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I , 1R 73 £BU B R P AR B I IA 7 VITT ( coagulation factor
VD) HIEE I PR3- DX P S B0 HLRTT R AL,
1717 B 11 PR VI 2o 5% B AL ) kg FE AL T o B AR
RITHERE Y, FVILE — oA 25 KR Y 50 55 2
F L ZE RN LA OB AR . 25 1] FVIRR I 3
SR YRR FVIURIMA SN 3R 3K i) 8 41 A58 il X+
VII (recombinant human coagulation factor VII , rhF
VID) ; Z# TREAAML  ALTE v R HEALFN N o KAk )y
FAERUNZE S0 T, T chF VL™ 5 148 [ 4h
5T A BA T &, 404 NovoSeven [ AUF] I %) Hb 5U'EF 4
Jid (baby hamster Syrian kidney , BHK) 3k "' Seven-
fact (% 3 R G ZL 1T v #2501 AryoSeven (NovoS-
even {fj il 25 )4 o thF VI =it B B Z% 7= A,
H [ 7 AT BAX chFVITE 5 3 245 B AERHIT B2 I
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5 6 AR5 B B T R HEK293 ZR bk, e m ik Fa s 368 2

K4 FALEEN P T VI R 35 s HEK293 21 ; B [ o 7 U 4 LR 5 1l /% 5

PRIREE B B, H A JC E = thF VI f BT, AR
SRR Y HEK293 4 it DA 7™ 1) 25 FH 8 1 S5 i TR 422
IRIRNGEE A HA B R B rhFVIIER
IR AT T 7 N R AR, %R B A
P A B thE VIIZR A 8K, T AR TR A2 8 23K rhF
VI 558 B HEK293 4 ffa A% , I 1FAl chF VI #23k
T M AR B LTS 7, Ay chFVILRY 25 W) F & 285 JE A

1 #R57EE®

1.1 ###

L1.1 JAEWRkRE @K  peDNA3. 1-FVILJE K Al
pcDNA3. 1-EGFP-FVILF R34 iy [ B 2 B2 B =
245 = W) B AR AR 5T B $ 3L, HEK293 41 it i ) 2 1003
IR A IR AT

1.1.2 £&ZXA5ME  MEM A0 5% 57 5
(RICEHEFEERHE A R A F 525 : PM150411)
0.25 % iR & (B ARG 4 103 (52 B Gibeo, 5845
A5670801,25200-056) ; PEI 5% Y437 (35 [ MCE, 1%
5 :HY-K2014) ; PVDF JIEH1 G418 (35t 4% %5 3R 88 8%
#, Geneticin) ( [ 2 = RAEY ARG R A LR
5 : FFP32.ST081) ; /N E T hE VILHL 5 BEHTAA (56
R&D 24 A, 525 MAB233) ; Bihi it | AL ¥ B b ic 1l
FEHNR G (e T AR A RA R, 175
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D110087) ; Human F7 ELISA Kitid7 & (i JE B A
YRk H A R 2 F L, B85 2 EH3030) 5 One Step
SuperRT-PCR Mix Kit fILE RNA $2BUR7] & (AL TR
EERHARA R, 525 : T2240 . R1200) ; 5E IfiL fiff 7
i T 3R] G (R KA B AR A R A AL 5%
51 R1200) ; B4 HrAL (BRI 5L 2 Wi AR B A
B ], BCS-6100) 5 A7 L5 (AR AE Y H AR
AR F LS BMS10) . Z VIIA F 1 2% (A
RKAEDHARABRAE], 5245 : BMCOT., HEFE 1%
il 28« PRl VIURE S 1 B o B A R PR IR R O 2 B
IEH NS VIR T 28 MK = FVILE M,
A 1 PR P ARAR )
1.2 FHik
1.2.1 HEK293 %1 . 3% 4 & pcDNA3. 1-EGFP-FVII
A PCH MEM 58 485 95 4 MEM JEfili 35 57 v
HA 10 %G 4= 103% . HEK293 40 i B T MEM 58 4
Re e 5 78 37 °C.5 % CO, A 20 MBS 374 vl B 1
FRo YN RLA BE K 90 %R, i FH 0. 25 % B 1L 1
min, 56 &R R FELOEHE AL, 1200 v/min 50 3 min,
S 4 B 5% L HR R HEK293 4 it , 34 % 40 it 25 )3
10° cells/mL, 42/ T4 I 700 . HEK293 41 (%) %
b K (— AN S 48 h) IRFT 36 e e 2 hots
Bh 7 B4y MEM B il 15 97 5 5 peDNA3. 1-EGFP-
FVILLIRG BT A e 4o 7 X e 2 it 5 7 0 d 1~6
H W ZSA0 M58 630 5 . LA peDNA3. 1-EGFP 55 2 {4
5B YL HEK293 4 i AE A PR X E
1.2.2  pcDNA3. 1-F VI ik o 4% 3 B 4 5 A8 8 5 5
Rk h ik MEM 56 485 57 2 B HEK293 21 i,
PL10* cells/mL A4 %% B2 4 HEK293 41 fif £ F 78 24 L
B, 24 he , B4 & 45 AN [A) 15 1% 55 K (Geneticin,
G418) ¥ & B &£ (0, 100, 200, 300, 400, 500, 600,
700,800 wg/mL) (Y58 435 55 2 B B B A 34
AL B 10 d 224 R R AL T HEK293 4 ifd 1) 5
/N GA18 M FEAE A feadh LY T e Ve 3

