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MPC30-DEA70载 AMO-miR-222对大鼠颈总动脉球囊损伤后
血管狭窄的影响 *
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摘要 目的：阳离子磷酸胆碱聚合物（MPC30-DEA70）为非病毒类转基因载体，可与 AMO-miR-222络合，通过导管球囊系统将

MPC30-DEA70/AMO-miR-222基因复合物导入大鼠颈内动脉球囊损伤处，观察对血管平滑肌细胞增生及血管狭窄程度的影响。

方法：90只雄性 SD大鼠随机分为未损伤组、多聚赖氨酸（PLL组）、MPC30-DEA70/AMO-miR-222组、PLL/AMO-miR-222组、

PLL/MPC30-DEA70组、AMO-miR-222组、单纯损伤组、PLL载 P/A=3:1组和 P/A=5:1组，每组各 10只。构建大鼠颈总动脉球囊损

伤模型，予血管损伤段行 PLL、MPC30-DEA70/AMO-miR-222、PLL/AMO-miR-222、PLL/MPC30-DEA70、AMO-miR-222、PLL载

P/A=3:1和 P/A=5:1复合物的转运。4周后通过光学显微镜观察 HE染色血管段组织形态学改变。Western blot法检测各组血管段

p57Kip2、p27Kip1蛋白的表达情况。RT-PCR法检测各组血管段 miR222扩增情况。结果：光学显微镜下，多聚赖氨酸（PLL组）、裸

MPC30-DEA70/AMO-miR-222组、PLL/AMO-miR-222组、PLL/MPC30-DEA70组、AMO-miR-222组、MPC30-DEA70组可见内膜

显著增生，新生内膜 /中膜比值无组间差异，较 PLL载 P/A=3:1组和 P/A=5:1组有组间差异，后两组比较无组间差异，未损伤组未

见新生内膜增殖。Western blot法检测显示 PLL载 P/A=3:1组和 P/A=5:1组 P57kip2、P27kip1蛋白表达含量较未损伤组降低（P<0.

05），较余六组增高（P<0.05），组间比较无显著差异（P>0.05）。RT-PCR法检测显示，miR-222表达在未损伤组很低，PLL载 P/A=3:1

组和 P/A=5:1组增高，余六组过表达（组间比较无显著差异）。结论：MPC30-DEA70可与 AMO-miR-222络合，有效抑制球囊损伤

后血管 miR222表达，从而抑制新生内膜增生及血管狭窄。
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Effects of AMO-miR-222 Carried by MPC30-DEA70 on Rats'
Hemadostenosis after Common Arteria Carotis Balloon Injury*

As a non-viral transgenic carrier, the cationic phosphorylcholine polymer (MPC30-DEA70) can form a

complexation with AMO-miR-222. The MPC30-DEA70/AMO-miR-222 gene compound is imported through catheter-balloon system in-

to places where rats' internal arteria carotid balloon injury occurs to observe their effects on vascular smooth muscle cell proliferation and

hemadostenosis. 90 male SD rats are randomly divided into 9 groups with 10 rats per group, as the groups respectively are: the

uninjured group, polylysine group (PLL group), nude MPC30-DEA70/AMO-miR-222 group, PLL/AMO-miR-222 group, PLL/MPC30-

DEA70 group, AMO-miR-222 group, only injured group, PLL-loaded P/A =3:1 group and P/A=5:1 group. Rats' common arteria carotis

balloon injury model is built to transfer PLL, MPC30-DEA70/AMO-miR-222, PLL/AMO-miR-222, PLL/MPC30-DEA70, AMO-miR-

222, MPC30-DEA70, PLL-loaded P/A=3:1 and P/A=5:1 compounds for injured vascular. Four weeks later, histologic changes of HE

stained blood vessel will be observed by optical microscope. The proteins expressions of p57Kip2 and p27Kip1 in blood vessels of those

groups are detected by Western blot method. Amplification of miR222 in blood vessels of those groups is detected by RT-PCR method.

