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[(BE] a4 HiTMEE (quercetin, QR) XF M K3k E II (angiotensin I, Ang 11 ) 755 1A 1145 5 1 UL 40 i
( vascular smooth muscle cells, VSMCs ) #ii i FIRBEEL IR VEFH VL . & FH Ang ILAAEE VSMCs, 4R
42 ZSAXMBEA (Culdl) . QR XA (QR L) | BiFIH (Ang [T41) . QRIAIFA (Ang II+QR ) . K4 AE M
1HPE% (reactive oxygen species, ROS ) K-FHIEE LY fLEE ( superoxide dismutase, SOD ) 3. SR 25 5T ER s v 46
RAE . AMMTT . SR E Y . RAVEAL RAZIRN T B2 T4 #HE I F 2 (nuclear factor erythroid 2-related factor 2,
Nrf2 ) {55 WA Rk . RS 28 B 5 3 55 3 A Bl S A I 4 U7 L /v % (interleukin, IL) 1B, IL-
6 FIMEIRFEF o ( tumor necrosis factor-o, TNF-a) JA95E 7oK SR FRIR SEIR KM AN MRS B 0 o A Nef2 B SR i
50 ML385 HEATHRS S, BoiiE QR X VSMCs PRI HLE . 4% 5 Cul 4IMIHKER, Ang TA4NIAY ROS /K H
SOD WGP imkl, RIFA B HEIE FIH, RAER T mRNA KR, EFE4EEAB (matrix metalloproteinase,
MMP ) EikFE (P<0.05) , VSMCs HiERGE Sitigam, s R AR EY il U CE M 22a ( smooth muscle 22a,
SM220.) F1 o FiENINBIEH (o-smooth muscle actin, a-SMA ) Fikif /b, MR EY SHHEHE (osteopontin, OPN )
Fik B, T (P<0.05) . QR TG, Ui ROS /KB BIEAL, SOD iGPE s, A& MM+ 1 fl
WAL T «B B A RIBE TR, RAENT T TR, W R EYFRE LR, T T 6e w6
(P<0.05) . PRRORIUESE, QR MITHIE Nrf2, W5 VSMCs A bR M RAEAR G5, I Ei] VSMCs [1] & 1l 7 5%
fbo ##w QR Nrf2 19Kk, WiH: Ang TN VSMCs FALIIEL . RAEFPI T, 00 40 g b 5 57 o 20 Fn
VSMCs iL#%, Ml VSMCs £ RHAL
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Quercetin regulates phenotypic transformation of vascular smooth muscle cells induced by angiotensin II
through Nrf2/HO-1 signaling pathway

ABDURESHIT Mamatimin, ZHU Wei’
Department of Neurosurgery, Huashan Hospital, Fudan University, Shanghai 200040, China

[ Abstract] Objective To investigate the protective effect and mechanism of quercetin (QR) against angiotensin Il (Ang
IT)-induced injury and phenotypic transformation in vascular smooth muscle cells (VSMCs). Methods VSMCs were treated with
Ang I and divided into four groups: control (Ctrl), QR control, model (Ang II), and treatment (Ang I +QR) groups. Intracellular
reactive oxygen species (ROS) level and superoxide dismutase (SOD) activity were measured. Western blotting was used to assess
protein expression related to inflammation, apoptosis, extracellular matrix (ECM) remodeling, phenotypic transformation, and the
nuclear factor erythroid 2-related factor 2 (Nrf2) signaling pathway. Real-time quantitative reverse transcription polymerase chain
reaction (QRT-PCR) was used to quantify mRNA levels of inflammatory cytokines (interleukin [IL]-1B, IL-6, and tumor necrosis
factor-o. [TNF-a]). Cell migration was evaluated using a scratch assay. A rescue experiment employing the Nrf2 transcriptional
activity inhibitor ML385 was conducted to further validate protective mechanism of QR for VSMCs. Results Compared to the Ctrl
group, Ang Il -treated VSMCs exhibited significantly higher ROS levels, suppressed SOD activity, upregulated expression of
inflammatory proteins and mRNA (IL-1p, IL-6, TNF-a), increased matrix metalloproteinase (MMP) protein expression (P<<0.05),
enhanced migration capacity, reduced expression of contractile phenotype markers (smooth muscle 22 alpha [SM22a] and o-smooth
muscle actin [a-SMA]), upregulated expression of the synthetic phenotype marker osteopontin (OPN), and significantly increased
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apoptosis (P<<0.05). QR intervention significantly reduced intracellular ROS level, increased SOD activity, decreased protein
expression of vascular cell adhesion molecule-1 (VCAM-1) and phosphorylated nuclear factor-xB (NF-«B), downregulated
inflammatory cytokine transcription, upregulated contractile phenotype marker expression, and attenuated apoptosis and migration
capacity (P<<0.05). The rescue experiment confirmed that QR alleviated Ang Il -induced oxidative stress, inflammation-related
injury, and suppressed the transition of VSMCs towards a synthetic phenotype via activation of Nrf2. Conclusions QR mitigates
Ang Il -induced oxidative stress, inflammation, and apoptosis in VSMCs, inhibits ECM remodeling and VSMCs migration, and
consequently suppresses VSMCs phenotypic transformation, primarily through promoting Nrf2 expression.

