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WE  ZAR B AR A KA F-Bl(transforming growth factor-B1, TGF-B1)EAT £ 4k 4
ft.(hepatic stellate cells, HSCs)# & P 94U vA B EALHSCsAE 2t A K 4m it do % 37 4 (angiogenesis) 49
VB R 2R, iE B qQRT-PCR#& Ma-SMA. Smad2/3. VEGFAF=TGF-B1-RI#mRNAK -F-; Western blot
#Mo-SMA. Smad2/3. p-Smad2/3. VEGFA#=TGF-B1-RI#)%& & it /K-F; AR A (matrigel)fe & 7
PR B AS T & AL HS Cs 9 A4 ik f A K 4m 2, (human umbilical vein endothelial cells, HUVECs)fx
B MR . TGE-BIAE il & 69 HSCs & £ A a-SMAVA B2 3 89 TGF-B1/TGE-B1-R1/Smad2/34% & il
B4 F %48 X 49 TGF-B1-RIA7Smad2/35F, B & T AR F et g L m e & 374 . 2R AW,
TGF-B11Z % 18 it 22 3 89 Smad2/3:8 3840 7F T HSCs, 12 #L7% /5 49HSCsi® it 4 s VEGFA £ % 7 12 it
MR 2m e g BT A 4G T e
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TGF-p1 Activated Hepatic Stellate Cells Induce Angiogenesis of
Vascular Endothelial Cells

Jin Xin, Mao Xixian, Aimaiti Yasen, Chen Zixin, Li Dewei*

(Department of Hepatobiliary Surgery, First Affiliated Hospital of Chongqing Medical University, Chongqing 400016, China)

Abstract  The aim of this study is to investigate the mechanism of transforming growth factor-beta 1 (TGF-
B1) in the activation of hepatic stellate cells (HSCs), and promoting effect of active HSCs on the angiogenesis. The
mRNA levels of a-SMA, Smad2/3, VEGFA and TGF-1-RI were determined by qRT-PCR; the protein levels of
a-SMA, Smad2/3, VEGFA and TGF-B1-RI were determined by Western blot; the proangiogenic effect of activated
hepatic stellate cells (HSCs) on human umbilical vein endothelial cells (HUVECs) was detected by Endothelial
Cell Tube Formation Assay. TGF-B1 induced hepatic stellate cells (HSCs) can high express a-SMA and the
downstream signal molecules of classical TGF-B1/TGF-B1-RI/Smad2/3 signaling pathways, while the HSCs get its
proangiogenic potential. The study showed that TGF-B1 signaling activated HSCs through the classical Smad2/3
pathway, and the activated HSCs have the function of promoting the angiogenesis of vascular endothelial cells.

Keywords  hepatic stellate cells (HSCs); TGF-B1; Smad2/3; VEGFA; angiogenesis
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BT R, 20 B RS AR D A B AR R
IO B 4 0 Ty e 10 37 BT 9T SR S (CL & E — Se i
A HTRLF), 754 AR BRI AT IR A R AR i 2]
TR A, AR A AR P S5 AR 4 E T B TR,
Y1 A% S I LA JE RRCA SR L REA7-75 1 2 22 ]
RO, AR XA T R AR, 48 A 2E T s
O I A8 B P B2 40 B 23 S0% s i I 45, 2 40
FUEE P MBI EE )X B A4
bR, FULELE S TE R, FRON I 2F 4R A0 A DG i
AR, AT AR 41 Bl (activated hepatic stellate cells,
aHSCs)/2 LK Rz —F%, HE W7 iiE, £
HURE UL R, HSCsAe L NNLAF e gl iR I B e S 5
TR AR R, AT SRR TR AL IRTHS Cs I & T
ST B % AR IR B 0L T B, AT 5 5% B8 AL I 40
SO T 0 R A P DA — b L BRRES AR AE T IR
i rh, 7224 BT I, TGE-B1IK ik &4 Fifi, HSCs
B B 32 B35S A, TGF-B1A] BE & U HSCs 1
KRB M R 1, I BARHLRIATE . A FE R
 TGF-BUEUEHSCs 1) A REAL I LA L% AL THS Cs £
P AMIE 3 I B AR AT RE IR AR . IR R IS 1LHSCs i
TE T 200 PR RS RIS LA T B, AT 2 s FHF 40 R A
ThER [P AT REPE

1 MRER*®
1.1 &

/N BRRF A2 HR 40 B PR (mHSC-T25)1W B b 5k
gy B B 2E W R 2 FIBNCCHN L 13, N e 5 ik 1
W 17 4il i & (human umbilical vein endothelial cells,
HUVECs) H 5 JK = B} K 2 B & 25 — B B 52 56 0F 7
sl BRSNS e 1
1.2 RAFIRILEE