: Under optical microscope, remarkable intimal hyperplasia can be observed in the polylysine (PLL) group, nude MPC30-

DEA70/AMO-miR-222 group, PLL/AMO-miR-222 group, PLL/MPC30-DEA70 group, AMO-miR-222 and MPC30-DEA70, while the

ratio of neointima/medial membrance among those groups shows no inter-group difference; however, compared with that of PLL-loaded

P/A=3:1 and P/A=5:1 two groups, which are identical between the two groups, the ratio shows no difference; no neointimal hyperplasia is

observed in the uninjured group. According to the Western blot method, compared with the uninjured group (P<0.05), the expressed con-

tents of protein P57kip2 and P27kip1 in PLL loaded P/A=3:1 group and P/A=5:1 group are lower but higher than that of the rest six
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groups (P<0.05), while there is no remarkable difference between these two groups. As shown by the detection results of RT-PCR

method, the expressed contents of miR-222 in the injured group is low; it is higher in PLL-loaded P/A=3:1 group and P/A=5:1 group,

while too much of it is expressed in the rest six groups (there is no remarkable intergroup difference). MPC30-DEA70 and

AMO-miR-222 can form a complexation together and effectively inhibit the expression of miR222 in blood vessel after balloon injury, so

that inhibit neointimal hyperplasia and hemadostenosis can be inhibited.

Phosphorylcholine Polymer; Antisense Mir-222; Intimal Hyperplasia; Hemadostenosis

