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[(FWZE] BH: UHFE T T0% & 25 M0 X A 3l bk P9 5 40 il (HPAEC) [ BT 4% 46 ( EndMT) #9842 4E 11, IF AN Jaggedl/
Notchl fi5 515 3t — 23 BT HAE ML . ik e LLS53.36 gokg ™' - d ™ B 1 5K S, il 48 R0 B T3 & 245 1, 46 7 LA
oK HE B A A T . S 3R HPAEC 4L, 5% b AE K -8, (TGF-B, ) ¥ 7. EndMT #EAY, 557 %5 141 (10% 25 11 1
) AL (10% %5 (UL + TGF-B, ), #bh I 103 & 24 L% 2 ) 1 20 (10% % 25 13 + TGF-, ) , #b BHIE £ 7 24 L% h 7 &
H (5% FHMAE +5% 25 LT + TCF-B, ) FAh BHIE T & 25 M35 K7 i 1 (2. 5% & 25 1L75 +7. 5% 25 L3 + TGF-B,)5 4.,
SFe T WA W i85 ( MUTT) L 2 30k K6 00 200 ik 185 %8 68 ), transweell 00 300 YR 52 3 46 0 4400 L 3 8 B ), 938 209 5 WL %% P B 4 L A 5 0 1 /D A
A B2 20 ML G B 5 1(CD31) , 1 38 9 e 45 %6 25 11 (VE-cadherin ) il H] 57 40 A b5 25 ) BUAF 46 40 M 5 e P B0 1L (FSPL) , o-F- 1 )L
LB H (a-SMA) #3352 1 % BNl 7% ( Western blot) #:9ll Notchl , Jaggedl 2 CBF1 ZE AR IL, &R S5 A4 L, #
T4 HPAEC il 3 58 ik 71 GE RS g 05 W3 158 (P <0.01) ,CD31 Fl VE-cadherin 223k 2 T 4%, FSP1 Al «-SMA KK E I
FH#a %, Notchl , Jaggedl Fl CBF1 ik B3 i (P <0.01) . #MHE H A 25100 T RS, S RA i, ai g s ae 71 2%
fie 1B B E (P <0.05,P <0.01), H CD31 F1 VE-cadherin 335 & I F #4 # FSP1 1 -SMA 3 ik 2 F F4 # %, Notchl ,
Jaggedl I CBF1 B BREAL(P <0.05,P <0.01) , B & & 245 i35 Wk B2 G 38 I, VR RTBEI o 548 . A FHIE F15 & 25 103 )
43 490 ) Nt 30 Ik P Bz A L A TR BT e Ak, 3X — i B T AR 5 R 45 Jagged1/Notchl {554 3¢,
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Effect of Serum Containing Buyang Huanwu Tang on Endothelial-to-
mesenchymal Transition of Human Pulmonary Artery Endothelial Cells
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[ Abstract | Objective: To investigate the regulatory effect of serum containing Buyang Huanwu Tang on
endothelial-to-mesenchymal transition ( EndMT) in human pulmonary artery endothelial cells ( HPAEC), and
make further analysis on its mechanism from the perspective of the signal transduction of Jagged1/Notchl. Method ;
Rabbit serum containing Buyang Huanwu Tang was prepared by gavage with dosage of 53.36 g-kg '-d ™', and
blank serum was prepared by gavage with same volume of normal saline. The HPAECs cultured in vitro, EndMT
model was established by the transforming growth factor-8, (TGF-8,) induced, which were divided into five
groups: the control group (10% blank serum), the model group (10% blank serum + TGF-8,), the serum
containing high-dose Buyang Huanwu Tang group (10% medicated serum + TGF-8,), the medium-dose group
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(5% medicated serum + 5% blank serum medicated + TGF-B,) and the low-dose group (2.5% medicated
serum + 7. 5% blank serum + TGF-8, ).
method. Cell migration was detected by transwell and scratch assay. The endothelial markers platelet endothelial
cell adhesion molecule-1 (PECAM-1/CD31), vascular endothelial cadherin ( VE-cadherin) and the mesenchymal
( FSP1 ), ( a-SMA ) were observed by

immunofluorescence assay. The expression levels of Notchl, Jaggedl and CBF1 were detected by Western blot

