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[ Abstract] Thoracic aortic dissection (TAD) is a cardiovascular disease entailing a high lethality between 65%
and 85%. Surgery-assissed implant/interventional stenting is the prevailing treatment of TAD. However, surgical
treatment can cause severe postoperative complications and patients incur a relatively higher risk of postoperative
mortality. Since the pathogenic mechanism underlying TAD is not clear, effective medication therapies are still not
available. In recent years, along with advances in single-cell sequencing and other molecular biological technologies, there
have been prelimiary findings suggesting the special role of dysfunctional vascular smooth muscle cells (VSMCs) in the
pathogenesis and development of TAD. Furthermore, the molecular mechanisms regulating the dysfunction of VSMCs
have been initially explored. It is expected that these new findings will contribute to the development of new strategies to
prevent TAD and lead to new ideas for the identifiction of potential drug therapeutic targets. Herein, we summarized the
critical role of dysfunctional VSMCs in the pathogenesis and development of TAD and presented in detail the biological
factors and the related molecular mechanisms that regulate the dysfunction of VSMCs. We hope this review will provide a
reference for further investigation into the central role of dysfunctional VSMCs in the pathogenesis and development of
TAD and exploration for effective molecular drug targets for TAD.
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BRI A I, ] v R DA T 3 BB B I AT
WEEGE K BLTADTEGS ~ 75% [ ABE B UL, R4 AY
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O, RET YR BRSO ST A IRR 25 S EVSMCs T
AT IR S I T, EBIIKEE Ty 2 VERERRAIR, 454052
i, M- FEMarfanZi S5 E". Loeys-DietzZi & 1E %
fbH: K K F (transforming growth factor-beta, TGE-B) {55
TGF-BR2. TGF-BRUFI TGF-B2R R 245 5| e, T 4w %
T 75 fi¢ 5 26 11 1 COL 3 A 1k [ e o ) 2 5 85 f
Ehlers-DanlosZE & 1E" . F1HEME] T TADH % ILAYZE
PSR R CHOR N B 25 B A

®1 STADMEEMBHREREY
Table 1 Pathogenic genes associated with TAD

Category Gene Key functions Consequences of mutations
Genes associated with contraction, MYH11 Encoding smooth muscle myosin heavy chain Familial thoracic aortic aneurysm and
differentiation, and proliferation of and involvement in smooth muscle cell increased risk of dissection in the thoracic
VSMCs contraction aorta
MYLK Encoding myosin light chain kinase and Familial thoracic aortic aneurysm and
involvement in smooth muscle cell dissection
contraction
PRKG1 Encoding type | cyclic GMP-dependent Association with thoracic aortic aneurysm
protein kinase, which controls smooth and acute aortic dissection
muscle cell relaxation
FLNA Encoding filamin-A and involvement in Cardiac valvular dysplasia
smooth muscle cell contraction
MAT2A Encodeing the enzyme MAT [l a Association with thoracic aortic aneurysm
FOXE3 Encoding a transcription factor involvedin ~ Increased risk of aortic dissection

cellular differentiation

Extracellular matrix-associated genes ~ LOX

Encoding the majority of lysyl oxidase in the ~ Marfan syndrome and increases in aortic

aorta aneurysm and dissections

FBN1 Encoding fibrillin 1 and formation of Marfan syndrome
microfibrils

FBN2 Encoding fibrillin 2 and formation of Marfan syndrome and aortic root dilatation
microfibrils

COL3A1 Encoding type Il collagen and synthesis of ~ Vascular Ehlers-Danlos syndrome and
extracellular matrix collagen increased risk of dissection in the thoracic

aorta

COL5A1 Encoding type V collagen and synthesis of ~ Vascular Ehlers-Danlos syndrome
extracellular matrix collagen

COL1A2 Encoding type | collagen and synthesis of ~ Vascular Ehlers-Danlos syndrome and aortic
extracellular matrix collagen regurgitation

MFAP5 Encoding structural proteins of elastin fibres  Increased risk of aortic dissection
and microfibrils