前言

相关研究已经证明，p27Kip1和 p57Kip2对大鼠颈动脉血

管平滑肌的增殖起到负调控作用，而 p27Kip1和 p57Kip2在大

鼠颈动脉血管平滑肌中是 miR-221和 miR-222的靶基因。而反

义 miR222（AMO-miR-222）可同时抑制 miR221 与 miR222 的

表达[1,2]。我们的研究经验及其他学者们早已发现，磷酸胆碱聚

合物(phosphorylcholine polymer，简称 PC polymer)是一种良好

生物相容性和血液相容性的药物控释涂层材料。PC涂层模仿

人体自然细胞膜的特性，可降低摩擦系数，具有内在的抵御生

物侵袭的能力，减少纤维蛋白原和血小板激活，减少血栓形成，

无明显炎症反应[3]。几个较大型研究组的试验结果已经表明 PC

涂层支架是可行、安全和有效的[4-6]。PC材料不仅在支架表面形

成了一层生物屏障，其水凝胶样的特性更可作为药物的 "储存

库 "来贮存和释放药物，既往已有研究通过在 PC聚合物骨架

引入一定量的正电基团而形成阳离子 PC薄膜[7,8]，使得对带有

负电的小分子量在负载量及释放量均得到大大改善。应用正电

基团修饰的阳离子 PC聚合物与带负电的 miRNA分子通过静

电平衡作用相结合。然而，PC聚合物涂层在负载 RNA这样带

有负电性的生物分子还是十分有限的，需借助多聚赖氨酸的作

用。多聚赖氨酸带正电荷，与带负电荷的 RNA分子结合，可产

生较强的粘合力。多聚赖氨酸这一特殊性质被广泛应用于免疫

组织化学、冰冻切片、细胞涂片、原位杂交等防脱片处理，并且

用于细胞培养，增加细胞帖壁能力[9-11]。国内已有学者成功运用

多聚赖氨酸包被的球囊转运腺病毒载体[12]，本研究以阳离子磷

酸胆碱聚合物MPC30-DEA70(PC聚合物）为转基因载体，利用

多聚赖氨酸（PLL）涂层球囊将 MPC30-DEA70/AMO-miR-222

导入大鼠颈总动脉球囊损伤处，观察 miR-222的表达及对血管

狭窄程度的影响。

1 材料和方法

1.1 材料

健康雄性 SD大鼠 90只，体重为 250-350g，由徐州医学院

动物实验中心提供，分笼饲养。AMO-miR-222序列为 5'-AC-

CCAGUAGCCAGAUGUAGCU-3' 由苏州吉马公司合成，5' 末

端加 FAM标记，0.1 % PLL采购予上海生工生物工程公司，

P57(kip2)单克隆抗体购予 AB公司，P27(kip1)抗体购予北京博

奥森公司，GAPDH抗体购予巴戊德公司，碱性磷酸酶标记的山

羊抗兔二抗购予北京中杉金桥科技有限公司，MPC30-DEA70

由中国矿业大学曹希传教授惠赠，1.2 mm× 6 mm球囊导管等

介入器材由美敦力公司提供。

1.2 基因球囊的制备

取 0.1 % PLL溶液 30 滋L，置于 1.5 mL EP管中，以双蒸水

稀释至 100 滋L，将球囊导管避光浸泡于 EP管中 30 min，后拿

出吹干备用。取 90 滋L、150 滋L MPC30-DEA70 分别加入到

30 滋L AMO-miR-222 溶液中，形成 P/A 比值为 3:1 和 5:1

（MPC30-DEA70/AMO-miR-222）的混合溶液，室温下静置 30

min，以去离子水补充至 200 滋L，均匀涂抹于球囊导管表面，吹
干备用，同时注意无菌操作。

1.3 局部基因转运

参照文献建立大鼠颈总动脉球囊损伤模型[13]，将 90只大

鼠随机分为 9组，每组 10只，对照组不予处理，PLL组仅将多

聚赖氨酸涂抹的球囊送至血管损伤段，裸 MPC30-

DEA70/AMO-miR-222 组将 MPC30-DEA70/AMO-miR-222 络

合的复合物未经多聚赖氨酸黏附，直接送至大鼠颈总动脉损伤

表面，AMO-miR-222组仅将球囊黏附的 AMO-miR-222送至大

鼠颈总动脉损伤处，MPC30-DEA70组同理，P/A=3:1组、P/A=5:

1 组 分 别 将 已 络 合 好 的 2 种 不 同 比 例 MPC30-

DEA70/AMO-miR-222经多聚赖氨酸黏附在球囊，送至血管损

伤段。上述各组球囊用 4atm保持 10 min，给球囊负压，结扎颈

内动脉，逐层缝合，予以普通饲养。

1.4 Western blot法检测 p57Kip2、p27Kip1蛋白的表达

48 h后，每组取 4只大鼠颈总动脉损伤段血管，严格按照

凯基全蛋白提取试剂盒提取总蛋白，BCA试剂盒测量每组蛋

白浓度，采取Western blot法检测 P57、P27蛋白的表达，利用

Bandscan 5.0图像分析系统对Western blot结果进行灰度值分

析。

1.5 qRT-PCR法检测基因血管 miR-222的表达

48小时后，每组取 3只大鼠颈总动脉损伤段血管，通过

TRIzol进行总 RNA提取，严格按照 TIANScript cDNA第一链

合成试剂盒进行 cDNA合成，TIANGEN公司 SuperReal荧光

定量预混试剂增强版试剂盒进行目的基因的扩增，利用 ABI

7500软件进行结果分析。

1.6 组织病理形态检测

术后三周处死剩余大鼠，取转基因血管段制作病理标本，

行苏木精伊红染色，光镜下观察各组血管内膜增生及官腔狭窄

程度，并进行图像分析，测定各组血管新生内膜面积（NIA）中

膜面积（MA），并计算内膜 /中膜（I/M）面积比值。

1.7 统计学处理

采用 Graphpad Prism 5软件进行统计学分析，实验数据用

（x± s）表示，△ Ct值表示 miR-222的表达，荧光定量 PCR法应

用单因素方差分析，两两比较。P≤ 0.05为数据有统计学意义。
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2 结果

2.1 Western blot 法检测球囊损伤后目的血管 p57Kip2、

p27Kip1蛋白的表达

p57Kip2蛋白予 55kPa处出现目的条带，p27Kip1蛋白予

27kpa处出现目的条带，GAPDH内参蛋白予 36kpa 处出现目

的条带，如图 1所示。

2.2 qRT-PCR法检测球囊损伤后 miR-222的表达（见图 4）

2.3 21天后，各组血管新生内膜增生情况、内膜面积、中膜面积

及内中膜面积比值（见表 1及图 5）

3 讨论

自从 1977年 Cruntizing首次成功实施了经皮冠状动脉成

形术，经皮冠状动脉介入治疗已经逐步成为冠心病治疗不可替

图 1 p57Kip2、p27Kip1蛋白的表达

Fig.1 The proteins expressions of p57Kip2 and p27Kip1

图 2 p27Kip1与 GAPDH比值

Fig.2 Ratio of p27Kip1 and GAPDH

注：***表示与未损伤组相比较 ***P<0.05差异有统计学意义，+++表

示与 P/A=3:1组相比较 +++P<0.05差异有统计学意义，###表示与

P/A=5:1组相比较，###P<0.05差异有统计学意义。

Note: *** show that compared with uninjured group, ***P<0.05, these

was a significant difference, +++ show that compared with P/A=3:1 group,

+++P<0.05, these was a significant difference, ### show that compared

with P/A=5:1 group, ###P<0.05, these was a significant difference.

