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[ Abstract)Objective . To construct a lentiviral vector that is capable of knocking down EPCR in hUC-MSCs and to explore the effect
of knocking down EPCR on differentiative capacity of hUC-MSCs into fibroblasts. Methods : Three siRNAs were synthesized according
to the mRNA sequence of human EPCR and were transferred into hUC-MSCs. Western blot was conducted to analyze the suppression
efficiency of three siRNAs to screen for an optimum siRNA. Then the shRNA targeting the optimum siRNA sequence was synthesized,

cloned into lentiviral vector and packaged by lentivirus. HUC—
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(2020-03-30) capacity of hUC-MSCs into fibroblasts. Results:Lentiviral vector

MSCs were infected with the recombinant lentivirus. The effici—
en cy of knocking down was detected both at mRNA and
protein levels. HUC-MSCs were stimulated with TGF-B1. The
expression levels of a—SMA and Col [ were detected by Real-

time PCR and Western blot for evaluation of differentiative
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that targeting to the optimal siRNA sequence of EPCR and can down-regulate the mRNA (1=28.86,P=0.000) and protein(:=88.60,
P=0.000) expression of EPCR was constructed successfully. And knocking down of EPCR in hUC-MSCs decreased the mRNA (P=
0.044,P=0.000) and protein (P=0.000,P=0.000) expression of COL1A1 and COL1A2. TGF-B1 could induce up—expression of a—
SMA (F=369.713,P=0.000; F=451.060,P=0.000) ,COL1A1 (F=42.051,P=0.000; F=759.041,P=0.000) and COL1A2 (F=359.205,P=
0.000; F=764.348 ,P=0.000) in mRNA and protein level and transform hUC-MSCs into fibroblasts. However,knocking down of EPCR
in hUC-MSCs significantly decreased the expression of a«—=SMA (P=0.002,P=0.002) and COLI1A1(P=0.002,P=0.000) and COLIA2
(P=0.000,P=0.000) induced by TGF-B1 compared with that of control group. Conclusion ;Knocking down of EPCR in hUC-MSCs

are successfully constructed and could decrease the expression of Col I as well as suppress the differentiative capacity of hUC-MSCs

into fibroblasts.
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I ARA PRI .COLIAT HUiR (RHR IE RE A W15 A A R
AL A JEY R 166 P (AL h 2 El A YR A
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HZHXFThUC-MSCs N EPCR FahAMfil 2, RIPA 40 A2 M
FAREUSAE D BCA e BT, 30 mg SR T HE 8%
SDS-PAGE #E & LUK 73 B B 14,250 mA HL i 4510 T 56 I
60 min, FHE5% 251175 FIEE 11 (BSA) % TBST Z &) 1 h,
—#L(EPCR 1:1 000, GAPDH:1:20 000)4 CIF & 134 , YElIK
3G, ZHL(1:5 000) Z=RBFE 1 h J5 FRPERE 3 I, ECL &%
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F| EPCRAT GAPDH /) JK FEAE , EPCR (K B (E H |- GAPDH
IR EE(E RN EPCR 25 (AR #eik i,

#* 1 &K EPCR siRNA F3l

Fe o455 S1WIFEI(57-3")