Cell proliferation was detected by methyl thiazolyl tetrazolium ( MTT)

markers fibroblast-specific protein 1 a-smooth muscle actin
assay. Result: Compared with the control group, the proliferation and migration abilities of the HPAEC cells in
model group were enhanced (P <0.01), and the expressions of CD31 and VE-cadherin were decreased, while the
expressions of FSP1 and a-SMA were increased. Further study found that the expressions of Notchl, Jaggedl and
CBF1 were up-regulated (P < 0.01). After the intervention of the serum containing Buyang Huanwu Tang,
compared with model group, the proliferation and migration abilities of cells were decreased (P <0.05, P <
0.01), and the expressions of CD31 and VE-cadherin were on the rise, while the expressions of FSPland a-SMA
were on the decline. The expressions of Notchl, Jaggedl and CBF1 were also significantly lower than those in
model group (P <0.05, P <0.01). With the increase of serum concentration, the effect was more obvious.

Conclusion; The serum containing Buyang Huanwu Tang can partly inhibit the EndMT in human pulmonary artery

endothelial cells, which may be related to the regulation effect of Jaggedl/Notchl signaling.
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cells; endothelial-to-mesenchymal transition
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Hoe )N BRA PELT AR ALK, 250 [ B PH R
2y 7, 2 5t N T IR 24 KA 24 2 e N R SCHLRR S
1E & . RPMI 1640 85 3% 3L, it 4 L3 , 75 5% 2 /55 %
E 7l S Hyclone 7% &, #it 5 4% %1 K
AC135526481,  AC105264184,  AC101511238,
AC114002154) ; Ifi /N B N B2 40 B 25 B 40 + 1
(CD31) , iM% P Bz 5% % 25 1 ( VE-cadherin) , 5 £F 4
LA S PE B 1 (FSPL) , o-SMA 74K (b 5t 1 K
HAEWEARA RN A, AT 700 5 A004265948 ,
AC03185478 ,AC09223656 , AG02247616 ) ; G 1. 4 125
BREH (1g) G, B4t 1gG, CBF1 HTk (3 [H Abcam 24
A, it B 4 % H GR3232538-1, GR3184254-2,
GR3180240-6) ; Notchl ¥t fA& ( 22 [ CST 24 A, it &
3608) ; Jaggedl P {& ( 3£ EH Affinity 2% A, #it =
DF8269) ; RIPA K 1 24 fift W , BCA & 1 ¥k B2 Il 7 1
M (LR s REYHARARAE, #5550
PO013B, PO011 ) ; &% fk 4= K [ ¥ (TGF ) B, ( £ [H
Peprotech 2\ ], b5 031316-1) ; BEML 5 (MTT, {9 &
AR AL LS 0739) 3 B BLE R (DMSO, 36
[E Sigma 2\ &), #t 5 RNBF7438 ) ; transwell /N %=,
PVDF i ( & [ Millipore 2 &), 41t 5 20 5
A180022, R8DAS001 ); H v EE-3-8F W2 B = B
(GAPDH) B f& ( Bl 4B 1E 68 4= 9 £ R A BR 54T A ],
= HHO0607 ) .

1.3 {Ug% BSC-0311A2-SE # 4= W42 4 4 ( 35 M %
A ARA R A ) T2R B 2% 56 3 & B s
( HAS Nikon 2y #]) ;3131 £ CO, 537 46, Multiskan
51119000 74 fiff ¥ % ( 3¢ E Thermo Fisher 24 H] ) ;
LSM710 AU 80l 3 5 £ 92 % W il BE (75 [ Zeiss 2>
F)) ;SDS-PAGE 74 B 7k 4% K 1 72 % A ( 52 [ Bio-
Rad A ] ) ; TY-80R i £ $2 IK ( 4 4= 17 B2 y7 AU 2%
J7) s Tanon 5200 %! fk. 2% & G KGR 43 B R G (1R
BRI AR AF) o

