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AHE y BR LA NAEIEAL DT AR TE U N 22 52 24
HI, T8 chEVI™ i 35 Sy (6 A5 1A BRI ¢, 645 No-
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FER 2 R A R KRR AR A H A
EPL I ABALE chiF VIR 2K S50 ATS 1 I 7 A 2 1Y 2
AT IZBFFT B FEA A R chF VIR 2044, i
VAR FR A F 38 rhF VI R 5 HEK293 4 itk , JF:
PEAL thF VI 235 et A2 588 I3 P , o4 chF VI 259
& B9 He il

1 MR 57E*®

1.1 ##

1.1.1 AW A pecDNA3. 1-F VI i KL A
pcDNA3. 1-EGFP-F VI 4] H v ] B2 24 R} 2 B s 2
AW E AR ST BT ER A, HEK293 40 i I 1 1% 7035 3
TP AR A,

1.1.2 &R A 54808 MEM Al 20 i 5 57 3%
(R T R A BRA ] 585 . PM150411) 5
0. 25 % I & H g G 28 1% (38 E Gibeo, 585 :
A5670801.,25200-056) ; PEL %% i 7] (3% [ MCE, ¢
5 : HY-K2014) ; PVDF I G418 (351 15 55 R BUH 25
%, Geneticin) ( EZE = KAEYHERARA A, 7
5 : FFP32 . ST081) 5 /)N B 4T hF VILE 5 B e 4k (36 [
R&D Al 525 MAB233) ; Bib it S Ak M B i 1
FPUN R I (R T A MR FARA A, 585
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D110087) ; Human F7 ELISA Kiti®i & (a1 FE B A
YRk A R A R, 585 2 EH3030) 5 One Step
SuperRT-PCR Mix Kit Fl1i RNA $2 U7 & (Jb &
EERHEA AT, 5 T2240 R1200) ; 5 1L )5
I 1] 0 ) & (R rh RAE B A R A 7], 47
5 :R1200) ; BE 1153 Hr A CRRBUF N RS Wi R e dn A
PR 7], BCS-6100) ; Bk o 1 2% (_F i i 5 A= R
HIRAF B85 :BMS10) . = VI F I 2% (L
Y ARG R T, 585 BMCO7., 4§58 FE 38 1% il
2 o VIR 4 5 1 B o BB AR e 3 R B O S R AE
BN VI - iz i s = FVIE P, H
b I PR35 AR ) .
1.2 Ak
1.2.1 HEK293 %8 2 3% = % pcDNA3. 1-EGFP-F VI
AR PO MEM 58 235 57 5 MEM SRl 5 7 B
A 10 %G 4= 1L . HEK293 41 il & T MEM 5¢ 4>
R 16 37 °C.5 % CO, A4 40 I 55 T8 ot B
F5o YN A R IK 90 %, {1 0. 25 %R IE L 1
min, SE R FE R F AL, 1 200 t/min 50> 3 min,
5S¢4 1 3R R HEK293 41 i, %% 41 it 2 & 0 10°
AL, SR T AR SR . HEK293 41 g il % 5 A
KM (MM I 48 h) HEATHE Y L LT 2 h f 3557
FEHT 4k MEM JEfith 55 #5238 ; pcDNA3. 1-EGFP-FVI LA
N ST A4 2 G Ty 20 JL A B s e U I 1~6 d B HOULSR
M 5E E5R B . L)L peDNA3. 1-EGFP 45 %% 1A #5 Yt
HEK293 4l Jfg /A B4 %) 1R
1.2.2 pcDNA3. 1-FVIBE B #% 3 & 3 57 A 2 4% ¢
m ek f ik MEM 5% 285 55 S 5 B HEK293 4 il ,
PL10*~/mLL 4 %% FEK HEK293 4 it £ Fl 76 24 LA
o 24 h 5, B4 5 A A [A] 35 L & (geneticin,
G418) ¥ &£ £ B (0. 100, 200, 300, 400, 500, 600,
700,800 pg/mL) [ 58 45 53, A EEE 34
ALK 10 d ZE AT RENE R BE T A HEK 293 41 ifd (1) f5¢
/N GA18 MR BEAE Ay i3 L 1) B VR

