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Vascular smooth muscle cell function in abdominal aortic aneurysm: current under-

standing and challenges
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1. Cardiovascular Medicine Center, 2. Department of Vascular Surgery, the Affiliated Drum Tower Hospital of Nanjing Univer-
sity Medical School, Nanjing, Jiangsu 210000, China

[ABSTRACT] Abdominal aortic aneurysm is a severe vascular disease characterized by localized dilation of the abdomi-
nal aorta, with a complex pathogenesis involving multiple processes such as chronic inflammation, degradation of the extra-
cellular matrix, and imbalance in vascular cell homeostasis. ~ Currently, there is a lack of effective drug treatment strate-
gies in clinical practice to delay or reverse its progression.  Vascular smooth muscle cells, as the main cellular component
of the aortic media, play a central role in the development and progression of abdominal aortic aneurysm through their dys-
functional state.  This review systematically elaborates on the key pathophysiological processes of vascular smooth muscle
cells in abdominal aortic aneurysm, including cellular senescence, phenotypic switching, various forms of programmed cell
death (including apoptosis, pyroptosis and ferroptosis) , impaired mechanosensing, and their mediated degradation of the
extracellular matrix.  Building on this, this review further discusses potential therapeutic strategies targeting vascular

smooth muscle cell senescence, death, and phenotypic remodeling.  Finally, this review provides prospects for future re-
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search directions in this field, aiming to provide new ideas and theoretical basis for the mechanism research and prevention

of abdominal aortic aneurysm.
[KEY WORDS] abdominal aortic aneurysm;
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1.1

vascular smooth muscle cells;

cardiovascular diseases
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RARIS VSMC Y D) BEHF P S R AU R AL, AL
A BT a7 8 RS LSy 5 BLR ST 19 7 7
FEM 2 TR ] AAA (9 A BILTRI LA ST 208 1936
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A A=K A F B (transforming growth factor-§,
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HI, & %58 i 52 K Rl Smad 2 1 I o-SMA |
SMMHC J CNN 4545 8 F B9k, f e A7 1E
Ml s Re™ . K2, W Bk TGF-B T B 35 Al i
FAEHE Ang 1175 5 19 1 = Sl BRI A1 AAA TE L
[RIAsE, i /s A YR P A 4 I+ BB ( platelet-derived
growth factor-BB,PDGF-BB) 7E % VSMC & #4% i
Hht 3 ¥ R A 6 B TR R Sk R Kiriippel A
[A ¥ 4 ( Kriippel-like factor 4 , KLF4 ) M4 AL A% m] 40 g
B fn, I HgsR KLF4 530 &E B Z B B A EAEH
et s KLF4 B Ak i 2 SUMO kg, #5152
HEL SR R 2 00 R MR VSMC Wi 4 #H G 3% 1R (1%
O AR I Lei 25 WLEEH], 1E AAA
FRAE /N A A i KLF4 363k 3 LA, Iy
HIFIPIEZ % 3 B bt A (family with sequence similarity
3 member A,FAM3A ) %3k W i 3 T f¥ ; £ PDGF-BB
RRPR T, AL FAM3A JRAT 52 9 B2 A T 3 2
VSMC Wi 2B HE F 2238 75 FAM3 A i 2 k7 i
H KR BE I ) KLF4 R Rk, X —1EH 5
FAM3A fiei#F KLF4 32 28 A S il HoA% e 0 %5 VI AH

J%, B Wt TGF-B/Smad 38 & 1 1 B 300, 427
TGF-B/KLF4 #li7E FAM3A 4 5 VSMC & A% e
T HAEEE S, A, I BB R 1 (galectin-1,
Gal-1) 7E 2P FNAE PE A AE TH 1B & CHEVE T, K
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ARERORAET I AE R L) S Sl 2 5 ok 9 4 o
WA O A R , (B3 BE 1Y S8 28 S IE 2%
RIS ATP , #4015 eATP/P2rx4/p38 15 5 18
PEME S VSMC R RIFE 4, T AAA RSk RS
[, PI3K/ Akt {5 1 B TEAERF VSMC W4 R B
RAFEZANEN, W5 5 XA HEE A O (forkhead
box O, FoxO) WAL HIG P, 11 FoxO3a ELBIE
SEREMEHE VSMC SRAVFE A, I8 5 S p62/LC3B 11
I e — AL AAA FOTE R XSS
% R s DR [ i, VSMIC 2780 2 o 1) A 2 1A 42
P25 (& 1) RS2 VSMC R DDREIRZS,
B AAA 1R S R AR IE T 401 BLAl
2.4 VSMC 5 ECM P&f#

