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i E. BB KT Twist 8% % & 1 ( Twist-related protein 1, TWISTI1 ) *+¥ & 4 4 ( Monocrotaline, MCT ) % -3 &9 I
ZHkZ & (pulmonary arterial hypertension, PAH ) XK S fe i & a9 Hwa A AuE . Fik 4 50 R4z B SD KR, KL
oA SR, Bpstmgsn, BiAZE, =W K BAK ( Dimethyl sulfoxide, DMSO ) 77 4L 22 49 BEA 40 . TWISTI 4% 4] 7 Harmine
0. BeEIPR A AR EEE, A W% E (RVSP) , A ERZIRHM (RVHL) = ABEEE 5 (MT% ) AifEX
FOPAH a9 8%, KR gk bp ik sk #em] TWIST1, A#48%% @ LC3B VA% RND3 #9% & JiK-F, &R EﬂTP@éﬂt%’i
MCT #5495 PAH X &P TWIST1 #= LC3B A ik 34, 45 5] AR89 2.32+022 4542 087 +0.19 1, £ZFAA LTS

L (=15.812, 11.227, ¥ P<0.001) ; FB RND3 &35 Fifl, Hafi4a69 0.32+0.07 1, £Z7FBA %45 EL (=-13.003,
P<0.001) . #%5 TWISTI 474 %] Harmine 2t B %474 7 % 278 7T £ 2 374 MCT # 469 A % % 4= RND3 A& T, F
B 4K T MCT 3% $49 PAH X R 49 RVSP, RVHI #= MT%, £ % B A %t 5 &L (=-24277~16.636, 3 P<0.001) . %
I TWISTI it i F A s Rt i o i #9128k PAH 92 AR JE
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Abstract: Objective To investigate the effect and mechanism of Twist-related protein 1 (TWIST1) on pulmonary vascular
remodeling induced by monocrotaline (MCT) in pulmonary arterial hypertension (PAH) rats. Methods A total of 50 healthy
male Sprague Dawley (SD) rats were randomly divided into five groups including control group, MCT-treated group, MCT and
dimethyl sulfoxide (DMSO)-treated group, MCT and harmine-treated group MCT and hydroxychloroquine (HCQ)-treated group.
The right ventricle systolic pressure (RVSP) was measured, right ventricular hypertrophy index (RVHI) and percentage of medial
wall thickness (MT%) to assess the development of PAH. The protein levels of TWIST1, autophagy markers LC3B and RND3
were determined using western blot. Results Compared with control group, expressions of TWIST1 and LC3B were increased
by 2.32 +0.22 folds and 0.87 £ 0.19 folds in MCT-induced PAH group, with significant differences (=15.812, 11.227, all
P<0.001), while the protein level of RND3 in MCT-induced PAH rats was decreased by 0.32 + 0.07 folds compared with control
group, with significant difference (r=—13.003, P<0.001). Administration of TWIST1 inhibitor Harmine or autophagy inhibitor
hydroxychloroquine significantly suppressed MCT-induced increase in LC3B and down-regulation of RND3 expression, and
reduced RVSP, RVHI and MT% expressions in MCT-induced PAH rats, with significant differences (¢=
-24.277~16.636, all P<0.001). Conclusion TWISTI1 promotes pulmonary vascular remodeling by inducing autophagy
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activation, thus promoting the occurrence and development of PAH.
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fili 2l ik % J& ( pulmonary arterial hypertension,
PAH ) J& —Ff ™ 5 (1) SO0 M i A 9 s, FTF 3
A0 W AN A S A D =R U PAH HiUR
25, JRAERE, BARME SR PAH $E 103G YT 254 F]
ARE B M AETE B, BRI T R
50%“. PAH (&AL S 2%, il gl kT3 JUL 4
( pulmonary artery smooth muscle cell, PASMC ) 5+
HIGRE /8 T HET S 20 il I 45 E 98 & PAH )
FLRR LA P AN A v R A Z B A . K
HH R AR AR R . T ESE,
PAH S35 FI Sl Wy A5 A0 vp | I R 3 i, AR 1
TS T B A Al g Bk S, B0 PAHTY. Twist
MO 1 ( Twist-related protein 1, TWIST1) &
AL b B RS A B SE - SR - 2R - BRI T
EWi—bi. TWISTI nflEEMc R E, 552
Foft A BRI B R A PR . TWIST S — iU 5k
N, A 2P0 I Lz - [ 5T 46 (epithelial-
mesenchymal transition, EMT ) Al Ifil & 2 a1
Hb, TWISTI b a] JAHE 2R AP . DFFEIESE,
TWIST1 45 PAH [k A4 K R VIAHDC . 76 PAH
FI W 4% TWIST1 B /E K BARHLE] 5 A A5
. AW AR H A 8% ( monocrotaline, MCT )
4 H PAH K BRURE AL Y R it B, 4R R TWIST1 Xt
PAH 520 S ELAR ) T AL
1. #MRI5RZ®
L1 BFRAT % AT H s S A YRR SD
( Sprague-Dawley ) K El, 1AHH 180~250g, T H
SD K BRI T 74 42 32 38 R B 2 ik S g sh b s,
JHEFRT SPF s b . i SD KE 54
TR FAE (20£2°C) | HE (40%~60% ) | 12h
JCHR / FREETEIA Jr] | EHEE R UK RS,
AMEFE BT F S () A SE IRV E S0 (PH e 2
B sl SEg L SEER SR S A TR ) o
1.2 BB HRXA AL E RS Ba
A0k, T IR ( Sigma-Aldrich) ; iR & A&
W fr (HCQ, LiErh a2 AR/ F] ) ; Harmine
(MCE) ; P -actin ( Santa Cruz Biotechnology ) ;
TWIST1 ( ABclonal ) ; LC3B ( Cell Signaling
Technology ) ; RND3 ( Proteintech ) [l £ HT & IgG
4 (Sigma-Aldrich ) ; RIPA Z4f#7%, SDS-PAGE
MR & (LR ERARAR ) o £%
MR A g . TR AR KR U] AL A s U0
Bl (Leica) , BEMECREEFITL ( HARREATH) |
JEJiHefeds 2 AR e AL (Power lab ) , HATK
SOFEREE (bt —UERT) |, RO &