HEK293 40 it il & J& h 70% B}, 4% B8 pcDNA
3. 1-FVI5 PELFE JL il it b ok 102 09 L) 45 1
FARIEGY , 550 HEK293 4 it . %5 7% 48 h 5 W4
M V5 W, Western blot /6l vhF VI8 FR 35 1% 4 , BF
P X B ] peDNA3. 125 JFikE . BRE A% 4L 48 h ),
{8 FH 7 G418 (300 pg/mL) (1) MEM 5% 42 15 37 3 i &
BUrk AR T5 , 2~3 d R E IR R AL . A IR R
V- BUIE A0 M B 7 W BT e B 22 96 FLAR TP (PRI AL
A AEE B AR 1), & G418 1 58 A 1 97 2
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I 10 L v R AR B L AR R o G T 9 R L AR
FEFE YR AN OAR , AR S 1E S G418 [ MEM 58 415 5%
Ferf RIE SR, 43l 44 R FVI-M1 2 FVI-M9.

1.2.3 2o BB EEmBkt ST RENE
M Primer 5. 0 ZKAFBET 519 IF AL soN A RS
R A BR AR A R, EUiES Y PR
5'TGCTGCTGTTGGTGAAT3' 5 K iif 51 ¥ P2 N
5'TAAGGCGATGTCGTGAT3' . #4218 KL RNA $#2HUR
791 3 10 Y A5 Hit BB e A S A U A AR 119 5L RNA
3% % 5% One Step SuperRT-PCR Mix Kit izt 7] & 16 Il
Pryg VIR . B v R RS A Y A AR T D A
A0 g 32 R T 96 FLAR (1 000 4/4L ) , 43 376 40 i A= K
324 .48.72.96 h i il A 10 pl. CCK-8 ¥, 7F 450
nm A& K W 6 B (absorbance , A){H, -4 BEULHH 5
TSNS I s a7 A 3RS . 4IRS 1 (%)=

(A x100% . As: SEeALsAe XL 14D 5 FAL

1.2.4 thFVI& & 44t HisTag Ni-NTA # Jig #i 5
FH G He B K w22 oh % (50 mmol/L. NaH,PO,, 300
mmol/L. NaCl, 10 mmol/L. BK I | 10 % H il ,pH 8. 0)
VAT o B b B RS E e Y A AR b Y RO R v
A 222 o AR T 1 9% 1% 2 1 TRk ) ) R, SR R B LA 75
r/min (3 BEIEE 2 h, i B A9 A5 S AEEUR S
455 . R GWER 2R MR kb, RR il A5
SV TS T RE R N v v B K s 2 g (50
mmol/L NaH,PO,, 300 mmol/L NaCl, 20 mmol/L BKm
10 %t , pH 8. 0) , Bk L ARFE RS S . &
J& , T e K e 22 vh i (50 mmol/L NaH,PO,, 300
mmol/L. NaCl, 250 mmol/L BKME 10 % H il ,pH 8. 0)
BRI H A, B SEAL 5 89 rhE VI, 96 k2l Ak sk
OB rhFVIAEAS 5 5x loading buffer #EARFL L 4: 1R
W S minJ5 AT 12,5 %R+ R ST AR AN - 2R
N W Bk e & B H UK (sodium  dodecyl sulfate-
polyacrylamide gel electrophoresis, SDS-PAGE) ; SDS-
PAGE HL Pk 45 50 1 8 HL 5% A3 15 3 350 mA L 80
min P R 1T Western blot K21l . Western blot
S5WSTE PVDF B8 E A &GOS BRI R 52