DMEM/F123% 7% 28 H 3% [E HyClone A #; Jifi
2 1M1L7% (FBS) I H 1% [E PAN-Biotech GmbHA &]; 7
FR/FEFRNPL. 0.25% 5 ABEH L. DAPI,
RIPAGE 1 Ji 24 A7 . PMSF. T 85 [ JfiMarker-
H AT BRI S DEPC/AK I [ g2 2 KA
W ARA R A7 Trizole. SYBR® Green [ X RNA ¥
R & H K% TaKaRaA 75 i/ a-SMA
L H1(ab32575) Bt/ RVEGFA R $i(ab1316) %
Pt ACD34H. 41 (ab81289) H 3 [F Abcam 2 #];
Pt/ BTGF-B1-RI. %Pt /) il p-Smad2/30% H L FH
HERAEWREA R A A, RPIGAPDHZ W [#1gG

PU A (AB-P-ROO1)I H BL N 0t 2 2E D FHE A BR 2
A]; HRPHR 1 1 1L = Bt JalgG = $T ¥ H Abclonal A
Al O AR L E P SR W F Abbkine A
HE 5 B (Matrigel 356234)1 H 2 [E Corning 2 7] 1
1455 FCI H 55 [E Sigma A 7] %5 5¢ %4 iIpHBLV-
CMVIE-TGF-Bl. pHBLV-CMVIE-GFP. pHBLV-
CMVIE-TGF-BR1shrna3. pHBLV-CMVIE-RFP1g J
BE ORI A EDUCTE AR R A T AR O
HLIE H 3£ [ Sigma A 7]; %t € B PCRAXFTC20004
H Canada’ #]; CelDoc2000%¢ 12 k{5 5 48 H
Bio-Rad /A w]; 8] B AH 2= & 8 W H H A Olympus 2
Ao
1.3 ZHREEEF

mHSC-T25 ) HUVECs) 1§ Fi 4 5 10% K i
AN IS 2100 U/mLTE 25 2 M1100 pg/mLEE 5 %
FIDMEM/F125¢8 4> ¥4 5% 2, & 137 °C. 5.0% CO,
SRR FE I3 IR AR R IR BRI~2 R, 2~3 R
FEAR, R AR A 0.25% /% B 1 g 3 AL 41 2 2~3 min,
DMEM/F125¢ &35 7 41k ) b, PA:3HEAT AR AR
1.4 TGF-pLiZRIA4E. TGF-PIFIARIKAR &
B3 RRBR B R MR ERRENL

FERT1R LA2.5%10°/mLIT) % B2 mHSC-T254 2
Rl T6fL M, 23 59 BX200 pL1g 9% ZpHBLV-CMVIE-
TGF-B1. pHBLV-CMVIE-GFP. pHBLV-CMVIE-TGF-
BR1shrna3 5% pHBLV-CMVIE-RFP& JmHSC-T25 2 Jfl;
JE& YL & H(multiplicity of infection, MOI)=10, /& %424 h
ST FREE, JR B 724 hE IS 5 2 (4 mg/L)
BT IE, DL SIR e k. TRk SE RS, POk
BT L8 A M GFPAR (554 e R IE e FL IS ik
A AHRRE MRS AN BB N TGE-BLid Rk 2H . GFP
IR TGF-PIRK4L. RFPZ#HIHEA, 705l
a7 NT. GFP. R1. RFP.
1.5 SERTEEEPCR(qRT-PCR)EN & 4B M AR
B EE A mRNAKFE

F Trizolif 77 43 %) #& BXT. GFP. R1. RFP 441
211 () S mRNA, # F TaKaRa % # 5% 18 £, 4% 00 W 5
W25 S e 53 NeDNA . G346 F: 42 °C 15 min,
85 °C 55,4 °C 10 min. ¥ ¥4 N: 94 CCHIAR P
4 min, 94 °CAE1%30 s, 60 °CiB k30 s, 72 °CIEAH 30 s,
TEIR3OUK; 72 CRE WIS 5. 4iit 2, RIEACHE
(Cqaaron—Caqp 2)GE 1T H (11244 g i 3 M 6 22 35
Ko ARSZEG A, BT 5140 B TaKaRa /A 7] & (3R
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#1 qRT-PCRHTFHZ|HSZ|4
Table 1 primers used for qRT-PCR analysis

