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[Abstract |

initiating factor for AD, is the friction between blood flow and vessel wall. Abnormal WSS can cause pathological changes of arterial

The occurrence of arterial dissection (AD) is the result of multiple factors. Wall shear force (WSS) , an important

wall (intima , media, adventitia ) through various mechanisms, such as endothelial cell structure and dysfunction, internal elastic lamina
injury, reduction and phenotypic transformation of smooth muscle cells, extracellular matrix degradation, and eventually lead to the
occurrence of AD. In order to better understand the pathogenesis of AD, this article reviews the regulatory mechanisms of pathological
changes in each layer of arterial wall caused by abnormal WSS.
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kI )2 (arterial dissection, AD) &35 sl ik P4 i
LR O I 2 2 A S KR Jerh
JEE, S0fe 3 Jok A S b B O3 2 . BE T 5 1) ) (wall
shear stress, WSS) 245 IfiL I 5 1457 P B2 1] 114 5 442 e
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HFIOPE R SHLHIZ S G O T T T i
AD [ R IFEHLE] A SCXF WSS TE AD &5 TR /e 5
MU T BT

1 WSSEAD

WSS 1 552 BTS2 Il VR O sl o e v 500 A R e 2
[F1) B JEE 482 S, JEL K/ IN 5 M 9780 ) 286 9 3 A ot A P
B EAEARE , Ha A =4 pQ/ma’, by it
TREERE , Q A FH IR &, a MIAT AR, AR
W) WSS 7E 10~70 dyn/em® 2 8], WSS HHEEH T
sk N Bz, Z J5 PN EZ 4l it (endothelial cell , EC) 38 i3
22 P 5300 1 X Bl K RE 1 2L BB A3 P AR R, I
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WSS 23 PRt & Az Bl 28, 7 A BE T BT 1) 3 6 J3E (wall
shear stress gradient, WSSG ) , JIT# Ifil i 7= A= 1) WSS
B, RITE WSSG, B2 W7 A= 47 WSSG, AR Y
WSSG X} sl Pk BELH RT3 B AN ]

EC il 2 81 WSS 1 WSSG 19284k, shas 5 3
KA BE AL SY o 2 WSS FI WSSG S B, AT
BB ke K A B L, I EC T RERRERT A5
MW 24 A3 L4H A (smooth muscle cell , SMC) 55 i
Dl F e F AL A1 B AR FE T (extracellular matrix,
ECM) P55 , B Dk S PE kS B3R 2l bk
WL, A ECAD R A .

2 WSS5|# AD BIHLHI

S WSS | Bl bk i g R ek 9 T AR
AD Az, LU XS AR SCALR AT TRAR I 34
2.1 WSS L5 3ppk ARz

2y ok A P £ AL 55 EC.SMC VECM s 2F 4
A0 (fibroblast, FB) , LEC N . S WSS [HEAY
P 282 AD B IR OCHES . DU K TR AN A 41
WSS 5 A B B ek A AL (T 1) o
2.1.1 WSS5EC

EC 1] LU i H ) 272 fds WSS 5 iy ml L
S A R TR AR i T R (A28 5 AR ZEHL
H5E JE T SomaE v ) A NS

WSS EC B KAHES . A BRAS T, WSS
38 T PO I A R AR K R (vascular endothelial
growth factor, VEGF) 2 {4 %5 22 i {5 = il i# #5 2H EC
P LSl B R R T Iy ) = ARTE HES
X ARRR IR BT S FNHES 42 = 1 P B X I O <
A BIBEST T Y WSS BEREH K5  ECTEAR 2
MBI 5 23008 , H 40 HES 25 L, 5 N AR 15
“Hiasse

WSS M EC HEFE S 1. PR T, WSS
AERT LB G1/S Fe S P4 R 2 F C AL E, A
i EC A5 7E GO9I 16 7T LA R RAH DG ECAE K
T, NI & 4 H H 4(bone morphogenetic protein
4,BMP4) Ak A4 FF- (transforming growth factor,
TGF) - B2 % 117 2 2 &K B + (hepatoma - derived
growth factor, HDGF ) Fl ii{ £F 4k 40 M 2 K 1 6
(fibroblast growth factor 6, FGF6) , M T 4171 #i] EC 3
SET . AR AN B WSS X 2 g #E EC 40 i JE 51
B, T EC A ™ . 3 4h, IEH WSS rT L
il ECHT, 1M 5 WSS Wi EC JH 1"

