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HA BRI T VIR 72 3 Qe R pR A [ 42 %
FHHE L BREWL RERY REIEL A K KWEL BIEH 2
(AR TR, AL MV HER S 25 i S8 58, Ll 063000 2 Hb [ 2 2R 2 e b
TP AN LR 22 B B 25 AE I BORBE ST, AEAT 1000500
WE BE MafeRE 80 NE MK 7 VI GhEVID 1558 R AR E 293 41 ik
(HEK293) , PPl rthFVIIZRIA & S R &t il AEPiE P . 7 40K pcDNA3.1-EGFP-FVII
UL HEK293 41, SFFE R R4 A . E4 R pcDNAS.1-FVIIE 4« HEK293 41 i1,
WAL R (GA18) ik i v A € F Jedm b, 13 s R & iR U M (RT-PCR) %5 73€ FVII
BE DR e =5, e R R - 58 7 s Tt P A P2 FEL K AT Western blot A6 5. e 8 A 7 A i 4 i
PR B A B thFVIIRIA K o BRI S B (ELISA) SEBRIIE thFVIIREE, A K ¥
VIS5 5 thFVIF{E e MLyGPE . 8557 % 4% pcDNA3.1-EGFP-FVIIf{) HEK293 41l ffl £ 3
23107585, pcDNA3.1-FVIIBE 7 4 HEK293 20 il J5 i 761k thFVIL. §ie 15 31 8 v e fa
LUK, FVIIHE R R 5 22 B0 T RS E B YRl MO PR IR R A, B M0E 0 R 47, AR s mat
L JE3R1G thFVIIF — 4575 . thFVIIRIE B i moN (1.2740.09) mg/L, & I i 14 5 N
(380.29+13.80) %. 45l FiiLIRIF M 0w fE HEK293 ZHffitk, AEWmiR. g RiE AN
RALEEMLAEYTEYER) thEVIIER H,  iZ3E 2P BB KR 3L E Kl
4R EANBMA T VI FERis; HEK293 41f; 5o R fase 5 Qe anioik; 1 AC0m
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Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050)
Abstract Objective To construct a stable monoclonal human embryonic kidney 293 (HEK293)
cell line expressing recombinant human coagulation factor VII (rhFVII) and evaluate the
expression level and procoagulant Dbioactivity of rhFVII. Methods The plasmid
PCDNAZ3.1-EGFP-FVII was transfected into HEK293 cells to verify the effectiveness of the
transfection system. The plasmid pCDNAS3.1-FVII was transfected into HEK293 cells, and
monoclonal stable transfected cell lines were selected using geneticin (G418). The transcription of
the FVII gene was identified by reverse transcription polymerase chain reaction (RT-PCR). The
expression level of rhFVII in the supernatant of the monoclonal stable transfected cell line was
detected by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and Western blot. The
concentration of rhFVII was determined by enzyme-linked immunosorbent assay (ELISA), and
the procoagulant activity of rhFVII was measured by human coagulation factor VII potency assay.
Results HEK293 cells transfected with pcDNA3.1-EGFP-FVII showed green fluorescence,
indicating that rhFVII was successfully expressed in the supernatant of HEK293 cells after
transient transfection with pcDNA3.1-FVII. The monoclonal stable transfected cell line was
obtained by G418 screening. RT-PCR identified that the FVII gene was integrated into the genome
of the monoclonal stable transfected cell line. The cell viability was good as detected by Cell
Counting Kit-8, and a single band of rhFVII was obtained by purification of the cell supernatant.
The highest thFVII expression was (1.27+£0.09) mg/L, and the highest procoagulant activity was
(380.29413.80)%. Conclusion The monoclonal HEK293 cell lines which can express rhFVII
protein efficiently and stably with excellent procoagulant bioactivity is successfully screened,
laying a foundation for the development of drugs.
Key words recombinant human coagulation factor VII; stable expression; HEK293 cells;
monoclonal stable transfected cell lines; hemophilia
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(coagulation factor VIII) FI%EILIAFIX (coagulation factor IX) i1 Hiik 530 H MG T
2, TR FVII (coagulation factor VID JE T 5% ML LML T H B BRI T iEHN.
FVIDR —F i 3R K RSB sEEE e, 75 Nk DARJE TR A TE . 25 FVILT Sk 3 22
045 M5 FVIDRIA SN 2255 1) = 4\ IfIL PRl -§~ VIICrecombinant human coagulation factor VII,
rthFVID ; ZF IREARL, AULE v SREALAT N BIERAG 5 THIAEE R/ 22 58, 4930, 185 thFVIT
P R N E ANE TR BT &, f54E NovoSeven [AUF]IE4hith 515 40 (baby hamster Syrian
kidney, BHK) FKiX]El Sevenfact (3[R %Lt AT AryoSeven (NovoSeven fjj
W2 Bl thFVIAEF= R E A, &A%, FREWHTCH B thE VI 7T 3 245 81 7E R H
F R B, TE P thFVIDE 5 BT, NSRRI HEK293 41 R 3L A 7 1) 24 ) &
A5 SE R RAR N SR i A B3R, (HAE rhF VIIRIE SO AT T ™ 5 AN 2 (AR
WA I B AE A A R thF VIIR IR B, T 3R 7985 € ik rhF VILF B e % HEK293
AR, FFVPAS thF VIR A & AR EE LIS L, 4 thE VILI 250 % 54 € B Ao
1 MRS
1.1 w8
1.1.1 BRI PR R 4 A