TGF-B signalling pathway and its TGF-BR1&TGF-fR2  Encoding receptors involved in TGF} Loeys-Dietz syndrome and increased risk of

associated receptor protein genes

signalling
SMAD2&SMAD3&S  Modulating transcription factors involved

dissection in the thoracic aorta
Increased risk of dissection

MAD4 with the extracellular matrix

MYH11: myosin heavy chain 11; MYLK: myosin light chain kinase; PRKG1: protein kinase ¢ GMP-dependent 1; FLNA: filamin A; MAT2A: methionine
adenosyltransferase 2A; FOXE3: forkhead box protein E3; LOX: lysyl oxidase; FBN: fibrillin; COL3A1: collagen type I, alpha-1 chain; COL5A1: collagen type
V, alpha-1 chain; COL1A2: collagen type [, alpha-2 chain; MFAP5: microfibrillar-associated protein 5; TGF-BR: transforming growth factor-beta receptor;

SMAD: mothers against decapentaplegic homolog.
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2.2 EFhEKIE MBI

2 B BRI 2RI 2 d5 5 DL A S R A O B T 5%
W, HERHRLIHR0.5% ~ 2%, F BBl e 25
F BB AN R AR P . AEITE E Bk Z
B, 9% B E G IR e KM T ORI IE , X4
FoAT B ko — R R 5 & B ke )2 1
. BT, F3hhkom 87 & 3 g ke 2 i pLE
WA TE 2 W, (H T A IR, 2B )5 Rt R R A
HAR R T OCHE M . ORI 7= A ST U S 1Y
MR S, BT SETAAR KA GRS R B, £
B bk = 2 ) SR A AR R ) AR 22 e, DB M
FI A G Z B0, ok, sk it UIE i B
FERBEREINS , X TTER A S R T £ 3k
TR B g e k. SR, R BT, S
Shlk I 4 5L R v A B
2.3 BEHEXERE

T Bk S 5E PE B A F Takayasush ik & . B 40l zh
Jik & FiBehgetfii§ . Takayasuzfi ik ¢ F1 E 40 Bl ik 4 = T4H
HA SR B BK A, JRAE (477 £E S BRI 4 RE , S BUR A=
TAASET AL, FBUNE A . Beheethi W 2 (A7 11454
PRI I8k L 4R . 020000 8 2 240 6 R 5 200 32 i, B3R
2 BT AARTE Bk £ S KR AR SE
24 HIE

B IR R TADR EEZ MR KR, XY
80% A A= TADRY L A W I o el AR, vy I
e i 2tk 32 gl ke )2 A HEUA BRXURS: 19 54%, LR 9 2% R
BRAE21/105" H A HIBE [ ) — UK A 11 PR AT S B 1
F5E 2% PR, 1= I 55 T A D DX A% B v B AR O g o
JE 80 S KEE R F7, VSMCs AT 4 41 ff i 1 4%
A F RN A SR T 2 (AR Ak, R 20 R Y 43
BE UL o3 1Y G RE i i A B 9K &K T (angiotensin,
Ang ) B 20 HA -5 T A2 0 1076 BE 335 17 ) 2% 671 £ 114 B
A PR AR ML T DL R LS AR s e AR
T L T R Y TGE-B, 2445 T sh kB S 0
BEGTRRE , FERIRTETURL . LSV R A Je 2T 4k Dy T, X
POE RN (IR T A T O
2.5 RITHEMERE
2.5.1 JAZZHIRE TAAR—FOKAPER . JRE AN 3
Sk, FlG PRFEAE N i £ sh bk B skl 15 % 3h
K AR AI50% . TAARYGBARHIE M 2 3 bk i 4 )2
PR T AR5 i AE T LA R K R A 11 T 2 B DT
o TAAR] KA T 3 kes AL, 38 % RYF, TAA
AT 53Ry FLE Bl kg AR sl ke . ELPESh R By RRIE