WSSIA 2RI EC 1l ik . AEHRAS T, WSS

A LLE 3 E R — 4 Ak &G B 3 (nitric oxide synthase
3, NOS3) 1 1% 22 % 3% [ (tyrosine kinase, TEK) ) 3
KR FEAR EC 1Y 38 2 P, 4ERF 4 R
WSS i AR Sl 45 FI il BC e & e

M WSS 2 R EUEC S5 FTIRERRAS | iX
5 AD IR AR YIRS
2.1.2 WSSE5 Wi Ak

PR SER T A A T PR IR e 22 ], S R
JIEF YR I, S B DK BE 1) TS A, — B
W R AN R R 5, AN AT 3 P40 0 0 AD JE L)
o P LA

S H WSS S N B M5 i R L
WSS i EC 7 A5 FR IR , T JR Bt ) 7 AR 2T i AR
P 32 170 9005 2 o 4 I 25 11 ¥ (matrix metalloprotein-
ases, MMP) Z % 51, MMP R [ £ 3 7 £ 4 70 R
CT e, kTP BON AR WAL RE WSS
] A EC FTSMC 438 MMP-2 . MMP-9 . IfiL/Mi 52
N AE A R 4 JR IR 1 (a disintegrin and metallo-
proteinase with thrombospondin motif 1, ADAMTS1 ) Fl
ADAMTS6 , 1M B S AR
2.1.3 WSSG 5 EC

WSSG HI WSS ZE4bL, U il L4 EC AT RE . 1E
WSSG 15 WSS X EC 3 [K 3 3k i 96 5 4E H , i 672
WSSG I 1l 55 WSS BYFZE . WSSG 5 WSS i [7]
W EC Y5 FITIRE

IE WSSG {2 2t EC I8 B T \ECM 1 F3A# L%
PR BB o I WSSG ANER A BE I EC (1 20 il
JAMAE 1, 38 w] LA F 3 5 8RR S AT, 4
B LEEEN?2 (cytoskeleton associated protein 2,
CKAP2) 4L {o (R 25 44 4k 15 55 F 2 (structural mainte-
nance of chromosomes 2,SMC2) .DNA #i$h 544t 11
a (topoisomerase Il A, TOP2A) #1%5 22 i £ H F (cen-
tromere protein F, CENPF) , JE i fi¢ i EC ¥& 557,
TE WSSG T~ 4 10 ) 200 0 8 T PO R DAL B A
fb & F 1 (monocyte chemotactic protein 1, MCP1) 4E
TEHIIH F 2 (colony stimulating factor 2,CSF2) . BMP4
FNEE 1ML 5 U 1 (thrombospondins 1, THBS1) ,
AR EC AT 1E WSSG 38 of LA 8 MMP-9
Y #1067 % 2 5 A (transgelin, TAGLN) & fig #f
ECM [REAR > . LA, 1E WSSG AT LAG 1 P 3 5 4R
P, S BB KAE BE R AR B AR T 5 1 B AD B
R

T WSSG A DL i % s 1 41 i A% 1N 1« B
(nuclear factor kappa B, NF-kB) F1H-HHA= K [ i Al



HA3EE 1)
20234F 11 H

Sk, MRS, X et | 45, RET BYU 17 sh ke 28 b B9VE FH S LRI g (] ).
P R RE A (B 2RBRE M) ,2023,43(11) : 1589-1595

<1591 -

F-1(early growth responsive gene-1,Egr-1) , DA S 5%
SEFE c-Jun Fl e-Fos , #1115 [ 2 EC AYHSFH %5 A1
TR

BN, S5 WSSG I WSS S [a] 3 25 i g
B, 5 |2 3 kP 5 R A2, 9 T 5 2 gl ok
SR RE DRSS , A AD A A
22 WSSLahhk it