2 Ak

2.1 #MHE S MG S AR AN 28
(BEE 120 g, 4006 g, (AT 5 g, bk 3 g, )14 3 g,
MEA=3 g, VHLIAE 3 g) , S AR RN 3l 4 1 2 1 AR
SRR BH A 037 0 F 24 500 o, &b B IR 03 1 5 4 55 AR
A 6.67 gokg ' +d ™", 10 Ffdt FE B 76 2% e Bt L
SN2 E A MTE AR A (I TE A, 2 A
IR RFRAEN 8 HHITHER, A& N
53.36 g-kg '-d T GELELAZG 3 A, KRS 1 h 5
KL, 5T 433 ML ,56 °C K i KA , i IE bR
W, -80 CHRAEAEH. ZHMBEAL THEAEBMN

A AR K AR IR 5k i 25 1 I o
2.2 Nl Bl Bk 9 e 4n M E) ST i Ak R R R & N
HPAEC 4 il T 6 fLAR  , FF 4 i % 80% ~90%
G BER, LBR SRR IR, A 0. 5% Jif 4F i i
(FBS) 1) 1640 ¥z 37 3L [) 25 24 h {fi 40 s kb F 7] — &
KW, i TGF-B, (5 mg-L~") HI ¥ 40 fa 72 h 5 W
SN A8k, 2 A0 M T 25 ol 6 A ) B TR B
Ak, 20 16 3 2 ek 20>, L 400 6 1) B AR G B 4 P R
Vi) Jo 27 Ak ke A 200 RS TR o) 2% 1
2.3 e WEASHA(10% 25 [0 ) AR 2
(10% 75 (1L + TGF-B, 5 mg-L™") 4 HIE 71
FIEAL(10% & 2510 + TGF-4,5 mg-L™") ,4MHIE
TR EH (5% F25 MG +5% 2 [ IE +
TGF-B,5 mg- L"), #MBH 38 T i IR FI 41 (2. 5% &
251M3% +7. 5% 25 (HLE + TGF-B,5 mg-L™")
2.4 MTT b a3 46 i 20 i 34 5% G i A X B A
KB HPAEC 20, 115001 8 5% 40 i %5 5, ¥ 5
10° A~/ FLAN M Fh F 96 FLHL P9 ,0. 5% FBS ) 1640
RegR LR 20 24 b, (40 o 4b F W) — AR K R . 42 LU
LA TN A N W S A, AT
TGF-B, &8, A’ 5 ME AL, K R dk 2L 5 5%
72 h 5 AR EE T i A MTT 10 pL(5 g- L"), #
PRI B, BIG R AR 2L E 5% 3 h J5 Ll 96 fL
Me, 2 B 55 9% 2%, 4 FL i A DMSO 150 L, #% 5 1
A AT 570 nm 3 4 Ab I E TR O AL IR IHAR
YA KA H R A0 AR = (1 - LAl
A/BERIZH A) x100%
2.5 wranswell ¥ K5 40 Mg i % AE I 1 W £
HPAEC 40, 31 500F 98 4 40 B 2% 15, # 4F FL 5 x 10°
AR F 6 FLAR,0. 5% FBS [y 1640 % 37 3L [
24 h 4N Ab TR — A K, BRI R %
PAE 4 21 5 0 N AH R VR B R 25 s L T A T
TGF-B, Wi %, &L 2 mL, & Ky A B 95 5 5%
72 hJE T A A A0, FH G Il T R 3R LK AN i S
IR, b % 3 R G I A0 M B, B LR R R
5x10°4, R A A 4 10% I35 15 56 35, 15 F 4 o
WHLEE SR 8 hy W L a ik, PBS sy 1 3, A
L 400 L 3 U [T 5E 10 min, W B 5 [ E W,
ALY W 400 wL, H R Y 6 10 min J5 R
PBS 2R L LR 2 ekl A& B =W, 1
TR AR /NGO X b S BT 1 A A0 DL R BR AR TR
