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" AR SCRAT R STk

M, M ACPRA™ i Coagadex B A ME—— X i
MR X Gk Z AE 25 b7, 5 A A7 F 2 N BE
IM.H - X ( recombinant human coagulation factor X,
rthFX) 25%) i H T E Ik 34 5 4L 5E M 5
Pt L AL T AR
TFk rthFX BHA 1

1 M5

1.1 ###

1.1.1 F#5E4%  pcDNA3. 1 25K pcDNA3. 1-
EGFP 435 ¢y v [ B2 22 B2 B B2 25 2 9 1 R 58
Frift. AR 40H Z HEK293 4 i [ il 105
TR AT BN /), KA 3R 45 B ( Escherichia coli,
E. coil) DH5a Wy FH 36 50 S BLAE W) BB R A A R 2
.

1.1.2 2 &R A 5ME MEM ALK IR 2N
PR A R A F L 5245 PM150411) ; fin 4
M35 0. 25% JBRAR FIiE-EDTA (55 [E FEER KRB
BT 75 A Rk, 5% 1966173C.25200056) 3 TG N
B FBURL/ME o PO R O S (bt s g A
WH ARG R ], 575 RA1508) ; Hind 1 PR A
VIR BamH 1 BRI PE N U EG Xho T BR 6 M 4 1) g
(dta 5 HEAEYHARA R, 551 1615.1605
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1635) ; P 4l AL BEKE DNA 52 Bl & (g 5t v v
B WA A BRA |, 5845 DC301) 5 LI
J%( polyethyleneimine, PEI) | & & > ¥f ( Edoxaban)
( Z£[E MedChemExpress /), 585 HY-K2014 . HY -
10264) ; /NS AN BE LA 7 X Hi4A (25 [ Research
& Diagnostics Systems 2\ 7], 525 MAB1063) . HRP
Poic bt/ R 1gG( 4B TAEY) TR g ey A R
/N5 D110087-0100) : PVDF Ji( |- 3 25 &
HEWEARBA A BR A 7], 525 FFP32) ; TBST #iF
URL( Jb ot 2= TR PR R B A BR A W), B85 T7209B) 5
% L i i PR L (b R I A ) R 2 LA BR
2NH] 525 PSHLT) 3 N FX( F10) IR Sy i Bt e
WO & (B R DUE RN IR SHE R L 5845
ELK1557) ; 4 i % 7% ( russel”s viper venom, RVV)
( Fiit Pentapharm A H] , 5% 5: 121-06) ; Xa KT K&
JE#Y) S2765 ( chromogenic substrate for factor Xa,
S2765) ( b5t Bl 37 75 R A= W B R A BR A 7, 68 5
AS00-0102) ; % Ifi B J5L 65} [8] ( prothrombin time, PT)
R (DU RA I HARA BR A7, B85 PX1201) ;
BEIML 53 BT A (DU N2 W B R Ay A R
BCS-6100) ; DNA il J37 « JE A A5 | )6 U FEAL 5 7S
BRI KB BRA /] 58
1.2 7%
1.2.1 Ji# pcDNA3. 1¥X #= pcDNA3. 1 - EGFPFX
#gH# 1R GenBank WG R FIO K Hk A ¥ 51
( M57285. 1) Jf- AR RN A7 N IR EE #5110
It L PR S B9 )7 9158 & 78 HEK293 40 il &R 452
ik Tl rhFX 7E EAZEK peDNA3. 1 by
RFIE KM PCR W07 548 F10 JEIH 75 Hir s ine
REET T ATG) ; TEAS IR % 11 ¥ HT S Il Kozak J32 3]
( GCCACC) DU HAZIE P A Bl . 7EHE A
Bt B dsn Hind WEEYIOLE, FHFEAIN BamH 1 1
DL o BB 5 AT Kozak FEFIHY FX BE Y
& pcDNA3. 1.pcDNA3. 1-EGFP # 4K H . 7F Prim—
er 5.0 M it PCR 51~ i FX-
Hind MI¥ & 5°-CCCAAGCTTGCCACCATGGGAAG-
ACCCCTGCATCTGGT3"; T jif: FX-BamH 1R
5’-CGCGGATCCTCAATGATGGTGGTGGTGGTGCTT-
CAGGG3". FIO J Bt Fl pcDNA3. 1 #% 1A 43 5] H
Hind AN BamH 1 BEXUREDD , K4 BEDI 5 09 H A
B IO 4 e BB ) peDNA3. 1 804K 1o 24
P AL 2 DHS o S SZ S 20 B, IR VR TE 2R Bk
A BN AR B R ik A R B 1 AT 7, PRI S S EAp
VR R 7% PCRo AR 7% PCR 45 R IEH 4