HEK293 41 g @t & B iy 70 % W), 4% 18
pcDNA3. 1-FVIL5 PEL % Y4 i 7| it Lb-h 1: 2 Y EL
B 25 g AR TR A9, e g HEK293 4 it . 5% 48
h J5 WO 40 i 35 Wk, Western blot % ] thF VIIAY 2
INAE B, BAAE XS BE %6 F peDNA3. 155 [Fokr . Wik i 5%
Yu 48 h i, ff & G418(300 we/mL) () MEM 5¢ 4 1%
FRILTHE PRI AETS , 2~3 d e 3k . A
BEUH o 2R e 1 4 i 4 V% 7 B T 56 % 22 96 fL AR TP
(PRUEREFL A A B A 14, & G418 A 5E

R L B v R A e L A MR o O S 9 bR
BT R R B YL A R , RS AR S A G418 1 MEM
SEARE SR HEY RIGFE, ol 4 8 FVI-ML 2 F
VII-M9.,

1.2.3 $ BT HLERARGETRE N E
A Primer 5. 0 BTGP AL RS B AR RS
OB+ AR d & i, BiEsl ¥ Pl
5'TGCTGCTGTTGGTGAAT3’ ;5 T if 51 ¥ P2 K
5'TAAGGCGATGTCGTGAT3' . # M 1 RNA $2HGR
TR 100 T 5 i BRSO e U A AR 119 5L RNA
Wi %% 5% One Step SuperRT-PCR Mix Kit 2 57 &5 46 il
PHE FVIIER ] o B0 o R o e Y 4 AR 136 T A DU
2 M 4220 T 96 FLAR (1 000 4/4L ) , 43 591 76 40 it AE K
%24 .48.72.96 h i} Ji A 10 pl. CCK-8 ¥, 7£ 450
nm A0 5 I W 5 B (absorbance, A) I B8 5L B 45 11
MG 7 S r A 3RS . RS (%)=

Ao e100% . As: SirALse XL 14D 2 FIAL

1.2.4 thFVIIE G264 HisTag Ni-NTA B i 1556
FH A e B vk e 2% o ¥ (50 mmol/L. NaH,PO,, 300
mmol/L NaCl, 10 mmol/L WK , 10 % H il , pH 8. 0)
A o BT R RS B e A AR b T AR ke
2 PPRRIT 1 9% 1) B 1 A A 590 R R IR B LTS v
min (YR EERFE 2 h, (i B 98 1 5 8 A R 70 40 25
o KRBT 2o MENT = s ke 4
TR A RE G A v R IR ek 2 R (50
mmol/L. NaH,PO,, 300 mmol/L NaCl, 20 mmol/L DR A |
10 % H M, pH 8.0) , YE LAEFr R4S G EH . &
J& , 5 T RE K 2% R (50 mmol/L NaH,PO,, 300
mmol/L NaCl, 250 mmol/L BKME ;10 % H i, pH 8. 0)
VEME H R 1, B 405 1) chEVIT, S B E4l1E
B B thFVITREAS 5 5x loading buffer F AR L 41 1
RA, WS min J5 AT 12,5 %+ B SL A FR AN -
BN M BE e B I HL 9K (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, SDS-PAGE) ; SDS-
PAGE HL Uk 25 95 15 B HL % A 48 3 350 mA L 80
min P E 4T Western blot #: . Western blot
4595 7E PVDF B A RGO 7 Bl 5% .

