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Establishment of a mouse common carotid artery remodeling model by silicone microcatheter cannula constriction
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[ Abstract ]| Objective To establish a new mouse model of common carotid artery remodeling by silicone
microcatheter cannula constriction, and to analyze the relationship between vascular constriction time and vascular
remodeling. Methods Twelve C57BL/6 mice were anesthetized with isoflurane. The median cervical incision was taken to
separate the left and right common carotid arteries. The left common carotid artery was constricted by a silicone microcatheter
(1 cm in length and 0.3 mm in internal diameter), which was longitudinally cut and inserted into the common carotid
artery, fixed and tied tightly; the right common carotid artery received sham operation without silicone microcatheter and
constriction. Six mice were sacrificed at 2 and 4 weeks after operation, 3 for histopathological observation and 3 for RNA

and protein extraction. Pathological sections were made from both common carotid arteries of mice. The microstructure of
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common carotid arteries was observed by hematoxylin-eosin (H-E) staining, and the expression of proliferating cell nuclear
antigen (PCNA) in vascular smooth muscle cells of common carotid arteries was detected by immunohistochemical staining;
RNA and protein samples were extracted from both common carotid arteries, the expression of molecular markers (calponin 1
[CNNI] and actin alpha 2, smooth muscle [4CTA2]) for smooth muscle cell phenotype switches was detected by quantitative
real-time polymerase chain reaction (QRT-PCR), and the expression of proliferation markers (cyclinA2, cyclinD1 and PCNA)
was detected by Western blotting. Results The left common carotid artery cannula constriction was successfully performed
in all the 12 mice. The vascular lumen stenosis was observed immediately after the cannula was tightened, but the blood flow
was not blocked. There were no obvious abnormal manifestations in the mice at 2 or 4 weeks after operation. H-E staining
showed that the adventitia of the left common carotid artery proliferated significantly at 2 weeks, and the intima and media
of the left common carotid artery proliferated significantly at 4 weeks. Immunochemical staining revealed abundant PCNA
expression in the left common carotid artery at 2 and 4 weeks after operation, suggesting abnormal proliferation of smooth
muscle cells. Additionally, qRT-PCR showed that the expression levels of contraction markers of smooth muscle cells (CNN1
and ACTA?2) in the left common carotid artery were significantly decreased at 2 and 4 weeks after operation. Western blotting
showed that the expression levels of the proliferation markers (cyclinA2, cyclinD1 and PCNA) were all increased in the left
common carotid artery at 2 and 4 weeks after operation. Conclusion The constriction of common carotid artery with a
silicone microcatheter cannula is a simple and efficient method for the construction of vascular remodeling model.

[ Key words ] vascular remodeling; vascular smooth muscle phenotype switch; common carotid arterial constriction;
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microcatheter; neointima formation
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Fig 2 Histopathological changes of common carotid

v 4

artery after cannula constriction in mice observed by
H-E staining
The AC of the artery caused the over-growth of the outer layer
of the blood vessels 2 weeks after surgery and led to severe
neointima formation 4 weeks after surgery. Scale bar=>50 pm.

H-E: Hematoxylin-eosin; AC: Arterial constriction.
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immunochemical staining
PCNA expression showing the proliferation of smooth muscle
cells in the common carotid arteries with AC. Scale bar=

20 pm. PCNA: Proliferating cell nuclear antigen; AC: Arterial
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Fig 4 Expression of molecules related to smooth muscle
phenotype switch of mouse common carotid arteries
after cannula constriction detected by qRT-PCR
"P<0.01. n=3, X*s. qRT-PCR: Quantitative real-time
polymerase chain reaction; ACTA2: Actin alpha 2, smooth

muscle; CNN1: Calponin 1; AC: Arterial constriction.
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Fig5 Expression of cell proliferation related molecules
in mouse common carotid arteries after cannula
constriction detected by Western blotting
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; PCNA:

Proliferating cell nuclear antigen; AC: Arterial constriction.

3 3t 8

R LA B AL A8 BE 3 SRy PRUREE L e BRI A =
5%, S F T JLAR M . 2T 2 4 i 25 A 4 i 41
SLGE A P HEI LS A LA AL R
FISCSUR ARG, iy 240 AT (o 1E 5 1Y) 2E BT e 4R
BT — A FRE RSN, DT ) A il 4
(IE S50 5 A B8 . EMLIRET Yy . RAE sk i
Gt Ve, IS PN RS R AR 00, it A8 vl A -
WU AL S A R R 23 & AR WU2S, AT 18 LA A
P I AR 2 TR ) 4 I TR T A, DA 52 i
Bl . I AESEARTIRE, BRI G RS i 2 R
MR AL . K Re. T LA anfa 44
TEH PSRRI | e AEee A A e R v R A R A
Ak, AHOCRHAF LA H R RIZ D, R A A
WRERF ST R E By 10 22— T A L4
RUFLAV I 53— FHLIRE A 0 A8 5 (14 Tl A4 a3y 7
PR e SR