4 (Bio-Rad) .
1.3 7%
13,1 SCER o2 SARHE: R A Y 50 HUEE:
fathRE SD KFL, FENL N 540, FE41 10 K, KR4
(Con ) : 25 5455 A B K ol (A 70 W s v
BH LW, #EEGI7 4 ; MCT %S 19 PAH £
A (MCT) : — KM ME I 5 MCT 60mg/kg;
T HIIE A (DMSO ) ¥ 7 Ab 35 PAH AR R 2
(MCT+DMSO ): FLIRJE TS MCT 60mg/kg )5
145 5 DMSO 0.1mg/kg M8 I iE ST, & H 1k, %
SEVRYT 4 ), TWISTI 4457 Harmine 40P A% PAH
PRAIZ] (MCT+Harmine ) : — X% 153 8 MCT
60mg/kg 5, % 5 30 mg/kg Harmine Ji§ J§ 11 55,
BH 1R, EZ6Y7 4 85 A BEISR HCQ Ab 3
) PAH BRI 40 (MCT+HCQ) : — WM I8 s v 5
MCT 60mg/kg J5, 45 40mg/kg HCQ #E'H, 4 H
LR, ELHRYT 4 .
132 A=W FEAIE . 28 KIGXAAE ) SD
KA S e A TR, R BRI 43 15 11 A 3
SNk, BEETE—RPEDIO, KA 0.5g/dl BFE
B - HAKIER R O EE Y DA M,
FELHINFIKE AL OE, FRHFAmEE £
AEBNCSRGE SRR TR B, Mgk
PRBLRY A7 O PTERT , FRIRXAT O = W T (right
ventricle systolic pressure, RVSP ) #E17ic 5%, il
SEE SR R
133 A ORI E: A0 FUdE =
WA, BB RRMG . WAL, AT
MR 4g/dl 25 PR AT [, FAR i 41 41
DNEE T -80CUKAIRAE, M T emUFLLLss ., Wy
% ] Y8 11 25 43 5 O E G 47 0 % (right ventricle,
RV) , H PBS @& nl A7 opik, UEACKAwERAE
K4y, BraEA0%E (right ventricular, RV ) | A3
FIZ [A] & (left ventricle and interventricular septum,
LV+S) , $J5 X470 B JE 48 %4 (right ventricular
hypertrophy index, RVHI ) #f 17 i+ %, 2 X K
RVHI=RV/(LV +S),
134 fABURAKE - 40 (HE) Jefa, iR H
JEEJE B T 3 b e [ A R B A il i 2
T, A5 M il 2Uks e, Bl S U S wom &
FEMIYI R 4T HE Je o, R F BB T, fff
HH Image Pro Plus 6.0 K {4 % 48 5 4t & 42l i
ELARTE 50~250 wm fifi /> 3y ik (4 B JE B (' medial
wall thickness, MT ) K145 4M% ( external diameter,
ED) . &F5k3E A 20~30 HRAH I 4, 155
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JEEEE S (MT% ) LIPS IS BT . MT% 1155
IR . MT%=(2 x MT/ED) x 100%.