1.2.5 rchFVIR E 4R 2 M Human FihFVI ELISA
Kiv i B A5 #8405 , 15000 & A 4 b v il 2 i A v il 2%
B 100 WL 464k J5 1) rhFehe VIDEE A5 i 2] B A FL P, 3%
K450 nm AR E A {E I ARYE bR v A5 rhFrhi VI
(M BE . ARG U peDNA3. 145 JFRr 19 HEK293 41 it
ETEWC B R E A ST A 3 YR e R AR E
e e 0 AR B rh Feh VIR A A I R B2, K0 52 12
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AR I DL s FTow o
1.2.6 rhFhFVIEE fo & 4 &b 208 o E 24

RN A F e VILEE I A 490 396 1 14 T s (R it H 7
hEVIC 75 ), LA ohe VIR 10254 SRy 35 o 10 A
) rhFrh b VIR A P 868 I35 7o s o4 i 2 FH K s
T B W53 5 6 B 5.10.,20.,40 1 80 %5 , X 07 1) 458 1.
76 PE 43 51 A 200% . 100% . 50% . 25% 1 12. 5%, HL
Hi B BIARHE ISR 50 L, 43 A 50 WL Z hF VI
T3, BT B AT AL AR 3 ming B 100 pl
358 1L TG A W (B PT R , B U R0 Ca™ ) A
AN TR R A (R A I P, 7 BTG TT I, DLA
3 HOIE P R G BOR R AR b, DA L4 6 [ B [ 7 6 4
A bRz AR e 2R . A )25 BRI R RE AR P rh-
Frh VI 8E IR 8], A0 408 B o4 {1 £ 3153 ch e VI 7
Sy HeIE R o FE AR ST A 3 UK PR R R B e A Y
PRI rh e VLG A0 A ARSI 356 i B ], 55080 52 1E 2
PR I LA x5 TR o

1.2.7 B EMEERE AR EE T MG
it v 0 CBD PTG, 75 412U 7 F Ca? ) X rhFhE VI
RS V2 R0 B 5 A 000 i 775 6 35 W 5 rh-
Fehe VI S5 17 VA9 B J52 07 B TR XoF eh e VIS A6 AR B )
S o (D rhF e VIR AR 5 558 1L 1 7 V43 900 42 (R R
R 1:4.1:2. 1:1.2: 114 1 B R A 5 2 iR
B 6 h i, Western blot K rhF VI A4 15 £k 17 5 ( LA/
FUBT His B2 19 B s BEBUAR I —31) o @ rhFVIFEAR
S8R AR AR 1 LIRS IR T
0.2.6.12.18 1124 h J5 , Western blot ¥l rhF VI ) 75
TERE L

1.3 %it=4b3¥#  GraphPad Prism 9. 5. 0 174 &
MG 22001 . BRI REHE DL xes Fom o B
E 24531 (One-way ANOVA) Fb 5% 22 4[] Y508y
225, Dunnett's 22 55 K5 56 7F — A0 K6 I 4% 52 56 2H 55 %)

MAZHMZES., P<0.05 N ERASIT¥EYL.
2 #R

2.1 pcDNA3. 1-EGFP-F VI /& #i % 3 HEK293 4
B HEIEEEE AR RGN A R
pcDNA3. 1-EGFP-F VI 5k 9 i) 4% 4% HEK293 4l g .
24 hJ5 , HEK293 40 - b 52 BRAR A0 3 55 1~4 R2¢
G FE R | 26 4~6 K5 9O G B s (& 1)

2.2 BB 40 B rhF VIO 3R 3% 2 R A7 8 M iE
peDNA3. 1-FVI ki 4 Y HEK293 41 fif] 48 h, 41 i |
15 22 Western blot K Il i /R 85 S 5577, i F = 4
50 ku( 1 2A) , 5T —5, & M7 ] 45 3 K thi
VIEEZS , 5 chiF VI ¥ BE DL 1T 2B o K chF VIEE (A%
FU A R, I 2 58 11 FsF ] e s A5 50 o i 15 o &
2C) o LAE 43 B M 0 6T Bk A b i 2 [ s
] P X5 R N AR B 22 il B o HH 2% (TR 2D ) 5 I 5 e
bV W ch VIR A 8 I T P 4 0 R 144,31 %
188. 33 %A1174. 02 %.