A F 3 KA 2B & A S 5K T AR 3h kR E
P 00 A P IR &7 T %) A T i, R T A 5 i s
FHIRAC e, 4 RZBTAA(L95%) B TE S Ik I &
P R AR TOAEIR 9, DRI AR ME B 22 15 A TA AR
W2 . TAAR KRR REE BT, shks Ha KT
60 mm Y B E I e J2 B A 1 A R 2R B AR = 6.9%,
FET % 411.8%" BRI IKIRE 1) K/ I J2 1) bk Je I
AL A e 2352, (HE ZUEH TAA KNS i 5
L SR XU B IR 5, TAARKAEAE 4 BN Je 12 %
AR, TAAR A BB S R4S By i 8 S TAD . IIfi IR
AR B, TAARE BB MER K TADY,
TADSTAAM K5 KU 2 IEAI S, Bhah, LR shf
RGBT 45 A Sk — 2530, (1 B- 2 LG R R/
B, AT RIS BITAABSR AL INEL, 72 A Ang T J5 &6 5%
KAYMEAR (75% ) A8 HTAD, $ 2 —2L 1/l 2 % R
SRR R, TAARTE U175 TADRY 2 XU R
. SR, R TAAR TADFEAL 1% 0 IH 2 K HAE FHHL
il 1 AN B A

2.5.2 FHIRIHEA GRS s, K AETAD HIF
A Sh Bk AR RE T i 2R 3 e =ik 31% ., sh ko A ad
AP 5 FEARRAE 2 200 6 A7 [ s BT 5 . M i 1 R R
P SR S5 1) SR A (A5 1l A AR AR L, I 2 2k,
S KIE R REE MR . RIS, oA B
FE A T BYUTRR, Bhkopess, 45 RE 1Y) Rz ) i 238 i,
PEE TADIY R A T REHE,

3 FENARSTAD

VSMCs/& 3 gl ik i iR Y =2 4n i Y, HAE 4 dr 3
B IJKEEFN A0 B /M3 5T (extracellular matrix, ECM ) 454 1
Yt o B R4 )y T 2 O 2, HOI e ZE AL 2 A K A= s
PR AR Y B g & B, VSMCsHYIIfE
ACTETAD I KA R gl & EEAPEH . VSMCsif
T RIS L SRR ECMA A 15 R AR 2 i) i 5
PRI A AL, 55— T3 T, VSMCside P A5 1A B2 2
JHL 5 2 L AR ST A 200 B AF EL AR, sk iy i A
3.1 FiEAApET

TAD R BAREJE T4 T R A e 3= sl ke
JRSZVSMCsI AR . KA AVSMCsi -2 B IR A
HECMM ek, 5 R A 5 1 1 # v Re etk . 78/
AR E W TADREA T Y LB T VSMCs Y 5 3 8 - 81
G, X IESE T VSMCsIY 7% T 5 TADI R £ &
JEEDIAAOC 2D ML B R W, 1 BE A0 1 4R
(reactive oxygen species, ROS) FHU AN i 17, 5%
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VSMCsHJ I T-FIECM¥ RS, M Sirtuin3 18 Rk T
Ang [1 /53 p6swilR 1k . 550 4@ 2 1 g2 F19 (matrix
metalloproteinases-2/9, MMP-2/9) Y i %2 iA FTROSAY 7™
Az, I8 T VSMCsAEIA T, VSMCsHY A A% ALk
PRDNAS A5 LA I B 5 DN AR I 0RG 1 T4 38 2 DR )
B F (stimulator of interferon genes, STING ) {55, M i
3 A L E TSR SRS S A AE T, I STING )BT
] LA TADRY & ™,
3.2 FRALAAEREEL