1.2.5 rhFVIIRE AR 2 08 Human FVII ELISA
Kit U] T #0E  ia0 & A A bn o S s A v i 2k
B 100 L 44k )5 19 chE VITREAS I 3 g br AL eh | K
450 nm A2 A (EIFARPEARAE T TR thFVILF Ve
JE o DAFE 3 peDNA3. 1 %5 5k Y HEK293 4 it |7
B RE IR A S A 3 YR B b R R e e A
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JRLRR 9 thF VIUREAS R I B2, 250l 5t TE 2 P o3 A OF
DA ks %:z/j?o

1.2.6 thFVIIE & & &b m 20 [E 24 i
FRN A FVITEE I A= 8 36 4 4 O i (BRI R 7~ VI
BN, L2 VI F 1 5 AE A 35 5T 15, #6300 th
VITREA A8 I 6 7o A o il 2 P R s 7 78 Vi
A3 SR BE 510,20 .40 1 80135 , %o 17 AR 58 1M 35 1
4200 % . 100 % .50 % .25 %F112.5 % . HUFi
Ja AR UE LK 50 wL, 43 A 50 wL = VIIE -1l
8T HEEM 3T A ELRIR 3 min, K 100 L #E i
T WA CED PTIRF , A 44U T F Ca®) A [
s TR0 B2 B B M A2, S RD IR LR TR . DU E 4 b
T B XS0 R R A b, L i % R 1 s i) £ 5 5 A 90
ARzl bniE M Ze . A [R5 BRI E AR AS Hh thEVITRY
B ILESHR] AR A v ol 2358 ch FVITEY B 40 HeTs
A ST A 3 U v RS E e e Al AR Y rhFVIT
2l AV A ARG I BRE 10 ERF TR] , 50 S 1 SR 4 A1 I DA
X5 TN o

1.2.7 #bEREERE AR EE TR0
ity v (R PT IR, & 42U 1 Ca® ) X thF VIIRY
PG VR, 2 B0 B 5 A6 000 26 1L 755 VS T 5 th VT
(149 52 7 B A8 % 52 I s ) X6} ch F VTG A6 R ) 52 0
@ rhF VITEEAS 5 %E 1 355 B 75 W o0 5 # R FL EE Ry
1id 1:2. 1102 L 4 1A LEBR A s FIEFEE 6 h
J&i , Western blot & il vhF VIT 4 3% A6 45 ¢ (LN BT
His b2 (0 B e BEHTIA N —$1) o @ rhFVIIEEAR S
3% 116 B R AR R LG O 1 LIRS B TR0,
2.6.12.18 124 h )5 , Western blot 0 vhF VII ) 15
AL

1.3 %itZAE  GraphPad Prism 9. 5. 0 #Ef 74 K]
MG 00T o IR AT R BHE L ves R o L
E 7 24531 (One-way ANOVA) Hb %5 22 41 8] Y50

7255, Dunnett's 25 51 K6 56 FF — 25 A6 I 4% 52 56 4H 5 %)
WA AES . P<0.05 WERAS 5.