pcDNA3.1-FVIIF Fifll pcDNA3.1-EGFP-FVILJFU 44 H o ] 5 2 Ak 2 Bt 22 25 4= B At
FEHTHAL, HEK?293 4ii il [ ¥ it S A i BHECA IR A
1.1.2 FERA S

MEM JEAil s Itk CRPOE SR E MR R AR, $15: PM150411) ; 0.25%]
EABAGE M (5E Gibco, 85 : A5670801. 25200-056) ; PEI # 44k 7] (3£E MCE,
$%5: HY-K2014) ; PVDF iRl G418 (ifift% REiHiE &, Geneticin) (LiEEE = RAEY)
ARG AR, $85: FFP32, ST081) ; /MN#T hFVILE sEfESiA (£H R&D AW, 5
MAB233) ; BRI A EEFRICIL PN 196 (A T AMBHEEGRAF, 5.
D110087) ; Human F7 ELISAKit X7 & GEUAERVAEMRHY AR AR, 5. EH3030) ;
One Step SuperRT-PCR Mix Kit fil5 RNA $2HGAA & (AL ZEERFARAR, 15
T2240. R1200) ; &t ifi g5t [a) 0 e A& GRUP RAEHEARA IR AR, 85: R1200) ;
B AT GRIVGN W AR BB AR AR, BCS-6100) : brdkilidk ( RIGATRAHE
REWRAF, $85: BMS10) « ZVIHFIHK ( BgEMMRAEMHEARGR AR, 155 BMCO7.
G REVRVEM . 1 VIVRE S P B0 5 A PR TR B O 2 Bk I N L3R A VLR 70 1%
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KMok = FVINENE, HAREE MR S EAE) .
1.2 Jik
1.2.1 HEK?293 4l ffi3%5% & pcDNA3.1-EGFP-FVIIF 4

Ki#l MEM SE4aiiiRss, MEM JEREREFREEINAN 10%)6 419 . HEK293 4ifii & T
MEM ¢4 85775, 1E 37 °C. 5% CO2 4035 7= A h MG BERT 7% . 4Rl & 5 90%0
§FH 0.25% R4k 1 min, SE4EFREE28 11k, 1200 rimin 250 3 min. SEART IR H
HEK293 4 ffd, %A% 5 10° cells/mL, #Fh T4l F50i. HEK293 4 i % $e A K
W (RS 48 h) BEATHE YL, BEYLRET 2 h KB FREEE Oy MEM JERLRE IR A
PCDNA3.1-EGFP-FVII DR 57 #4407 e el # G4f5 56 1~6 R4 H W SLA R 5 o L
L pcDNA3.1-EGFP 53 fA4% Ye HEK293 4 fE B 14 X6t R .
1.2.2 pcDNAZ.1-F VIR 5 42 K 870 B f o 5 Yol B vk i e