PERVE T 37 °C 200 r/min {HRFEIR L3 12 h )5,
H B R A SIS BRI IR AT B /U
JFREE o JOPNHEFR TR B B R 6 4 B 2 TR
XKLL T V) B . peDNA3. 1-EGFP FURL Y
P E 3R peDNA3. 1FX AR, Bk Fil peD-
NA3. 1 -EGFP #4(& il Xho 1 F1 Hind I B 52
N o HUEE Y] RS B F10 B ) BoFl peDNA3. 1-
EGFP 2844 b B it #2 , % AL FI R 36 3iF 5 B[R] peD-
NA3. 110 FipiFg it it o

1.2.2 pcDNA3. 1-EGFP-F10 #= pcDNA3. 1-FI10 &
BB LITSIN 10% Ba28 1354 59 MEM JERil 3%
FRFEN HEK293 g A= K K5 53, F 37 °C.5% CO,
IR RE R 5 . A 28 90% £ 47, 0. 25% Jifi i
4L 1 min,1 200 r/min .0> 3 min. L HEK293 4§
BAE F 5% e 40 ML &, B pcDNA3. 14X, pcDNA3. 1-
EGFP-F10 4 ki % e R 0 MU N, 5% Y4 iy 1 K4l
M, i e i BRAR I PEL AU B kAT U Jn R bR
24 h MEEDOGEREE . i F R FE 75 54 peDNA3. 1-
FI10 41 ki % Gk 22 HEK293, (34 X iR %6 H peD-
NA3. 1 =8 fFikr. 4iifb )58 13 Western blot i1+ — 4%
SRR B — 5 VA s Tk Mg € JiE L Uk ( sodium dodecyl
sulfatepolyacrylamide gel electrophoresis, SDS-PAGE)

WERHRIK

1.2.3 SDS-PAGE #= Western blot #4 M 4m it L 7% ik
F g thFX XA 5 WGHEAT NINTA SEFZ A4l
A, IS ] J52 K mee 2 v i 8 It WS 4%, ke 4 i B 20
pLHEALY S pL BB EAESE kiR &0 5 min.
SDS-PAGE Ha ik 25442 130 V,50 min. BF43 5 BB
I3 T s iE R G P Y 40 mine SRHJE
TR E R E B R 2 PVDF I8 B, 54
>4 350 mA,80 min. TBST & & EwE 30 s, HIEE A
P W = I B A 40 mine fin/h BT FX BT 4R
(1:5000)4 CZI8HR%MFF LK. TBST Hhiffik
ViU 10 min, X 3 K, A HRP Fric L4070
Bl 1gG( 1 5 000) R IRZ WA 1 h, TBST e
PR Ve 10 min, 5 3 R 45005 7E UG g
L.