[Key Words] quercetin; intracranial aneurysm; vascular smooth muscle cell; oxidative stress; phenotypic transformation;
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F i S LA ( vascular smooth muscle cells,
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Yyl P A A R Rk, PR A A A AL RE T
P47 20 i 5 32 S8 AR B A 1, AT ZE 40 L
P9 LA B AR T 1 A A O T A AR A
IR AT RS R B, N2 T A
VSMCs FAEAL 5 R4, BA LR 1A BB
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Py AT A A A R AR A B Y
KT BRI N AY P, BRI A0 4 0 K F
QR KWBEAGHAK . PiEfk. PLE . Puhs. uhp
FAELZRER ", DA TP RML RS, L
L DL R AR S 0 48 i M 3 s 1387 (H
QR X} VSMCs KB4k i) /5 FH R MLt 18 JC W
i
WL, ATk /DR Es Ik VSMCs
(MOVAS ) BS7 A VSMCs RAFEAARL, IR
7% QR XTI K5k Z 11 (angiotensin II, Ang 1T )
R0 VSMCs Hhfig R AV HLE, LUK
TA B R AW T 103R I7 B 58 SR (AR 4, S T B
TA kA & SR8 7 1a] o

1 #MB5FE

1.1 ##5&K7 MOVAS 4Hffl . SMCM 35355
KA A N TS0 A B CEFELEYBH A
Fl. QR (HY-18085) 5 Ang II (MY-13948)
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+F xB (nuclear factor kappa-B, NF-xB ) $iik
(ab76302) , #i NF-xB $if& (ab32536) , il
EHM BT T 1 (vascular cell adhesion

molecule-1, VCAM-1) $ifk (ab134047) , #t
B 4k BV %3 K F 2 ( B-cell lymphoma-2, Bel-2)
PR (ab32124) , HT Bel-2 #H6 X HE 1 ( Bel-2-
associated X protein, Bax ) Jiik (ab32503) ,

Pt p-actin Fifk (ab8226) W [ 3 F Abcam 24
Al Pt a FIEHLEIEH (o-smooth muscle actin,
a-SMA ) Hifk (14395-1-AP) . HF WM
22a ( smooth muscle 22 alpha, SM220 ) #iik

(10493-1-AP) . Hi B EN (osteopontin,
OPN) Hifk (22952-1-AP) | PidLffi 4@ & A
( matrix metallopeptidase, MMP ) 2 $if& ( 10373-
2-AP) #JIly E 2£[E Proteintech 23 H) . $it MMP9 41
& (#24317) , U Nef2 HLik (#12721) , HL HO-1

Hilk (#43996) W H £ E Cell Signaling

Technology A Fl . AR ALY ( horseradish
peroxidase, HRP ) #ric it Pife IgG(H+L)

(WB0177) , 5XSDS-PAGE %1 FFEZE vh ik
(WBO0133) #0 A g s B AR TR A A .

RIPA 24 (P0013C ) 1 PMSF ¥ ( ST506 )
W A EE A R AEYRH AR A . PAGE BEE

P 407 & (PG112) W [ b i il 2 25 R

HAM A, PVDF E (ISEQ00010) M H =

Merk 22 ). AW (BS102) Mg H b5t 22 A

PHEABRAF], Wi 27 & (ED0015-C)
W AR ERHEAE YRR A R A A

12 @i iZom HE 10% B4 i .

1% HHER-BEHEMN SMCM B4 (24hsk
B, T 37°C. 5%C0, 5555 MOVAS 4, 4
R EEE 80%~90%, fEIFnd: 2 AxX

4 (Ctrl) . QR XFHR4] (QR) . BiAIZ ( Ang

II) . QRIAIF4H (Ang 11 +QR) . Ctrl AN

ATEEREFIE, QRANMA 15 pmol/L QR, Ang
IL4fmA 10 umol/L Ang I, Ang Il +QR 4N A
10 umol/L Ang I fl 15 umol/L QR. FIi A 40 ks