2 #HR

2.1 pcDNA3. 1-EGFP-F VI /&% #i % $ HEK293 4
B AEIEEBEEARBREN AN,
pcDNA3. 1-EGFP-F VILUk: B i % Y HEK293 4 fitg .
24 h 5 ,HEK293 A il 4R S IRER (5 3 55 1~4 Ko
R EE G IR, 5 4~6 RIS 2OG5R B (1)

2.2 MEATERLYEAE rhFVIE RE S KRR 8 MFE
1 pcDNA3. 1-FVILE R §% 4 HEK293 4 i 48 h, 4
Jitd 3 22 Western blot & 0 i 7n 457 Sk 45417 , 0
2950 ku( &1 2A) , 5 —% ., & Mm% 3k
rhE VITFEZS , I 5 rhF VILF) iR BE UL & 2B, rhF VI
FE S AT ECAR R, 2 5 (75T o () ot A B A5 A8 o i 1
TNCE 2C) o VA J HLis 2 B SO R Ak b, 1 3% 35
(#4019 X6 250 R A A B 22 il o it £ (161 2D ) ;5 Ik bt
Byt b 35 W ohF VIR R B w5 7 4 9k
144.31 % .188.33 %H1174. 02 %.

2.3 BRBERTEHLAMKNBERBTNEE
G418(300 wg/mL) i Edi e HEK293 4 j , 3015 9 #k
AT R RS B UL A M AR (4r 44 b FVID-MIL 2
FVII-M9) . $2£HUE RNA J& , RT-PCR 7= ¥ £ B i b
BEWS AT B, H B9 A BEE 1300 bp (B 3A) 428 F
VILEE R £ 2 B o B o e 7 o 200 R 1 6 R 24
K FVII-M1 £ FVII-MS B 405 11, 3 e e fa e
e A AR A6 55 35 24 h 48 h .72 h F196 h )5 B 20 Jifd
W H, 5 1E % HEK293 4 i A L 22 7 B4t it &
X (EI3B),

2.4 BHEERTERELMEKRIE chFVIRKE
Wi A B o [ S B % 2 PR (F VIT-M1/M2/M3/M4/
M5) FiE 4841k . SDS-PAGE il Western blot 4%

El1 pcDNA3. 1-EGFP-FVIEE B4 3 HEK293 4R <100
Fig.1 Transient transfection of pcDNA3. 1-EGFP-FVI to HEK293 cells x100
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Fig.2 Concentration and procoagulant activity of transiently transfected rhFVIL.

A: Western blot identification of thF VII in HEK293 cells transiently transfected with pcDNA3. 1-FVII recombinant plasmid; B: Concentrations of

rhFVII 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¢: thFVII sample;
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Fig.3 Screening and characterization of monoclonal stable transfected cell lines

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 III; B: Cell viability of five monoclonal stable transfected cell lines detected by CCK-8 assay.

A

W ER  thE VI R A, 0 T2 29°0 50 ku
(1 4A 4B), & ST il 28 3 YR o B e e e e 4
AR B thF VITREAS | 0 22 5 A% BR 5 B Ao s A e 4t i
FEAE ) chFVITREE UL, [l 4C 4D

2.5 BTEPETEE R M Ak R X rhFVIIAY {2 #E M
FEME H ST A 3 VR v R R e U AN AR 11
rhF VITFEAS | A I PR VIS A6 0 rhF VTS 256
A G YE o 0T AT 20 i 3 02 388 1 Bsf 1] KT 120
s , BT A A e A LR 2 38 rh VLA A1 558 1 Fisf 1]
BERTXBA(P<0.0001), Hd, FVI-M1

LIS PRI 4 (13, 93+0. 21)s, {2 8 1A 4035 Pk 5
(380.29+13.80)% (3 1), 7 B B o B £ o2 7 Y 4
AR P A Y vh FVILEAT R4 AR 856 0 376 1

2.6 EEIEESEGE chFVIL NP4 % 06 T BEILTE
Jig X hF VLAY 380 A, A 0058 1 355 73 -5 rhF VIR
Fo A5 B 52 7 B ) %o eh FVILTG AL AR S A 500 . BRI 3%
i S rhF VLA AL 2 JH B 2 11 454 DT T kg XL
B CHD I AR aE , TS 2 PR IR BE LTS 1) o His 5
ST, REEASA Histrss, 4R E/R,O
rhFVIL &E L5 [ H A5 R 10 1, vhF VITH % 2571 B