MEM 56 455 77 5 5 8 HEK293 Zfiig, DL 10% cells/imL (1% B4 HEK293 4 i Bz Ffi 7E 24
. 24 h )5, BHREEARFEEEFZR (Geneticin, G418) #JERAEE (0. 100, 200, 300,
400. 500. 600. 700. 800 pg/mL) f5eaxiEsits, MABHEESE 3MESL; & 10d AR
i R FEHT HEK293 411 /s GA18 5 1 Ay fe 3 1 (R I e vk I

HEK?293 40 ffl gl 5y 70%I05}, 4% 1% pcDNAS3.1-FVILS PEI # 4R 55 Fi &t ol 1:2 [k
Bl BRI AR &0 g HEK293 4. #5%% 48 h S US4 35 7, Western blot £l
thFVIIFIZRIEE DL X % A pcDNAS.L 28 k. W56 4% 48 h J5, f# % G418 (300
po/mL) 1) MEM e i FRA ik bi b A ee ik, 2~3 d BEHUR IR IRE . A IR RIL R4t
P AR AR R B & 96 ALBCh (SRAEREANL IR A B At 14, & G418
(¥ 56 4z B R HE 708 5 v P AR e B R AR . TR O AR T REAR S B AN R AR SEAE B
G418 ] MEM SR - K 9%, 70l a4 4 FVII-M1 2 FVI-M9.
1.2.3 FTERERS E B Yo gl B ) 2 58 BTE Al

Primer 5.0 BT 51t AL S GHERIERBHEA R AR G, L5 PL Ny
5TGCTGCTGTTGGTGAAT3’; N34 P2 4 5" TAAGGCGATGTCGTGAT3’ , 1%/ 5 RNA
P2 7] A6 B T . v P A e A PRUR ) S RNA 1 %% 5% One Step SuperRT-PCR Mix
Kt 42077 SR I 18 FVILEE PR SR o e e e A A IR BSR40 2 T~ 96 LR (1000
ANMFL) , RIS 24, 48, 72, 96 h B I 10 uL CCKS 3, 7F 450 nm Ab Al
W (absorbance, A) Ff4 R Bt AN MENE /s ShSZE A 3 sile . NS S (%)
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_ As—dAb

- ac—-m-)x 100%
- o As: SEIRFLWOERE; Ac: XTHRFLMOEREE; Ab: LGS,

1.2.4 rhFVIIE A 41k

HisTag Ni-NTA B Jig 7 58 F AR B2 R 22 i (50 mmol/L NaH2PO4, 300 mmol/L NaCl,
10 mmol/L BKIE, 10% Hif, pH 8.0) ~Fif. 5 v [ Fa e e Y dm Mk b3 AR 2 R e 7 e
TR 1%0 2 A ER A S8, BRR LA 75 r/min BRI S 2 h, fif H & A S8 ER R
G KRG MR Z SRR ENT T, FRliR e IS, W REGR I\ HhyR ks
2233 (50 mmol/L NaH2PO4, 300 mmol/L NaCl, 20 mmol/L BK™, 10%H i, pH 8.0) ,
Ve AR RIS S . BT, mIRERRMEZE M (50 mmol/L NaH,PO4, 300 mmol/L NaCl,
250 mmol/L WKM:, 10% Hil, pH8.0) Wl BRI E, BEPN4ILER thFVIL. J5E4Et
R, # thFVIFEA L 5x loading buffer # A& L 4:1 W&, &3k 5 min 52T 12.5% =
Jot TR TR A 5 TR M Tk et Jie FL Bk (sodiium dodecyl sulfate-polyacrylamide gel electrophoresis,
SDS-PAGE) : SDS-PAGE Hiyk4h i 5 v B HIFE N TEIA 350 mA. 80 min PRdid% i, 4T
Western blot £l . Western blot 45 % f5 7 PVDF i I KGRI SLRI 52
1.2.5 rhF VIR E R

Z [ Human FVII ELISA Kit Ui8] #4F, & B rbnvE i 2z fbrE M 28, B 100 pi
205 1) chFVIFEA N EIREARFL A, %K 450 nm Ablse A (B AR S bRt I 28 115 thF VI
WP, DAFE Y% pcDNA3.L 72 i kL) HEK293 4l bif MBI tw HE . SN 3 IR
WA et o e A AR () rhF VIR AR B, 0l S IE A M0 A R DL X + S R
1.2.6 rhFVIIEE LA P35 A il