7% 24 h J5 AT IR 4505

13wk RGOSR & 8 (cell
counting kit-8, CCK-8 ) Fill 4 Jfd 3 77 . K 2 ffad5%

FET 96 fLAk T, FRANALE BN 70%~80% B, i
A 10 umol/L Ang T FIA[FW R QR, 557 24 h
J&. 3 b, LA 100 uL &4 10% CCK-8
W e R, BAfE T 37 €. 5%CO,
HRESE 2 he FHBEFRASCRIN 450 nm ALY YGHE R .
1.4 & &t ( Western blotting, WB)
RIPA ZLf#W A1 PMSF #WH% 100 = 1R, 2
MOVAS #iffi, 4 °C, 12 000X g &.> 15 min,
BCA il B AW E . m &AM T mA
5XSDS-PAGE [ i, 100 C fin#hAs
PE 10 min, HEATHLUK . $EHE, 5% BEARYIH == hdt
M 1h; 4°C—Pt (MBI N1 :1000) BEF T
e, VEBE; n—Ft, EWETME 1 h, BB, RH
W A7 2 T & R A

1.5 #MHA (reactive oxygen species, ROS ) #&
n REARFEAC B 4, FABS (4 °C) 1
PBS % 2 Y%, FH 400 uL DCFH-DA % G#4EF T
YR, MR 1X10°/mL. #EHEE 30 min
J&i, PBS PRI 2 K, SRR A A TR
1.6 SOD #FWin 4ifsib M5, Wk
5, TR PBS VERANM . i ) & Ul 45
Be #il SOD T 4E ¥ 1 Jx b Ja sh T 7E W -
1X10° AL A 100 pL SOD TAEW, EWRAT
0 LA FE 50 24 . SR BCA SE KGR 5 8 1k
B, PEEEES R N 20~ 100 mg/4H . ARV RE
A A 96 FLARAHR FL, SRJE A R A 8h T4
W, TRAI. 37 CWEE 30 min J5, FHEEAR O &
450 nm AbACEE

1.7 %822 RE&H4 X (quantitative real-
time polymerase chain reaction, qRT-PCR ) HUX}
BOE KM, T 6 FLARK IR, srdiif kAl
NALH, REFREE NS, FEEFREE, A 500 pL/AL
Trizol, EMITIE#%F % 1.5 mL EP &, B
an fINA 200 pL &4, IRAE Tk E#E S min.
10 000 r/min #5:L> 10 min, HX 3, fIA 200~250 L
TOKCEE, TRAT. bR 2 A, A
JILA 500 uL RPE %%, & 2 min, 10 000 r/min
B0 3min, FEEWCRE TR WA R s A
B, BIREL, MRS . KRB T
. JCHEJCEERY 1.5 mL EP &+, eI Y
YL N 30 uL DEPC 7K, #+# 5 min 5, 12 000 r/min
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B0 2 min, FEWEFFIEE. EP 45 RNA BEA
T qRT-PCR il . 5IHFHI W 1. LA B-actin
FRUELL NS, B A3 A A T 3Rk K R
2NN AT B 3 AN R

1.8 XJEE  FF MOVAS 4L 1X 10741455
T 6 fLtR, 404, B3 AEE ., SRS
A RZAMMZE S, F 200 L JoE K7L
Hdl )i SFERRR, R G PBS YRR 3 K,
EBRIBEIE AMORE R, BRI S BT A1) B i
AL A AR R 2R 5 ARG 3R 24 h IR RIDE |

R 3R, IR RIE SR

1.9 A EE TR RN 80%~90% AT,
BRI 4. Ang 1141, Ang 11 +ML385 41,
Ang Il +QR 4 Ml Ang Il +ML385+QR 4.
ML385 Ay Nrf2 g id Ml fl, TAEWE N 10
pumol/L. T 24 h J5, WA dMMIAe i T a2k
Lioaill8

1.10 %522 KA Graphpad Prism9 Fl Imagel)
AT G b 2 o R B DL ks TR,
PIZH A USR] e K50 o R gk ifE (a) oM 0.05,

&1 59575
Table 1 Primer sequences
Gene F (5'—3) R (5'—3)
B-actin CCTTCCAGCAGATGTGGATCA CTCAGTAACAGTCCGCCTAGAA
IL-1B TGCCACCTTTTGACAGTGATG TGATGTGCTGCTGCGAGATT
IL-6 TGGTCTTCTGGAGTACCATAGC GTGACTCCAGCTTATCTCTTGG
TNF-a ACCCTCACACTCACAAACCAC ACAAGGTACAACCCATCGGC

All primers were designed at the National Library of Medicine website (https://www.nlm.nih.gov/). IL: interleukin; TNF-a.

tumor necrosis factor-o.

