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rhEPO-L-Fc Bl & BHBIFRL . EWFHEME A%
oAl
W BB ETRY B

U PR E A VY SR PR 2 5L Rt e AR AL 500 T AR W) b=, B#R 610041
2 fERERERR 25 HOR (LA R W], B 201203

i E: A THRARL@MIA REMEPOVAA R IR EIFaha, H & BT ZHELMERY THLAL DL
4 M F-IgGl Fc #kA& & (thEPO-L-Fc), 3t 54 45 &t Aatk A 25 3) F k4740 F A% . A1 A PCR 3 A M & rthEPO-L-Fc
ARA B, A E KA SR pOptiVEC-TOPO®, /£ = &t 8% R B4e 14 R F B & R 9P £ 28 }.(CHO-dhfr ) & A, Protein A
FEAo EATAE AL GRE-K &, SDS-PAGE. /ii%. Western blotting 5 & &K =4, 4003874 2 364 Gk A& @ 69k 90 & M,
A F I M EREE A MR AFERRFERL. RAHME pOptiVEC-TOPO®-rhEPO-L-Fc £41-F, ¥ T /£ CHO @Mtk
iR 4L G 69 thEPO-L-Fc @4 & A 2 5%, X4 T M52 EA05F, feRIRAINE F e EPORMA tafia £ K,
EDsy % 2ng/mL, H9 2340 XK RS o P R 4o m i, 4k 98 R F 2 4 £ 5] 27 h, thEPO-L-Fc 4% & 3E K hEPO
R FR, AHEGE R ER T A,

X417 thEPO-L-Fc @& & &, ¥ RHM, CHO miek ik
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Abstract: To prolong serum half-life of human Erythropoietin for better efficacy, a new form of recombinant human erythropoietin
(thEpo-L-Fc) was generated by fusion of a full length human erythropoietin gene and the Fc fragment of human IgG1 with flexible
linker sequence. The fusion gene rhEPO-L-Fc was constructed by PCR, then inserted into expression vector pOptiVEC™-TOPO®,
and expressed in Chinese Hamster Ovary cells deficient in the DHFR enzyme(CHO-dhfr"). The chimeric protein was purified by
Protein A affinity chromatography, showed expected molecular weight and demonstrated a similar bioactivity compared to that of the
native recombinant human erythropoietin (thEPO) in an EPO-dependent cell-based assay. In vivo pharmacokinetic studies showed
that the rhEPO-L-Fc had an elimination half-life of 27 h. In vivo efficacy studies showed that a single dose administration of
rthEPO-L-Fc in rats increased the reticulocyte number in the peripheral blood significantly. These results demonstrated that the new
engineered thEPO-L-Fc may become alternative therapeutic approach to extend the half-time of thEPO to treat anemia.
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BLIRSE: rthEPO-L-Fe fil {5 8 11 A3k | AR PEAIW) A 25 32 o B 1875

fiE £ 41 fifd A= 1 % (Erythropoietin, EPO)J&—F ]
W BERE S R AR ER, T RN
30.4 kD, 1 166 MEILFRAIAL, % 3 4% N-iEH SN
BEA 1 2% O-ME 435 MEEE, 20540 40% A0 BEE7E
EPO WA L. —4esh iy . RPN E R 15 ok
FAEH EEMERY, 7E8GIL EPO % B LRI
JIFE A B, A RO N 3 R T B, IE R A
WM H EPO &~ 10~30 mIU/mL; 4 PN BT,
HAA RIS 1000 5100 EP, EPO 558 $641 40 i i
A0 AR b Ry S 2 RS G, RN EE . 40 Ak AL
PR LT AN, 38 0w 1 4 2R 08 R 08 21 40 iR
i, EPO O ¥Z A F I IR b & Fh 22 i M50 16T
Horp B A R 2 B DR BESE BT FR B 2T I A VR T
Xof g A S B A 2 i B 5 B (HTV) A 56 7T
. EEER AR A . R LR A . B
AR SR A S5 Y i ot A T A R A YT AT

