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[ ABSTRACT] Aim To investigate the method and value of anti-intercellular adhesion molecule-1 (ICAM-1) nano
targeted ultrasound bubbles in detecting early inflammation of atherosclerosis ( As) and ultrasound molecular imaging.
Methods  Anti-ICAM-1 nano targeted ultrasound bubbles were prepared by biotin-avidin method. 20 experimental
rabbits were randomly divided into 4 groups: control group, 2-week modeling group, 4-week modeling group and 6-week
modeling group, with 5 rabbits in each group.  The control group was not treated with any treatment.  The As models
were established by surgical balloon injury and high-fat cholesterol diet in 2-week modeling group, 4-week modeling group

and 6-week modeling group.  Contrast-enhanced ultrasound was performed in each group to obtain the contrast parameters
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such as peak intensity (PI), time to peak (PPT), area under curve ( AUC) in region of interest. At the end of the ex-

periment, pathological examination was performed on the target abdominal aorta. Results Preparation of nano targeted
ultrasound bubbles: the binding rate of ICAM-1 antibody to nano ultrasound bubbles was 72. 6% .  Contrast enhanced ul-
trasound ; in the control group, the contrast agent of vascular cavity and vessel wall basically disappeared at the same time;
2 min after the injection of contrast agent in each modeling group, the contrast agent in the vascular cavity faded, and the
local vascular wall was still developed and enhanced. The analysis of targeted contrast-enhanced ultrasound curve at the
thickest part of abdominal aorta showed that PPT of the four groups had no significant difference with the extension of mod-
eling time (P>0.05) ; PI and AUC of the four groups gradually increased with the extension of modeling time ( P<0.05).
HE staining: the vascular wall endothelial cell of the control group were arranged completely; the vascular smooth muscle of
the model group proliferated obviously; the lipid plaques were formed in 2-week modeling group and 6-week modeling
group, and more significantly in the 6-week modeling group.  Immunohistochemical staining: the mean integral optical
density (IODM) value of ICAM-1 positive staining in abdominal aorta of four groups increased gradually with the extension
of modeling time (P<0.05).
the IODM value of ICAM-1 positive staining in abdominal aorta (r=0. 835, P<0.05; r=0.868, P<0.05).

sion  Anti-ICAM-1 nano targeted ultrasound bubbles can identify the early inflammation of As at the molecular level, and

Correlation analysis; the angiographic parameters PI, AUC were positively correlated with

Conclu-

provide more objective and quantifiable contrast-enhanced ultrasound parameters for early detection of As vascular inflam-
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matory lesions.
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Figure 1. Results of flow cytometry
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2.3 HAMASHNZER Wi 5 AR 1] ) i T v, HG e o B 2 45 30 i A
FLE A4 1 TC TG \LDL HDL 7K -, & Bl H: 1y TEPRIAK, @5 6 SR 4H B (P<0.05;% 1)
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Table 1. Comparison of blood lipid levels of experimental rabbits in each group mmol/L
| n TC TG LDL HDL

Xf B2 5 1.67+0.14 1.1120.09 1.27+0.25 0.59+0.09
A 2 JH 4 5 11.02+4. 38" 1.55+0. 16" 10.99+3.38" 0.68=0. 08"
A 4 E 4 4 17.94.47+9.93" 1.95+0. 16" 12.03+5.29" 0.70+0.08™
A 6 EIA 5 34.55+9. 89" 3.19£0.50™ 15.65+4.26™ 1.2420.30""
F1{E 18.88 49.93 12.25 15.82

P1E <0.05 <0.05 <0.05 <0.05

a k) P<0.05, 5% AL LA ;b P<0. 05, 538 2 JRI 4L L ;¢ o P<0. 05, 5 A 4 JR 4T s
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RERC W, TR 2 JH 4 a8 R b SR BE R I RS, o, I SR W) ) 2 S L5 PAY B o I 2 8
JEBEZ79(0.17£0.02) mm; HEAL 4 A4 @A 6 Al HIK(E2),
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Figure 2. Two-dimensional ultrasound showed the intima-media of abdominal aorta in each group
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Figure 3. The development of abdominal aorta in each group 2 minutes after contrast-enhanced ultrasound
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Table 2. Comparison of curve parameters of targeted contrast-enhanced ultrasound in each group

e n VA 5 )3 SRIE A /s [ ES AT
Xf HRZH 5 8.20+0. 84 12.20+1.30 303.20£13.16
B2 FH 5 10.60+1. 34" 13.60+1. 14 345.80+31. 90"
AR 4 A 4 13.80£1.75™ 13.00+2. 83 393.25+14.86™
A 6 JH 4 5 16.80+2. 39" 13.40+2. 88 424.20+19. 02"
F{E 23.90 0.42 30.30
P1iA <0.05 >0.05 <0.05

a A P<0.05, 5% R b o P<0. 05, SR 2 R4 ;¢ b P<0. 05, 5#EHE 4 R4 i,

B 4. HE &M (40%)

INZEZBATIRIR g o BRZH A 2 FEI2H A 4 JRI4H a6 JR4H .