E kS VRS- 3) NESI(5—3) 1B KIRE(CC)
Gene name Forward primer (5'—3") Reverse primer (5'—3’) Annealing temperature (°C)
TGF-p1 GAG GCG GTG CTC GCT TTG TA CGT TGT TGC GGT CCA CCATTA 63
TGF-S-RI TTA TGA GAG AAT GCT GGT ATG CC CCTTCC TGT TGG CTG AGT TGT 60
a-SMA GGC ATC CAC GAAACC ACCTA CGT CGT ATT CCT GTTTGC TGA T 60
VEGFA TGT TCA GAG CGG AGA AAG CAT ACG TTC GTT TAA CTC AAG CTG C 60
Smad2 CCA GGT CTC TTG ATG GTC GT TGA TAA ACG GCC TCAAAA CC 57
Smad3 TGA CAG TGC TAT TTT CGT CCAGTC T CGATCC CTT TAC TCC CAG TGT CT 57
GAPDH GTG CTG AGT ATG TCG TGG AGT CT AGT CTT CTG GGT GGC AGT GA 61
1. FEMAN I P E 1 h, PBSYE3IR, K3 min, 5
1.6 Western blot’Z& M XA MM BRIERB R JEDAPIAAX, 26 TR ER
NIFLYa
IKE 1.9 SitFESHh

Fic R 2R 1 o e B 7 & B A5, A FHRIPAZY
FR R B B 2 S B 5, SR I BCATE N & R A sk
FEIGE— R K E N30 png/mL. 4 A&k
FUEFE, #17SDS-PAGES &, 4R )5 FL % £ PVDFJE.
5% e 55 B ok B PR A2 he 43 S 0 e b
fo-SMA(1:1 500% ). e i 7 BLVEGFA(1:200
MR Bt/ BUTGF-B-RI(1:500%% %) Pt/
p-Smad2/3(1:500% ) % 1/ EM\GAPDH % 3¢, [ $144
(1:500%%F%), 4 °Cid B7; TBSTYE3 VK, I AHRPHRIC I
L =EHTRIgG(1:5 000FK), 37 °CHiF A 1 h; TBSTIE Ut
3%, WINECLER Y 252, TS H M S RN 25
1 IR A 22 LR B 1 TR 23 T A Rk K
1.7 ERIPNER K

FEHSCA (control, C). TGFE-BLid FEIAZ(T).
TGF-B 1 i ZH (R 1) 20 B 42 5 LG ifiL 37 55 9% 1 85 7%,
24 WG AR BB T 5 825050 & 1 4 AR o5
W, AR FLSO pL i) 2l 5 T N 96 FLAR h, JN
37 °CHNARESF=4H P30 min, % FH . EHRITFFRE TR 96
FUBR P43 %100 L3R I ULk 24 /S FTHUVECS, JF
BWEIANPATRAL; 6 h/E 7E R B Bt T W5 R
FHUVECSIE 1) /NE HA R, Fl Imaged % K48 (1) 1]
Fr AT 3 AT, RO AR L R
1.8 HIERNAENCDI4LEEFBRB/NERFE
me

XA NEAT e T G, SR IR,
PBS¥E3K, K3 min, 4%% % H & [# 7210 min/i,
T HPBSHE3YK, £FK3 min, AN10%IE 5 1L 2F L7
100 pL/AL, 3 P11 b In N $L I & N Bz 48 B s 54
CD34)—t, 4 °CIL 5, PBSYE3IKR, K3 min, &k

K FISPSS 22084 #EAT G 1 o3 A, Edis 75k}
FxtsFor, FEAR LB B R R & 5 2 5 #7.
P<0.05NZERHEEGgT ¥ E L

2 FR
2.1 MINESITZH. GFPZH. R14HRRFPLAHIEE
REZY/NERHSCs

Y 440 95 75 VR 4 WU e 1E 8 /) FRHSCs(mHSC-
T25), 3K Ja T8I B 9 B R ER, R )
H50%. o FH N NA B 2 % 4% 4 4 B AT Ok, 14%
Vi SHIAD X Yk SN S ) AR N Wkl )
LB . dHRRHT By KRG, o 172
TERIKTGF-pIFE R )/ FRHSCs(T4) . (XK IATGF-
BIFEE A /1N BRHSCs(R1ZH) AT 06} 97 25 %5 99 55 o} 1
H(GFP41. RFP4l).
2.2 dRIATGF-p1#Y /) FRHSCsBE S R IATGF-
IR E RN SIREa-SMA

FHQRT-PCRZ3 Jill A5 I 1 441 41 fy HH TGF-B1 %
HSCsi A% £ Wa-SMAIMRNAK “F. 45 H &R,
TGF-B1id 323K H = F 7K B0 B2 B 8 7t v, H
o 1 2H 3 7K T St Sk B2 B R B AR (12,
Western blot5PCREE H— 5 (KI2B), K ilE 7 7 5 4% G
(L2, [R] I 18 B % e i D I 1 RIS TGF-B1 ) /s
FHSCsTH 2] 1 iH k.
23 FEEEEHHSCsE RIAZHUTGF-p115
SEE TEHEX S FTGF-B1-RI. Smad2/3, B4
FVEGFA1E %

