) M /Da ( Bgé ) M/Da ( B% ) M/Da ( b% )
A 18 238.40 0.51 18 604.70 0.46 18 895.10 0.40 19 186.70 0.06
B 18 238.40 0.51 18 604.10 0.14 18 895.10 0.40 19 186.10 0.66
C 18 239.00 0.09 18 604.40 0.16 18 895.40 0.10 19 186.70 0.06
D 18 238.70 0.21 18 603.80 0.44 18 895.10 0.40 19 186.40 0.36
E / / 18 604.40 0.16 18 895.40 0.10 19 186.40 0.36
F 18 239.00 0.09 18 604.40 0.16 18 895.40 0.10 19 186.40 0.36
G 18 238.70 0.21 18 604.40 0.16 18 895.10 0.40 19 186.10 0.66
H 18 239.00 0.09 18 604.10 -0.14 18 895.70 0.20 19 186.40 -0.36
2.2 RTURK B BE A AT A3 B2 R Asn83, O B 13/ #5 M Serl26, — W % 42 7 =X

iz W R L ER I B 3 vk 57 A 8 L RE A Y
o AR 2, R R R 4 7 A I 2 . R R TR T 5
5 Mg — 2. Fr i B N BE A 5N Asn24 Asn38

hhiHE i

;g Cys7-Cys161; Cys29-Cys33, 5 ¥ i — 2., K
2 4 thEPO H Ak Xt R85 &8 43 Bk B op B ot 3% fi
BriEl .
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Fig.1 MSspectrometryof physicochemical reference for recombinant human EPO from company A
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Tab. 2 Ratio of different patterns of O—glycosylation of physicochemical reference for recombinant human EPO from eight companies
1)k ( company )
O- ML ( 0-Glycan )
A C D E F G H
Jt O WEEM; (none ) / 7.5 3.4 5.5 4.6 8.8 9.7 4.5
O FEE MO R ( Hex—HexNAc ) 32 1.4 1.3 12 35 1.5 3.8
O MR BAMER R ( monosialylated Hex—HexNAc ) 28.5 41.5 39.0 54.4 33.7 41.3 38.3 33.2
O BB XUER IR ( disialylatedHex—HexNAc ) 68.4 50.9 56.2 38.8 60.5 46.4 50.5 58.5

2.3 N SEHEHTES R

U N Z AN T % , A SRR R L
FRERE W, SRR B L MM R YT N )
2-AB iz Yehric, il W R L, 25 A 8 KAk A
At 2 1 R N OB PR AR AR SB35 A X 43 5 a3 AT 5
WEZE LA THE T 53 B7 , IR 8 == B 25 > SE 0% LL 41
ATV . N SRR R — B Y T i
fiE 8 HLARSL Y N SRR FL B HL M, B 25 SR L
%3,
24 SHFHRMEL

U N R R IR BRI 22 S e

FLep ey S B, 45 L SR AR IR O 5~8 R LA SR A 1A
0 R AR R B E R — R
Fi 26 rit 38 £ 0 8 RN HE S 4B SR AL I
3. HRFEIE.
2.5 SR

H AL Z IR A AN R A A AR 1A, Xl
SR A 2 5 T R ol T SRR S £ RO ) L 151
AN A, TR o B2 AR L3I MR e U
L RN BAE D R T A AT LD 2 AN )
SRR LL BT AL AT, 255 8 IR A (Y 574
PR, ARG R A VK 2 A fie2r

AR S
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Fig.2 Tandem mass spectra for parts of peptides of physicochemical reference for recombinant human EPO
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Tab.3 Comparison of N-linked oligosaccharide composition of physicochemical reference for
rh EPO from eight companies
I, Al ( companies )
N ZE4H
( N-linked oligosaccharide )
A B C D E F G

(Hex )2 ( HexNAc )2 ( NeuAc ) 1 ( Deoxyhexose ) 0.44 1.99 0.7 221 0.44 0.55 0.49
1+ (Man )3 ( GlecNAc )2