图 3 p57Kip2与 GAPDH比值

Fig.3 Ratio of p57Kip2 and GAPDH

注：***表示与未损伤组相比较 ***P<0.05差异有统计学意义，++表

示与 P/A=3:1组相比较 ++P<0.05差异有统计学意义，##表示与

P/A=5:1组相比较，## P<0.05差异有统计学意义。

Note: *** show that compared with uninjured group, ***P<0.05, these

was a significant difference, ++ show that compared with P/A=3:1 group,

++P<0.05, these was a significant difference, ## show that compared with

P/A=5:1 group, ##P<0.05, these was a significant difference.

图 4 miR222的表达

Fig.4 The expressions of miR222

注：***表示与未损伤组相比较 ***P<0.05差异有统计学意义，+++表

示与 P/A=3:1组相比较 +++P<0.05差异有统计学意义，###表示与

P/A=5:1组相比较，###P<0.05差异有统计学意义。

Note: *** show that compared with uninjured group, ***P<0.05, these

was a significant difference, +++ show that compared with P/A=3:1 group,

+++P<0.05, these was a significant difference, ### show that compared

with P/A=5:1 group, ###P<0.05, these was a significant difference.
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注：与 P/A=3:1组相比，#P <0.05；与 P/A=5:1组相比，*P<0.05。

Note: compared with P/A=3:1group, #P <0.05; compared with P/A=3:1group, *P<0.05.

图 5 各组光镜下 HE染色

Fig.5 Each group HE staining under light microscope

注：A.单纯损伤组；B.多聚赖氨酸组；C. MPC30-DEA70/AMO-miR-222组；D. PLL/AMO-miR-222组；E .PLL/MPC30-DEA70组；F.AMO-miR-222

组；G.PLL载 P/A=3:1组；H. PLL载 P/A=5:1组，均为 40× ，图 a、b、c、d、e、f、g、h为对应组高倍镜视野，均为 400× 。

Note: A. Only injured group; B. PLL group; C. MPC30-DEA70/AMO-miR-222 group; D.PLL/AMO-miR-222 group; E. PLL/MPC30-DEA70 group;

F. AMO-miR-222group; G. PLL-loaded P/A =3:1 group; H. PLL-loaded P/A=5:1 group, these are 40× , Fig.a, b, c, d, e, f, g, h are high magnification, 400× .

代的组成部分[14]。然而，尽管新的技术层出不穷，各种并发症也

接踵而至[15-17]。现在冠状动脉介入治疗面临的最重要的问题就

是药物洗脱支架（DES）植入后的晚期支架内血栓形成[18-20]。药

物洗脱支架的药物涂层主要为大环内酯类抗生素如西罗莫司

及紫杉醇[21]，前者可抑制处于 G期的细胞向 S期转换，后者可

阻断细胞的分裂，使细胞的发育停留在 G0/G期，从而达到抑制

细胞分裂增殖的共同目的。但是目前的 DES的金属小梁能在

置入血管后的很长时间裸露在血液循环中，因此，也抑制了支

架表面内皮化覆盖过程[22]。临床研究已经证明患者基因突变可

导致对上述药物产生抵抗，其次，患者敏感体质可能会对支架

或者药物产生过敏反应，而药物洗脱球囊（DEB）由于所携带的

高浓度药物作用迅速，分布范围均匀，无异物存留体内，一定程

度上避免了异物刺激所导致的内皮细胞愈合不良及炎症反应
[23-25]。此外，DEB可能缩短冠心病患者抗血小板治疗的疗程，降

低出血风险和治疗成本，DEB还具有治疗慢性复杂分叉病变

等 DES所不具备的优势[26-29]。因此，DEB作为一种新兴治疗手

表 1各组新生血管内膜面积、中膜面积及内中膜面积的比较（n=3，x± s）

Table 1 Comparison of the neointimal area and media area and ratio of neointima/media membrance among different groups (n=3, x± s)