S [E 2 el g FVIIBEML AEYIEYER 78 CRRBEILEE T VIR, BLZ VI
TSR A LR M3, K chF VIURE AR B8 I35 700 Kbl 1t 52 IR WA B9 23 Tl A R 5.
10. 20, 40 F1 80 %, XJM7f#EMLIETES 7 200%. 100%. 50%. 25%7F1 12.5%. HUH:RE
Ja PbRAEIL R 50 pi, 43 AN 50 pb Z VIR 3%, B T-&E i 73 A E AR 3 min. ¥ 100
P RIS EEA . CRI PT 55, S 4ZUR TR Ca?t) INAASFIFERERS E bRk L2k o, 57
RITF AR o DL E 0 OV AR O R AR AR , DAL 8 [ B 1) ) 0] 280 A R 2 i b 1 2
HR RIS B 2 FEAS Y chE VIR BRI [A], AH bRk ih 2 1 55 chF VI 5 70 BUiE 1k o BT
il 46 3 1K BFL T e e 2 A AR () chF VLA AR AR (2 458 L ], B 52 TE 25k 4 A 5 LA

X+ S ERN.



1.2.7 BRILIEREROE S5

NERFUE IR N REMIE AR (R0 PT k77, S 414781 Ca®*) X thF VIS E
2 R A TS A L RGBS chF VI S HA) B R R T 6 thF VLS A6 R (¥ 5 i o (D
rhE VITRE A 5 58 M5 BEE HHE AR AR L Y 1040 1.2, 1:1. 2:1 F1 41 MIEBR A iR
B 6hJ5, Western blot & thFVIIFIEALE L CBUNRPT His bR I Hd SR N —HD -
@ thFVIIFEA L SIS B b AR L 101 R G, SR N 0. 2. 6. 12, 18 F1 24 h
J&, Western blot £l thE VIIFJTE AL B O o
1.3 GiitZabs

GraphPad Prism 9.5.0 #EAT £ BRI GEiH 2001 IEA A IEEE LA X £ FoR. BEERTT
#2531 (One-way ANOVA) UL AR B4 Z 5, Dunnett's 2 B Bt — 4G % SE 56
H5XHEHZ 2R . P<0.05 AZEFAES %5 L.
2 8%
2.1 pcDNA3.1-EGFP-FVIIF K% HEK293 4

NIRAIE B B A RIE R B R, K pcDNA3.1-EGFP-FVIIF A i 4 4 HEK293 41
M. 24 h J5, HEK293 il an £ ertmt; 5 1~4 RUOCIREIZHIE SR, 2 4~6 K%
JenRE R (B D .

& 1 pcDNA3.1-EGFP-FVIIBRI #3: HEK293 48 X 100
Fig.1 Transient transfection of pcDNA3.1-EGFP-FVII to HEK293 cells <100
2.2 BRI FERARML rhF VI SRIA B R AR I 355 1k
pcDNA3.1-FVIIF R % 4t HEK293 40 fiid 48 h, 4 |- i 4 Western blot 83 &7 45 5 1
K, o FEZ50ku (B 2A) , 5H—%. EEMALHH 3 K thFVIFEA, g thFVII

AU EE WL 2B H5 thE VILRE S A EURRRE , Ik ] I [ it A e £ Bt a4 m- (& 2C)
6



PUE 73 s PR AR SO B A bR, I8 [ I TR RO 6 O AR BR bR e G (&) 2D) 5 IF

A 8 gk IR chF VIIR R B v 14 2 7 A 144.31%. 188.33%F1 174.02% .

B 2 BRIFEEGE rhF VLR R AT R I 7 1
Fig.2 Concentration and procoagulant activity of transiently transfected rhFVIL
7E: A: Western blot identification of thFVII in HEK293 cells transiently transfected with
pcDNAZ3.1-FVII recombinant plasmid; B: Concentrations of thFVII in different transiently
transfected samples. Each rhFVII sample was transiently transfected for 3 repeated trials; C:
Plasma coagulation time of different transiently transfected samples diluted at different
multiplicities; D: Standard curve for procoagulant activity of normal reference plasma; a, b and c:
rhFVII sample; ****P<0.000 1 vs Control group.
2.3 FATE RS B B YL L IR I I X8 I T 6 5
G418 (300 pg/mL) fike il HEK293 4ffii, FR1T 9 Mk ip i b Ae e B A iupk (an s N
FVII-M1 % FVII-M9) . $#2HUE RNA J&, RT-PCR P& B IR HE SR 5 55, H 1 F BHAE 1300
bp Fix (B 3A) , &7~ FVILEREE G 2 5 v P AR E F QA M bk R R 4. Al FVII-M1
£ FVII-M5 FJ4H10E 77, 55 B RS B Qe 4n Uk fERG 97 24 hy 48 h. 72 h 196 h J& 4
WM, SIEH HEK293 4Rl L 7 R e gt it 2 X (13B)