1989 43 E Amgen A FLEEPR F R
1 thEPO, HTFIRYT B rE#Im, WS 74 A H M
JraL, {A thEPO MR PRI, 45 B H WM RA
i, 1gG HAPERRE 1N AR K P i & 1 E N
Z—, AR 21 d, HAREWS Fe A BUE YA
%, HEAER 1gG Fe B 5 HAE A4 nl B
FHHEKHEANEES, BeknEwEtE, 8
T E N T I PR b — S 5 2 %) 40 I [T R0 AT s 2
TRIEFRTS T Eh, W IL-2, sTNF-aR | IFN-q ZE431
ABFFEH hEPO FIA 1gGl Fe #HiTRIGS ik, #H
ZEHETIEAE (R B hEPO A Wik 1k X AT K2 3
W, SIS AT IR A
1 mMH5F%
1.1 ##
111 JGH A

J&kI pBluescript, pBluescript-rhEPO, pGEM-T-
Fe MigREREEEZGHARIR) A FRA R R-AF, pOptiVECT™-
TOPO®Y H Invitrogen, /B2 25 KT DH5a k£
AR B= 2R R (1) A RS w45 o
1.1.2 s/ Rz R

CHO-dhfr 4 ifl . 32D-EPOR 4 Jifd o fid fig [ £ 24
FeAR(E# AR H447FE, FBS, IMDM, DMEM %
4 GIBCO 7= i, EX-CELL™302 JC IfiL 5 5 75 30
SIGMA

1.1.3 AL

mURE Pfu DNA 4G, Taqg DNA G .
A APBRHIPE N YIBEEBamH T \Xba I \Hind III.Pvu 1)
B B MBI, o/ il 55 a0 & 8 b s AR
P TR BRA A R A i A% i ) & (QIAGEN
plasmid midikit)’4 H QIAGEN; UNIQ-10 #:x{ DNA
Jz TR & B A T AR TR R IR 45 A B
2cul; BIYA U DNA T B F i g2 e B R
B E]SE M, F4i A IgGl Fe-HRP #i1& J KPL /A
770k HT OMTX Il H SIGMA; Lipofectamine™™ 2000
Reagent g H Invitrogen; = 2 A ZL 40 ffd A= i 2%
(thEPO) Ay Pk B = 2B il 25 4 FR 53 4E 2> v 77 b ; BCA
Protein Assay Kit *& Pierce /A H]/™df; Cell Counting
Kit-8 (CCK-8 )& H A bk 2t [al{ Ak 2= 5 i 7 i
Quantikine® IVD® EPO Kit lJ R & D systems.,
12 FHi*
121  HEFEAE L pOptiVEC™-TOPO®-rhEPO-
L-Fc #9#4#

1) 7ipE#R IR pBluescript-Linker-Fc f#: LI
1-F. 2-F AiEm514%), 3-R A 5149), pGEM-T-Fe
MR, R AR Pfu DNA A4 R4 3
Linker-Fe, % 16 18 52 (GSGGGSGGGGSGGGGS)
ZEVEZ K Linker 52588 N ¥y 5 ZEER Y Fe £
G (Hinge)M % . Bi-&FE 5wy A BamH I BEHIA
A, 37 Hind T fYI07 8, SO 45 94°C Tis
£ 4 min, 94°C 284k 1 min, 62°C 1Bk 30 s, 72°C ZEffi
100 s, fG¥F 25 ¥k, 72°C #EAif 10 min, PCR =4 Fl )5
#i pBluescript AH L AL U) 5 e I, 34 4% 7 W Ak
IRZ ARG H DHSo, $RBUTRE, B %2 IE# G
PP HRIA cDNA JP41. 5I9F 50T
1-F: 5'-GAGGCGGAAGCGGCGGTGGAGGATCAGA
CAAAACTCACACATGCCCAC-3'
2-F: 5'-CACGGATCCGGTGGCGGTTCCGGTGGAGG