1.2.4  Ji#4 pcDNA3. 1-FX 4% 3 HEK293 4m oo 4
PrpEAC N HEK293 i Jifd %5 5« JFORL -5 5 G157 Lo
18] 3t G R A0 FE R Gk 4y 254k , Western blot
SYFTRIAR W] 4644 F HEK293 41 Jfd 73 3 thFX & 1
FikK . (O HEK293 41 g % FE i i1k 75 6 LA
A [ %% B2 (1) HEK293 4, i 55 3 R, AT LA
i 2 LS FR Y 60% < 70% ~ 80% ~ 90% ~ 100%
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Western blot ¥ 2% rhFX FE A KA H M. Q i kr
DNA 55 Y45 L@l A4k 1% & DNA( wg) Fil PEI
(pl) A= B 1 2 1.1 £ 201 1 3.1 : 4.1 : 5,
Western blot Wi%¢ rhFX 8 [ 23511 00 , 3% B A3 5%
YR Al PEL i R . B F e KA b: 4k
6 d [A]—f [A] 7E T75 20 A 3% 77 0 v Bl A R 25 1Y
HEK293 Zf i, 4 M BE 24 h J5 4%, 45 8 K [n]— Kt
(i) 3 591 BT A Y 3 WA Western blot Ao i
6 LA A B XF R4S 6.5.4.3.2.1 K thFX 1 4
Fiktto 3 FPOLAL 2 AF B X BB 24 3% FH peDNA3. 1
25 kG G o

1.2.5 ELISA # 2m fes & ik b o thFX R E 4%
HEN FX( F10) il 55¢ F 75 % B A D00 48 55) 2 100 ] 15452
P R & b A bR v S PR v R £ B X R
FH peDNA3. 1 25 FUkL e L () 4B il HEAH 3
U Y J5 1) HEK293 4 i 13 Wi B0k 46 Jo AE AR
100 L hn#EFRfLH,37 CHEE 80 min. JNPEMRLE
MR PER 3 WG HTIEINA 100 wL AR bk T
YEW,37 CHER 50 mino fNPESRZE sl e % 3 X,
T )5 A 100 pL HRP J§ TAE# .37 CHFE 50
mine AIPEGRZE R BER 5 U0 TRIA 90 pl Iy
BRI A e , 37 CIEE 20 mino Sl A 50 wl %k
W, ST BPAE P K 450 nm 4R 72 OD {E. FH prism
IR AERNZE  THEARE A P chEX AR .

1.2.6 rhFX 894 i tetem S rp[E 2580 2020
65 DS 3 ) e — BT [, D chFX A i 358 1
PEo BRI ) thEX 50 pL, A 50 pL = X A+
I3, & T2 A S AT - 37 “CHEE 3 min, fil
N T 258 0 D ) K5 100 L, 3 s
HEMTETE] o 43 50 2 3 VR Ik B 2tz 2% 240 1 37 0
rhFX FEAS B [ B ] o 9 M4 %5 R 3% B peDNA3. 1 28
JEURE A Y () A M Y W

1.2.7 R E&RMFEMNZ hFX F NS
rhFX 8 LT M , SR FH & €8 G 40 12k A A i 226 458 . K]
¥ Xa( coagulation factor Xa, FXa) I il 3] i J7 ¥ o
RVV 36 thFX 252k FXa, FXa {4k & (6K YY) S2765
KA, B T fiFd B R JHe ( p-Nitroaniline,, pNA) , pNA
7E 405 nm Kb HAFEAEPED g , HAE G 3 5 FXa
16 M A IE EE; T Edoxaban 18 5 85 S0 6] FXa 3%
P, AT S ORI pNA (9 42 G #8. rhFXS
RVV.82765 FSL80 % H FCZ th( 50 mol /L Tris< 10
mol /L CaCl,~150 mol/L NaCl) ##, 7E 1k F& F &3
J£4353°8 2 nmol /L,0. 31 U/mL,100 wmol/L. Edox-
aban M\ 1 wmol /L 245 , #e A B B 3 A5 B, - 1E

384 FLAR T, BALE SEMA 10 WL AR F) Edox—
aban, 25 (AZH /A 10 wL DMSO. SRS /A 30 pL #
BEJG 1 thEX F RVV BB - S fa A 40 pL
JE 1 S2765 . 37 CHFE 30 min, 57 BI7E 3 K 405 nm

AW 1 = (A

S AL G EE( i rhFX | Edoxaban) ; Ac: X FEFLIE 5%
JE( A0 thEX, AN Edoxaban) ; Ab: %5 A FLIOE EE ( rh-
FX.Edoxaban BRI - A1 prism 228125 1151
B 4 B ( half maximal inhibitory concentration,
1C50) o