2.3 BREREHLARKNFERTNERE
G418(300 pg/mL) i EHTME HEK293 40l , 3K 45 9 £
PR T R AR e L A MR (A 44 FVI-M1 2 FVI-M9) .
PEHUS RNA J5 , RT-PCR =W & B iR W BE I 4 25, B
1) R B AE 1300 bp B (B 3A) , 278 FVIEE R 38 &
2 BERSOE R e A MR B LR A . R FVI-M T
2 FVI-M5 (9 240 LT 07, B 5 B RS e 20 B PR TR 355
7724 .48 72 F196 h & (A 4 i3 77185 1E % HEK293
YHIAR b 22 S e g i (K 3B) .

24 BRERERLHAMEKRIEhFUNRE
W B B0 o e e S A Y% 2 L PR (F VI-ML1/M2/M3/M4/
M5) G kEalifl . SDS-PAGE Fl Western blot 45
R thF VIS AR5 S 4501, 70 T2 29 0 50 ku
(E14A 4B) . H 50057 il 28 3 U5 o B et e L 4

1 pcDNA3. 1-EGFP-FVIEZ B #  HEK293 4l <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 rhF VI

A: Western blot identification of thFVI in HEK293 cells transiently transfected with pcDNA3. 1-FVI recombinant plasmid about 50 ku; B: Concen-

trations of thE'VI in different transiently transfected samples. Each rhFVI 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 ¢: thFVI sample; ~P < 0. 000 1 vs Control group.
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Fig.3 Screening and characterization of monoclonal stable transfected cell lines

A: RT-PCR identification of FVI gene in the genome of monoclonal stable transfected cell lines; M1-M9: monoclonal stable transfected cell line;

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

JRLRR Y chFVIREAS 0 5 Ak B o B o s e e 200 i
AR ThFVIVR B . ULIET4C 4D,

2.5 BTIFETRE H A B Rk R rhIF VA 1R 5 M
AN HE T A 3 UK PR e Y A AR 1Y
rhF VIREAS | A BE I PR 1~ VIR A 325 A% I ch P VI £ 25 1L
AW . X IR ZH A0 b 3 (R R LR K T 120 s,
BT A R B U 20 TR 2 58 v VILEA) A2 45 i s [
FZRT XA (P <0.000 1), H FVI-MI1 {2 EEI
Bf (8] f5c 46 (13.93+0. 21) s, i #E 1ML A4 9 1% P 3k %)
(380.29+13.80)% (3 1) , 3 W] B 57 B A2 2 7 Y 4
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R = Az 1 e FVILELAT R A7 A AR 6 35

2.6 EIiEESHGE chFVI D PEAL IR R BEIMLTS
it T v VIS8 1 P G 008 1L 3% -5 chF VIS B
051 K 52 g B[R] 5% eh I VI A0 R B BR) SR8 T)  9E L 905 Tl
0 chF VI AL T K PR B 1 95 4 10 7 Ry U
( RV BE S 5E , AR R PEMEBE MG ME) o His hrds
fFEE BEATAHs RS, SR ER,D
rhF VIS 5 L35 6 LG R 10 1, chF VIER B 2507 e
S5 BETRIZ AR rhF VIR AR 86 100 37 14 19 el L A7)
(P 5A) ;@ rhI VIS B L6 1218, SR 0~12 h Y

IS2A
W
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A C D
M5 M4 M3 M2 Ml Control Marker ku 14r Total volume 200 mL
’ kK concentrate to 1 mL
70 T |
50 212 -
= Elution 5 mL
40 g ke concentrate to 0.5 mL
35 2 1.0F A Hkkok '
g - ¢ (thFVI-M1)=0.83 mg/L
25 g ¢ (thFVI-M2)=0.95 mg/L
g 0.8F ¢ (thFVI-M3)=1.27 mg/L
B S ¢ (thFVI-M4)=1.03 mg/L
M5 M4 M3 M2 Ml Control Marker ku ¢ (thFVI-M5)=0.90 mg/L
70 0.6 '
50
Control M1 M2 M3 M4 M5 m (rthFVI-M1)=0.17 mg
40 m (rthFVI-M2)=0.19 mg
35 m (rthFVI-M3)=0.25 mg
m (rthFVIl-M4)=0.21 mg
25 m (rhFVI-M5)=0.18 mg