siRNA-1 GGCCTCCAAAGACTTCATA
siRNA-2 GAATTAGTCTGATAAGTGA
siRNA-2 GAAACATATTTCCGCGGAA

122 HASRREE AR E KA E R R E TR
siRNA K BAPEXT IR NC(5-TTCTCCGAACGTGTCACGT-3"))F
F B IEA R E KM shRNA-DNA J551) , 50 58 BAE DNA
B IRUEE , FIH BamH 1 F EcoR T YB3 HAEER pGMLYV -
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T ERTRL 24 mg, VSV-C FikFkL 12 mg, PAX2 {34 i
Wi 18 mg, Tl L 54 WL, F5 Yl A P e MR i e
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BGFE, 12 h 5 SR PR TR S 72 h 7RO B T
NZE G TG 2E B 4 X I 2L ) 2 £, 5 B 11 (green fluorescent
protein, GFP) | S AN MIAAG I 2 ZHANMI) GFP BHYEZIAR
1.2.5 hUC-MSCs P EPCR {30k DReal-Time PCR:
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FIH B 5% R &oFF RNA SRS 50 ¢DNA, 51497741 UL 3¢
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48 h, Xt FRA AT TCF-B1 AYMRIMTE R B RE TR I RE 7% 48 h,
Wtk 2 AN ST S AR DTTE , BEBUE RNA FIEE A, 2L
GAPDH JEPRAE NN S IEH | Real-Time PCR F1 Western blot
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a-SMA  1E .5’ -GACAATGGCTCTGGGCTCTGTAA-3
JZ 55" ~ATGCCATGTTCTATCGGGTACTT-3"
COLIAT  1ES%E:5" ~GTTTGGATGGTGCCAAGGGA-3’
L5 :5" ~AGCACCATCATTTCCACGAG-3"
COLIA2  1FES%E:5 ~AGCAGGAGGTTTCGGCTAAG-3’
2 X EE 5" ~GCAACAAAGTCCGCGTATCC-3’
GAPDH  1F ¥4:5" ~CAGCGACACCCACTCCTCCACCTT-3’

J2 X5 25" ~CATGAGGTCCACCACCCTGTTGCT =37
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a=0.05,
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GACGAGGATCHGAATTAGTCTGATAAGTGAITCAAGAGA[TCACTTATCAGACTAATTCITTTTTTGAATTCTAGTTATTAAT
2 za: % sense I()Op antisense

2.1 EPCR Rt RNAi 53 # 2

Western blot #1455 7%, X HRZH siRNA-1 siRNA-2
siRNA-3 i) EPCR & 1A % 22 35 1 43 51 1.306 +0.005
0.913 + 0.006 ,0.403 + 0.015 ,0.487 + 0.038 , 77 =407 4 41
EPCR FE 1%k, 22 7 HA Gt 2% 5 X (F=1 208.780, P=
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WAL AH FE A A] B hUC-MSCs ' EPCR(P=0.000), H. siRNA-2
5 siRNA-3 Z Al G il 255 (P=0.001) , Al I siRNA-2 i
R B, et RNAL SR siRNA-2: GAATTAGTCTGA-
TAAGTGA(K 1),
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hUC-MSCs 125 2R/ YL T EY ) 72 h, Tl s N e
AL A B P X B2 A0 B, B 25 Tnﬂﬂﬁeﬁzﬁf 7 B2 s
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S BT RS, RAPR ZE I BA PR X FE L A0 e A B GFP 33k
(I 3B.D) , A M ARG S /1% ol 4 R B e o R 2 4 i
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1390 400 | 410 J 420 430 l 440 450
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] £
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T AU ARG GFP k2
TE 21 SRR R R B i (0, S 2R AR R 50 4]
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2.4 hUC-MSCs W EPCR &kt F 40 m)
Real-time PCR 2551 | i fIRZH AN B M XS BRZH 41 i EPCR
mRNA AIX} IR 90°8 0.037 £ 0.006,1.003 + 0.058, #ifik
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ZH A i EPCR mRNA 7KK T B PE X5 B 2H (¢=28.86 , P=
0.000) (l 4A), Western blot 25571 FiRZE AN B4 %) HE 4H 41
Jitl EPCR 1 25 H 3K 35 /K °F 43 51 2 0.321 +£0.010,1.668 +
0.024, FARA AN EPCR B& P 283K 5 B X HE 4 BH i FAIG
(1=88.60,P=0.000) (/& 4B) .,

1.5 q
o FEARAL BT R
9 1.0 4 ——
3
= EPCR
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= 0.5 4

