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BAHERSNSANELIX BEFERERBGE HUCMSCs BI85
£ G (400010 i Fk , PR EERL A= R 45 — B2 B )

[(FZE] HMY ZEHEmEEN 2 ABEMLIX AT (human clotting factor IX, hFIX ) &5 A5 [A] 78 571 2 2 (human um-
bilical cord mesenchymal stem cells, hUCMSCs) Ji7 hFIX 3351500, Jith  EAIM SR 88k GV240-hFIX-EGFP, LIJE
SRR S AL YL 203 T A i fu s A= Fo 18 85 . AANTR]EGL 5 48 ( multiple of infection, MOI) JE& 4t hUCMSCs , ¢ Y6 f 1555 Wi
SN IR BOR A MRS I S63F . L) %3 MOI JEE% hUCMSCs , RT-PCR #:il hFTX mRNA 7K -, ELISA ¥ FIX & [

g (FIX: Ag) B—H kil FIX BEM Gt (FIX: C) , &5 #il#th T(%T“ﬁ 2 x10° TU/mL ) L8558, MOL =10 ff
A E AU hUCMSCs, YL 0% H (92.92 £ 6.32)% . RT-PCR 4% HA Y 2047 hF IX mRNA %% 5%, J& 5 1 d,
hmmaxmiﬁﬁﬁwmnxESdﬁﬁﬂﬁﬁkawgﬁ@7m+0%mgum 24 h),FIX:CH(44.3 £3.2)%,
BRI TT /D FRLE 29 d. g5 F4L GV240-hFIX-EGEFP 185 Yt hUCMSCs J& BERFE R /K20 I8 EL A 6k 1 2 ik
PR hWFIX R,
[RR] A ] 78T 4 s ABE L IX PR 5 5 o 20 0 i g
[fhEESEES] R331.1;R373;R394.3 [ XHkirEmE] A

Lentiviral vector mediated human clotting factor [X gene infects human umbilical

cord mesenchymal stem cells in vitro
Li Wen, Chen Shu (Department of Hematology , Second Affiliated Hospital, Chongqing Medical University, Chongging, 400010, China)

[ Abstract | Objective To determine the expression of human clotting factor [X (hFIX) after the
recombinant lentiviral vector containing hF [X gene infecting human umbilical cord mesenchymal stem cells
(hUCMSCs). Methods The lentiviral vector GV240-hFIX-EGFP containing hFIX gene was recombined and
transfected with liposome to 293T cells to produce lentiviral particles. hUCMSCs were infected by the plasmid at
different multiples of infection (MOI). Fluorescence microscopy was used to measure the transfection efficien-
cy, and flow cytometry was employed to confirm the infection. Then hUCMSCs were infected by recombinant
lentivirus at the optimal MOI. The expression of hFIX at mRNA and protein levels and its activity were studied by
RT-PCR, ELISA and A phase method, respectively. Results Recombinant lentivirus with a titer of 2 x 10° TU/mL
were constructed successfully. When MOI was 10, the infection efficiency of recombinant lentivirus was the
highest and reached (92.92 +6.32)%. RT-PCR showed hFIX gene was only expressed in the hUCMSCs
transfected with the lentiviral vector GV240-hFIX-EGFP, but not with GV240-EGFP. In 1 d after infection,
hUCMSCs effectively expressed hFIX , and the expression reached the peak in 5 d after infection. ELISA and A
phase method test indicated the peak concentration of hFIX reached (87.18 +0.86) ng/(10° - 24 h) and the
clotting factor activity of hFIX reached (44.3 +3.2)% respectively at 5 d. This stable expression maintained
at a high level until 29 d after infection. Conclusion The hUCMSCs transfected by GV240-hF [X-EGFP
efficiently express hFIX protein at a high level and with biological activity.