1.2.8 %t 43  f#i A GraphPad Prism 8. 0.2
B X S B R AT o BT e THIR BRI DL & £ s
FOR AL E] LU BCR T ¢ K9S HE AT SE 3 o B, P <
0.05 A ERAGIHFE Lo

2 HR

) x100% . As:

2.1 BARERMHEE

2.1.1 41/ 4% pcDNA3. 1FX F= pcDNA3. 1-EG-
FP¥X #y3EH oL ikl peDNA3. 1FX A4 4 5 1Y
K FI10 ¥y ZE#4& pcDNA3. 1( 5 428 bp) B9 Hind
M #1 BamH 1 BEVIA7 &5 2 6] ( B 1A) o JFikL peD-
NA3. 1-EGFP-FX #¢k: ¢ H W 3ER F10 #ygk E 3k
pcDNA3. 1-EGFP( 6 173 bp) # Hind M Fl Xho 1 [if§
YIS 2 (B 1B) o

2.1.2 relRELARAE G HE AL R
KAl Z R A2 A A0 DHS o, B PE 35 3525, L 5 A
FHE B 75 2517 PCR B UE , 28 B i W 06 e vl vk 43 AT
pcDNA3. 1-FX ( [#] 2A) F1 pcDNA3. - EGFPFX ( [
2B) AT TE /T 1 200 ~2 000 bp {7 # fif i,
o KNS HINE H—3K

2.1.3 Famsnie MHMEREY KRG,
pcDNA3. 1-FX [T 47 28 Byt g i 468 e Fi 3k 0 B ] D,
6 133 ~8 023 bp Z [Hl47 H #4574 kit Hind 1A
BamH 1 W) 5 , Bk 45 5% R 7E 1 200 ~2 000 bp
ZIAA FX HEY 2407, 7 4 500 bp b 77 A BEDI 5 1Y
peDNA3. 1 # 4K Bk KBS, IE ] peDNA3. 18X f4 2
B3y ( B 3A.3B) . pcDNA3. 1-EGFPFX Jfi ki £8 B
FiE B EE i L K 4347 P L 6 133 ~8 023 bp Z [a] A H
W5, FH Hind AT Xho 1 BURG YIS , HL Uk 45 9
RTE 1200 ~2 000 bp Z A4 FX H ) 4H , 78 4 500
bp 175 A Wl Y) J5 (4 peDNA3. 1 -EGFP #4457 kL fr
Bf,iF B pcDNA3. 1-EGFPFX #4 # 5 I ( & 3C.
3D) o fEMCEEAE b, IR ORI 2 AL S A AR R



* 1586 - ZHMBEAKRFFR  Acta Universitatis Medicinalis Anhui 2025 Sep; 60(9)

PCDNA3.1-EGFP-FX
7636 bp

1 EARNEE

Fig. 1 Recombinant plasmid profile
A: Schematic diagram of pcDNA3. 1¥X plasmid; B: Schematic diagram of pcDNA3. 1 -FX-EGFP plasmid.
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Fig. 2 Validation of Colony PCR product
A: PcDNA3. 1¥X colony PCR target band; B: PcDNA3. 1 -EGFP-
FX colony PCR target band; M: Marker; 1 —5: PCR validation of 5 pos—

itive bacterial colonies.
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BHE A BR 2 73 55 UFE TG 5%

2.2 pcDNA3. 1-EGFPFX [F#i & Th %t & HEK293
W R R IE RGN A RE, H peD-
NA3. 1 EGFP-FX [ ’% Y HEK293 41 fify, 45 % 24 h
WD R R AL Bl ek a5 . 55 1 ~
3 REATIIR LB WG R, 5 4 ~ 6 KI5
Wil PORFEYLVESE 3 REARSERE(E4) .
2.3 rhFX 87 HEK293 AR R Ih &L 1%
A5 His #3251 thFX 25 7 NER AT T BRI, B 5 38 2ok
Western blot( [&] 5A) 1 SDS-PAGE( [§] 5B) X UEERY
Elution YA 7317 48 28 , 45 3R /R 7E 56 ku 4b34 5
IR RSV ] peDNA3. 1 28 Bk 56 G (14 240
- 35 VA W 2 B R S M 2R, SR WD rhFX 2R I AE