00 a CAPDH S —

Eﬁiﬁ&éﬁ lﬁ‘VJr;xﬂﬁéﬂ

[ za, 5 FIEXTHEZE HLEL, P=0.000
A. EPCR mRNA #ik

B 4 mERBSE hUC-MSCs A EPCR Rzl

B. EPCR & 131k

25 Sukamief g Col T &km r

Real-time PCR 453275, Mk EPCR 23521 o-SMA (F=
7.651,P=0.024) .COLIAI (F=39.579,P=0.000) .COL1A2 (F=
278.800, P=0.000) ) mRNA ik (3 3), Hrfr, & TGF-p1 4
WO FRZH40A A COL1AT(P=0.044)F1 COL1A2(P=0.000)
) mRNA B BT BRI MK (5% 4) . Western blot £
MZEFLR | A% EPCR 2520 a—SMA (F=9.275, P=0.016)
COL1A1(F=3 406.950,P=0.000) .COLIA2 (F=1 283.241,P=

0.000) R IR /K- (3 5) . JC TGF-B1 Flint | mitzH 4n
i COL1A1(P=0.000) .COLIA2(P=0.000)4 155 ik K P-4 [
PEXT REZEAIG , 1X 2 W R EPCR J& ,hUC-MSCs & i Col 1 Ui
/b TMTE TGF-B1 JPAT , AR A5 1 xT BRLHAH L, -
SMA (P=0.2766,P=0.6185) £ mRNA Fl#E H/KF-RiE2Z 7T
Gt L(E5),
2.6 BUAKLE 20 R &) AR AT 2 2m 4L 64 A A7 THAK

Real-time PCR 455 /R, A7 76 TGF-B1 FIFL 25520 o
SMA (F=369.713, P=0.000) ,COL1A1 (F=42.051,P=0.000)
COLIA2(F=359.205,P=0.000) ) mRNA ikt (% 4), TGF-
B1 Ml 48 h J& , M I AN «—SMA (P=0.000) ,COL1A1
(P=0.042) .COL1A2(P=0.000)7E mRNA 7KF-B &7+, B
Xt FEZH A ALY a—SMA (P=0.000) \COL1A1(P=0.002) .COL1A2
(P=0.000)7E mRNA K278 & T . Western blot 45 5 i
78, A TG TGF-B1 R 25400 a—SMA (F=451.060, P=0.000) .
COLI1A1(F=759.041,P=0.000) ,COLIA2(F=764.348 , P=0.000)
MIEE FIRIBAKT- (£ 5), TGF-B1 R 48 h J , R4 40 i
) a=SMA (P=0.000) .COL1A1(P=0.015) .COLIA2(P=0.000)
AR KB T, B R A1) «-SMA (P=0.000)
COLIA1(P=0.000) ,COL1A2 (P=0.000) £ 45 [ 7K F- 2481 & T+
T o T FH R T ZH AR B X B 2H 20T 28 HLA 1o 2T 4k Am it 431k
HIBE ST, 10 TGF-B1 H3H 48 h 5 , BARZH 400K a—SMA (P=
0.002,P=0.002) .COL1A1 (P=0.002, P=0.000) ,COL1A2 (P=
0.000, P=0.000)mRNA FEE 1 1) T 7K 7458 B 4 X6 IR ALK
ot U AT 2FL 200 M 1) 2T A 40 AL B i i85

#*3 FHEMM «-SMA.COL1A1.COL1A2 mRNA REBMEXFRIEZE

205 o -SMA

COL1A1 COL1A2

FRARAL (=) 1.242 +0.039 (0.524 + 0.026 )
AL (+) 2.394+0.210 ( 1.008 = 0.038 )
XS REEH (-) 1.005 +0.098 ( 0.472 + 0.036 )
XS REEH (+) 3.099 +0.042 (1.239 + 0.060 )

1.009 +0.141 (0.115 = 0.009 )
1.483 £0.099 ( 0.151 +0.010)
1.462 +0.013(0.343 + 0.011 )
2.418 +0.259 (0.651 +0.001 )

1.001 +0.054(0.216 + 0.015 )
1.465 £ 0.082(0.373 +0.016 )
1.383 £0.016( 0.437 £ 0.004 )
2.308 +0.028 (0.716 + 0.004 )