[ Key words | human umbilical cord mesenchymal stem cells; human clotting factor IX ; lentiviral vector

transfection
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F1, AT BESR IR AU AW A RO 0 BEAEARSMAS [A) 14
MR A EE 1L X A (human clotting factor X, hFIX)
JER I SRR T FIX B FRRSN R sk,
L SE DAY I AR S 0 SR A SR R R R K
ST FIX R 5 Bl I R) A A2 IR R 2 ) IR 8 5 1Y
R, R R 2R AL R G H B R RSO
A J5 AN, e L DRI 7 5 S 1) B 928 IR A 2 3R
IR R RS IR, AT SR e — Pl e 1
SRR IS AR R 0 B R 3 R GE . AN S ik
PEORSMAL G (0 T 1%, e T AR IR 2R A2 ), AL e 5 4
X R DR 0 18 5 14 , o L AAC S S e N J A 1] 5 o 1 24
ffi ( human umbilical cord mesenchymal stem cells,
hUCMSCs) , W& HARBIE L , LIRS ) hFIX B 15 Y
hUCMSCs ff R F2etk ik ih 77 /K719 hE X Al fEdE o

1 #MEEFZE

L1 A

L11 diffifnioRs AR H S8 5 T 40 i (hUCMSCs, 5 IR
T UM B A A BRA 7S % ) 5293 T 40 Bk peDNA-hFIX F1 K
Jo B2 S A DHS o pl 5 PR BE B 22 G A, 3012 T 52 4
FRAF s T R FORE GV240-GFP, 2544 JFURL pHelperl. 0 &
IR 1 SOk pHelper 2.0 g B E¥#EH PUERBARFG R AT,
112 FBKH Nhe | il EcoRIAG (I [ NEB A7), ) ;
In-Fusion ik 7| & (M H clontech /A&, 3¢ [E ) ; FBS (I H HyClone
), £ ) s L-DMEM #5373k (1) H GIBCO 2\, £ [&) ; RT-
PCR 0] & (W H Fermentas 23], I s Plasmid il $238050) &
(Mg 1 Qiagen 24wl , #8[) ;hFIX-ELISA {75 & (9 4 R&D A,
Z£[# ) ; Lipofectamine2000 7 & (W B Invitrogen 2y ), EH ),
B RNA 2 BUR 7 5. Tag i . ANTP, DNA ladder marker, SYBR
Master Mixture 5|4 (g B TaKaRa 2], HAS) ; 2 IXIML3%  EH
PRUEI S APTT f2EER] (W [ Pacific Hemastasis 23], 5 [H) ; 5
DRI e ¥ P L i S 2t ) T AR B AR MR 5545 PR R 52 Al

1.2 7%

1.2.1 PCR #3k45 hFIX H 5 A 5Bl GenBank #%if) A
FIXZER (NM-000133) , 7£5 | 1523t 5] A Nhe T (EcoR 1 Ff§1)
DA BATARR G 9 EWES14 5'-ACGAGCTGTACAAGGCTATG-
CAGCGCGTGAACATGATC-3', FiiE 5| ¥ 5'-ATAAGCTTGATAT-
CGAATTCTTAAGTGAGCTTTGTTTTTTCC-3', DA pcDNA-hFIX &
BEMR, PCR 418 H A 5 R, FRELAY hFIX B[R R BL 48 Nhe T |
EcoR 1 B, 1. 5% S ARWEEEE s ykck i, B i) iy L [T it
3 A i

1.2.2 WHMRFHFHATRIE  Nhe I (EcoR T 5351
i) 24k GV240-EGFP F1 bR PCR 724y, 4lifk)5 Infusion i
F &R FTC AT PCR ¥y i 4% , 28 R I DHS o Bk, 42
A TEREBURIAT PCR %58, Sh ik 4 ek, 519)Fa): bl
5'-CATGGTCCTGCTGGAGTTCGTG-3", T ¥if 5'-CTATGTTGCTC-
CTTTTACGCT-3", Frt PCR 572 2 FHPERY s fefin 44 2 GV240-
hFIX, 3% G524 TR AR RS AR AFNT