BamH [

CGGAAGCGGCGGTG-3'

3-R: 5'-CAGAAGCTTTTATCATTTACCCGGAGACA-3'
Hind III

2) 7 [% #5 1K pBluescript-rhEPO-L-Fc 4 # :
I 4-F HIEM5¥, 5-R A2 W54, pBluescript-
thEPO MHiH, ¥4 rhEPO cDNA FF41), 5'%% & Xba
I 5 A1 Kozak J¥41, 3"+ BamH I B A,
FLIN 45 94°C T8 1 4 min, 94°C 254 1 min, 65°C B
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K 30 s, 72°C JEA 80 s, FEFR 25 ¥k, 72°C #EfH 10 min,
PCR =¥ flJiki pBluescript-Linker-Fc £ X i
U1, el B 0 R Br i Bz, 8 Wbz 8K
[ kT 1 DHS o, TR, D) %6 R 1E 6 5 26 0 e
ik cDNA J¥41. 5I¥FHAnT

4-F: 5'-CAGTCTAGAGCCGCCACCATGGGG GTGCA
Xba [

CGAATGTCCTG-3'

5-R: 5'-GTGGGATCCTCTGTCCCCTGTCCTGCAGG
BamH [

CCTC-3'

3)H 4 H % %k #HAK pOptiVEC™-TOPO™-
thEPO-L-Fc #y#4#: Xba I . Hind IIT XX i) 5 41 v
ez pBluescript-rhEPO-Linker-Fe, Ji& R H i) H
B 5 2[R R B D) i A% R Tk K pOptiVEC™-
TOPO™HHiE 4, WYY 5 ¥ 434t
1.2.2  JILFTES T F 35 7

CHO-dhfr 2 Jif 5 77 T % R ¥ E 0% K i 11 (HT)
L 10% M6 4= 1137 (FBS)AY IMDM . 58 & 15 FR e Hp .
QIAGEN plasmid midikit #2H rhEPO-L-Fc ik i
B, B RS 4MALS, A Lipofectamine ™ 2000
Reagent A5 B IARFE e 2 4N, AR 3550 & 10d BH 45 452
YEo %Y 24 h 5 1:10 fLACH B, 48 h G4 C HT
P14 e o 35 77 L 0 S A e G AN
1.2.3  FR kI I 0T

32D-EPOR #Hffiky IL-3 &{ EPO #&ffi%!, 32D-
EPOR  4fl it 444 58 52 56 A A% o 5 e A M 355 5% 13 v
JE A7 thEPO-L-Fe @l & R 13R1A, DB T8k
FEIErh p R EE Yt CHO-dhfr 40 L b 35 S %) IR . AT BR A
PR 7 YL 20 M LA SRS B ve b, @3 32D-EPOR 4]
JIf0 4 5 S 6 B A 45 A PR v B 4 i thEPO-L-Fe filt &
ETRIB KT, PRk s 3R 8 K7 19 3 v B iE AT
FH 0 I 1 (MU XO) i H 97 26 DA 88 v 200 L 2 1) 3Rk oo
1.2.4 rhEPO-L-Fc @& & FIHI#A . 21t

PEBE RN B S T Y KB 5%, ARG BF
FRF MR FREE, I B, 045 um JEMELLIE,
P pH % 7.4, JH HiTrap Protein-A Sepharose
affinity column ZfifLFLGH M, 5 A RIATN £ &
TRV AR R, TS AR AR iR 22
MR AET, PR RS R 46 22 Wi pH AR ) B S A,
WAER W . 10 FARFIBERR 22 01 i#(0.02 mol/L,
pH 7.4)PEIABREZE A, 5 MR FAIA B BR 2% vh il
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(0.1 mol/L, pH 3.2)% /i, " HAIVENLHKZE pH 7.0, BCA
0 R
1.2.5 rhEPO-L-Fc g4 #& 110k 75