F4 HBHEMKE «-SMA.COL1A1.COL1A2 mRNA MM RIZENFESINER

S o -SMA COLIA1 COLIA2

F A PAi FAi P{E FAi P{E
Ak EPCR 7.651 0.024 39.579 0.000 278.800 0.000
TGF-B1 #ili4 369.713 0.000 42.051 0.000 359.205 0.000
HUE EPCR x TGF-B1 3113 31.152 0.001 4.800 0.060 39.606 0.000

x5 HKMHEMI «-SMA.COLIA1.COL1A2 EHRIZKFENHFENHER

S o -SMA COLIA1 COLIA2
' FAH P{a F 18 P{H F 8 PH
HUE EPCR 9.275 0.016 3 406.950 0.000 1283.241 0.000
TGF-B1 Hl#% 451.060 0.000 759.041 0.000 764.348 0.000
B EPCR x TGF-B1 #ili 23.098 0.001 473273 0.060 59.799 0.000




— 198 — BERERKZFIR 2020 £5 45 55 2 5 ( Journal of Chongging Medical University 2020.Vol.45 No.2 )
4 o - 25 o
= - = Z 20 -
= >} o a b
A = < 15
32 = O
= = 2 10
%l é §05
0 0.0
FAIRAL PR X} B 2 AR B R 2 AR B HE 2
A. a-SMA .COL1A1,COL1A2 mRNA ik
AR PR X HE 2 g (i PR X 2
_ + _ + - + - +
o e o [
GAPDIT |we WP S S COLIAZ [ E
cAPDH |----
B.« -SMA .COLIA1 .COLIA2 & A ik Ik &
g = b
Hous oo 308 e o- i 08 ac
iﬁ & - @ 0.6 - E o6 -
Zz 10 g £ . 0
gl b o 04 b [ 0.4
Hj L %—f 02 < 02
= 2 =
%00 = 00 g 00
e g1 I A QY <~ L1 A QY B B

H 47, TGF-B1 il “~7 . T TGF-B1 Jili#;a: SR TCF-B1 JIHLHLEE b SR TCF-B1 FI I AR AL A0AE F A2 s ¢ . TGF-B1 il

J B R LR AN B T IR ZE 20 i A

C.a-SMA .COLIA1 .COL1A2 & [ F ik Ak o0 b
& 5 real-time PCR #1 Western blot #ill] « —-SMA.COL1A1.COL1A2 HjFRix

HHT MSCs ©) Z W T 2R 8m iiG i s
W, MSCs IR ZHE, Horp | IUbE il 32 5y 2 211
hUC-MSCs PRIEUR 5 (8 JCAe =B | 5553 WD) he
588 K R A PR AR AR A, BRI IR T AR 7 1Y)
FR0 T4 MSCs B FH T 4EALiA r o . 45
TR AVE A BT MSCs T, n] A 302
Bl & AL AR AL 3X AT E-S MSCs 58 AR S e 14
TR 5553 W HE e A1 it PR PR AR A e, (H
TENlEF 4L TE UG T MSCs Y897, WA ] B8 i = il
AR A O ¢y IR e K VEA R Ao I TN i
GFP-MSCs fEfs 335 LT 44 240 i 3¢ i b ik ) —— %
B, 7 MSCs 70 AT 4E4RMES, A, Yan
S PR BE AR 1Y) Flk—1+ MSCs FEAE 20T 2 46
1 (R 2T 4 Ak /IS B PN 2 AS TR s 8 0T L34k ok 22
DIrRe It A, o534k 5 1) 32 il N IO R 15, 21 4k

AL AR | Flk—1+ MSC 7 ifi £F 4 AL SR 55 95 45 R 43
b F LT 4E 40 ML, T TGF—B1 S i 48 v § i 4y
R B LR A AL N 7 B, BT 4k 20 AR it 41
AR R T AREE A0 R WUSET 4 20 A1) T LR £
A1 i R S R SR AR S i 4T Ak AL R A UM
5%, FEAN A ANE B TR, #5FE Il S5 AT Rg
B E AR