1.2.3 HAEHAEMNLLE 4k Plasmid #2745
PR R 7E 2544 5k GV240-hF [X-EGFP pHelper 1. 0 pHelper
2.0, JRFAREA- IR EEEA GV240-hFIX 20 pg.pHelperl. 0
15 pg.pHelper 2.0 10 g = Gk db44 UL 293 T 40H, i Bisk 4k
POGFRIBIFA AR A, AN Y W, $ IR Plus-20 B9
DB YRR B TR TR AR, R4S hFIXB R B, /025 —80 C
PR
1.2.4 HARGHEENHENE  SC0E i PCR(RT-gPCR)
DU 955 B 0 BE . 10 A% 76 B 05 A0 R 3 R B Bk R
10 TU/mL, & 045 LA BE 10 £5A9 5 ASSCIR 41 1 A%t 84,
I M SR 2 22 ) Cr A 22 5245 2107 B (8 (Ce (A 22 = i
2 A2 W) o BART VR FURTR M BE A REAS T 43331
JEYL 4 x 10° 4~ 293T 4iiid, 4 d J5 HIi RNA 2GR ) & 3 BORe
BB RNA, 28 ) 555k A % 20 L eDNA BCH H 1 pl, AR 48
YBR Master Mixture j5 G247 50 & PCR W, 519iitan
T4 655 6 A (GFP) 314: L 5'-TGCTTCAGCCGCTAC-
CC-3', Fiif 5'-AGTTCACCTTGATGCCGTTC-3" ; B-actin 5| #7: I
W 5'-GGCACCCAGCACAATGAAG-3', F % 5'-GGCCGGACT-
CGTCATACTC-3',
1.3 &48 GV240-hF IX-EGFP 1% 5% & & % hUCMSCs
T 3k AE MOI A& # %

hUCMSCs £ F 96 FLAk P, FR 4 MLl & & 15 %) 30% A,
33 HEURR Ut &2 0 ( multiplicities of infection, MOT)0.2.5.10,
20.50.100, N AJRBE 1 x 10° TU/mL Y GV240-hFIX-EGFP 1&45%
BEUL, [FIEHIMA polybrene AR LR 10 pg/mL, &Yt 6 h
Ja AR T HOHTEE S TR IR 5 d JE OO0 W U WL AR 9Ok
AR I B IE . LARAS il 98 S FRIBROR AT MOT {H
sz R ffE MOL A,
1.4 &%8 GV240-hF IX-EGFP 1% 5% # & % hUCMSCs

a4 A A i)

1.4.1 hUCMSCs /2% ¥ hUCMSCs 43 3 ZH 6 fL
Mo, REALANAEEL S x 10° 4, PR 4N Rl & B ik 2 30% i, DU fE
YL B(MOI = 10) J& Y hUCMSCs, GV240-hF IX-EGFP 41}
SEEGAH , W% ST GV240-EGFP 23 2 A4 20 AU B 25 19 25 1 %
MR, JRYL 6 h JE T HHTEEE SR, S d S WD, 9Et ik
BEUER DO H B BEG)E 29 d.
1.4.2 hFIX mRNA [k % 5% M5 A RNA 2 EBGRH &
A3 BIPREUAS ZH AN M B RNA 33654 53 i cDNA 31 hF IX H5 5 2%
519, L4 B-actin 5¥1H N2, 4T RT-PCR il . hFIX5|9))7
5 : 35514 5'-ATCACTCAAAGCACCCAATCA-3' , Fii5 4 5'-
TAGCACTAAGGGTTCGTCCAG-3" ,hFIX H i H- Bt 342 bp; B-actin
BIMFES]: Wi e] ¥ 5'-GACCCAGATCATGTTTGAGACC-3', F
W54 5'-ATCTCCTTCTGCATCCTGTCG-3", B-actin FBf 594 bp,,
1.4.3  hFIXZE (A 52 B B s P 0 R TEBCHERT 1 d, B
5 x 10° 40, Peids 2 WK A TR 3R 36,24 h S IicsE g
1 mL, 43 B 1.2.3.5.7.10,14.,19.24.29 d M40 HiE
ELISA 540 FIX: Ag($#ARM SR 4t M 6 17) 3 — Wik
W FIX: C, 7% BE 4= [ Zh#E i {3 1 58 i (3 R R R R 24 Bt e 5
TEEBEA ISR B SE ) o LAAR HE S I AR R R (R TR )
SR AR R BB I 40 5 = IX R T 3R TR A0 APTT {84
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YABFRE T RObR i 26 . T LLRIIREA S Z X IR 7 1% TR
)N APTT {718 hFIX 76,
1.5 “its o