Figure 4. Atherosclerotic plaques were detected by HE staining(40x)
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Figure 5. The expression of ICAM-1 was detected by Immunohistochemistry (400x )

2.6 FHXMSH

AHIEHES BT B, ICAM-1 75 7 3 Sh KA B 14 B
PEYL A1 TODM 5 88 [ 8 75 125 5% 2 8004 (5 4 | it
28R AR IEAR K (r=0. 835,P<0.05;r=0. 868, P<
0.05) .

3 3 i
FURGAT TS As BRI B4y 504 H B

W SR AS | AR S0 08 B T R R 9 SR 3h
HEVEB PG 2 5, & — T Tk S IR L [ P A g 1Y
MR, 3 b5 X e A ILAE PR3 B 0 B, A
B SR BT 4] 57 e i L 1] e A kb DL A8 Bk
PN O MU PN B, LU S N3 As
RS S AR A b BB A S SRR A R Y
AR AR LR ZK P AN R B B A A2 W] 2 84k, W]
As S R M R S LR K VTA oG, 5 L
AU BT T 2 RARAT .



CN 43-1262/R " [E s fikalifb 24 it 2020 455 28 %55 12 4 1047

As BRI IR _F 357 WL Bm 2 — 4 1k
A ORI HLE ) W83 1 R 58 4 48—, (B K A 1y i
PR B SERIBF 5T S HF As J2—Fh JE R AR Y Bl gy
PR At B, B As 2R I1 KO0 9 & A BB
XKoo PR R PR R S RORE & AR AR G R A% R T
kB 5 53 FJH ICAM-1 g3k ek As B9 &
KRR, ICAM-1 VBN As PRI RIEARED , -
ELAR Sk I [a] R E 1Y R R 2 W 53097 1 TR
EREET HRTIE R AT LR HUB VR A As Ay £
G B HHHELL R B As (9 RWJ 08, A RER &
BEHL N RAEFRBE | [ AR 5 BE R 25 2 4 51 S B
Ak EdE " B A TRAR AN As R
HIIL Wi L7 F 7K - REAR AR

ARSI 3 5o A5 T TCAM-1 40 K 2 () 388 75 34
H X} B2 RS2 R A T 7R R, AR 2 SR 4 4 T
20 6 LTS FH A 2 min I I8 16 PN A9 3 5%
FITEATH AR, A5 RE Y B RE 22 A8 R W5 | R A A o
AR G, L BE 2 AR () 9 S K 5 5 S B0 (E
s I T AEAR N Y K, 22 A SRR
X PR ot %65 flas R 7657 R 1 1) 38 52 391 6 A [ B 7
A HERAHF I 5 BT ICAM-1 44 K S i 6 75 30
REFE As AR A T30 ) p2k 5% | ifF— 20Uk S 1)
WS X As 95 48 3 F R B AT AT, 5 Zhang
SIS Y BIFST 45 AR, {H Zhang 25 7880 i) i 52500 12
AP S T ) 354, 52 55 T 90 BVl 3 5 74
WA 10 min J5 55748 045 BE JR) A RSt By .
97 A8 L4 10 ICAM-1 25 (1Y Rk 45 31 & B
BN RAZH , T 2 JEAE N B A0 R BT T LIS s 3
ICAM-1 [ FHPER L X — & B S5 AT BRI 25 5
£, ELRf A IS ] ) B, P9 R AR T AR
IR BB, H 2 24 6 JA i, S ] 3 oK,
ICAM-1 A9 FHAE Gt 7 BAA% A0 | 15 W 4 i 357 i PH
Mgk, SRS IS RARST . ST 1)
WSRO ER A T A ICAM-1 481 fk2%
Yt i) IODM H & B, W35 2 PEAH G, ARSI A
FHPT ICAM-1 GKER ] 8 75 1P Al As B9 RAEFRBE,
FEHLAMAT As A8 I () 38 om AR B O ARG As
A IRERN P N/ R S-S VNG = A S E =L 7