1.3.5 By B b 2k Ak i K U 41 2 v TWISTI,
LC3B A1 RND3 & %35 BUE & T 80 C UK 4
FERIIELZY, e RG22 A= PR A RN =
GIEDTVEN E (RIPA ) UL BAREUS S A, b
Je i BCA 1528 1A 5 i) A 0 45 2B it 2R 1
WePE . 16 10~15g/d1 + B BERT IR BN - B8 TN 44 Pk e
BECHL K (SDS-PAGE ) W7 H /0B . #ER
PVDF i H Sg/dl I As Wiks &0 1h 5, W% & AH R Y
—Pt (4°C, &) : B-actin, TWIST1, LC3B #
RND3, K5 5HUR AP (HRD ) BB L
FPie 1gG P EIRIFEE 1h f5Jm ok o Al ik
22K 2R 4 ( Amersham Bioscience ) #6:iill E[J55
JF# ] Quality One #f ( Bio-Rad ) il & 457 % o
1.4 it abr (i SPSS 18.0 #/F T4 4t
AT, TR IR « ARiEE (X=s) WIE
AT PR %5 B R Tukey post hoc £
55 hr. P<0.05 AZESFEAGIHE L.

2 H#R

21 MCT#F#MPAH R ZS WE1, W1, 5
PR ZH e, MRS MCT 4 J& )5 PAH 20 KRG
Fb B T, 2257 B gt L (=36.178,
P<0.001) , #2775 PAH BRI & 2. MCT 41K

x1

FUAY RVHI 35 5 TR, 2R A5 EX
(=13.315, P<0.001) . M4, MCT 41K B fifi
INBIIKAE BEJEFERG N, S B2, PASMCs 5 i 4
%, SMEAEE REANIRIE ;[N Bl ko s
FEES T (MT% ) @ mIESE00 R, MCT 41
KEHY MT% #0251 e, 255 B Giil2#
X (£=19.784, P<0.001) . MCT #H K B i 2 2%
TWIST1 £ /K40 R4 i 380, 25 A5
J12E X (=15.812, P<0.001) .
2.2 F#4) TWIST1 *F MCT # %4 PAH A% X & A
g EFBA TWISTI ZaKEHh WE1, B
TWIST1 #I {5 Harmine 4t ¥ J5, 5 MCT+DMSO
ZH K BRAH L #, MCT+Harmine 2H it RVSP [& 1K,
RVHI T F%, 25 BA %% 8 XL (=-27.614,
-11.830, ] P<0.001) . %5 Harmine b2 )5 B i
B T PAH A5 K BN /)N 3 Ik R JEL R A G
BRI MRS, T PASMCs B (5 2 DL K Ah
A PEAN B AR, WE 1, EE TR, 5
MCT+DMSO 4 #f H;, MCT-+harmine 2 K K % ifi
/N K MT% F %, [8] BF5 MCT+DMSO 41 K B
A1 He %, MCT+Harmine 20 # TWIST1 3 35 F#AIK,
SHAESG ¥ E X (=-15.737, -14927, ¥
P<0.001) , 160 Harmine AJ & 25 4 51 A Bl 2H 28
TWIST1 £ /KRS

£4ABKR RVSP, RVHI, MT% #1 TWIST1 BIZKTE (x5, n=9~12)

BiH Con MCT MCT+DMSO MCT+harmine
RVSP (mmHg) 21224125 48.68+2.33 50.52+3.02 2852+ 1.67
RVHI 0.32£0.02 0.58 +0.07 0.67+1.13 0.41£0.04
MT% 2175+ 2.64 35.98+4.12 39.57+4.22 27.29+4.20
TWISTI 1.00+0.15 2.32£0.22 1.96.+0.20 0.97+0.13

MCT+DMSO

E1

MCT+Harmine

MCT+HCQ

FEKRA/NEEK HE LR ( x400)
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2.3 #pH TWIST1 #F MCT # 5 49 PAH £ & X &
B4R 4% B 7% &% RND3 % W2, 55X
, MCT 41 LC3B H /KR8, RND3 &HH
KEBETRE, Z5HA%EE X (=11.227,

-13.003, ] P<0.001) . 5 MCT+DMSO 41 H%%,
MCT+Harmine 41 K BT 4121 vh LC3B & H 7K FE M
WREIL, RND3 & F/KFIIRE I, 2R EA4%11
L (=-10.374, 13.764, 1 P<0.001) .