Groups NIA (mm2) MA (mm2) I/M

Only injured group 0.148± 0.003#* 0.053± 0.003 2.798± 0.200#*

AMO-miR-222 group 0.153± 0.003#* 0.058± 0.002 2.637± 0.116#*

PLL/MPC30-DEA70 group 0.153± 0.004#* 0.056± 0.006 2.789± 0.442#*

PLL/AMO-miR-222 group 0.152± 0.005#* 0.057± 0.005 2.675± 0.176#*

MPC30-DEA70/AMO-miR-222group 0.143± 0.005#* 0.059± 0.004 2.461± 0.267#*

PLL group 0.144± 0.004#* 0.054± 0.002 2.658± 0.145#*

P/A=3:1 group 0.079± 0.006 0.056± 0.005 1.422± 0.055

P/A=5:1 group 0.085± 0.004 0.056± 0.003 1.532± 0.109
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段，显示出了巨大前景。

近期的研究发现，许多 miRNA在脉管系统中高度表达，并

在血管发生病变时表达改变，如血管生成，动脉粥样硬化，血管

重构，血管损伤、新生内膜增生及狭窄[30-32]。体外实验已经证实

MPC30-DEA70可以安全有效负载反义寡核苷酸片段进入兔

髂动脉损伤血管段[33]，腺病毒载体可以载入 miRNA222进入体

内血管，而国外学者提取大鼠颈总动脉球囊损伤后血管段，对

其做 miRNA芯片，与未损伤血管段做比较，可发现 miRNA222

的表达含量明显增加，表明 miRNA222与血管内皮细胞增加存

在某种联系，而 miRNA222与 p57Kip2、p27Kip1存在负调控关

系。

本实验将 PLL 涂于球囊上，将 MPC30-DEA70/AMO-

miR-222复合物黏附至球囊上，将球囊送至大鼠颈总动脉血管

损伤段，观察对大鼠颈总动脉血管损伤段的影响。实验结果表

明，球囊损伤后各组血管较未损伤组血管相比较内膜均有不同

程度的增生及 p57Kip2、p27Kip1蛋白表达含量的减少；转染

P/A＝3:1与 P/A＝5:1基因复合物治疗组血管官腔狭窄程度及

新生内膜面积较未损伤组高，但较其他组明显减低，p57Kip2、

p27Kip1蛋白表达含量较损伤组余组高，荧光染料 PCR法结果

显示转染 P/A=3:1与 P/A=5:1基因复合物治疗组血管 miR222

的表达较其他损伤组相比明显减低，这证明MPC30-DEA70可

以有效负载 AMO-miR222进入大鼠颈总动脉血管内膜，通过

反义寡核苷酸技术与 miRNA222 结合，阻止 p57Kip2 蛋白、

p27Kip1蛋白的表达、抑制新生内膜增生及血管平滑肌细胞增

生。

目前心血管疾病的基因治疗已经成为一种重要的发展趋

势，而药物球囊的临床应用也弥补了药物洗脱支架的不足。本

实验将药物球囊与基因沉默技术相结合，通过 MPC30-DEA70

载体的应用，有效的抑制了与血管内皮增殖相关 miRNA的表

达，从而起到抑制相应引起血管增殖蛋白的表达，从而为药物

球囊治疗相应狭窄血管病变提供一种新的思路。

参考文献（References）

[1] Liu X, Cheng Y, Zhang S, et al. A necessary role of miR-221 and

miR-222 in vascular smooth muscle cell proliferation and neointimal

hyperplasia[J]. Circulation Research, 2009, 104(4): 476-487

[2] Liu X, Cheng Y, Yang J, et al. Cell-specific effects of miR-221/222 in

vessels: Molecular mechanism and therapeutic application[J]. Journal

of Molecular & Cellular Cardiology, 2012, 52(1): 245-255

[3] Lewis A L. Phosphorylcholine-based polymers and their use in the pre-

vention of biofouling [J]. Colloids & Surfaces B Biointerfaces, 2000,

18(s 3-4): 261-275

[4] Whelan D M, Giessen W J V D, Krabbendam S C, et al. Biocompati-

bility of phosphorylcholine coated stents in normal porcine coronary

arteries[J]. Heart, 2000, 83(3): 338-345

[5] Malik N, Gunn J, Shepherd L, et al. Phosphorylcholine-coated stents in

porcine coronary arteries: in vivo assessment of biocompatibility[J].