ARSI W AFAE R 2Z Ak B 5 8 B R AR
D ARSI AKFEA & | 3 BT ICAM-1 44 K3 )
P UL SE I As SEAE YRR S AR DN S5 3R, Bk
YENFE—2 A5 Jr 1],

ST Z AW A ) 3R B R f R L )
TilA T H0 ICAM-1 94 KB [m] B8 P50, JF X5 As Il 48 5%
(LS IE HEA T 0 R, TR S WA 48 A2 Ak

A Rk A B, R S B 116 1 B SE R A

[ BE k]

[1] GBD 2016 Causes of Death Collaborators. Global, regional, and na-
tional age-sex specific mortality for 264 causes of death, 1980-2016
a systematic analysis for the global burden of disease study 2016
[J]. Lancet, 2017, 390(10100) ; 1151-1210.

[2] Barquera S, Pedroza-Tobias A, Medina C, et al. Global overview of
the epidemiology of atherosclerotic cardiovascular disease[ J]. Arch
Med Res, 2015, 46(5) : 328-338.

[3] X & ICAM-1 53 IkiEaEqe[ 1], FEPRBEREERRE, 2001,
22(4) . 149-151.

[4] Jansen F, Yang X, Baumann K, et al. Endothelial microparticles
reduce ICAM-1 expression in a microRNA-222-dependent mechanism
[J]. J Cell Mol Med, 2015, 19(9) : 2202-2214.

[5] BRENLL, 3%, EREdiERg shim bl B 7 X HAR Ik HE i1k
TIFEIL]. AERREHE R, 2006, 37(1) : 45-47.

[6] % ¥, ¥ A, #& vk, 55, W B ZHIRB TR 2T E
WEANHE 35 ICAM-1 Fil MMP-9 [ 52 ma [ J]. 1L 7 o IS 4= &,
2013, 40(7) . 1479-1481.

[7] Li X, Zhang R, Li Z, et al. Contrast-enhanced ultrasound imaging
quantification of adventitial vasa vasorum in a rabbit model of varying
degrees of atherosclerosis[ J]. Sci Rep, 2017, 7(1); 7032.

(8] RF-oe. FHOCHAEH T 5 IR REREAL [ J]. i I S ik Al Ak A
i, 2011, 19(3) ; 283.

(9] B, XEXK, DR, 5. AAIE 2 18 w7 g Xt
BIKBER I TR A SRR E[ 1], PR fE BT R A G (R T
fiZ), 2018, 11(2) : 34-37.

[10] 11 E, Erh#f, shocdd, % B F-«B 540 R & o+-1

T8N TR B IS R R A BRE B v 1Yy 2R 3k B 5 R TR 1 O R
[J]. RS, 2010, 30(17) ; 2420-2422.

[11] Kaufmann BA, Sanders JM, Davis C, et al. Molecular imaging of
inflammation in atherosclerosis with targeted ultrasound detection of
vascular cell adhesion molecule-1[ J]. Circulation, 2007, 116
(3):276-284.

[12] %= 22, mxfe, BIF, . #EPT ICAM-1 75 8 52500 X f
F KA R 1) 5 Y SRR R AT [T ). v R S R A
A, 2005, 21(1) : 14-17.

(137 J& 3. BEPCANLEFRB 23 7-1 X0 NUSEFE 32458 4 K #8216
PR SEIRTIEL )], IR (AR | 2014, 35(3)
329-332.

(147 Z=0RU0, BRER, BRiEAE, 45, Bighkoeers e il s vl 5
M3 G 3 AR SCBERRE A2 ZKF ORI CHERTSE (1], b G R
BRAERAR MR, 2019, 30(3) : 166-168.

[15] Zhang YJ, Bai DN, Du JX, et al. Ultrasound-guided imaging of

&

Ju

28

junctional adhesion molecule-A-targeted microbubbles identifies
vulnerable plaque in rabbits[ J]. Biomaterials, 2016, 94 . 20-30.

[16] TAFRE. HIF-1 & ICAM-1 7E5eHE shibk 3 55 43 /5 L8 b i R
IBKEX[D]. MR, BERPESABE, 2008 1-32.

(171 & ¥, XUNBE, EHb, 5. AUARRZEHTor T 1 45 40 R kB
O3 1 AR SR SRR R AL B N A BT AE[T]. I S Ik
ek, 2014, 22(3) ; 217-222.

(HLSCHAE )



