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(A)

(B)
Femoral nerve
Femoral artery|
Femoral vein

©

Femoral nerve|
Femoral artery]
Femoral vein

Femoral nerve
Femoral artery]
Femoral vein

Ar FARUINIRE; B: 2 Iah Ik, C: 2 BB sk LAt); D: i
YK B e E .

A: the place of operation; B: neurovascular bundles are exposed; C:
femoral artery is separated; D: the collar is positioned; E: the collar is
fixed.

Bl PRERFREEFAEETEE
Fig.1 Schematic representation of femoral artery collar
positioning operation
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Fig.2 Mice bodyweight before and after operation
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(A)

(B)

A WAL B: SZIRAL(E=A 5, M=rPii, A=A TR Sk G 14
FUCK, FA%, RSB, THEN bz B, A (s ke 0L
2R 4E).

A: the sham-operated side; B: the collar-treated side(E=endothelium,
M=media, A=adventitia. Cells indicated with a black arrow are large,
mononuclear and of irregular shape, with a strong possibility of being
mononuclear macrophages; and inflammatory cells are indicated with a
white arrow).

E3 REhikEEE Y FHEKERE

Fig.3 H&E stained cross sections of femoral arteries
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A: the sham-operated side; B: the collar-treated side. Positive granules are indicated with arrows.
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Fig.4 Femoral artery a-SM actin immunohistochemistry staining
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Ar PSR B o IR S Co Y L) TR, D o S22 IR Er P iR T AR LG, (D) SR AL () 4 IR ALK 5, n=5, *P<0.05, **P<0.01,

*4P<0.001).

A: cross-setional intimal surface thickness; B: medial surface thickness; C: intimal surface area; D: medial surface area; E: intima-media area ratio. ‘(-)’
denotes the sham-operated side, while ‘(+)’ denotes the collar-treated side( test, =5, *P<0.05, **P<0.01, ***P<0.001).
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Fig.5 Morphological analysis results of femoral arteries

3 g

KILAA T —Fha] LLAT 205 5/ B A il 4
P 7 388 A AR () vk, 12 7 A R i I B ik ik A
TR, 15 R IS MR S0 7 O, 5 I A % 1k
W05, HET AR A BRI A . 17 5 A A i A AR A
1 B 0 AR I ) BSR40 A A R TR, H AT
B AS TF R B BRI R, 7E34M Sk 1) 2T /0
i Ty N\ BRI 45 A 00 B GRS 4R 8, 0[]y Bk
N ISR 5> XAk I SR, 56 S5 FLAAL B
ik, AEIZABE IR 2 B X R AT KRR EE R AK
B4, RTINS i, A — @ T, A4
FIEE TR, B HE A KR8 KEE Y, Moroi
SOV A% v A e Ot I e RN TN R, AR R
KX IRICST/BLOFISV 129708 B 50 Jik &b i 4 75 1 )&
Joi P R B B o AR AR T ILA AR, A5/
PRAE T, A9 I ()R PR 5 B T 4, a8 G0 Tl 3 A
T S AR ST g RS v e I 2= ek, SR AC
PN B 5K 43 ool AT 224 MR TR, w] BAYZ b S
FEA S RIS ) 22 . S0 45 R IR IKEE T
AREMG N, DA G AR B IAT 615240, A WL
ORGP EE SRR . 0 HU 5% R IE BB ik )2
SE R 35 H I R R, RSB P A R, R T,

EISIRAE, FEAERE 2 AN M s o S 2 S L
E-RIIREAN S e SNy N =28 i D2 M D N
BRI ILAE, s 2 A0 45 3R B P IS A 38 4 2 el
T I A S W L AH (V' SMCs) 38 £ 1356 Jot FH 58 T 35
e AN, A R 3 A 00 o 1 A5 44 46 ) 2 5 -6 W,
IR 2R fin 7B P R (1) JEE PSR T AR A I A 4,
PRI/ S T AR B R B B T T

TEIEBOS R b, B R AR 3 R KR FEA Y
TR, DA s N R I A B 0 . T Ik L A AR
Z NI R, 4y B SR AT AR, — B IR,
7B R R BR R 3 1 1

R AR A YRR, DL T RIS
BB SRR A . TR I, A Bl bk T
Horke, B NIBCELEAE AN B2 0], DUE T 3
] AR, decddi B A FE A 1.5 mm /e gy, A 2R 4
5 SR 11 I ) kK B Y 5 B K B R BUH [, 5 )
SHURIGERE W e VE R, RO B0 At A7 1) 4534
WA, AT VU S K P R UE, IR &
B R SO AR [ E R, U0 i) DL A 21
DI, ORFPAH A G5 M e 4 e, (T 2% .