B 3 BTe AT e Y BRI T8 J 58
Fig.3 Screening and characterization of monoclonal stable transfected cell lines

7#: A: RT-PCR identification of FVII gene in the genome of monoclonal stable transfected
cell lines; M1-M9: monoclonal stable transfected cell line; Marker: DNA Marker IIT; B: Cell
viability of five monoclonal stable transfected cell lines detected by CCK8 assay.
2.4 BATTRERS R B YA IR R IX rhFVIIFUR BE

B B T R R B Al bR (FVII-ML/IM2/M3IMAIMG) 1 iE &4kt 4lifk.. SDS-PAGE
A1 Western blot 45 R 27K, thFVIINRFRIER, 2 TEA950 ku (K 4A, 4B) . EE
BT 3 YA T P e R YR I chFVITREAS, 52 ok B0 e e A e 7 e i = A 1

rhFVIIKFE DL 4C. 4D,

& 4 rhFVIIEIIR BN E
Fig.4 Measurement of rhFVII concentration
A: SDS-PAGE analysis of rhFVII secreted in different monoclonal stable transfected cell
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lines; B: Western blot analysis of rhFVII secreted in different monoclonal stable transfected cell
lines; C: Concentrations of rhFVII secreted in different monoclonal stable transfected cell lines; D:
Calculated yield graph of rhFVII; ****P<0.0 001 vs Control group; M1-M5: monoclonal stable
transfected cell line; Marker: Protein Marker.
2.5 BT AT S B R HURSRIA rhFV N (R4 IE5 1

HEMALH S 3 RS REARE YA RN thEVIFEA, B P 7 VIIE 2 A
thE VIR BRI AE YIS PR . oof HRZEL A0 b3 (bt LN (8] OK T 120 s, B pu P A E e QLA U bk 3
i rhFVITF (R Bk i R) 222K T IEZE (P<<0.0 00 1) o A1, FVI-ML {5k i ) 5 h
(13.9340.21) s, fRkEM AEYIGTELS] (380.29413.80) % (K 1) , FKHIH T e E i Y a1
AR A2 1) thF VIDEA R A M 1 -

R 1 BTEREEYA MR rhFVIIR R BRI 8] g4k (n=3, X+s)
Tab.1 Coagulation time and procoagulant activity of rhFVII secreted by monoclonal

stable transfected cell lines (n=3, X*S)

Sample Control M1 M2 M3 M4 M5

Coagulation time (s) >120 13.93+ 15.03% 14.70x 15.63+ 13.97+

Fokkk

0.217 0.05""" 0.08"" 0.39"" 0.05

Procoagulant activity (%) 0 380.29+ 314.79x 332.79+ 286.48x+ 377.71+

Fekkk

13.80""  2.43™* 458" 17.93""  3.17

7: 7"P<0.000 1 vs Control group.
2.6 BN IEEEBIE rhFVII

D PFA 2 RE LTS B rhE VITRI0GE 1E L, A SIS RE 5 chF VI AT A S Nz [R]
X thE VI PR BE A o 5k L3 BRHAT chE VIR A s L B e 2 1 225 M D 7 A e (D
ERERIAREE, EEERIE(TEILIGTE) o His b hr T HEEE, REASH His 5%, 4RER,
@ rhFVILS BEIMIE A LG 1:1 1, rhF VIIE SR 567 i W2 s $Rom L LBl /& rhF VIDA S (L
MR & Ee ] (B 5A) ;@ rhFVIIGBEMLIEEE 1:1 i, [ 0~12 h W EEBE &7 I 2,
JRNL 24 h AR MEE B EHEK (B 5B) .