(Hex )2 ( HexNAc )2 ( NeuAc )2 ( Deoxyhexose ) 2.11 3 4.11 33 2.11 1.91 2.61
1+(Man )3 ( GleNAc ) 2

(Hex )3 (HexNAc )3 ( NeuAc )3 ( Deoxyhexose ) 11.01 2.36 3.79 13.86 11.01 5.56 10.59
1+ (Man )3 ( GleNAc )2

(Hex )3 (HexNAc )3 (NeuAc )2 ( Deoxyhexose ) 2.86 1.31 0.75 1.68 2.86 0.81 1.32
1+( Man )3 ( GleNAc )2

(Hex )4 (HexNAc )4 ( NeuAc )2 ( Deoxyhexose ) 11.09 5.18 6.62 11.9 11.09 5.07 10.06
1+(Man ) 3 ( GleNAc )2

(Hex )4 (HexNAc )4 ( NeuAc ) 4 ( Deoxyhexose ) 23.08 16.6 38.03 19.06 23.08 15.15 26.14
1+(Man ) 3 ( GleNAc )2

(Hex )4 (HexNAc )4 ( NeuAc ) 3 ( Deoxyhexose ) 19.85 10.53 14.26 12.41 19.85 9.56 15.92
1+(Man ) 3 ( GleNAc )2

(Hex )5 (HexNAc )5 ( NeuAc ) 2 ( Deoxyhexose ) 4.74 2.74 2.96 5.53 474 2.93 24
1+(Man ) 3 ( GleNAc )2

(Hex )5(HexNAc )5 (NeuAc )3 ( Deoxyhexose ) 4.74 12.23 7.86 10.07 7.2 11.81 8.85
1+( Man )3 ( GleNAc )2

(Hex )5 (HexNAc )5 ( NeuAc )4 ( Deoxyhexose ) 10.27 14.39 14.75 8.49 10.27 15.1 12.3
1+( Man )3 ( GleNAc )2

(Hex )6 ( HexNAc ) 6 ( NeuAc ) 3 ( Deoxyhexose ) 3.19 10.13 1.35 4.85 3.19 9.73 3.25
1+(Man ) 3 ( GleNAc )2

(Hex )6 ( HexNAc ) 6 ( NeuAc ) 4 ( Deoxyhexose ) 3.18 10.34 3.84 3.98 3.18 12.23 4.67
1+(Man ) 3 ( GleNAc )2

(Hex )7 (HexNAc )7 ( NeuAc ) 3 ( Deoxyhexose ) 0.59 4.84 0.56 1.46 0.59 4.24 0.61
1+(Man ) 3 ( GleNAc )2

(Hex )7 (HexNAc )7 ( NeuAc ) 4 ( Deoxyhexose ) 0.32 3.17 0.42 0.95 0.32 4.26 0.69
1+(Man ) 3 ( GleNAc )2

(Hex )8 ( HexNAc )8 ( NeuAc )4 ( Deoxyhexose ) 0.08 1.2 — 0.25 0.08 1.11 0.11

1+( Man )3 ( GleNAc )2

AR S
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Fig. 3 IEF maps of physicochemical reference for recombinant

human EPO from eight companies.
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Fig. 4 CZE maps of physicochemical referencen for recombinant
human EPO from company A and H

x4 SREWEBAANEIRBUNRAFAELHER( % )

Tab.4 Isoform proportions of physicochemical reference for recombinant human EPO from eight companies

4l ( companie )

SERA (isoform )

A B C D E F G H
SERIPR 1 (isoform1 ) 0 0 0 0 0 0 2
SRR 2 (isoform 2) 0 14 0 0 0 0 1 4
SR 3 (isoform 3) 1 17 1 1 1 2 7 9
SEFIA 4 (isoform 4) 12 23 9 13 27 26 14 16
SR 5 (isoform 5) 40 23 34 43 37 32 22 24
SERIA 6 (isoform 6) 28 13 34 28 24 28 29 27
SR 7 (isoform 7 ) 16 5 20 12 10 11 23 16
SR 8 (isoform 8 ) 4 2 2 3 2 1 4 1
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0. 08
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Fig. 5 HPLC map of physicochemical reference for recombinant human EPO from company A
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Tab. 5 Parts of test results of physical and chemical reference substances for recombinant human EPO from eight companies