AR 1) 95 B 3 B2 P AR 2R 5 2N
JEEE A= 5, K HTRLSR, AT — B AR A A



1244

BRI -

P JZ 1K) N B2 4 i (endothelium) Az FH 23 1) L6~
1 WL 4l it (vascular smooth muscle cell, VSMC)X I
EA TR VR RN i 280 T L AM ) (adventi-
tial) FRIVESFEAE T, R AN Z AN AN e 0 28 LA FR) i
AR 2R, B T ORI IR SR AR, L
WL N7 NIUR (S E I Mo =3 i 5 3 S E AR TR
B, I8 MBS 980T 5 i 7 A MR O, I s N YR YT
S5 S B Ik ok B A A S5 R A B A i P 2 R VA O
SR, A RIS AMISE 28 RE RS A 5185 A= 52w (X AL A )
ﬁﬁﬁlﬁﬁ'ﬂﬂﬁﬁ FI RT3 AI 8 RE 0T 1A 5 ) 5 Wi 7
e SRR R B4 5=-6. Tollk:
yJZI—‘ M R PR EE A DI S5 R 2R () 2 B A O
SR, BRAT W TN T MR SE XS A IS A J kA
ﬁéﬁkﬁ’ﬁﬁ\?m’?ﬁ'\ 55 PRI AE R, A5

e ALl Iﬂﬂﬂ‘lfliwﬂﬁﬁﬂﬁﬁkfﬁiﬁﬁﬂ“@ﬁ@
T’ﬂﬁlﬁﬁﬁ T T TR A S IR e W A St

1] o 5 25 BEMLHIRT S5 T, 1245 24 2 m‘ﬂ%?
WEFTL5) (L2 A IS, ) LUK F 5t 7 2200 1L
et RS IR CIDEIRCE S E VA= PRt Eith/S
BAT BT, XBARE TN IR R S

LEEPNE, AU RIS T Bl PR AT R

155 A 98 RE 5 5 C57/BL6/IN BB 8 ik Py i 38
PR RS, RS IR 5 ik ok A S A R oL P

LU SCRAT B S
R Bt —

BAALBRRFEFRABEZ QL =ZH8
(Prof. Shisan Bao)Z£4% K _E #9458

B E 30k (References)

1 Libby P, Ridker PM, Hansson GK. Progress and challenges
in translating the biology of atherosclerosis. Nature 2011;
473(7347): 317-25.

2 Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD,
Borden WB, et al. Heart disease and stroke statistics—2012 up-
date: A report from the American Heart Association. Circulation
2012; 125(1): e2-e220.

3 Kaufman CL, Ouseph R, Blair B, Kutz JE, Tsai TM, Scheker LR,
et al. Graft vasculopathy in clinical hand transplantation. Am J
Transplant 2012; 12(4): 1004-16.

4 Kruger D. Neo-intimal hyperplasia, diabetes and endovascular

10

11

12

13

14

15

16

17

18

injury. Cardiovasc J Afr 2012; 23: 1-5.

Shenoy S. A clinical commentary on the article “an early study
on the mechanisms that allow tissue-engineered vascular grafts to
resist intimal hyperplasia”. J Cardiovasc Transl 2011; 4(5): 683-
4.

Liu MW, Roubin GS, King SB 3rd. Restenosis after coronary
angioplasty. Potential biologic determinants and role of intimal
hyperplasia. Circulation 1989; 79(6): 1374-87.

Vilahur G, Padro T, Badimon L. Atherosclerosis and thrombosis:
Insights from large animal models. J Biomed Biotechnol 2011;
2011: 907575.