ECM 3= %l SR 2 1 eIt 1 R e Jsoml 2
PR S5 1 SR 0 e R0 25 i o ) R, ) 4 415 i A5
SAPERNZE M SR OB 7E AAA TR L
1 ECM R 2 G 1Y) s B AR B 0, 358 4 ad A
VSMC S & BRI, VSMC 38 5 431 4k
54 J& £ F B ( matrix metalloproteinase , MMP ) % H:
FERAM N PR -5 o 4 s 2 P B 2H 2 ) PR 1 (issue
inhibitor of metalloproteinase , TIMP ) , P Esh ik E
AR, AE AAA JE RS AR Y, MMP-2 Fl MMP-9 #Y
Rk F T, SR ECM YRR RS B Ab,
MT1-MMP fE A #i% MMP-2 [ CHE N 7, Hife A
AAA ZHZUH BTG P S 2 0 5k TR INERERE TIMP-1 A
TIMP-3 £ KR T, X AT BE S e 1 HILA -
MMP i BT 2 AR M L Y i —
ST LB, RAMI T VSMC g a2 3 B0 b 2 4 7
R A0 o Hili iR 968 5% 5% A 1 ( metastasis-associated lung
adenocarcinoma transcript 1, MALATI ) f) 33k, 7] i
FEHREAR MMP-2/MMP-9 K 5 E A 7 F1 A LA 3% 18
(interleukin-1B, IL-18 ) £ i J83 ¥R 5E I F o ( tumor
necrosis factor-o, TNF-a) B7K3F o MAEAR N SE5G A
MALATI #I§i 5 GE#E AT 2 FH 1E Ang T 5T 09/ FE
SIKEE ECM [ A Bz S 0E K F- T, 2R i) AAA
FOFE R R B R U, VSMC A S (9 ECM & fif K
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Figure 1. Phenotypic switching of VSMC and the signaling pathway network
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AL O TR AN ROS 3 ™ A R4 7
AAA WRE R TR R E AR/, Bl S
Hg R k] VSMC SET- 504k fe ik ECM FEfi L K
WG IR R AT F2E 1, RS AAA BT L
TEIX—id B SR 1241 D LB 1 (nuclear
receptor subfamily 1 group D member 1, NR1DI1 ) 7E
AAA HZUR A B LR AR AL 3 2
T ZORE AR =R R A B OC B B 2 Sk TR Al 2
(aconitase 2,AC02) , I VSMC Z&RiA 1) LI GE
BaHN 2RI & DNA (' mitochondrial DNA , mtDNA ) Wte ,
REARZRL A I i o, E 1T 520 ROS A it 2 A A
LR, e A HE SRR RO AL T2, AP 5E
ACO2 1 TR ool N R P A 4030 e kit
T /N AAA TR RINAYT A B AR

BEAh  AE Ang [T 55 HY /N B AAA R AR P J5E
o IR 2 T i TR e 7 2 B O 1 78
( glucose-regulated protein 78 , GRP78 ) 1% 2 A 1 15
AR 94 (glucose-regulated protein 94, GRP94 ) 4
PR H AR R, SR 4R TRy
KAERATHEE T GSDMD R A8 14 58 P Jo I SO 384k X 1Y)
C/EBP [Ai & H ( C/EBP homologous protein, CHOP )
fr Tl 2D eI S E R BUR M 1 (ornithine de-
carboxylase 1,0DC1) 3Rk ; 1l ODC1 -5 1 JiF i
A2 VSMC 2 56 R AL, TS AAA HYIE
B, BEFE R I, M ODCL 1) 2 3K BB AT Ak sl /0 Jig i
AR, T B Ang ITVE /N AAA TERL ™,
VSMC 7£ AAA J9 i B v Ay il T — A~ 52 2% 9 g 2