C D

5607 M oy 50607 M
11 849 4500
10 085 3000
4500 2000
3000 8023
2000 6133 1200
1200 5026 800
800 3996
500
500 3049
200 2087 200

B3 pcDNA3. 1-FX [RHIF0 pcDNA3. 1- EGFPFX JRAIEEHIIEE

Fig. 3 Enzyme digestion validation of pcDNA3. 1-¥X plasmid and pcDNA3. 1-EGFP-FX plasmid

A: Validation diagram of pcDNA3. 1-¥X plasmid; B: Validation diagram of pcDNA3. 1-¥X plasmid digestion; C: Validation diagram of pcDNA3. 1-
EGFP¥X plasmid; D: Validation diagram of pcDNA3. 1 -EGFP¥X plasmid digestion; M: Marker; 1 —4: Validation of different plasmids and enzyme di-

gestion products of pcDNA3. 1¥X; 5 —7: Validation of different plasmids and enzyme digestion products of pcDNA3. 1 +X-EGFP.
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4 pcDNA3. 1-EGFPFX #3 HEK293 Zifl/S R E REMTHIBE x 100
Fig. 4 Fluorescence intensity of pcDNA3. 1-EGFP-¥X transfection at different days x 100

A

4 3 2 1ControlM ku 3ControlM Ky

%

100 108

About 70  About 70
50 30

56 ku 20 56 ku 40
35 35

25 25

20 20

15 15

10 10

5 Western blot #1 SDSPAGE 4 #7 % E rhFX fyRiA
Fig. 5 Identification of rhFX expression by
Western blot and SDS-PAGE analysis
A: Western blot analysis of thFX; B: SDS-PAGE analysis and iden—
tification of thFX; M: Marker; Control: Cell supernatant transfected with
¢DNA3. 1 empty plasmid; 1 —4: rhFX protein.

HEK293 #fiffd i i D 3Rk -

2.4 rhFX RIEEHFRE A TRESEAREG
G, X5 % HEK293 4 i 4514t A5 itk . O X
U RBGHA T, BRI RS 1 ~3 K thFX 3%
INEZE WG, ThEX R R IAEAES 3 RiA SR
L5 4 ~T RIFIRE A RBEBW TR & 6A) .
@ Jiikr DNA 555 Ye i 51 b 4 pE £k 45 S 7 JkE
(pg) F1 PEI( nL) BYLLHIA 1 ¢ 2, vhFX Rk i
i ( B16B) o B X 4 % B AT AL, 25 L iR
Y20 %% B A 80% Wi i U, xhFX 2R 1 3R GA Tt e g
(B 6C) o pcDNA3. 1 =5 Jim ki i G i) 240 B b 5 W ok
WLZE B R M S5

2.5 fpabiEFRP rhFX RENE WEAR -
TH W AR N BE IR~ X F10) i EC A 75 W B A
TR A 4 B 3 U Y chEXOR B A 2 1
FRUERNZE S ¥ =0.138 2X +0.122 8, R> =0.989 6
(E7) o Kl 3 YK Bk I 5% 4y HEK293 4 i (Y |- 7%
T, 5 R MR A ODAE Y A A 7 i1 £k, thFX3 YR 1% i)

Abp M Control Dayl Day2 Day3 Day4 Day5 Day6 Day7
;8 About 56 ku
40
B Contol 1:1 12 13 14 15
About 56 ku

C Control 60% 70% 80% 90% 100%

About 56 ku

6 AEEMHET Western blot £ 7 rhFX R i%
Fig. 6 Western blot identification of rhFX expression
under different conditions
A: Sampling on different days; B: Transfection at different ratios of
plasmid and PEI; C: Transfection at different HEK293 densities; M:
Marker; Control: Cell supernatant transfected with pcDNA3.1 empty

plasmid.