KR EEN Kk AR . /NS Ik 29
PR F AT A Rk g A s s L R
B0 sl R ER BE AR AR A T R4 o, AR A A v,
W AETEi IS 7 d A HCIEE S5, 14 AP
Rk, 28 A e S Wi 7d, WEE
T Ha e A, 14~28 d3gLE e e/ R SiEh
Jik S22 kR, RS 7. 14 d AT ULEA S B RORE
YR, ARJ5 14, 28 d W] WA AL 4 ;
ARG WLANAR 2 A 24k, I B T G 0 381 A o
S LA g A Y L BRAEHE BR, /N RS Bk



° 880 -

WOEERR 20214E8 H, 2%

ez hi ] R AP LAY R ARSE T, M3
HOB Bk & A TR AR ISk A T R A
iR, S35 LA 25 b e 2 1) 23 i B A Ak
AWFFERI, LT 100 BT WL LA S ko™
G o - LA O R G5, 2 504
RS,

T B AR AR AR T H A2 8 7
ISR EIT R MBS R R G
#HH E (apolipoprotein E, ApoE ) s L% I8 E A
% & (low-density lipoprotein receptor, LDLR) %
PRI B, A 238 W sl Dk BRI 9T 5 ik
SR B A o L B R Y O — b R R
RSN 177 2 B K 3R 0 B iy e S sy,
BT I 7 X68 10045 RS 05 5 B B O AR Y
SO, AT W ApoE B LDLR JE X R R /)
BRI R R AR v, T B A AL/ N BRI
Tl R IR, AT R WA LN )
ok i /e 2 98 v P R G T R R, FRATTE
YA PR T e A (I A A 7 A ST
A EE AR SR TR A RN BRI TR RS
AT S T T R R SRS, TR
SEENTEAIE ML MRS B0 T i s ) s he
S 2 -1 ML BRI AL

AT R PR S 58 B8 4 78 AR ST/ B
HUR Sk i A F AR 2 JE I SR B 0L AL
LI, IR RE R RIAEAIRIE, R 4
JA AT WL AMEE . rh RN N B A, AR R
H P78 LA LA B, PN B A AT 5 & b R o T i A8
R o AR N B A Ry S8 8k, T LA
BT Bl 1 1L I8 B0 2 B g S 8 1l 4T LA
Jl AL A 4B, SORH 07 2 1l AR O 3R
ARV LA R 2 R AL AR DG NI 1259

HHARZE L, Wi S EEE AR
7/ EREUEBhDK 1L AE AR AL T S R DA R B
(1) TE5r B SR B PRI S 5 AN S S A AT i 22
HA; (2) EEEINEITE, WNEE 5T —
BRI, ETRSUSSIIKEAEE T, (3) 754
LEAFL R, TEEEPINRTLE 90% A4 [ &
By FEETRZLFHEEEE, FR w2 LTl
%, Bk AR N i i

) FH A e 0 5 A8 A A 7 AR ST U B K
EHMBAILEALD IR (1) EERMSE R

B Jm T 22 U SRR O R R R 22 [ sl kA
PR BT E SR BOR EXERERS /N (2) BREIEXAR
R /N /N B T RS L. (3) RERRA
FEEEHAEARARBIR, £85I sk
AROLAL TR AL ) o Hosz 135, iR
SE B ML S AR R T LA () /N L] ) i 4
HRESE . (4) ARG Z N RT3 5,
ANIIMAE Y B, S5 IR SRR R DA G,
PRI RSP0 L 2 ] e A —RE 194
fHo SR, RERXGICRAS B A8 A S A9 1 A FE 9
R MM SN E BT A6, B I 1] A9 2 R i
BOPRE ., IR, 7R AR B BB L5 3h ok
FEREACAR Y L4 AP AE AN, Al REFFATEH T
Sk EERE AP I A DR AIBLRI AT TS . Lesh, AT
FUPCR AL AT | IR TR 2 X A
RORHATANY, FFARXH Ry sh 1A A5 bk
ARSI, T 25 %o T B AR AL 50 0 2 S ] 4
SN HILAS 728 ) FR 9 D0 FA H 0

(& % X #f]

[1]  ZHAO D, LIU J, WANG M, ZHANG X G, ZHOU M
G. Epidemiology of cardiovascular disease in China:
current features and implications[J]. Nat Rev Cardiol,
2019, 16: 203-212.

[2]  SILVAIN J, RAKOWSKI T, LATTUCA B, LIU Z
Y, BOLOGNESE L, GOLDSTEIN P, et al. Interval
from initiation of prasugrel to coronary angiography
in patients with non-ST-segment elevation myocardial
infarction[J]. J Am Coll Cardiol, 2019, 73: 906-914.

[3] LIL,WANGS,HUANGHL,CAIY,XIYT,BAIY,et
al. Effects of rosuvastatin and aspirin on retinal vascular
structures in hypercholesterolemic patients with low-
to-moderate risk of coronary artery disease[J]. Am J
Cardiovasc Drugs, 2019, 19: 415-420.