(R 4 B, T A B B BRSO % AT B8 1Y 4 i, OF
T4
2.6 IR S g A DN A4 L AT A% B TH 1 Wi S X 2
- 3.
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AR B HPAEC 20 i, 1 %0 51 08 4% 40 i 2% )52, 4%
5 x 10°A/FLANME 249 20 B 70 T 6 FLAR P, 355 9% 46 1%
F% o FRARMUIG BEJS 0. 5% FBS Ky 1640 55 35 3L [6) 4
24 h fE40 AL F W — AR R T, R BRI 7 D
AR VR B Y 24 Y L IR 4R T TGE-
By ML, AL 2 mL, FFRAER IR, T2 hJE BERER SR
55, PBS phyk 1 Yk 40, H 200 L 48 3k 76 6 FLAR
R 3 I LR, PBS vl 2 ik, BRI 40 i, T
PBS wi 2 3k K AR A% 10 Al M Pk T, O 7E BB R
AR, A IR EE Ak B2 15 5%, 12 h 540 IR e Rl
JREE B IR T,
2.7 AR PESE 6K CD31, VE-cadherin, FSP1, a-
SMA [y ik IS X504 K i HPAEC 41 i,
FitF 6 FLAR A, 4 DL b 20 20 05 95 i A KR R e R B
2513 , T4 7 TGF-B, w8, B AL 2 mL, & 15 5%
FaYEFR. 72 h J5 KBREE SR EL, WA Y PBS Uk 2 Ik,
4% Zo B W B IR 15 22 10 min, ¥2 1) PBS ¥E 3 Ik,
JIA 0. 5% Triton X-100 fY PBS, 78 vK I ¥ 40 i 5t %5
31 10 min, 2[5 PBS-triton, i ¥4 1Y PBS ¥t 3 ¥k , PBS-
3% BSA ¥ il 35 4] 30 min, B — T 4% R 5] (CD31,
1:50, VE-cadherin, 1:200, FSP1, 1 : 100, a-SMA ,
1:200) 7 B, L BR B WS, A —di,4 CHEH o
7 o PBS-0.35% Tween 20 ¥ 3 i , I A 06 — 410, %=
HEEEEHE R 1 h, PBS-0.35% Tween20 ¥ 3 ¥, il A
100 mg-L ™' DAPT ¥ ¥, % ik 8 ¢ # & 10 min,
PBS-0. 35% Tween 20 ¥t 3 ¥k, JIA B 98 Y6 7 K U,
B TR A 98 Bl BE T LS IR
2.8 HHE ST EE (Western blot) ¥ Il Notchl
Jaggedl ,CBF1 25 H ) 3R3i5 W& HPAEC 4 i, fin
A RIPA 241 ¢ A1 PMSF & (1 B 40 ) 77, vk - 24 fige
30 min,4 °C T 12 000 r-min "' &.0> 5 min, 4 E
W WD RIS 8 LA R P e R L )
A REZE vh i, 95 C K2 5 min, K5 17
F =20 CHEH . e FH B AR U 26 1 o F = I 4
I T 4 JE o BN b % o YT A A R P TR
i SRR R A RE A P9, 100V OTE R FL UK 2
1.5 h, > 08 1 3 31 38 43 25 B0 S &R, O A i U
100 V,1 h 4 CHE 5% PRk = i H £ 4 1 h,
P —HTH & 5% BSA 1) TBST 7 # i 1: 1 000 Fi
B4 CWF A&, TBST PEME 3 K, &K 10 min,
$ —HUH TBST 2 1:5 000 i Bt , il FWHER 2 h, B
H PVDF i, TBST P:R 3 YK, 4 YK 10 min, & Tanon
BERE L BALT 411 B8, ] Tmage J 3RPF 3 H &R A 1Y)
JKEEAA

4.