B4 rhFVIHIKENE

Fig. 4 Measurement of rhFVI concentration

A: SDS-PAGE analysis of thF VIl secreted in different monoclonal stable transfected cell lines; B: Western blot analysis of rthF VIl secreted in differ-

ent monoclonal stable transfected cell lines; C: Concentrations of thF VI secreted in different monoclonal stable transfected cell lines; D: Calculated

yield graph of thFVIl; M1-M5: monoclonal stable transfected cell line; Marker: Protein Marker; ™ P < 0. 000 1 vs Control group.

F1 BRERERFMAAME rhFVI AR5 A 18 R E M (n=3, xzs)

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

Variable Control M1 M2 M3 M4 M5
Coagulation time (s) >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. 437 332.79+4. 58" 286. 48+17. 93" 377.71+3. 177

P < 0.000 1 vs Control group.

T AE S S, R 24 h 5 R U8R B I Bk Ak
(E5B),

A 1:1 1:2 1:4 2:1 4:1 PT Control Marker

ku
70

50
40

35

18h 24h PT Marker 1,
70
50
40
35

B 0oh 2h 6h 12h

BE5 5 MiEEAGE rhF VI
Fig. 5 Prothrombin activation of rhFVI
A: The effects of the ratio of thromboplastin to thFVI on the activa-
tion level of thFVI ; B: The effects of the reaction time between thrombo-
plastin and rhFVl on the activation level of rthFVIl; PT: thromboplastin so-

lution.
3 g

LA IR ABEIL P B 7 kD = | ik A
FU R A A Y O I DAL 1 BT I O AR R
FHOR I AAE MBS, o e VIFE A5 A 6 Y 1 A f8 3 (A
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P2 FNIVF XI5 ) Beast A5 Pk F VIR 2 0 28 35 1Y
FG T A AR EAM: . chFVIA I R E R
FOAEAMBIAR JE L 7 JE R a7 A A5 1
I 55 e A g 5, 65 B L 0L T T A58 ) w3 1 v
1M1 2y B B A R JR 0 A R PR R Y I
WISITIA R Hi#a5E 3 (5 rhF VI BERIAT 5845 0 . i
J&, UHAE RSN S R IR R M R R
P Tt KA Wi VA i 4 DG IR AT A AR R EOR
Pk

i 7L 30 400 40 6 58 R 40 IR L 4 BB Ak o) 45 1
(mrea A E R R T AN, Bk
REAEANYNE LT & b, HEK293 41 g
TEAE LS N Rr P | v 5500 5 B B (o 4 7 e
B, BB RS ff 50 W2 22 B S5 8 4, B2 i
T BT A0 PR IR T AT AR R T
%o HETCA 7R3 T %400 2 4 72 1 A= 20 ik
3 FDA SRR 25§45 BR) BT et o ARBESE
KT HEK293 R4¢ , i 1f EGFP-FVI il 4 75 11 5 A L
FAZFIRBURE , 4R R JH peDNA3. 1-FVIZRAK R4 T 5%
B e, ) AR AR HL A D BRI PE 4 chF VI, TE 523 44
F A2 thF VI & P 3AEST- 5 0 (EAR R 2, SE50 0
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R ] R A