H1F EPCR W] &85 [a] (8] B 4% Ak 1) R AR G, A%
WF5% B SEAE EPCR 19 mRNA B9 3561 3 4
siRNA f% A hUC-MSCs ", 38 £ 25 KPRl 26
WMEAETIFSI, R siRNA 41, f gt f 4l
M, 2 DNA DI, 85530 R TR 5 s & A
PR R AR B A TORLZE 293T 4 b A2 Bl
4 siEPCR 129087 , B YL F] hUC-MSCs 1, i zC4l
JARKEN GFP F YUK AT Ik 99.8% , mRNA K & H
TKOEAG I 45 50 s | R 2 240 i EPCR fO 3588
SN, RGN SE BT 40 KT Y 3 R R AR, E— 2
FERSMAEE TCF-B1 /55 MSCs [ T 4E 41 i /1L



BERERKZEFIR 2020 £5 45 55 2 #1 ( Journal of Chongging Medical University 2020.Vol.45 No.2 )

— 199 —

BRI IR RH ANIAE TGF-B1 5% )5 ,a-SMA |
COLIA1,COLIA2 7£ mRNA FlIZE [ (9 T = 7K -4 B
PEXTREZARRA, 22 S5 B St 2 30 (H ik 2 4
WATEEAT ) BT 20 M TR R T TOF-B1 i &
BB LN T, 25 2R B 4 AL IE -,
TS RSN K T - Z ik
(transforming growth factor—f receptor, TGF-BR) %%
A GBI Ser/Thr F4E , B2 1L 1) Smad2  Smad3
5 A0 L 1] T AR A 534k | BT At A A i A
KE) a-SMA il Col T, INELFLEL, BEFEMFFT
KIL, TGF-BR 52 TGF-B1 {2 i 20 it 15 ] 57 5% Ak
i EZ RS2 AR B LLEAIK EPCR J5 ,hUC-MSCs 1/}
FUA 1] BT 440 o AR I RE T (RO AR oE 45 SR 3
B , Bifik EPCR J5 #9 hUC-MSCs [f] i 2T 4k 40 i1 731k
AE IR, YR EPCR Al BB 25 T TCF-B1 ¥
B Ak FE . BEAERFFRSS SR, Il 41 4Rk foA
B s S MSCs A0 T 4 40 i (42 21 i Ak I 1
Al B TGF-B17, 1} Bae Z5C1% TR B (T diig /N 4T
MiZik EPCR, 2B i, 881 C 5 EPCR 456
Ja SRR SR LA, SR Y TGF-B /-S4
MuAR LA B, #E— 2P 1] EPCR 5 TGF-B 4R 1)
() JBU e A AT — 8 ARG, BRI Z Ah A TR A4
W & PLEE EPCR J& ,hUC-MSCs 7 & 73 4 4 Col
[ B HIHEXT B B B /b, 3X 5 Wang S RFFE Y
EPCR FHPERYFLIR T 408 5 K55 Col T AHFT G, 1B
J&,EPCR 7838 /2 tifar 2 5 W pri% Ak, @ik EPCRJG
) hUC-MSCs #ik Col 1 MAU/D | ibA fridk—
SIS

R TR AR A E 2 siEPCR 1805 5 2
PR, Ik hUC-MSCs 1 EPCR %35, iF
HREAIE hUC-MSCs H %) EPCR £X[#AIk Col T ik,
859 hUC-MSCs [i] T 4E4n i otk i fe 11 .

2 % X M

[1]  King TE Jr,Pardo A,Selman M. Idiopathic pulmonary fibrosis|J].
Lancet,2011,378(9807) : 1949-1961.

[2] Kumamoto M,Nishiwaki T,Matsuo N, et al. Minimally cultured bone
marrow mesenchymal stem cells ameliorate fibrotic lung injury[J]. Eur
Respir J,2009,34(3) :740-748.

[3] Ono M,Ohkouchi S,Kanehira M, et al.Mesenchymal stem cells cor—
rect inappropriate epithelial-mesenchyme relation in pulmonary fibrosis
using stanniocalcin—1[J]. Mol Ther,2015,23(3) :549-560.