—_
W
T

¥=0.138 2X+0.122 8
R=0.989 6

OD value (450 nm)
.o —
n =)

0 5 10 15

Concentration (ng/mL)

E7 ELISA #&ll biEi s rhFX R E AR 2%
Fig. 7 Standard curve for detecting rhFX concentration

in supernatant by ELISA

FeYukEE 5. 00 ng/ml4. 80 ng/mL F15. 20 ng/mL.
2.6 rhFX gmiEtEE 20 [E 24 2020 fR
S WU S 30 D) v ) — SO [k, BRI L o R
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thFX APEBE TG 1o 25 2R /R, pcDNA3. 1 25 ik 7%
DRyt HE 2 A0 358 [ Ff ) T 120 8,3 UK
e Gerf AR T thEX AYELS I ] 533102 61. 1 5,60. 9
$,60.2 s; WEARTLE 3 KL IRETE 1 s I 45
RE/RIH A hFX 55X M4 peDNA3. 1 258 3 K 7%
GESCAR B _E VA L , BRE I ) 46 L, 2 S A e o
B (£=49.79.93.04.49. 32,4 P <0.000 1) ,$#/R
rthFX 8 F e T2 X L3R EERE (1 8) o

150
>120
— 100 F
Py
£
£
_E EXT Y sk skt
5 — — e o
<
B 50 F
~
Control A B C

B8 —HEEEEG MM LR rhFX 5
Fig. 8 Detection of rhFX activity in cell supernatant
by one-stage coagulation method
A, B, and C represent the coagulation times of rhFX in the three

transient transfection sample; * *** P <0. 000 1 vs Control group.

2.7 ZBEWENE rhFX ZE8FEYE RHAKEG
YA R e FXa S B4 ik, 25 SR an & 9 fr
7N , Edoxaban 11 1Cs, 4 1. 449 nmol /L, JiEBH 4lifb 5 19

120
g 90
8
s
= 60F
g
E
f: 30F
0 -
0.01 1 100 10 000
Edoxaban (nmol/L)
Bottom -4.865 HillSlope 1.095

Top 100.1 1C,, 1.449

B9 ZBIRWER rhFX i#{7 RS HIGIE
Fig. 9 Validation of rhFX as a positive

drug using chromogenic substrate method

rthEX HAT R 4R BE ML 1 -
3 itie

HH I PR 50 A — 20 e 2 M R AR 1) E R
I3 YRYT H IAEBE 14 BF —F™ fh J I R It R T
R AEAEAE 7= SRR E AR B JRy B 1, b i ot 9% R
SEPLE T 250 e, HONTR = A7 I 5k g
FTTREME ™ o F AR AR 9 S R L L PR T A X
IR AR 7= b A A P52 31 i S R A R A 247
WG TR T R o SR Y I B 22 PR 2
PR A ) AR R ARG S . FX SR EE L
IR PR DG P, 7R Ik i AR PR B G
FHE ™ o (BT FX B2 RE 5B XL,
FRR IR T A A LA B AR A BB,
FEAH I FIT &k g g . B, A rh-
FX 259 b, A I 2K W 459 Coagadex # FDA it
W LT o WFE 2R KA B P 263k thFX, i
LR 1 DM IR IRIE AEAE AU Z AT 1k, i3
TN 20T A M E RN AR , BELAS T 3 — 25 1 e Ak Fn o
K AT 22 FI AT HEK293 401 i 5K thFX, # ik
FERR( 1,317 £0.146) ng/mL"™ %= A4 57+
Zs Ao SR, BRI T L P AR ) X rh-
FX [ R AR 5T /D, PR30 Y B 0 A AR5