2.9 Giiborik R SPSS 21.0 Gt AR kAT
OIMT BAE L x £ s Fon, Z AR RN R T 250
Br, P <0.05 Jy22 5 HA G258 .

3 £R

3.1 X} TGF-B, i 5ty HPAEC 41 Jfa 3 55 8 1 ) 5%
M) 523 P 2 A, R R 2 A i G B S R (P <
0.01) ; SARIZ L, #hFHIE H% & 25 13 = h .
VT B2 20 440 3% ¥4 25 2 B (P < 0.01) i
AR BH 38 F37 7 245 135 % TGF-B, 153 1 HPAEC 4
it 8 A — R L 2 o e A,
il VE Bk . LR 1,

F1 HEERFEFHMFX TGF-B, & 58 HPAEC 40 i 1% 75 &4
R AL
Table 1

proliferation of HPAECs induced by TGF-8,

Effect of serum containing Buyang Huanwu Tang on

g0 AR fzﬁiﬂﬁi&“ﬁ i
/% (xxs,n=5) /%
= - 0.744 £0.012 -
FAY - 1.203 0. 04272 -
AhFH IR 1 F 2 10T 10 0.847 £0.055%  29.592
5 0.975 £0.006*  18.952
2.5 1.054 £0.041%  12.385

V5 HALE P <0.05,7 P <0.01; 5 BB AL LB P <
0.05,P<0.01(£1~3[),

3.2 X TGF-B, 51 HPAEC 41 i 1T # Gt J1 19 5%
M 578 (4 B, R TR AL A RS B T 2 I A 40
B ERIN(P <0.01) , iEBEE R ERIN(P <
0.01) ; S5HIRIZ FL 5, 40 FHIE 3% & 25 13 =
IR 2 2 AT 7% 3 RS T 2 1 14 40 i SRR B b (P <
0.05) ,#MPHIE T %7 & 25 1035 & 9 2 41 300 e B
(P<0.01),iF BB W& WA (P <0.01), W
%2,

3.3 X TGF-B, 51 HPAEC 41 i N K bR 54 &
K 5 A 4l b, B R 4] CD31 AN
VE-cadherin ikt ¥4 &t T RE#E#H . SRR A L,
HNBHIE F9 & 25 103G e b ARG 4L CD31 il VE-
cadherin A5 5 FH## H B & & 25 105 W &
3 n, EIH RIS, W 1,2,

3.4 X TGF-B, 51 HPAEC 41 g [d] & b 25 4 &
IS 52 A A, B2 FSPL R a-SMA
Fikm ¥R LT SERAL R, 4N R T A
2y ML e P KGR 4] FSPL fl @-SMA Rk 5 T
B e B, LA 2 2 20 10038 vk B 1 38, T B bk B
. WE 3,4,
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F2 WHEERFEFHMEX TGF-8, F5H HPAEC AT HAF Y
Table 2 Effect of serum containing Buyang Huanwu Tang on migration of HPAECs induced by TGF-8,

20 51 WA B % MM (x 25,0 =3) /1 TR H/ % TEBIEE (v £5,n=3)/pum
=M - 38.333 £5.686 - 54.00 £5.56
i - 66.333 +6.506% 100 157.33 £15.88%
A0 BH IR 37 2 0T 10 44.667 £6.028% 67.337 102.00 =4.35%
5 49.333 £2.517"% 74.371 81.66 +5.68%
2.5 55.000 +2.000" 82.914 113.66 +5.50%

CD31

B C D E

AL S VB BRI ZE 5 C AP BRI T 8 245 100 55 70 4 20 5 D b BHIE #1037 % 25 1003 0 2 s B A PHIE 00 % 24 i VAR R) B2 (B 1 ~5 )
1 #PAERFEHMEX TGF-6, % S # HPAEC 40 A8 CD31 ik M &M (FHpEset, x200)
Fig.1 Effect of serum containing Buyang Huanwu Tang on expression of CD31 in HPAECs induced by TGF-8, (IF, x200)