P2, LA AR P B I I B | A ) g 3 S
FEEH AN TR A BEAR AAA /& 2RI
KRBT T B 70
2.6 VSMC HHHBEMRE

AAA B R A R TS VSMC LA R0 3 g 14 2k
PHEEVIRC, FE9 78 Sl kAL 2 i 55 BE JRy 38
JIor AT A i 2 R | S R LA 5 PT i
FEIER, EHAERENE, AAA BER VSMC # 2
AU 57 7 RS, F I 4t B M2 34 hn Bk ¢
SEAHER . XFIHLMARPE A FTREHISS VSMC X
=7 R ) RO 2 T R e HAB I RE T, 2 — 25
P AAA FRERERE O AN E AR 1 oL
S 2 TEYERE VSMC MLIRER M R FE AR A,
5T IR, 76 AAA Bhat 2 a- LB H 2 3R
KW ETHE, FEVSMC WIS . 7E AAA fEiE
{55 Netrin-1 FYEFH T, VSMC i I «-Wlsh 2
F 2 M FRB AR HLAR AR S 31X — A8 A0 S ATLAR R B 2
FHliE Piezol BYFLTHAITE T 444, Piezol VEN—Fh
BB 1428 BH 25 38 18, R 0 J8 00 i A BE AL 07 22 4k
FFEYE VSMC IR, SR, Piezol 7Pk 1< B 3G ]
RES| A IS BE G B FE 98 Il AAA ERE . BRI,
P Piezol 1h ML A AETRYT WS , A U I
ERETERE T, WM TIBE AAA B & KR
VSMC BIHLBUE AT T BEAE AAA &9 AL b 49 v 25
KA, T a-HLEh 1 2 Piezol SEHLARIEH
TR, A E 0 AAA B IR BB ) LB S5 e
LUy Es

VSMC HJ I REJS I (g & BET-  RAVE 4 )
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Figure 2. The multifunctional regulatory network of VSMC in AAA
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Mk R G U A O M Z99TRTT AAA [E—
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“HIFNISIE” OB R AAA JRIT A e R F B
Il R AT %

BRULZ A1, I AR H O LA 259055 AAA IR TT
SR Z 4, 2000 4F & 2016 4F 8], 2 0 RE HL
G AR I A X Z U R B amR R R K
A SR A L0 I 2 WG AAA TR
FET 1Al A ik e 25 Y 78 i A AR 56 /T, 8 AF
SR Y SEIG B A28 AAA IR A5 FE A6 0 rp Ik 52 L
BIRITRCR, I PR 56 45 S 34 R 38 B, X nT g
5 NR AR R VIR S A, WO T
FMLEIARTT Y B A2 AARBH W 71 | i 5 5k 2R e fh i
il 30/ A4S Rk 2 32 AR B R 25 259, DL R AT

3.1

e/ VR R FENR 25  FEAH 25 BLBE 5 P i /DR 25 W)
&, Hoilm PRI 25 R R FEA R B, 75 0 AR ITE
R RO AT R R AR AEZE T s AN
PG AN 2, DL RO P 25 DAL B 25 A7 78 £
55, T RE S R EORAL J  EB R

PRI, A SR BF 5% mR 25 AT 1 2 L BE &2 25505
EEEZ NI oy BIUESE SN 1250 855 2 NI e
Sk A b AR T BE R 5 BB T T K %R
e F e 2 S MG WL AF 5 20 e A A ) 25
3.2 A VSMC BB TEIRTT SR AR

ITHIWFSE R B, B2 B IR K REZ 1A ( B2-adreno-
ceptor, B2AR ) ) 7 4@ HL ¢ & 0] JE o 4 1) B2AR/
cAMP/SIRT {55 538 % 4E ¢ VSMC %%, ik ihi 41 il
AAA IR AR JE A # A8 25 AU (taurour-
sodeoxycholic acid, TUDCA) W3 i i il VSMC P 51
P 7 38, VR AAA BT IR o ek, R AR P 2 i
FtlF 21 ( cryptotanshinone , CTS) B4 #f UE 52 BE #1l1 il
Ang 7509 ApoE ™" /INEL AAA TR, HALH] T BES
CTS e A F E2 A1 A F (nuclear factor erythroid
2-related factor, Nrf ) # & [A #% F k2 VSMC
NLRP3 #AE/MAFLTE K2 GSDMD A S (1 4l i £ 1%
I

EFART 7w, &M AU BE AR (celiac
ganglionectomy , CGX) # TA &y 1] 38 #:F ik /> 28 J i 48
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T BEHE 4] Ang I35 T 19/ VSMC 2 AL 5%
Ko AAA PITFERE . 2, 6-F2 K2 1% (6-hydroxydo-
pamine ,6-OHDA )t & B i A1 PRIVEH ., ki , X LE it
5 H H A 45 B8 7E S 00 = B B, R ST I K B
6130 AT A% VSMC BhEg J< I8 BB I &
AR TS, 552 AAA I8 97 40 1Y T AT 5T 7
6], AR5 I 3 — 25 B 2R X BV AE TR YT R W 1Y)
I R FHAE, LA R AAA SR 34R LB A R IR YT
FEB,
3.3 REKMARFME