vl 6 RO SR 40 R 2 0L, HEK293 4 fifd 2 A=
YT AR EENAE R Z —, WRFEH TR
Wkl T, AN 5 Rk Fl HEK293 41 Jifd
HEFTF IR S THEES thFX 3 A K, 76 H LA
URAR TR N Kozak J3 471 LA 344 5% A% 3 P 1) M 3 24
Z. Western blot /34fr Fil SDS-PAGE /3 #7 7%, 7E |
TH W R R B — 57, R TE 56 ku 24T, IR
FIFH HEK293 i fifg sl oy # 3k H thFXo {7
YL BT DA 5 5 Yo R R 6 18K OF-, 38
RERH /L H L BE P 1948 B (B FBAS | I 1 i 5230 g ]
TR AWFIT 2R Gk Hb 5 4 40 i %5 B - Foki DNA
S Y L B RS ], 25 SR B RE 1 ~3 K
rthFX BB W, 55 4 5 55 3 R thFX 3%
IR 5 4 ~ 6 RIT IR IR A Bl N R, 24
A% 80% DNA Gk ( pg) Al PEI( L) L
Bk 12 2 B, rhFX R [ 36 3k it ey, BN
T thFX Fefiig ik 4. A FX(F10) B Gy
Rp A I3 7] A DU rhFX ¥ BE R 5. 20 ng/mL, ¥k
PV B A SO FX B AR ( 1,317 +0. 146) M.
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2 JE e ] 2 L 20200 iEFS 10 3 3 D) o — 0 6 [ 3 43
SR thFX A4 B2 peDNA3. 1 28 #0448 35
TEE, 45 5 R 0T B4H peDNA3. 1 23 #R A5G e e 46
(9 F VSRR L, SEER . ThFX [ [ R 45, B
B2 R(P<0.000 1) 42K rhFX A2 7= X
MEERE o R T HE—2AG I thFX 2 36 B e
alifb S A PR E A W6 P L R B 60 IS vk A
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Expression and optimization of recombinant
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Abstract Objective 'To perform transient transfection of recombinant human Factor X ( rhFX) into HEK293
cells, to optimize transfection parameters, to develop a high-yield in vitro expression system for rhFX production,
and to assess the biological activity of expressed thFX. Methods The eukaryotic expression vector pcDNA3. 1 £G—
FP+X was constructed by inserting the F10 gene into pcDNA3. 1-EGFP and subsequently transfected into HEK293
cells to validate the transfection system efficiency. The recombinant expression vector pcDNA3. 1-FX was generated
through ligation of the FI0 gene fragment with pcDNA3.1, followed by liposome-mediated transfection into
HEK293 cells. The expression of thFX in the cell supernatant was analyzed by Western blot and sodium dodecyl
sulfate-polyacrylamide gel electrophoresis ( SDS-PAGE) . Transfection conditions were systematically optimized,
and rhFX concentration was quantified by enzyme-inked immunosorbent assay ( ELISA) . The coagulation bioactivi—
ty of thFX was evaluated through prothrombin time ( PT) assay and chromogenic substrate method. Results rhFX
was successfully expressed in the supernatant of HEK293 cells. rhFX was successfully expressed in the supernatant
of HEK293 cells. The highest expression level of thFX was achieved on the third day after transfection when the
cell density was 80% and the ratio of plasmid DNA to polyethyleneimine ( PEI) transfection reagent was 1 @ 2.

Triplicate ELISA measurements demonstrated a maximum rhFX concentration of 5. 20 ng/mL in the supernatant.

The prothrombin time ( PT) of rhFX-containing supernatant was significantly shorter ( P < 0. 0001) compared to
control supernatant from pcDNA3.1 empty vectorransfected cells. The half maximal inhibitory concentration
(1Cs,) of etoxaban was determined to be 1.449 nmol/L using the chromogenic substrate method based on rhFX,
which was in the same order of magnitude as the reported 0. 78 nmol/L in the literature. Conclusion HEK293
cells successfully express biologically active recombinant human Factor X ( thFX) protein, laying a foundation for
advancing the development of thFX-based therapeutics.

Key words recombinant human coagulation factor X; instantaneous expression; expression optimization; HEK293
cells; coagulation factor X deficiency; prothrombin time
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