[4] Zhu H,Xiong Y,Xia Y,et al. Therapeutic effects of human umbil—
ical cord—derived mesenchymal stem cells in acute lung injury mice[J].

Sci Rep,2017,7:39889.

[5] Jun D,Garat C,West J,et al. The pathology of bleomycin—induced
fibrosis is associated with loss of resident lung mesenchymal stem cells
that regulate effector T—cell proliferation[J]. Stem Cells,2011,29(4):
725-735.

[6] Chen J,Li Y,Hao H,et al. Mesenchymal stem cell conditioned
medium promotes proliferation and migration of alveolar epithelial cells
under septic conditions in vitro via the JNK-P38 signaling pathway[J].
Cell Physiol Biochem,2015,37(5):1830-1846.

[71 Yan X,Liu Y,Han Q,et al. Injured microenvironment directly
guides the differentiation of engrafted Flk—1* mesenchymal stem cell in
lung[J]. Exp Hematol,2007,35(9) :1466-1475.

[8] Mora AL, Rojas M. Aging and lung injury repair:a role for bone
marrow derived mesenchymal stem cells[J]. J Cell Biochem,2008,105
(3):641-647.

[9] Moodley Y, Vaghjiani V,Chan J,et al. Anti—inflammatory effects
of adult stem cells in sustained lung injury:a comparative study[J]. PLoS
One,2013,8(8) :¢69299.

[10]  Gleeson EM, O’ Donnell JS,Preston RJ. The endothelial cell
protein C receptor;cell surface conductor of cytoprotective coagulation
factor signaling[J]. Cell Mol Life Sci,2012,69(5).717-726.

[11] Mohan Rao LV,Esmon CT,Pendurthi UR. Endothelial cell pro—
tein C receptor:a multiliganded and multifunctional receptor[J]. Blood,
2014, 124(10) : 1553-1562.

[12]  Yu QC,Song W,Wang D, et al. Identification of blood vascular
endothelial stem cells by the expression of protein C receptor[J]. Cell
Res,2016,26(10) : 1079-1098.

[13] Wang D,Cai C,Dong X, et al. Identification of multipotent mam—
mary stem cells by protein C receptor expression[]]. Nature,2015,517
(7532).81-84.

[14] Toonkel RL,Hare JM,Matthay MA et al. Mesenchymal stem cells
and idiopathic pulmonary fibrosis. Potential for clinical testing[J]. Am J
Respir Crit Care Med,2013,188(2):133-140.

[15] Badri L,Lama VN. Lysophosphatidic acid induces migration of
human lung-resident mesenchymal stem cells through the B —catenin
pathway[J]. Stem Cells,2012,30(9):2010-2019.

[16] Hinz B,Phan SH,Thannickal V], et al. Recent developments in
myofibroblast biology : paradigms for connective tissue remodeling[J]. Am
J Pathol ,2012,180(4) ; 1340-1355.

[17] Khalil H,Kanisicak O,Prasad V,et al. Fibroblast—specific TGF-
B-Smad2/3 signaling underlies cardiac fibrosis[J]. J Clin Invest,2017,
127(10) :3770-3783.

[18] Sun YB,Qu X,Caruana G,et al. The origin of renal fibroblasts/
myofibroblasts and the signals that trigger fibrosis[J]. Differentiation,
2016,92(3):102-107.

[19] Hameedaldeen A,Liu J,Batres A, et al. FOXO1,TGF- regula—
tion and wound healing[J]. Int J Mol Sci,2014,15(9) :16257-16269.
[20] Meng XM, Nikolic—Paterson DJ,Lan HY. TGF-f:the master
regulator of fibrosis[J]. Nat Rev Nephrol,2016,12(6):325-338.

[21] Bae JS,Kim IS,Rezaie AR. Thrombin down-regulates the TGF-
beta—mediated synthesis of collagen and fibronectin by human proximal
tubule epithelial cells through the EPCR —dependent activation of
PAR-1[J]. J Cell Physiol,2010,225(1):233-239.