DAPI

Merge

A

VE-cadherin

B D

2 WPEEE S MEN TGF-B, %S4 HPAEC 48 VE-cadherin 5 3% K9 80 (55, x 200)
Fig.2 Effect of serum containing Buyang Huanwu Tang on expression of VE-cadherin in HPAECs induced by TGF-g8, (IF, x200)

3.5 % TGF-B, 155 ) HPAEC 4 Jfl Jaggedl/Notchl M CBFl BEEHEXRE ZTE (P <0.01); SRR 4 1
SR 525 HAH R, T4 Notchl , Jaggedl BOANH IR T S 25 0 L T LK 2 4 Notcehl

. 5.
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3 WEZEREFHESZHMEN TGF-B, 558 HPAEC 4/ FSP1 KX

IR (D, x200)

Fig.3 Effect of serum containing Buyang Huanwu Tang on expression of FSP1 in HPAECs induced by TGF-g, (IF, x200)

4 WPFEZEREFZESHMEN TGF-B, 55 H HPAEC 4l o-SMA RiX BB M (FEE5E, x200)

Fig.4 Effect of serum containing Buyang Huanwu Tang on expression of @-SMA in HPAECs induced by TGF-8, (IF, x200)

Jaggedl Fil CBF1 %5 {4 223515 09 W &% (P < 0. 05, P <
0.01), H Bl % 7 24 i3 ¥k B2 (9 3 1, Notchl | Jaggedl
1 CBF1 Rk B WFEAR, WK 5,3 3,
4 itig

IPF J& — Bl LAYA A 08 1 A7 1 4 2 A 1k
V) S P A 5, T i S 5 A AR i S I A Al 9 5
ey 3% 11 2, 0 T 0 £ 2k b 2 OB BOIR R X —
TE AR P AT A A0 R TR RO A0 A, kT
R EMT J2 i 27 4 40 i 1) 25 2ok R, SR, W ais BT ik
EndMT J2& 1 £F 2 40 f /) X — V48 R Ui . EndMT
FU R N B 2 B A 5 R 3R R 2R B R T T ) 5 48 A

-6 -

FRAR R 1 B A M B op oA B A e A P e 55, A Y
] SRR IR B Wk CD31, VE-cadherin 45
PN B 40 M AR R, % T T G R A ) AN i AR A,
a-SMA, FSP1 2 [ it 2 Jid A 75 9 32 0% b, 45 4
O P B B R B A D AR | (R IR MG 3 i RE g AN
RS HE 7 3 s, 1 O O 2 W) oS e B AR S AT
dep

i B0 Ik A B 4 s R AR L B A L, A3 T A
A8 B I 5 100 A5 BE PN BT 2 R 2 () e e A% o 2 4
AR Y B M E T N BT 480, HoAE 4e 4 14
BERY 58 B R KOE W B9 I W00 PR Rk 4 B EAE
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GAPDH WS SHEE S S s 36 kD2

Notchl /e S s s suy 120 kDa
Tnggcd] 8 131 D2

CBF] W SHas Shee s smaw 60 kDa
A B C D E
B 5 TGF-8, i 5 # HPAEC #0 i Notchl, Jaggedl, CBF1 & B %
% B ik
Fig.5 Electrophoresis of Notchl, Jaggedl,CBF1 protein expression
in HPAEC cells induced by TGF-8,

R A2 BG4 R AE HL B A 405 565 R sl | JHLOF 3 1 2
V12D RE 0 B 2 0T K AR A0 TR A5 AR g 2 e
[y ks TGF-B, 2 i £ Fh i L 4y W BoA %
FAEY) A DREM L K B 7 2 il 2T 4 Ak & A ) AR
R E R T AWSEUESE, TGF-B, T8 N B 40 il [v]
-8 I A0 B Sy Ak b R CELAE L, AT LIS R
EndMT f) % 4 22 0 AR RIS R T TGE-8, %
5 HPAEC 4fi Jfs & A= 8] Jit % 6 £ 37 EndMT 4 jid #52
L, ZEHREW] 4 TGF-B8, 55 72 h J5 ,MTT 5246 @
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