[4]  GIFRE-RENOM L, JONES E A V. Vessel enlargement
in development and pathophysiology[J/OL].
Front Physiol, 2021, 12: 639645. DOI: 10.3389/
fphys.2021.639645.

[5] BROWN I A M, DIEDERICH L, GOOD M E,
DELALIO L J, MURPHY S A, CORTESE-KROTT
M M, et al. Vascular smooth muscle remodeling in
conductive and resistance arteries in hypertension[J].
Arterioscler Thromb Vasc Biol, 2018, 38: 1969-1985.

[6] LINDNER V, FINGERLE J, REIDY M A. Mouse model
of arterial injury[J]. Circ Res, 1993, 73: 792-796.

[7]  NOMURA-KITABAYASHI A, KOVACIC J C. Mouse
model of wire injury-induced vascular remodeling[J].
Methods Mol Biol, 2018, 1816: 253-268.

[8] KIMURA K, RAMIREZ K, NGUYEN T A V,



B8R g A RO A A A A /N R S A T IR AR

* 881

[10]

[11]

[12]

[13]

[14]

[15]

YAMASHIRO Y, SADA A, YANAGISAWA H.
Contribution of PDGFRa-positive cells in maintenance
and injury responses in mouse large vessels[JJOL]. Sci Rep,
2021, 11: 8683. DOI: 10.1038/s41598-021-88126-6.
ROQUE M, FALLON J T, BADIMON J J, ZHANG
W X, TAUBMAN M B, REIS E D. Mouse model
of femoral artery denudation injury associated with
the rapid accumulation of adhesion molecules on the
luminal surface and recruitment of neutrophils[J].
Arterioscler Thromb Vasc Biol, 2000, 20: 335-342.

HUI D Y. Intimal hyperplasia in murine models[J]. Curr
Drug Targets, 2008, 9: 251-260.

ZERNECKE A, SCHOBER A. Chemokines in vascular
remodeling[J]. Thromb Haemost, 2007, 97: 730-737.
TAKAYAMA T, SHI X D, WANG B W, FRANCO
S, ZHOU Y F, DIRENZO D, et al. A murine model
of arterial restenosis: technical aspects of femoral
wire injury[J/OL]. JoVE, 2015(97): 52561. DOI:
10.3791/52561.

RAMESHRAD M, BABAEI H, AZARMI Y, FOULADI
D F. Rat aorta as a pharmacological tool for in vitro and
in vivo studies|J]. Life Sci, 2016, 145: 190-204.
BOWEN-POPE D F, ROSS R, SEIFERT R A. Locally
acting growth factors for vascular smooth muscle cells:
endogenous synthesis and release from platelets[J].
Circulation, 1985, 72: 735-740.

SHAGDARSUREN E, BIDZHEKOV K, MAUSE S F,
SIMSEKYILMAZ S, POLAKOWSKI T, HAWLISCH
H, et al. C5a receptor targeting in neointima formation
after arterial injury in atherosclerosis-prone mice[J].
Circulation, 2010, 122: 1026-1036.

[16]

[17]

[18]

[19]

[20]

(21]

TANG J, WANG H X, HUANG X Z, LI F, ZHU H, LT Y,
et al. Arterial Scal™ vascular stem cells generate de novo
smooth muscle for artery repair and regeneration [J/OLJ.
Cell Stem Cell, 2020, 26: 81-96.¢4. DOI: 10.1016/
j.stem.2019.11.010.
MORI Y, GONZALEZ MEDINA M, LIU Z W, GUO
J N, DINGWELL L S, CHIANG S, et al. Roles of
vascular endothelial and smooth muscle cells in the
vasculoprotective effect of insulin in a mouse model
of restenosis[JJOL]. Diabetes Vasc Dis Res, 2021, 18:
147916412110273. DOI: 10.1177/14791641211027324.
HIROSUMI J, NOMOTO A, OHKUBO Y, SEKIGUCHI
C, MUTOH S, YAMAGUCHI I, et al. Inflammatory
responses in cuff-induced atherosclerosis in rabbits[J].
Atherosclerosis 1987, 64 (2/3): 243-254.
SASAKI T, KUZUYA M, NAKAMURA K, CHENG
X W, SHIBATA T, SATO K, et al. A simple method of
plaque rupture induction in apolipoprotein E-deficient
mice[J]. Arterioscler Thromb Vasc Biol, 2006, 26:
1304-1309.
CHENG C, TEMPEL D, VAN HAPEREN R, VAN
DER BAAN A, GROSVELD F, DAEMEN M J A
P, et al. Atherosclerotic lesion size and vulnerability
are determined by patterns of fluid shear stress[J].
Circulation, 2006, 113: 2744-2753.
VON DER THUSEN J H, VAN BERKEL T J C,
BIESSEN E A L. Induction of rapid atherogenesis by
perivascular carotid collar placement in apolipoprotein
E-deficient and low-density lipoprotein receptor-
deficient mice[ J]. Circulation, 2001, 103: 1164-1170.
[(AXHE] N A