TEIEE PR, VSMCsF B “Uga =417, hife
LRI T, VSMCsa by “G gk, i Al
FIVSMCs/H R BE B, MY 5H | iF RS RE 14855 G iy
VSMCs/HEFEERAR, HGFE . ITH%RE J1 B0, Tk Fh KA
HALB NI R A B BIARA R R . FETAARITAD
B ME AT, & A VSMCsHUR FI L] 2% = T 15
HIMEHL ., VSMCsHYR B AL 2 e ik 8 oK g gl
L X A& ECM™, TADBE BT Esh ik
H KA F11(growth differentiation factorll, GDF11)
BRI T e T2 3K, 1 FIGDF11IRYT S, VSMCsHL i
RAE ARIKBGIN, & R AR S W) RIB AR, R
GDF11 7] e il VSM Cs 2 B i 4 - R RF S 4 RS, A
BT TADRZEAR™ . S SR 25 T P miR-31-5phY
IR, ARHE O WL BT WEVSMCs A s JE R F 3k, 4EFr4M
ffa Wi 46 AL, BEAR T TADIY & A4 BEZRY . VSMCstE
TAD R T MR RV R & R LA, tnT e 4k
A AR, LISFFETADFEA & BEVSMCs ik 1 3f
ik oA A RS B R A R b DL ) — S I A L i, Ani
1A A0 S B AR (2 (Iysosomal associated membrane
protein-2, LAMP-2) FIEFLEER 3, (AN A Rk E g2
L HAL R ARE W), $ Hodim 24 N B 24 VSMCs.. 7EAng Il
V517N AT ADRRY rh & BV SM Cs 23 585 Ak Sy 1 4 Y
VSMCs, Bl 7 e J2 B ARG I 21 VSMCs 18 L b i
Y)CD68HILAMP-2, VSMCs# Rl iy Wi 4 e AU Al hy v ik
FAU R L, ARV SMCs 2R B AL 1 R R K AR AL
2 AT TADBFFT SR A £ s AR

4 FEFEINARNEZRINATEERR
S FHLH

TETADIYELR T B, PRI, K 9 L i A s
JZ, VSMCs B 24 b 232 B U Y il , iIXRhRAR A 175
R TRV SMCs FUREE s 55 EIRI A, ph A i A5 20 i 23
WA 240 L PR S5 AR i A T RS T T VSMCs.
JEAZ B A0 R 50 3 2 RV SMCs 28 3 A ] i) 17 5

T A e R, AR 2 ) E R
4.1 ZHREEF

240 L PR 2 Pl A B O I /N 22 IR o 2
F1, EANAE S, AT Sk, SE RN G e S5 D RE ke
BOREMER . ANSEP VR BLTAD 8 LG i 40 A
# (interleukin, IL) -6 FE Tt 51, TAD F sh ik BERE A HTL-
611 TRt W] S 381, TL- 63 ao 19 Wk DG 4BF Jok 22 R Ik il
B A MR T VSMCsIt S & F 1Rk, LA
VSMCs & A £ R4k . ZAPETADRH F3h kgl Uil
A AIMAE FPIL-11, 1L-6, IL-17, TRy AR IR FE A
TRV RETF . EhkRRZ 25, ik iz
V14 BYLAZE 200 60 2 I 2L 2 v (4 V SMLCs B I 2T 4 441 it 2548
AR, R IR BYIL-6., IL-1B, FEFEMMP-9 7 A= il 48
it KA A TIRECMIN AR E , IR S BUATADIN R A, £
FR L R+ 2 5 TADR K E R R, hIRME #EVSMCs A AiE
BN JATS . EAMER KA
42 E£YHERE

PTAESE, WAR BT 77 (fluid shear stress, FSS){E A B
e AR SN I DAL TS i P SE N
TIPS IESE, FSSH] EL 417 S VSMCsi% 2k g HiAt < Al 41
JitL, 0 E R AR, AR AE . MarfanZi S AiE iR
RT3 SN K v AN 32 Sh K v i R TR Y U1 ) K 2R
WY A ks Ak, R i AR BE A PSS 45 TGEF-
B TG VSMCsI AT AT RS, (1145 VSMCs IS 4 2 74!
AN G R SRS 4IMI L, FSSIA S E
24k, SJagged LAH BAE FIFB0E Notch {5 538 1, 4E+F
VSMCsIH R AL, Ah, FSSIAR 215 i 3= 3h bk
H Ang T FIEH R i#R5r FTGE-BRYIE 2, DTS 22 24505
1L TE % B (mitogen-activated protein kinase, MAPK) {5
S BEMISMADSE 538 %, 55 MMP-2FIIL-611 = R34
KR T FSSHE, A 7 HIUS 1V SMCs R AE £ K 33k T
FE, R FEVSMCsIP T . KA AR A4, 5 S TADIIE
BN T A FR LR BRI N VSM Cs 23 i 15
YAP1FGAFAR, Ktk KR4I T, AN TADI)
K&, LFIRWIFRRY, AW 2% KK ] 4 VSMCs
AT R B R A AL, B MAETADRY &4 & R hil &
HEEH.
43 ESi@EK