20 - R EAKFFIR Acta Universitatis Medicinalis Anhui 2026 Jan;61(1)
A C D
M5 M4 M3 M2 Ml Control Marker ku 14r Total volume 200 mL
’ HHEE concentrate to 1 mL
70 T 1
50 D12 Elud
= ution 5 mL
40 £ Aok concentrate to 0.5 mL
35 £ 10f sokok ok o l
§ P ¢ (thFVII-M1)=0.83 mg/L
25 £ ¢ (thFVII-M2)=0.95 mg/L
g 08 ¢ (thFVII-M3)=1.27 mg/L
B 3 ¢ (thFVII-M4)=1.03 mg/L
M5 M4 M3 M2 Ml Control Marker ku ¢ (thFVII-M5)=0.90 mg/L
70 0.6
50
Control MI M2 M3 M4 M5 m (thFVII-M1)=0.17 mg
40 m (rthFVII-M2)=0.19 mg
35 m (rthFVII-M3)=0.25 mg
m (thFVII-M4)=0.21 mg
25 m (thFVII-M5)=0.18 mg

B4 rhFVIRYREE

Fig. 4 Measurement of rhFVII concentration

A': SDS-PAGE analysis of thF'VII secreted in different monoclonal stable transfected cell lines; B: Western blot analysis of rhFVII secreted in dif-

ferent monoclonal stable transfected cell lines; C: Concentrations of rhFVII secreted in different monoclonal stable transfected cell lines; D: Calculated

F1 BREERERE LMK rhF VIR (R 5 M E R E M (n=3, 7=s)

Tab.1 Coagulation time and procoagulant activity of rhFVIl secreted by monoclonal stable transfected cell lines (n=3, x+s)

Sample Control M1 M2 M3 M4 M5
Coagulation time () >120 13.93+0. 217" 15.03+0. 05" 14. 70+0. 08" 15.63+0.39™" 13.97+0. 05"
Procoagulant activity (% ) 0 380.29+13.80"""  314.79+2. 43" 332.79+4. 58" 286.48+17.937"  377.71x3. 177"

P <0.000 1 vs Control group.

B 3 5 $ 7 I B B 2 chF VI 3% 408 558 1 7% 1 A9 e il
A7 (1 SA) 5 @) vhFVITS BE LT B 10 165, 50 0~
12 h N EBE S At , SO 24 h )5 oA W88 3 A 4%
H (E5B)

A 1:1 1:2 1:4  2:1 4:1 PT Control ku
70
50
40

35

18h 24h PT ku
70
50
40
35

B oh 2n 6h 12h

5 B MEEGHE rhFVI
Fig. 5 Prothrombin activation of rhFVI
A: The effects of the ratio of thromboplastin to thFVII on the activa-
tion level of thFVIL; B: The effects of the reaction time between throm-
boplastin and rhFVII on the activation level of thFVII; PT: thromboplas-

tin solution.

ML AR IGT LLBE L A 5~ A7 0 3, i ad b
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Pt 055 5 2 5, R T B L I s I 35
6 PRI T AE B AT IR e B S Tk, R Y
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5B S I, G LA R A s s Rk R R b R
F 7= T8 R 4R T K A W 1 A6 A 2 S SR IR T A A7 A
HREARI

T 7L 30 40 400 it ¢ 3k 2R 4 TR L 45 AL 1 45
(e SRR R R T AN, B R
HEHAE ALY E LG Hrh, HEK293 41 g
SRS S I AN VR A P | v S0 M B A B G e
3, BRSNS B 50 W52 24 BB SR B, )3z 1
T BT A M PR 5 IR 7 il A5 A i 550 0 O
%o HETCA 7FEET %400 2 4 72 1 A= 9 25 W 3k
5 FDA 5RO 25 fh A BR) Err et o AR ST
JF HEK293 & 4t , il i EGFP-F VI & & 1 A
HHE MR IBALEE , 4611 R H peDNA3. 1-FVIIZ A i



M ERMKRFF®  Acta Universitatis Medicinalis Anhui

2026 Jan;61(1) - 21 -

FT R e LIRS HLA DI RENG M 19 vhFVIT, SIE 5K
AR R chFVITH & f BEAR &5 . ([EAE TR,
S G UL 38 A e i 200 L S 0 S i ) O R A
IFHERF 4~5 d IFRFL R 0 I X — IR LR
FET R R R R AR PE , T A 5 SR e i e bk 1 Tt
prisk = RVAN R SR IE -2 8