HH RS 1 20 B 43 F 4 SMC  ECM (e Ji 2 4t |
PR 4 BEEE AR RS ) L LA SMC Fni P21 4
N EE . SMC B 32 2 Uy RE S 4k 5 IR 5 M4 5K ) o
SMC HAT BAR AT RE J1 , I FRab A MW 4 i /Y
Wit H o SMC b BA 8 1y al S8, ] LATEICAE

RUFIG BB 2 [RIAE B Ak, AR I A I8 52 R e 98
TR HESCAREF ™ TP A R B A AD R
HER S SCHEE T, LR B PRI 44 WSS 51 P s
MR B
22.1 ECX5SMC

WSS i# i3 EC 5 SMC/ FB [] Ay 45 538 1] 42
R SMC 45 AT RE ™ . SMC il 5 EC [H] 1)
AN T — AL A (nitric oxide, NO) Fil miRNA %5
15555 FIRARIZ WSS (AR L IO SO >

EC 0] DL 1 40 i PR3 42 52 0 SMC 19 34 5
TR MEIEAL . 5 WSSHEFE EC /3 M 3 S5k &
kEAL B N B2 % -1 (endothelin-1, ET-1) FI TGFB1, &

_=< EWSSG \ f 1 WSSG
K WSS

BMP4 . TGF-B uPA \CE

HDGF .FGF-6 NOS3 MMP-2 MMP-9 TAGIN Ack PDGF-BB

CKAP2.SMC2 TEK ADAMTSI LT NO

TOP2A .CENPF ADAMTS6 -
)3
i

TIRERERT T
RAVEAL a5

L

AR WSSl FiH EC H 2R 5550 741 BMP4  TGF-B45 {2k EC 345 , i1t F 8 NOS3  TEK 34l EC MR ; i = [ MMP-9 Fil 4
TAGLN Al i ECM BIFA% ; LUK 5 B TGF-B . PDGF-BB 254l SMC % 21 ShRE R e BEEAL TTR RISk . 1F WSSG 1] LA i w41

WSSXIECHHE S 35 Bi AR, M5 WSSG JUIHI S5 X AR EHT .

1 BEYIAESET ECHES S F5IESMmEENE

Figure 1 Shear stress regulates the signaling molecules in EC,leading to various pathological changes
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1251 SMC (T RERLAT 5 2 B AL, Ik WSS
e 1 EC 38 13 55 43 Wb 38 42 4 s L /N AR AT A TP
(platelet derived growth factor, PDGF)-BB, H: 7] L1
T ECA B HISMC Y34 S51ER5 2,

EC BEf% 18 13 NO 875 SMC 5 5158 . F
W WSS BES LR EC 1Y N B B — AL A A BT
HAELH A, T EC” A KENO™ . NO REB G &
TR P il B G Ui 1) — 3R 91038 5 41 1 SMC 34
5B,

EC i fig i i HF2 I8 1 miRNA SR % SMC 1Y
FEAMINGE. RANZIRUESL X EC il WSS 5 , 2%
TP H Y miRNA-126 %F SMC V> 1t
A, S8 WSS A AT L I miR-132-3p .miR-370-3p
miR-650, FF M5 [ H2 SMC B7 e B4

S S WSS AT LU i EC 5 SMC Z [H] (1)
{5 = 3 [ 5 | SMC Dy g i, £ 20 Jik i B A= 1R
b, 7 ) KBl 24 B ES , I A F B AD R
222 WSS5SMC

St WSS 2 51 SMC 113 BEME 2R | 4 35 14
B TR AN IRAE R TR AR RE T R R

T WSS R LIS SMC (3458 fk 4e fig 1 F
W, 24 WSSF#AE N 3~25 dyn/em’, SMC &k PDGF
FURGE B4, 15 17 T e 045 58 5K 28 5 0 i 1 3% 12k
PEpE [ B BE5E ) G WSS HE—EFAKF] 1 dyn/cm?
B, 2575 T A R 2 0 8 T, 4k 51 S SMC 1Y
ok, FEEPKE D K

55 WSS &5 SMC M AE AL B I . 1
HZ U WSS Al DLl i SMC 2% 3k (1) MMP
PDGF Z A -BAAN ] SMC AYIERS s ] 22, ML it i
i AR B Bl WSS BT LA SE A 380 A0 i A0 I T A
P4 (extracellular regulated protein kinases, ERK)-1/2
5 RS (R R R A e SMC R,