2 # R

2.1 QR ¥3% Ang 114548 VSMCs &4 HA
[ B ) QR T-11 Ang 115SH MOVAS, Ji4s:
WA ys o 58 (Bl 1) B HET
Ctl 4, Ang 1T T-HUSAHMLE IR FRE (P<005)
1 pmol/L QR HP AT i 48 S 40 TS 1 (P<<0.05)
HEAFIEARIE . 20 pmol/L QR 5 15 pmol/L
QR Ab )5 i) 4 M 36 7 18] 25 5 e Ge it 22 X
I, JRZLScEH QR BT A 15 pmol/L.
22 QR #¢ 4] Ang 11 569 &AL 58 A K g2 R
B ARG R (B 2A, BI2B) Bn: 5
Ctrl ZHAHE, QR 41f¥) ROS /KFTCHH 481k, Ang
M4 ROS /KFH W Ft& (P<0.05) ; Ang
I + QR 4 ROS /K F-5 Ang 1T HI] W TR
(P<0.05) . SOD iHtEkZE R (K 2C) &
N B Cl A, Ang T4 SOD BG4k &
FIH, QR T HUA L LT SOD I 4
(P<0.05) .

WB 2558 (Kl 2D) Bx: 5 Crl dAAHLE,
Ang [T 41 VCAM-1 £kl p-NF-xB/NF-xB [{H

(NF-«B it ) 23 B (P<0.05) ; Ang II+QR
HE) VCAM-1 FRik/K-F-F1 NF-xB 1% P4 Ang 1
AR T (P<0.05) . qRT-PCR Kl 45
(K 2E) Wrn: Ang T4 RHEHF IL-1B. 1L-6
A TNF-o A8 Ctrl ZH W EHE N, QR AT LA
1 2 BEAR A L P 2 RE 77K F- (P<<0.05)

Cell viability

0
Q\;\&%\\ \9 1 5Q\Q9\59,LQ9

QR/(umol-L™)
E 1 QR Ang IS8 MOVAS 4HAEE 18950
Figure 1 Effect of QR on the viability of Ang II -

induced MOVAS
QR: quercetin; Ang Il : angiotensin II. n=3, x*s, "P<0.05.
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2 QR Ang [[5SH MOVAS S AL M FFKEE
Figure 2 QR inhibits oxidative stress and inflammation induced by Ang I in MOVAS
A, B: Flow cytometry assay of ROS; C: SOD inhibition rate; D: Western blotting analysis of inflammatory protein (relative to
Ctrl group); E: mRNA levels of inflammatory factors (relative to Ctrl group). QR: quercetin; Ang Il : angiotensin Il ; ROS: reactive
oxygen species; SOD: superoxide dismutase; VCAM-1: vascular cell adhesion molecule-1; NF-«kB: nuclear factor kappa-B; IL:

interleukin; TNF-a: tumor necrosis factor-o. n=3, x s, "P<<0.05.



598 Chinese Journal of Clinical Medicine,

2025, Vol.32, No.4

FEIGREES: 202598 H 3248 4l

2.3 QR #7#) Ang 11569 VSMCs £ A 4 25
R(OE3A) Ban: 5 Curl e, Ang T4
MMP-9 #1 MMP-2 & (& kN (P<0.05) ;
Ang 1l +QR 41 MMP-9 Fil MMP-2 % 1% iK%
Ang TR (P<<0.05) . %55 (K 3B) W
AN: 5 Ctrl A, Ang IT4HAY Bax FEH#RIAK

Protein expression

Protein expression

24nh|

Protein expression

FFE, PUMTIEE Bel-2 BB TFRHE (P<
0.05) . QR AFHS, Bel-2 XK EE FIF,
Bax FiAKFE T (P<0.05) . RIJRSZESEE
(K 3C) . 5 cul i, Ang IT+HTifE
#E MOVAS 40fiiit#%; Ang 11 +QR 4 40T
fie 1158 Ang 11 ZH 38055 .

w Ctrl

== QR

we Ang 11

w= Ang [I+QR

w Ctrl

== QR

we Ang 11

wm Ang [I+QR

4r_x . wmCtrl
3l == QR
== Ang 11
wm Ang [I+QR

Protein expression
)

SM2“2a a-SMA OP @
3 QR #IHI Ang 155K MOVAS FEIEL
Figure 3 QR inhibits phenotypic transformation of MOVAS induced by Ang Il

A, B: The level of MMP-9, MMP-2 and apoptosis-related proteins (relative to Ctrl group); C: Migration ability, scale bar=200
um; D: The level of phenotypic transformation-related proteins (relative to Ctrl group). QR: quercetin; Ang 1l : angiotensin II;
MMP: matrix metallopeptidase; Bcl-2: B-cell lymphoma-2; Bax: Bel-2-associated X protein; SM22a: smooth muscle protein 22
alpha; a-SMA: a-smooth muscle actin; OPN: osteopontin. n=3, ¥ %, *P<<0.05.
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