HAT, AAA (B9 32 B0 5 £ F 1l 75 BE 19 i 7%
T L% J&) AR W5 2H 2 ( perivascular adipose tissue,
PVAT) 7E AAA KBl b B VR FH I 52 B OGTE
AR IR ST 220, PVAT RAUEE 435 1 45 a5 v
RAFEZAE BB 1T 5% 0 Wik 18 5 A %
g, n—S R BRI E R K H,0, SR ES
(A4, £ S B 5K 1 kAs Kl A BE e (18] 3)
DO R H 0 I A B 1 & A LA U TE BUR R
YT WEFE & B, PVAT MRAS 3 o (4 B 1 AH
%, H AAA & PVAT H RAEFEH R GE K ECM [%
f ol 250 RAE R PVAT S AH O Bl uE 5K
AR FE G VSMC TR IELE AAA JERTY  (HE
#B PVAT R, L2 H 5 VSMC i AH B AR AL
TR ARG, P, AR 58 1 3 AR R A R A7
) PVAT 5 VSMC Z [RIfAHEAER, i AAA BYIRYT
PRI ) S

NG .{,o
H,0, ¢ }
E? f MMP
; o
i o REEF

T— \

iéﬂ%?ﬁe REATET

B 3. PVAT 5 VSMC #HEEA#EXTERE
Figure 3. Schematic diagram of the interaction mode
between PVAT and VSMC

AN, VSMC B9RS 25 S AAA IR FRE T
BT, VTAESE WFSE 3 AE VSMC 25 [8] 5 Ji M 4548,

HAS e ek e R R A F s B OR [ 4 B sl ik
e AR BRI 22 S 0E o . lan, E3h ks S5E E3)
KAE AAA JE P O LHIAATE W 3 25 5%, H VSMC 7]
BN o3 R AR 3K RERDT VSMC 78 AAA KA
TR B [ S B B 1 T BRI AR B ) 7R I ) S
PR, ATF3 16 AAA AR BOREAFIVE T, R
il — FAEpw AR v T R BT Z B R, H
W, REZEIF TR ET AAA TE UG 9 16 305 B AL
il , XA A3 F L A AR R A R, U,
AT MERXT AAA TR BLATSE , TR AR R
W PRAR AL Ky A i i, IR AAA R 4R
BEBAIA T AR e Ah AR g R DL ) 2
FAL G R R MBAL A AE AAA KA R 9 4E FH i
RAFENTEAN B B, X ik 26 4503 (4 T AT 58 A 2245
TRIEZVELEBUR LG, iR TT R w0 I & SR AR
KA

FEIG R AL Dy T, R4S — 2% FH 2 2 7R I IR
RIS T AAA A OCEEIR IR YT, (HIX S 25 ) 7
AAA RIT R IR R A AR BRAR ) R, T &
AAA S BRBLT 8 L 245 W 2 AR R R SR I E i
— . MAM AL G2 TE AAA JEIT T B AR A
M, R 2 A 2R P K ELAIL R o A 58 42 WA ff, {HLEE
AR AT T s 25 R AE W AT A AR 1 T — R i 4
FERH 7 EE A E K G B AMBSZK (G protein-
coupled receptor, GPCR) 2591 1% - 5, WM 2552
Z i 7 Hp bl 0 2 TR E A OB 4RI T R R
GPCRAE AR Z Ll 2jW (0 8 A5, 76 AAA SiUss () F
FEEAXTEE A PR, SRk vl ad ST VSMC 57
P GPCR 4 == %5040 P, i ik th )R % VSMC 3 1 e 4
AT OCHEZ IR IF T & Z M S b 25 5 7 sl gk
Wk RS0, IES 257 AAA JAIT IR A R

4 BEERE

VSMC IhRESR I AAA KA KRR O
UEAER B2 BA A0 M | 2 () e S 28 B AR A 2
FHARDN  FRE B LR T VSMC 842 AAA
KB ZTTHUH, 1550 F 210, VSMC 6T KAl
Tt R A M 3 2 S S BRI IE IS S AAA B UIAHOG
(HASERAY S, VSMC Y 25 S5 o M 1 72 3 1A 1F
GUFE A, H AL 4 5 B B By S MR (R 0/
W) 5 X B2 S (W E kI8 F30K) X AAA
RS T T BRI T BRI IG . 72 R YT IR NGy
i, # ] VSMC Dy RE 5 98 14 3 807 32 SR 8 o R 4 1
W1, an, AR SRS AT 5E o ¥ ) SIRT 42 22 44 it
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B BPHSERGEH VSMC th NLRP3 484E /M A
SR AT, NI A AAA TE R, BEAh, T
GPCR B0yt 2506 Ve il 73 5 J1 % 5 LE AR, Ry
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TG 2 TRk . DVSMC 5 PVAT 8938 5 AL %
KA ; @AAA B2 K TR 5T 1 Ab T 0125 B
B AR — IR AR ; @ 2 B0 R Hi B 55 4O
/J\W;-Jﬂ,maémﬂ‘ﬂ 1415 DR 245 0 % A B i PR 3 560 T F
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