RARWFFUESE, TGF-BAF 53 # 1) BT sl 1 i ] A
23O FAUAE - 3 B A AR , DN ITTBREIR = 3l ik 4 7
“VERE, PEALVSMCsIE# A FLTIRE, FETADM KA,
PR T GE-Bf5 5 I T liF 5> F SMAD3 S iR VSMCs
TGE-pf5 5155, AR T VSMCHR 4 Bl bR S W a-SMA |
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SM22a i R F 3k, VSMCHY I 45 Pk 32 45125 i
SMADAJG 23 BIGTL-1B, K A= e S0 I g, el A% 3 ik
BERY 1 22 R PRI I A8 A K, InPRVSMCsiJa T, 5548
I A 4T L 02 5 W 2 A A MRS A, S5 5ok af A £
SAFNT AD R BEE R, WFFE N LA K A A 3 %
WAETADIY A& A & e i G ERIEH] . LISFEIE &
Pp38-MAPKI 5 1l B TADZH 4L Fik %555, Ang Il 7]
LI i 14 B ik R 2 AR FIp38-MAPKI& 1215 S VSMCs(1)
MMP-23K 5+, ] DL 5 miR143/ 14519 K5 F
VSMCsHYE R AL, FETADK A . RZE15 5l B 1E
VSMCsH IEHIS A 2272, ok 58 2 B TADRY & bl
filo B, T Z s — L IRA W TADR 2+ &AL, 5
AR TR AL

5 TADZYIRITIRER

H T, IR EX TADRIG YT Jr ik EEE PTEN AR
ISP RN LI 8 3 AR SR SR AR G, SR T ARG T i
YT RCRITE 22, FET- KU & R, Sa VI B R A
R Z5 W)X TADSEAT 0B B I69T o 2R 1 e C R4 i 571
AL A fth Ak (enzastaurin) FIVE YT = 1L T 265 90 U Jm 62
(hydralazine ) ] {fi Marfant% /I8 B 32 2l kPR 52 1E 10
TH A7 &K (rapamune) W] LA 0571 ULAN AR % e 7, £
B kEE, TN HITADRHEEY, BbAh, A 2435
WU R 5 10 25 & V0 31 (losartan ) 555 B 37 14 BH ¥ 751
15cE i HINA YT LA ZE 32 3 ki ny 2 e, KT, Fak
iR BETE I AL T By SE 5 B B BLAFAE— & BRI RIVE
o i, diaes R T Res /N B g K e i )52
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TAD™H @& N A A @b, B T & L]
WA BIES, H TS TCA R 26T T-Be . BE R
FPEOR BT A R, T — A H AR TE G R FNRL B 45 4k
HUAS T B R R, FER I H AR M) 7 AT B Y
A, BRI AH 2 0F 588 ] THSHEIG IR =T . e, J4F
e B BN Y R AR 1 248, 7S AT TAD R A s Bl ]
AT RE LA T IR BARRIAR, S R B
PRMLHIE T RS —25 o I S I 3 45 2R ke R
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A E AR, IF HREE S O F 20 B 2 e 8 Ak A
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ML B0 F3 278 U L5 B 5 A0l St 5 | JEE KR ) F
PR, TADJR BRRFE 2 B b A il i 8h 2%, (RN 2 %

AR A IR | S 2 AR TR R B R £ 05 T 2,
BEME AT B B I RECHE R AR A, TCvE SR R
M sh 2= 24, (A A DR BT ™ 4 i FSSTETAD
W) R R R R R B EEAE Y, BAR BRI 1R
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