e 3 H 4l ( company )
(test items ) A B C D E F G H
% M (protein content )/( mg » mL™) 2.14 1.03 2.51 1.07 2.09 2.17 0.98 1.72
PRI T Cactivity in vivo )/ (TU = mL™") 2.60 1.19 2.61 1.18 2.64 2.28 1.15 2.66
RN I (vivo specific activity )/ ( x 10°1U * mg™) 1.2 12 1.0 1.1 1.3 1.1 1.2 1.5
LIk 2l (SDS-PAGE ) /% 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
WAISERE (SEC-HPLC ) /% 100.0 99.7 99.3 100.0 100.0 99.9 99.6 99.3
EPO H1 It 3 R 7 # (content of sialic acid in EPO )/ 12.0 13.9 113 11.8 11.9 13.4 10.7 135

('mmol * mol™)

2.7 HALI K E S

PEGR WLZE 50 AT H AN g iR 5 e, N i 2 R

8 L BE AL X A O PRI 2 R AR ZL ATt PSS R . SR e T H A4 R LR 5. UE

ok, A SRR RINEC R BRE, it R L s

fi%y e 2H N\ AE 21 2R FRAL R Bt B iR v L3R 6.

*6 BAANRIREBUNBRRERE

Tab. 6 Summary of quality specifications of physicochemical reference for recombinant human EPO

Jrik

(‘methods )

i H

(‘subjects )

i

( specifications )

B (protein content )/ (mg-mL™ ) MM (UV)

2RI (specific activity ) R (vivo)
4 (purity ) /% SEC-HPLC
SDS-PAGE

25 HL A5 (dsoelectric point )
electrophoresis )
EPO H1 I ¢ 12 75 4k (content of sialicacid
in EPO )/ mmol  mol™")
N- 2K %t 24 3£ B8 /¥ 41 ( N-terminal amino
acid sequence )
AEXT 3B i ( relative molecular mass ) /kD & IR ( LC-MS )

TR ( peptide mass fingerprinting ) BT (LC-MS )

TR T (disulfidebond confirmation ) R (LC-MS)

& R M L UK (Isoelectric focusing

[BIA 37 (resorcinol colorimetry )

Edman [#f#: ( Edman degradation )

BT HIE PRI R B ( meet the specific activity )
= 1.0x10°
= 98.0
= 98.0
5~8 Z&IX45 (zone )

= 10.0

APPRLICDSRVLERY

o5 PV AR 4 T AR AT ( correspond to theoretical

relative molecular mass )( 0.5 Da )

155 PR IKBARXT 43 F B s AHAT ( correspond to theoretical

relative molecular mass )( 0.5 Da )

B =00 5 IS —2 ( correspond to theory )

BEILALNAL T 53HT (glycosylation analysis ) W (LC-MS ) /
N ZE W B A K EG B 4 T (N-linked  VRUBHXH (LC-MS) /
oligosaccharide composition ) /%
JIkI ( peptide mapping ) JHRFE 1 24 f# 7 Ctrypsin cleavage RP— /
HPLC)
SRS (distribution of isoforms ) /% BN XA HL K (CZE) /

3 iTie

P AL BE S — 240 A B UE S A T TR T Y
FEhlt o AERLE FRART IR S A BT E A v R, B T 454
BRIE AR WFge S T — R A AL LT £
BT A3 M 7, MRS 43 B, W o R T 2]
WAL SIE, —BiaER ) e . BRER

1, O— HHEEXT EPO BMR PN RIS 4% JC I ik A 52
M, T N— B X S el TR, LR N R
A1 I A SRR R R A AR A
SCEF X SR R RN 54, 30 1 SRR 9 2l L 5%
W e i B E 5 SR AR E A

ZR S, 8 S ARl BEAL X IR — S A5 K 15 B A

LRI R

~
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