S WSS A Al LU SMC s s /b, 5
WSS A LAG [ SMC YT, S BOLER Il >, 4k i 5|
A AR BTG A TP B ) 5 A B L fR i AD 1Y
e S

R, S WSS AT DL B R 8 SMC B b
T RERERT , JET T BAD KA
223 ¥EEIE I WSS

FE R SEE G BL T, v B SMC RIS FB
S T TR AR H S 1Y A B S BE (] B ALY, BV
Tk TEH PR R PR 3 T R 7 LA T BRI A R ] B
A B35 LA, X B Bl 55 L 37 the 25 7 2 WSS, FE T Y
FEEAT) ) PR B WSS #5853 AN () A o 3k 2l F 3

S WSS A /N T 5 i 22 %, K T Bt o SR ML AL AR A
BRI &8, TA1 R WSS X 1 5 r B RN &1 S ) 52 il 12
W AL s AN, 2 PN PR R R R S B0
BEYETH R B WSS 2 E— b ThE

] 2 WSS 1] L5 SMC By 2 R4k TR ANk
4. AR WSS /] LU i B R O B R R H 2
S HYERK1/2 18 B 845 SMC By R AVEAL A B
WSS 1] LATG Ak SMC., 7E EC #6341, 5 B4 SMC fif
27 FN [F] B WSS B 52 G 16 1 5 25401k, 1 Ak i
SMC. 23 Il 38 184 B I d5c ¢ 1) PN 63 % 5 0PN o 34
JEER TR B WSS BT DL i Rho AH ¢ 9 4 il 25 (%
it - AL R 25 1 54 B 15 172 1 (Rho kinase -myosin light
chain phosphatase, ROCK-MLCP )i 72 il Ca®* i 12K
V55 SMC AYMCHR , LA 435 1E A L A 5K g o
(] B2 WSS A] LAIE |8 MMP-3 {2 i7F SMC Fi L 21 4
UM ERS S . B2, AR Z AR B WSS X AD &
A EEEH.

224 WSSk ECM

ECM J& — K 28 A Wi 8h 24 28 1k 1 358 i 47, 42
FEEE R B 1 (PR AR 2 I R 7 4 ) FnaE 250 A
(F5 FIOBE AR 1 R SR 25 A A 4 DXL A B 7 2
JEr B ) o i A RE A T 2 RS R 4y
A7 0 2724 2 sl bk b R EC M 38 21 R4y
HAR 2540 S T e e T T sh kA BE R AT Y
WPE L S WSS T LS B0 B g £ 2k A L B
24,900 4t — B E AR B R IRk )
ik A5 B %) S ik 55, VG o, Ak Bl ik B 55 A 1)
PR, AT 20 AD A & A=
2.3 WSS L 3hpiRal it

SR B ELAE FB IR ET4E FRIELF4E  BOR
() Bl K MRS A G 7 148, DA FB MR R 47 4R &
AINIEE B8 BRI AR [RIREAE AD Y & S it ) 1
1EH.

T AN rp A7 AR 5 RE (R B WSS, {H H A
XA 4 R e o T O T, SR FB
ZF PR WSS 2 XS AL ™ BbAh , KBk A
A HC SR , i 20 WK I P il 3z 5 1
AN IR LA, 7 AT SIS s ] SN % 1 A
TSN AT B AL o X R ] B T s X AR
S 2% IR FB 5 38 sk 35l a] B il 9t 2% 52 WSS 1Y
1

WSS Zx52 0 FB (/)36 b S5 FERS ™, AR
BT AMER FB Bt HLTE AT A LR ZT 24 240 R A
RE AR H2E 1457 403473 I %) T A PN RSO 8, 4k i 10 i) AD
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AR SrE WSS RERS I FB AL H% , fiE L
JRETAEA MR IE RS | JUHR 5 PN BB S FB B 1
BRI A B WSS #RJE T ), Al ik — P fie i HT %
JIE AD #Y R

3 IN %

SEH WSS & AD L AR E R s E, Hal
Z P BT RS Sl Ik P RSE | r SR &1 B B ek
A AT AD R A . TSR WSS T AD &
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