1) SDS-PAGE #:ll: 8% SDS-PAGE Hi, 7k W22 &
14 B A1 5> 5 K/D; 2) MALDI-TOF-MS A& I &
grFaE M HREEAAMNR P OZE; 3)
Western blotting: PLE4i A 1gG1 Fe-HRP Hiikitfr
Western blotting 437 .
1.2.6  [ESfF A

# rhEPO #% 0.0066 ng/mL . 0.02 ng/mL .
0.066 ng/mL. 0.2 ng/mL. 0.66 ng/mL. 2 ng/mL,
6.67 ng/mL, 20 ng/mL. 66.7 ng/mL., 200 ng/mL F
BT &4 10% FBS i DMEM 4il i3 1 37 3, A4 EPO
IKEELEHE A thEPO-L-Fe AkEE 40 FH i b, 115355
1Y thEPO i 1Y thEPO-L-Fe B 528 M & o 32 Fh X
A K 32D-EPOR 41l 1x10%4LF 96 fLik,
100 uL/fL, 16 h J& 4350 A rhEPO ., thEPO-L-Fc fill
HEA, BIRmBREM 3 4L, 37°C. 5% CO, i
FErPEEE 48 hy, FRALFFA 10 uL CCK-8 ik 7, 37°C
K95 2.5 h 5l 450 nm AW SR, 2 K 650 nm,
W e B X ECS WOt B2 (OD)E AL
1.2.7 K Z(Cs) ) il

75 3 H SD KELEL 100 pg/kg PR K F 5
thEPO-L-Fe A&, T4ZEM05h, 2h, 4h,
8h. 24h, 48h, 72h, 96 h, 120 h EBFCRIMN, 78S
I3, Je.r> ELISA #:ifi3% H rhEPO-L-Fe @il
i, RA 3p97 AR TR I, ARSI B
ViES 8
1.2.8  EAIF R f2

%53 H SD KR LL 100 png/kg BAYK Bz T 14+ thEPO-
L-Fe @& M, T4AZy50d. 7d. 14 d BFIKCR
1M, 300 pL/ K, 4 h PRGN R 2L 21 41 i %k .

2 %

2.1 rhEPO-L-Fc & & B RFTIEHIAKLEE

JH PCR J5 ¥ {304 2 thEPO-L-Fe & 5L, )
FPEE R, G S P A5 —2, HP hEPO
FHEEK 579 bp, i 27 NEIEBRGE SR 166
ANEIEMR; Linker JER K 48 bp, 4ifd 16 PNEILRR
(GSGGGSGGGGSGGGGS), Fc £:HK 681 bp, ikl
227 MR, Fis 5L E N R B R A g EA
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Lok %: thEPO-L-Fe Ml A H A MR . WIS TERyI 4 2582

Hr 1877

kL pOptiVEC™-TOPO®-rhEPO-L-Fc,

1 2 3 4

bp

2000

1000
750

500

250

100

la rhEPO-L-Fc PCR F=4) 1% BE #8 %t AR BB ik
Fig. 1a Analysis of PCR products by 1% agarosegel

electrophoresis
1: DL2000 DNA marker; 2: PCR product of Linker-Fc; 3: PCR
product of thEPO; 4:PCR product of rhEPO-L-Fc

E 1b EHERKEBTISH

Fig. 1b  Analysis of recombinant vectors
1, 5: DNA marker; 2: pBluescript-thEPO-L-Fc digested with
Xba I/Hind III; 3: pOptiVEC™-TOPO®-rhEPO-L-Fc digested with
Xba I/Hind III; 4: pOptiVEC™-TOPO®-rhEPO-L-Fc digested with
BamH I/Hind IIT

2.2 3F5FRIE rhEPO-L-Fc Bi&EHAY CHO 4HRER

EHRIBTRE MG, 4200 HT MEfERs
IR0 Ve A BRAR R, JLIRAS T 30 SRR TERE.
32D-EPOR 4 it 434 4 52 56 b 45045 1~ B o P At M 4% 7%
B HME ORI, EE 6 MRBAKEAHRT
BE R, A T MTX IEfRivE, MTX #
JEH 50 nmol/L Hif, 4 3R 5 d e 119 B o e 20 i Ak

TR FE T EX-CELL™302 JCIm g5k, s
F EEPHEAREEED 150 pg/mL, Kaks:
P MTX R E IR, Dlit—2 8 m R kK E .