KA SPSS 19.0 Geil it AT 00T, BdELL 2 =5 o, 4
[B] Lo 5558 FH B PR 28 Ty 2245 H7 , BT EL 38R A SNK K 564347

2 #R

2.1 hFIXAE® PCR =9 & ik 5 W & EA1% 5% % &
A AR GV240-hFIX-EGFP #9 % &

HLIKEE RN, 1 420 bp AR5 4, SIS (AR, 2
E T84 hEIX KR (8] 1) s hFIX 55 GV240 1855 55 2% 1A 1) i
PATREUI 2, HMETERE mT W — 655 bp 9 H W/ Bt, 5Bt
PCR 7= ) K /N — B, 1 45 B I\ B 2 4 0 s 7 36 3k 2R 1A
(181 2) 5 FEDRI T B pE R 25 2 7R GV240-hFIX-EGFP J¥ 51
hFIX J¥%15 GenBank HI1E# NM-000133 J¥51) 56 4= —5,

M 1

5000 bp—
3 000 bp—

2 000 bp—
1500 bp—
1 000 bp—
750 bp—
500 bp—

1420 bp

250 bp—
100 bp—

M Marker;1 :hFIX & &
E 1 hFIX-PCR =¥ IBEtE K BIkER

M 1 2 3 4

5000 bp—
3 000 bp—

2000 bp—
1 500 bp—
1 000 bp—

750 bp—

500 bp—

<655 bp

250 bp—
100 bp—

M :Marker;1; FRME 51452 ~4 . FAME % %
B2 BEEEHM GV240-hFIX-EGFP [H$ 5[ PCR £ F

2.2 F4 GV240-hFIX-EGFP 12 5% & i B A m)]
SEEE i PCR RIS FUAR R 10 £ 5 A S2 b 4l 1 4%t
AL, S5 IR 1 FEAS YU R v, 10 ™% L 4 X BE 4
A CEARTE 4 N e 255 BTAYONTE 10wl 4HRE S it
TERRTR IR . BB AR & A B | AR POR, R
TR 1/(1.00 10 ™) x20 =2.00 x 10° TU/mL, fFE4H
HU1 wL 9 cDNA T RT-qPCR, %45 5 HU2 B9 1720, (K
F AR B R 2 x 10° TU/mL, Bl 1 x 107 TU/mL x 20,
2.3  F 0 GV240-hF IX-ECGFP 1% 5% & & 2 hUCMSCs
g 2L Fm T
MOI =0.2.5 i, 56563k R <80% ; MOI= 10 55632

BB, 3 > 90% , H A0 1085 B2 B R T B2 14 1 o 1 484
5i, P A ML AR 78 MOT 2y 10,220,100 1, 400 1% 90% LA L,
BRI 22 5% 0 P MOT = 10 Sy fe I e (R (92. 92 =
6.32)% . Lhfefk MOT (RS AL, S d 2t ik i, 29 d
I} hUCMSCs {/3RERS 2 Rk ar GFOL (K 3) .

F1 LWHFMIERA Ct{ESH

~ ACt=Ctpp¥MEH ACtygpg —

415 Ctgacin  CtupxJYMH ~Clg ACt,
X 2 14.10 39.940 25.840 0.000
1 uL 4 14.51 21.335 6.825 19.015
10-" wl 41 14.69 25.140 10.450 15.390
10 -2 wL 44 14.28 27.800 13.520 12.320
103 L 4 14.05 31.635 17.585 8.255
104 wL 41 13.99 35.350 21.360 4.480

-

AR5 dABE RMABTIME;B AR S d A M Co A F

29 d AR £ R HALIES; DR F 29 d 3k RAMAT AR

E3 MOI=10 i GV240-hF IX-EGFP 2% 3 Bt hUCMSCs /5
ERFE K EGFP ki%  ( x100)