Wk i 2 e AR BB A0 R S R v AR P R L TE
FARB A h B B E . T
FaE Rk IR R i B R BRI TR 46 A & R, R
AEAE IR F B 2 B R HE vk 18] 52 5 1 %) [T A e, 75
3 3 A 37 BT R A B Y A R R S B 7R 3 — 1k
WE £ SCHik 4 18 rhF VII 2 35 &5 3% 8 48 X : Abbasi-
Malati et al "> F Nrf2 T2 1k B9 HEK293 41 i1 {3k
5% 315 ng/mL [ thF VII ; Halabian et al 43 5l iz H]
pcDNA3. 1 # & (CHO 41 il & , 425 ng/mL)"™' 5
PDEST26 2 & (CHO 41 1 % , 500 ng/mL)""* 3 ik &
AW Z TGOS . AHEGE A HEK293 41 g 3%
5 rhF VII 2 35 1 35 1. 27 mg/L, ¥ SC R WF 9% W
P

Y5 1Ll D SF i) 2 DA AN B & AR D RE Y
WO FE bR, HR B T 2H 24U 7 (tissue factor, TF) 5
FVIT R BGEVEF - TF 5 FVIZE AT B TF-FVIla
AW %G AWTE Ca A 5 A BE il il )5 5% Ak
Shy B IS , S5 2% i 2T 46 B VA DR A Ry 2T 4 R P T
SEPRIM AR BEE . AW E G LA chFVITR I 2 =
VLR I ARG D 058 L FSF i) o 235 SR 7« i e 34
{14 BAL 5 [ R B Y A A 7 £ ch VIR (558 i i []
B SRR AR 38 4 0 3455 LA ST I O L T v e v s
(380. 29+13. 80) % , 7o 43 1IF S A 58 il 2 1Y rhF VI
HLAS B e I D e TG4

25 b ARG R T H HE HEK293 BLA% Fa o i e
-1, i A A L A% 2 aA A g R I T P 1 B 5
e e 5 T e A MO A , g ch P VITRY KRR P Ay T
R R L o S5 B2 B 5T B B T M R 0 BE
HEK293 il i (i B 77 Yk Fe ik -4k, B r
JE CATBCR I chE VITAE P2 K R, B 280 2 AR AR A &
GMP ZL3R 1) 17 B v P e e Y 2N bk , by o 40 05
I B F 25900 Tl A2 = R R b A 1
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Construction and characterization of recombinant human coagulation

factor VII stable transfected cell lines
Li Xiaoxiao', Chen Jiabin', Liu Jiajun', Zhang Zhifei', Zou Sen®, Zhu Lihua', Yang Zhaoyong
(* North China University of Science and Technology, Hebei Key Laboratory of Basic Medicine for

Chronic Diseases , Tangshan 063000; * Institute of Pharmaceutical Biotechnology , 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 ex-
pressing recombinant human coagulation factor VII (thFVII) and evaluate the expression level and procoagulant
bioactivity of rhF VII. Methods The plasmid pCDNA3. 1-EGFP-FVII was transfected into HEK293 cells to verify
the effectiveness of the transfection system. The plasmid pCDNA3. 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 thFVII 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 rhF VII was determined by enzyme-linked immunosor-
bent assay (ELISA), and the procoagulant activity of rhF VII was measured by human coagulation factor VII po-
tency assay. Results HEK293 cells transfected with pcDNA3. 1-EGFP-FVII showed green fluorescence, indicat-
ing that rhF VII 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 rhF VII was obtained by purification of the cell
supernatant. The highest thF VII expression was (1.27+0.09) mg/L, and the highest procoagulant activity was
(380.29+13. 80)%. Conclusion The monoclonal HEK293 cell lines which can express thFVII protein efficiently
and stably with excellent procoagulant bioactivity is successfully screened.

Key words recombinant human coagulation factor VII; stable expression; HEK293 cells; monoclonal stable
transfected cell lines ; hemophilia
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