B 5 BEILTEEEEEE rhFVIL
Fig.5 Prothrombin activation of rhFVII

7: A: The effects of the ratio of thromboplastin to thFVII on the activation level of rthFVII;
B: The effects of the reaction time between thromboplastin and thFVII on the activation level of
rhFVII; PT: thromboplastin solution.
3R

LA IS CARE ML R 7B ATV D9 A2, S0 b 78 8 A PAY R B (R g T R 7 F9 09 L of 5
R R I FRE R o thFVIFERF & FE B AR & (a8 FVIVFIXANH ) #E ) fist
etk FVIIG ZAE B3 I R0h o B AT B AAUE . rhE VITR I R B © 4 R 2 O ESMREAR 5 H
My P2 fEOR L P E A 1 LA S S, R T R L I TG 8P v 1 o T e
PR R B Ry 7 25800, A T I A 297 1R &R Hla e ¥, B rhFVIIF AL 7O A7) 9 2
Wi JE, JCHAERIN @RI R IR 8 A7 & IR T S AR VDR VAR M S5 S BRS04
HRH AR

W LA ik R GE R R S AL &L (R sRAEYIEE L R T2 %
P, CHNEHEAAYNEETG. Hh, HEK293 41 fE (&0 5 1 NIRRT misk
PETEIE e S AT AL G S, RROE R B 58 OR R BHIR S AB, BIZ R T B e RS 20
T 5T S AR . BHETCA 7 M 2900 R4 =AM 23S FDA 5
RN 25 e 3R i e ey RO, AR ST HEK293 R4, il EGFP-FVIIRL & & A A3
FZFRILMAEE, 4K KA pcDNAS.L-FVIIEA AT BRI £ 5y, ) 3R45 B & DR va v
thFVIL, FSEIZAR R A2 thEVIIH] & AR G o S5 RIS, SC50 W8 25 e Ja 40 i 2 30
BE ISR IERERE, JRYERF 4~5 d IORRSHEE B M), XL RADERTE TR R R R AR
SENE, BN JE SRR E e R MR A T 1L AL 1 A M

I %% b R Re 6 PRIE SE I s U LI 3RIA, 7R A RIA AR B BB I R34
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B TR RIEM R, SR BRERNE H i it A 3], ABAF AR F B2 2 B A Atk v ] S o ik
[ A SRR, 5 3 3 S N PR T A S e e R SE LA P 28— A o BRATE SCHRIRGE rhFVIIERIA
B EK: Abbasi-Malati et all'@5ZH Nrf2 46K HEK293 4035753 315 ng/mL )
rhFVII; Halabian et al 4> 5li2 H pcDNA3.1 #:4& (CHO 4Hffii &%, 425ng/mL) 1L PDEST26
K (CHO ZHf %R, 500 ng/mL) DA BATI AR SR e P . AHFFLF i HEK293 4
345 thFVIIR L ik 1.27 mg/L, BLRIT R B &R,

0L it 57 I () 2 DAL AN SR B L3 A D RE A% o FR AR, LR ERIL T 2K 1 (tissue
factor, TF) 5 FVIIIHIMIEERA : TF 5 FVIES &K TF-FVIla 64, %E &Y1E Ca?'
ST AR LG S5 A O Bt L, 5 2k R 2T A B 1 L2 A DR 2 44 2 1 T S B0 I ]
AHTFEE IR AL hF VIIZR N2 Z VIIEE - I AT G B ML ). 25 5RR R e 3R A )
e AR e YRR PR P AR chF VLT 8 AL ()RR I A T 3 i LAY, (i vt o v e o
ik F] (380.29413.80) %, FE/MUESEAME FTH 4 1 thEVILE £ R 45 (eI D e 1 o

gZib, AWPFRIIME HEK293 HEfaE g6, Mtk Ra s Rk s 5 mikti
T B R S B A E B G R, DY chF VI RS AL P kg g 1 S B MEBORIEAIE - J5 ST 0K
i IHERENGBE HEK293 A Sk . RIEFMAL, @A AIBORH) thFVIZAE
PR R, EATRRIRATAT A GMP ZR 7 B o P AR 2 e A bk, Dy B ZHBE I 1~ 245
) A A PR AR HEAL 4R T

225 3R
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