B2 5| i Y J A 2 300 I8 5 0 1) I R AR O AR
4~5 d BYFFELEE 20 X — BRI T 557
TR R WRROE I, TR 5 SR e Y AR R T I ST T
AR

Wk Fsf 2 e R T 0 PRl S B v A0 R 1 3R A L TE
B ERR MR B BE R T
FE FB R R %R B KR R 40 0 & R L (R
FEAE 35 3 P 52 B3 B Ay ) 5 o 1) [0 Sl s , 7
T o ST B b PR A Y A R R S IR A 7 — 1k
B FE SCHK AR A8 vhiF VI 38 517 25 11K « Abbasi-Malati
et al >R I Nef2 T F2 1k 1Y HEK293 40 ffd {3545 315
ng/mL ) thF VI ; Halabian et al 73 1liz F pcDNA3. 1 %
& (CHO 40 i3 & , 425 ng/mL)""*' 5 PDEST26 # &
(CHO 4 2,500 ng/mlL) "/ &3k fATh R 51 22 7i )
A, AW ZE A HEK293 40 i 3545 rhF VI3 3k =
iK1, 27 mg/L, BPEHIT ST W 4 .

P56 AL 1 DR RS i) S Ay AR B Il s AR T RE Y
U F8hR , HR PR T4 41 A F (tissue factor, TF) 5
FVIA G BTE VR - TF 5 PSS & IE B TF-F Vla &2
G L G WTE Cav 5 T HEAGBE Il )5 5% AR
U5 1MLt , o 2% finh i 7 A4 28 11 i Ak by 8 2 2 1T 52
IR ISR [ o AR 9 3 A K Al ch VLS I 2 2 VT
PRI = i 5 A 00 412 58 I B 1) o 5 SR O« R RE AR AR Y
P AR B G 20 LR 7 AE chF VIRT 5 55 L P (] 452
SCHR A TE 4 R 3 A LA TS A R L 9 P R v ks #
(380. 29+13. 80) % , 7043 UE SEACHIF 52 il £ 1Y vh I VILEL
2 R L D BEVE 1 .

25 b AR B T F HE HEK293 B R e i e
T3, U AR AT 4 8 2208 i 5 R B I T 2 1) B
W ha e B YL AN IR , A xhF VI RS A P T o6
SR R FERE . S TR T 3k E I BE HEK 293
AL BT YL R SR AL, ST R AT
K thFVIAE 2R R e 0 BE AR5 A7 5 GMP 25K
F14) 2k 17 B o A R T G 2 B RR , A 4 O i PR T 24
P Dol fe A P R bR AL A 1)

g R
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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
pressing recombinant human coagulation factor VI (thFVI) and evaluate the expression level and procoagulant bioac-
tivity of thFVI. Methods The plasmid pCDNA3. 1-EGFP-FVI was transfected into HEK293 cells to verify the effec-
tiveness of the transfection system. The plasmid pCDNA3. 1-FVI was transfected into HEK293 cells, and monoclo-

Objective To construct a stable monoclonal human embryonic kidney 293 (HEK293) cell line ex-

nal stable transfected cell lines were selected using geneticin (G418). The transcription of the F VI gene was identi-
fied by reverse transcription polymerase chain reaction (RT-PCR). The expression level of thFVI in the superna-
tant of the monoclonal stable transfected cell line was detected by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and Western blot. The concentration of thFVI was determined by enzyme-linked immunosorbent assay
(ELISA), and the procoagulant activity of rhF VI was measured by human coagulation factor VI potency assay. Re-
HEK293 cells transfected with pcDNA3. 1-EGFP-FVI showed green fluorescence, indicating that thF VI was
successfully expressed in the supernatant of HEK293 cells after transient transfection with pcDNA3. 1-FVI. The

sults

monoclonal stable transfected cell line was obtained by G418 screening. RT-PCR identified that the F VI 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 rhFVI was obtained by purification of the cell supernatant. The highest
thFVI expression was (1. 27+0. 09) mg/L, and the highest procoagulant activity was (380.29+13. 80)%. Conclu-
sion  The monoclonal HEK293 cell lines which can express thEF'VI protein efficiently and stably with excellent pro-
coagulant bioactivity is successfully screened.

Key words recombinant human coagulation factor VI; stable expression; HEK293 cells; monoclonal stable trans-
fected cell lines; hemophilia
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