= |

B 2 rhEPO-L-Fc gt & EELEHE
Fig. 2 General structure of fusion gene rhEPO-L-Fc

rhEPO-L-Fc G ERMT AL ERILEE

% Protein A SEFZHTH 4tk n9E M, 8% SDS-
PAGE W/RA —4cWMWiE H &40, JEik)EsFitdy
4y 185 kD, B JEHIZN 70 kD, P4t A IgGl Fe-
HRP Hiik Ny EARBUIR AT e Bk oy BT R W, 42 F
wZR 185 kD BE AW RE S FEPIA IgGl Fe-HRP
PUARFEFEE A (] 3), FREH o5k 108549.9922 D,
55y 7 i K/NHAF, thEPO-L-Fe @A &S
A 10 MBEREAL A7 A, SDS-PAGE 75 i F W41
KFHBE T 5, 5 ek iaE — 510, iz
A2 9 #A R thEPO-L-Fe & &1 .

Ci2+Ci3

2.3

1 2 3 4
kD

200
150
120

100
85

70
60

50

40

B3 &i{kAy rhEPO-L-Fc & &R SDS-PAGE.

Western blotting [EiZ
Fig. 3 SDS-PAGE, Western blotting analysis of the
purified rhEPO-L-Fc fusion protein
1: high weight protein marker; 2: monomeric form of rhEPO-L-Fc
fusion protein in reduced condition; 3: chimeric form of
rthEPO-L-Fc fusion protein in non-reduced condition;

4: Western blotting band

2.4 {RINETER N
32D-EPOR  4ff fifd 3 %4 5C % & 7, rhEPO #i
thEPO-L-Fc¢ 43 % 7E 0.0066 ng/mL ~ 20 ng/mL 5
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0.066 ng/mL ~ 66.7 ng/mL LBl N, ARSI BEH FE
TR, AR AR ERXR,
thEPO EDs, 7 0.86 ng/mL, rhEPO-L-Fc EDs, 4
2 ng/mL(K 4).

1.24

-o- rhEPO
1.0 _w thEPO-L-Fc

0.84

0.6 1

oD

0.4 4

0.2

0.01

0.001 0.01 0.1 1 10 100 1000
Concentration of thEPO (ng/mL)

4 rhEPO-L-Fc & EBMKINEES T
Fig. 4 Biological activity analysis of fusion protein
rhEPO-L-Fc in vitro

25 KRBRIFAZMTHEN

ELISA K 45 2 J& AS [6) B 8] 5 K BR i 3%
thEPO-L-Fc @l & 8 A & (K 5), 4 3p97 BT,
100 pg/kg ¥R F 4T thEPO-L-Fc 5, kUM [A]
(tmax) M 27 h, KUY (Cmax) A 9.2 ng/mL, 24-iF i
28 N FBL(AUC.120) 8 923 ng/(mL-h), 7R
(ti2) M 27 ho
20
18
16
14+
12

10
gL

6
4|
2

rhEPO concentration of plasma (ng/mL)

0 20 40 60 80 100 120 140
t (h)
B 5 rhEPO-L-Fc B X E TS AR 4% 7K E - B i) i 4%

Fig.5 Concentration-time curve of rhEPO-L-Fc after sc
administration to rat

2.6 {KAGEMEAIS N
WL TR B R, B25)E5 7 d NZiZrgl
MBI B IEhn, ) 14 d B IEA RS ALK, Ui
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thEPO-L-Fc fili A 8 FH AT R TG -
i5r
30+
25