2.4 Zmmpe P hFIX mRNA &k
SCH 4 RT-PCR AR5 2R 7R 342 bp 447 hFIX 455 4%
M, 125 RS AR LR 2R (181 4) o

M 1 2 3
1200 bp—
900 bp—
750 bp—
600 bp—
450 bp—
300 bp—
150 bp—

M:Marker;1: 528520 ;2 . ® B AR;3. 2 G4
4 RT-PCR ¥l & A 205 hFIX Rik
2.5 Zmmis ki FIX &4 3R & AN
iR FIX: C M FIX: Ag Z [l BA B0 — 30k S0
2 hUCMSCs Bt ) 1 d BIFF IR A 233k hFIX, I A5 5 Rk
Ay FIX: Ag 24 (87.18 £0.86) ng/(10° - 24 h) ,FIX: C Ky
(44.3 £3.2) % ; Z & K W ] RS2 R YL 5 29 d (5,
F2) o £ LA [A] B S50 20 4 M () WF IX 2 1t BBt I s 5
25 AR 28 B A LA, $ B & (P <0.05)

“—B-actin(594 bp)
«hFIX (342 bp)
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F2 —HEN FIX /hUMSCs 48R 7E A B BB 53 i i) hFIXE)EME (% ,n =3, x =+)

2555 1d 2d 3d 5d 10 d 14 d 19d 24 d 29d
S 7.3 +1.2° 10.7 £2.1*  20.7£1.5* 44.3£3.2* 35.7+2.1* 33.0+1.7* 26.7+0.6* 28.3+1.5° 29.7+2.1* 24.0+3.0°
EE-7NGE 1.3£0.6 1.0+0.0 2.0£1.0 1.7+0.6 2.3%1.2 1.7+0.6 1.3+0.6 1.7+0.6 1.3£1.2 1.7+1.2
sk 0.7+0.6 2.0£1.0 1.3+0.6 1.3+1.2 1.7+0.6 1.0+0.0 2.3x1.2 1.3+0.6 2.7+1.2 1.0+1.0

a: P<0.05, 52 8KE Z ALK

100 OSCEEH

B2 Hikl mas gl
90 f & a
. f a a .
_sop - B R R A & &
E 701
Es 60
o S0F
¥ 40t
£ 30t
20 F
10
0 . | 78, | i | e, | 70 | PO | el | il
3 5 7 10 14 19 24 29
s ] ¢/l
a: P<0.05,5 % HARAnE & 2R
B 5 ELISA &6 & E A FiF hFIX&RiE
3 ifig

FEPIA YT B0 N B RTARIA I AR B A ME—
PO T FAR 4 DR A R 2R A R 400 i S IR T A
RHAISCHE, SRR R GH R, 12 90 7 3 H:
MR OE ST B R JE I T 0 B A S5 RS 1A
AR A0 R AR F Az, JBF S ) 72 5 T 41 i (hUCMSCs )
S PN R AR E M T SR 2 18 T4
it 3 b 440 i 3 PR YA T IR B HLA mig sttt
TR 1 1 P 8 (B 465 I A9 B) 6 IR YY AUk A
woampt

ARWFFEHEHE FH hF IX &4 J5 (1) hUMSCs 78 HF
PR LRI IE hFIXAY AT RE . SEge v, FRATAL Dh i 1
85 BT hF IX 3% K = a5k hUCMSCs, FRATTA B,
A 7E hFTIX Y4145 hFIX mRNA #4635 84 1 d J5 1)
hUCMSCs Ha] @57k P43 hFIX,5 d ki i, FIX: Ag
$7(87.18 £0.86)ng/ (10° - 24 h) , fifiJ5 IX A 7K SF-4%
T2, 2= R ERLE29 d UL, Z XIH T
BN ISR IRAT A 45 5 H FIX: C fl FIX: Ag
Z A B R — 2ok o FIX i = 16 1 ATk (443 +
3.2)% ,329 HUMSCs 43 3p 09 F IX 02 1 B A i PR,
HUMSCs H A5 Jir 75 1 g 2 1 B0 128 5 160, 4n Y-#21k,
B AR A B FIX Ry ™