Prichard HL, Manson RJ, DiBernardo L, Niklason LE, Lawson
JH, Dahl SL. An early study on the mechanisms that allow tissue-
engineered vascular grafts to resist intimal hyperplasia. J Cardio-
vasc Transl 2011; 4(5): 674-82.

Moroi M, Zhang L, Yasuda T, Virmani R, Gold HK, Fishman
MC, et al. Interaction of genetic deficiency of endothelial nitric
oxide, gender, and pregnancy in vascular response to injury in
mice. J Clin Invest 1998; 101(6): 1225-32.

Maiellaro K, Taylor WR. The role of the adventitia in vascular
inflammation. Cardiovasc Res 2007; 75(4): 640-8.

Palinski W, Ord VA, Plump AS, Breslow JL, Steinberg D, Witz-
tum JL. ApoE-deficient mice are a model of lipoprotein oxidation
in atherogenesis. Demonstration of oxidation-specific epitopes
in lesions and high titers of autoantibodies to malondialdehyde-
lysine in serum. Arterioscler Thromb 1994; 14(4): 605-16.

Li AC, Glass CK. The macrophage foam cell as a target for thera-
peutic intervention. Nat Med 2002; 8(11): 1235-42.

Majesky MW, Dong XR, Hoglund V, Daum G, Mahoney WM Jr.
The adventitia: A progenitor cell niche for the vessel wall. Cells
Tissues Organs 2012; 195(1/2): 73-81.

Song GJ, Barrick S, Leslie KL, Bauer PM, Alonso V, Friedman
PA, et al. The scaffolding protein EBP50 promotes vascular
smooth muscle cell proliferation and neointima formation by
regulating Skp2 and p21(cipl). Arterioscler Thromb Vasc Biol
2012; 32(1): 33-41.

Lardenoye JH, Delsing DJ, de Vries MR, Deckers MM, Prin-
cen HM, Havekes LM, et al. Accelerated atherosclerosis by
placement of a perivascular cuff and a cholesterol-rich diet in
ApoE*3Leiden transgenic mice. Circ Res 2000; 87(3): 248-53.
Sasaki T, Kuzuya M, Nakamura K, Cheng XW, Shibata T, Sato
K, et al. A simple method of plaque rupture induction in apoli-
poprotein E-deficient mice. Arterioscler Thromb Vasc Biol 2006;
26(6): 1304-9.

Weakley SM, Wang X, Mu H, Lu J, Lin PH, Yao Q, ef al. Gink-
golide A-gold nanoparticles inhibit vascular smooth muscle
proliferation and migration in vitro and reduce neointimal hyper-
plasia in a mouse model. J Surg Res 2011; 171(1): 31-9.

Niida T, Isoda K, Kitagaki M, Ishigami N, Adachi T, Matsubara O,
et al. IkappaBNS regulates interleukin-6 production and inhibits
neointimal formation after vascular injury in mice. Cardiovasc
Res 2012; 93(2): 371-9.



M AR /N BRI P AR RS ST 1245

Induction of Rapid Intimal Hyperplasia in Mice

Yang Xu', Yan Xin', Liu Zhengzhe?, Li Jun’, Wu Wenting?, Wang Weigang**
(‘Traditional Chinese Medicine Institute, Tongji University, Shanghai 200092, China; *Shanghai Research Center For Model
Organisms, Shanghai 201203, China)

Abstract An approach to induce neointimal growth in mice is presented. A silicone tube collar is placed
around the femoral artery of the mouse. After 2 weeks, significant changes such as irregular growth of intima, me-
dia thickness and luminal stenosis, increasing of endothelial cell permeability, disturbance of cell alignment and
infiltration of inflammatory cells towards intima in collar-treated groups in comparison to sham-operated groups,
can be observed in histological sections. It is indicated by immunostaining that the observed neointimal growth is
caused by hyperplasia of VSMCs and deposition of matrixes. The present model is therefore of great importance in
investigating the pathological mechanisms of atherosclerosis and developing therapeutic drugs.

Key words mouse model; intimal hyperplasia; adventitial inflammation; collar
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