qQRT-PCRA Ml 25 R . 7, W 0 JEHSCsHr 48 L 1)
TGF-BUE 5 I8 #% #H 5 1) N ¥ 15 5 4> T TGF-BI-RI,
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Under light microscop Green fluorescence Under light microscop Green fluorescence
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Under light microscop Red fluorescence Under light microscop Red fluorescence
A: pHBLV-CMVIE-TGF-B14H J 25 /% 4% /5 I mHSC-T25 4 LG 58 F 5 5806 S Be B 406X Ltt; B: pHBLV-CMVIE-GFP A 7% # 25 12 4% 5 1)
mHSC-T2541 10485 T 5796t B T 86X E; C: pHBLV-CMVIE-TGF-BR Ishrna3 4155 28 4% J& (I mHSC-T25 41645 T 5966 B mids T 40
FEXT EE; D: pHBLV-CMVIE-RFPZH 25 400 28 44 5 I mHSC-T25 4158 T 5260 BB R 4L Hexf t .
A: mHSC-T25 after transfected with pHBLV-CMVIE-TGF-B1 under fluorescence microscope; B: mHSC-T25 after transfected with pHBLV-CMVIE-
GFP under fluorescence microscope; C: mHSC-T25 after transfected with pHBLV-CMVIE-TGF-BR 1shrna3 under fluorescence microscope; D: mHSC-
T25 after transfected with pHBLV-CMVIE-RFP under fluorescence microscope.
Ell HEEFI4REFEHSCSTNIF!
Fig.1 Fluorescence in HSCs after transfection of virus for 14 d
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A: qQRT-PCRIERHINTGF-pIH0-SMA mRNAAHXS7KF-; B: Western bloti Al TGF-B1FHo-SMAH F FAERI 7K. *P<0.05, #**P<0.001, ****P<0.0001,
5 A R
A: mRNA levels of TGF-f1 and a-SMA determined by qRT-PCR; B: protein levels of TGF-P1 and a-SMA determined by Western blot. *P<0.05,
% P<0.001, ****P<0.0001 vs control group.
E2 REERLETERHSCSHERFR
Fig.2 Identification of virus transfection and the activation of HSCs
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A: qQRT-PCRYZ: 45 I TGF-B1/Smad2/315 5 i 4 4 5% 23 7 K VEGFA mRNAZK “F; B: Western bloti: i M TGF-B1/Smad2/31% 5 i % 5% 7+ &
VEGFAR FAR/K . *P<0.05, #P<0.01, *¥*P<0.001, ***¥P<0,0001, 5%} T AR LU A .
A: mRNA levels of TGF-f1/Smad2/3 signaling pathway related molecules and VEGFA determined by qRT-PCR; B: protein levels of TGF-f1/Smad2/3
signaling pathway related molecules and VEGFA determined by Western blot. *P<0.05, **P<0.01, **¥*P<(.001, ****P<(0.0001 vs control group.
E3 JELHSCSHTGF-B1-Smad2/315 S BB HIERSHFILVEGFATER
Fig.3 Activation of TGF-p1-Smad2/3 signaling pathway and the expression of VEGFA in activated HSCs
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TGF-B1 LA J HAZ 5 d i T i ) p-Smad2/3 LA X TGF-
B15Z AATGF-B1-RI. M fETGF-B1i& A% 41 -, mHSCs
K BEAF BV AL, JF HL UL 48R A x 5 % B2 3=
A B R B, IX U B, TGF-B1id it £ i () TGF-
B1-Smad2/3(5 F il %I T mHSCs. 7E 3 I /N
TE RSB, #5240 lmHSCs_E 7 Wi 1% 7% THUVECs,
WA i R IATGE-B14L 1 b1 W 1% 3% FTHUVECs
BT KERKN/N . 5X—RKH—8BU0E, iHik
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(A) Nature light DAPI CD34

Merged

Control =

40 pm 40 um 40 pm

40 pm 40 ym

40 uym 40 pm

(B)

Mean tube length

(P&@\ A ©

Ar BN EERAL LIS PR AN ANE T BRI L, JFAT CD34 450 % 5t e (2 i BT B LY s B: & AL A M8 4K P2 AT LA, TGE-Lit Rik
AN T BRSO ) 2 2 A AL CP 3 K3 R oRTs, #++P<0.001, 50 A EL % #P<0.0001, SRIZLELES).

A: the tube formation of endothelial cells, after treated with cell supernatant of each group, and the newly formed vessels are determined by
immunofluorescence staining of CD34; B: comparison of the length of the newly fromed vessels in each group, the formation of tubes are maximum in
TGF-B1 over-expressing group compared with other two groups (mean branch length shown by ¥+s, **%P<0.001 vs control group, “*P<0.0001 vs R1
group).

El4 JEHHSCsxTMMEFRERRIHIER

Fig.4 The promoting effect of activated HSCs on angiogenesis
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