SIS AE R R, RS R TE mRNA JKOF I8 2 R 1 5
KRR E RS T hFIX AR, A 21347 K
1 hFIX 8 A (A R R 4E R 08 0 7 K 2%
DL BPHA IR 32 S, AR BE Lk ™ 5 A S 1 5 & o AR
Peoiaet™)  Hifgint it 29 d. 45R5R7A
PR A5 M LR, 235 SR 1 il Ak 20 iy i
LIS R W] BB 5 B Aol P ) 6 TR £ 3ot 1R R T AR Ak A 5%,

12 HE B Y ORI 5, HUMSCs &) TH6 4%, B3 1%
Yok H AT FIXEE S5 B8 1 B 0 7 10 1 2%, 17 445
SR T Follenzi 457 FIF FT 41 Mo 48 8 1 225 3R, JL AL m]
RE T 200 0 AR B sl 2 A PN € L PR 3 e 2 B2 9 23 1
JT, AR Follenzi 4517 i 1 RE A 3k I (1 6 X ik
AR T E A G, T WS 37 19 98 1 kozak I\
EAE TBERS AN TR A mRNA AR E 1, 2 e
TR E BT

g5 LRIk, A8 A AT hF X R hUCM-
SCs M FFEEME I b FIX BB IR 5, J2 — R AT 20 fH
FHRREANA T Ik, He—TJr i hFIXFE[H 5 T 85 2
hUCMSCs 2L 2H vp , J8&8% J5 hUCMSCs/hFIX 4 it {4 4
F S REMS 2R 1 7h BTN v hEIX A 1, R A 8T
KB 18] B SE TR B . 55— J7 T hUCMSCs R 5%
B A 0 2 5 S A A S e A, k2
NAAE hFIX/hUCMSCs 67 LA B BL5E 1 5L 5 J%
filh o {ELIE phy LB T (0 AT BIR , 0 A 2k — 20 A R
G R Sh P S OSSR IE

S E 3k
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PERSEME AR AR BB 5, 25 RO IR R A AT 0 R A
TR A, A, 85 10 P B8, 4 101 435X 70% ; I
s F 22, ok B 57 F A M0, JHF IR JE 05 R D B B8 5 3
ZA— g S nl, N B SR LT BORAT R e e Ak T R, T
2013 422 A 19 H 10:08 LIL A Fif e i — 2 650 g 552, &
49 cm;F 10:10 Lk ROA It — G &0 28 AR i 2 700 g, B
49 cm, Apgar P48 10-10-10, 25 F &5, A N IE.: UL
FE JHRE kA F AN, B AT AW, AR A, FAR
WA, A JE W T, M BERT B LR R A 45 I A 5 D E
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PRI S 07— =7 DL ) SE R A 1, 3 A BEE S 37 T
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FUE TR A R ify JLIN 0 47 6 a sl e ik i s JLAS B HR S K 6 e
B ARZ WIERE 2 A 27 B N 3l D 8 B i

1928 AR b HUHMRIES e & UCAGE T A WBERA , I A A
FEHCGENBERALE FHF NN 2 BT 53697 . WER L&
IS AIRAE [ A SR SR v 2 852D, R 22 S R o3 N IR B Az, R AL
SR T 1 I A (V0 P P9 ME A S 7R R
EYR IS E) T IIBaA  EHLL S R T B A R T AR
FIE TS . IERCALA I RUN B HGE I B 5 UL, 2005 4[5
AT 2 O AR 1 B BEAR AT B £ 555 1A B B T A
DA SR AR I35 7 53 W WU, AEL ke 2 LA PR W A, A R 7
grrffiiik . AL Pezzolla %57 HRGH T 1 )4 UIE S AL A VAU
TEREYR 3 A~ H 9 % S IH 3% 58 9 1 D S 1 R 8 T JIEL 4t
VIR AR 20 S A BRI RE S PR S 3246 FIR G A2 AL 2
YRR, (He = SR URIE I B BE VT BORE .

A5 R R DAL L0 B 57 WA B S o A i — A ol
PRI, TG ISR, AT RN K -1 S B A O 2
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