20+

Efficacy (%)

N - @

0 7 14
t(d)

B 6 MWLM rhEPO-L-Fc Bt & EH
TRAE
In vivo efficacy of rhEPO-L-Fc was tested by
reticulocyte count

Fig. 6

3 ik

T 20 1 A PN e o R 4R S 25 T R — A
HE RS, hEPO AR IK T 5 B I B 2 2 W 240
3 h~14 h, [ TS HUEREIS 5 h~24 h, THERE
FEIAZ 17 WU R T YRR, T AR
2 8% 3K, HILEEK: EPO AP T2 AT DI i A
AR, BAGAIT . BETC A 2Rk T
FEK EPO BRI, 48 & AR A G E. —
Fl oy i 2340 EPO 4> Fit: EPO 4 T3 & &M
(PEG fk)8l EPO 43 F H# A E 11— AN I 1EE,
ORI ZIRG 217 AR 1% 15 R R 2R A
T3 — IR R LI TR H R 5 EPO 7 T-HH 5
b B Amgen 2wl A A E A AN
EPO(Aranesp' ™), 7E EPO 41543 Fili | 55 Zh 34 Jin
2 4 N-EREGE, B opa . AT K sy AR
E— B FEEK T EPO LR, A4 Al fE ek 2s
T EPO W2 T 45t I fig, A5k sl tk, BRI
WM

Fo Jr B2 IgG IRFFAR N B 3 A ) F- 2 I A
[T AR B T AE R, A 55K hEPO 5
IgG1 Fe Rl 3235, IgGl Fe A B fudf k% X (Hinge)
MEHEEERX(Cp2. Cul), BHEXA 3 PR
(C220, C226. C229), C220 5 IgG1 B4k —mikny
T AT 6, €226 Fl C229 7E 2 454k [ JE Bl PR X0 4 (1]
TR AL Fe B, O rhEPO 5 Fe g £k, i
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HAaF45H5 1gG 4 F45H 1L, EPO 7 FI% 4815
BOIRRE; i Fo B N s 5 AR
(E216-C220), Al ARG 1 €220 JE & T4 fl & & 1143
FHIF R AR T PE —RiEEE; 5946, hEPO 40 1 C o
161 fi ke, b 5 echt X s —1
EMERRE AR 12 DEIERRS, IR ATH
hEPO 5 Fc #04#i ik Linker #13%4% (Linker B 10-20
kA AR, 228, NAR, 72 MRNARLR
W, AR 16 1~2 SR Linker—GSGGGSG
GGGSGGGGS™), —J1fif#i hEPO Y Fe AREIE T
Yoo F a5/ o, 5 — k% hEPO 12
[E] LA &% hEPO 5 Fe Z [MIJE A (i B, (A7
HATE KRR, 8 hEPO fEf7 35 H 2k
(EPO-Re)4 &5 MRAEAIRER 191531, hEPO 5 Fe JE K
A EMAM hEPO A F RN T4 3.5 f5, Fe 5
neonatal Fc (FcRn) 2 & 45 & 1Y, 3 ¥ 52 16 % W
thEPO-L-Fc fill & 28 (AR Y2 2 1K 5 27 h, AR4ESC
Ak KR E K ST thEPO HTH PR 2321 24
2.5 h~3 h, KERU & T S g ]
tmax A 8 h~12 h, THERFIEM 15294 10 h, KL
rhEPO-L-Fc fill & & FRELE K hEPO AP E5E 1A, [F]
BFEAT RN IE T, S RGP 3h i 245 32 5236 2
B B E T LA, AT Rl BEU D T S B R R A
S5 700 2 R BB AR B AH N AR YT ROCR, R R T 3

RN

A 5 o

Bt RO AR S IR 253 R (L) A TR ) xR AT
TR B
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