*2 KAKRAMALN D LC3IB F1 RND3 BEEFRIZKFELLE (x =5, n=4)
| Con MCT+DMSO MCT+harmine
LC3B 1.00£0.11 1.87+0.19 191+ 1.18 1.18+0.13
RND3 1.00£0.17 032007 0.19.£0.06 0.86.+0.13

24 9 g% s MCT i 5 69 PAH A& & X &t
f g E A RND3 #rm W3R 3. 45 A MEMH
FHCQ A # 5, 5 MCT 41 H %, MCT+HCQ 41
K BLAY RVSP, RVHI, JiliZN 3 ik MT% 7 . 3% %
ik, Z2RHASZI2=E X (=-15.634, -8.869, -
12.112, ¥ P<0.001) . [AE455 HCQ b3 )5 B

e T PAH BRI U /N Sl kS BE JEL BE A9 1 i
BRI A, IMH T PASMCs %5 19 54 £ L K Ak
JES 58 PR 20 B iR, LI 1. 5 MCT 41 &,
MCT+HCQ 4H LC3B, RND3 & /K ¥4 MCT 21 H
¥, ZREAFAGIE X (25552, 16.636,
¥ P<0.001)

3 &40 RVSP, RVHI, MT%, LC3B #1 RND3 B KFE (x+s, n=9-12)

TiH Con MCT MCT+HCQ

RVSP (mmHg) 2122+1.25 48.68+233 3049+ 1.78°
RVHI 0.32+0.02 0.58+0.07 042+1.78*
MT% 2175264 35.98+4.12 27.06+3.17°
LC3B 1.00£0.18 2324023 2.80+0.24
RND3 1.00£0.10 0.30 £0.01 1122012

3 iFig FREY PAH BRI K BT, FIRIEPEREAR, A mEbR&

ASLIRR T AVEAE MCT %519 PAH BRI K
R 1 7 5 98 P VR B oy FRLL. FSEIESE, A
MCT #5311 PAH K H TWIST1 263k B, HEmiiA
S ML, et RND3 B, M febiiin S s
PLK PAH B, KL, EWERTVER PAH HrYiRYT
AL, oA PAH BYTRBHANIAT T B AL R A B

H e AL AN Y B R e 2 —, AR
i PR S 0 A W o ) T R P A R A
MM R BUE R AR AR AL AN F
SEIE, WY S R U, A I S A A R AR )
SR /)5 e R RN & ol pi S Bl S N
DAAERR A N R AR e Y AR SRR TR S
P A BN T IR LA R AR E A OGP B0 A
N Y 22 B i 1Y e e R SR B UTMA G . R 9T
PR, & MCT i 3119 PAH K BUINT 41 28 rp A w15 1
Hang, WA EAEE N, AR RN, fELRE
A PAH & ) PASMCs K HAh 2 PAH ol 45
o TG PEIR e Y AEARE R T, R A
PRLE MCT 1% 519K B PAH B b [ s hr &
LC3B 7K K Jifi ifn A7 s 33 ¥ B i 34 . HCQ & —Fh
B F IR, TR RS EE A R K
FEREIIG , ECA WA BHA N RERE Y, SEim
il F W & A BRI 2R B MY I, fE HCQ 4b

PEFE T (LC3B #l Beclinl ) KA,

TWIST!1 s&dEAb 5 BEAR ST OB - S2E - 2F -
IBRERG SRR F 55—, IR MBI i 2 A M %
oS e P 0 a4 A B U RS R, TWISTI
5 PAH Wy R AL IREYIASE T AR EI, 1
MCT #5318 PAH BRI, TWIST1 &iAHE I
Vo BFZE LB, miR-532 i) f 4 TWIST1 #i
B i A T B AR 287 S A R T e g 1Y
[ i, RND3 1E & Rho Z8 % () A% B, J&—Fh i s
A Y. RND3 A 2R AW ui6e, i #ik
RND3 A 36 40 M35 fn Ak K . 5 S 4 o= A gy
120 A2 b AZSEME R T, RND3 ik i 3%
NH, i # Kk RND3 40 foss s p i Y. A
WFFEUESE, WG P R n] i S 1 s B AR 12 R
fift RND3, ik 5 350k g 4t p 1 g 22

VARG , X PAH A& AILE A A S DA TR % i
PAH (Il R Z5403R 7 S T ass iR =2, |
i, SRR T LA WA 40 AR 0 465 6 3 1) 1) 25
227z W T PAH BIGIRIGYT . FEARMS T, 3K
1% TWISTI Al ik MCT #5519 PAH #581K
L 2 A WA S, JE IR O RND3 ik, {2k
M AE I Ak, AHFFE AN TS 7F 40 B SE 50 Al -
XFELR BB A T8 — 2 B KAIE . ASHIE 5T $ 7 BELIKT
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