Journal of Invasive Cardiology, 2001, 13(3): 193-201

[6] Lemos P A, Farooq V, Takimura C K, et al. Emerging technologies:

polymer-free phospholipid encapsulated sirolimus nanocarriers for

the controlled release of drug from a stent-plus-balloon or a

stand-alone balloon catheter [J]. Eurointervention Journal of Europcr

in Collaboration with theWorking Group on Interventional Cardiology

of the European Society of Cardiology, 2013, 9(1): 148-156

[7] Palmer R R, Lewis A L, Kirkwood L C, et al. Biological evaluation

and drug delivery application of cationically modified phospholipid

polymers[J]. Biomaterials, 2004, 25(19): 4785-4796

[8] He X, Li L, Su H, et al. Poly (ethylene glycol)-block-poly(着-caprolac-
tone)-and phospholipid-based stealth nanoparticles with enhanced

therapeutic efficacy on murine breast cancer by improved intracellular

drug delivery[J]. International Journal of Nanomedicine, 2015, 10(6):

1791-804

[9] 李梅,吴建农.一种简单的制作多聚赖氨酸黏附载玻片方法 [J].临

床与实验病理学杂志, 2011, 27(5): 555-555

Li Mei, Wu Jian-nong. A simple method of making adhesion to

poly-lysine glass slides [J]. Chinese Journal of Clinical and Experi-

mental Pathology, 2011, 27(5): 555-555

[10] 刘曦明,王锋,汪国栋,等.多聚赖氨酸表面修饰的脱钙骨基质富集

材料的细胞相容性研究 [J]. 中华创伤骨科杂志 , 2015, 17(11):

982-988

Liu Xi-ming, Wang Feng, Wang Guo-dong, et al. Cellular compatibil-

ity between demineralized bone matrix decorated with poly-L-lysine

and bone marrow stem cells[J]. Chinese Journal of Orthopaedic Trau-

ma, 2015, 17(11): 982-988

[11] 周德重.聚赖氨酸基非病毒载体的设计与制备 [D].天津:南开大

学, 2012: 1-119

Zhou de-zhong. Design and fabrication of poly-L-lysine based non-vi-

ral vector[D]. Tianjin: Nankai University, 2012: 1-119

[12] 牛杰,陈明哲,李伟联,等.多聚赖氨酸包被球囊导管转移基因表达

的时相特征[J].中国介入心脏病学杂志, 1999, 12(2): 80-83

Niu Jie, Chen Ming-zhe, Li Wei-lian, et al. Study on the expression

and time course of the cene transfered by poly-L-lysine-coated Bal-

loon Catheter local gene transfer system [J]. Chinese Journal of Inter-

ventional Cardiology, 1999, 12(2): 80-83

[13] Tulis D A. Rat Carotid Artery Balloon Injury Model [J]. Methods in

Molecular Medicine, 2007, 139(22): 1-30

[14] Jones E L, Craver J M, Guyton R A, et al. Importance of complete

revascularization in performance of the coronary bypass operation[J].

Am J Cardiol, 1983, 51(1): 7-12

[15] Izumikawa T, Sakamoto S, Takeshita S, et al. Outcomes of primary

percutaneous coronary intervention for acute myocardial infarction

with unprotected left man coronary artery occlusion[J]. Catheter Car-

diovasc Interv, 2012, 79(7): 1111-1116

[16] Tavris DR, Wang Y, Jacobs S, et al. Bleeding and vascular complica-

tions at the femoral access site following percutaneous coronary inter-

vention (PCI): an evaluation of hemostasis strategies [J]. J-Inva-

sive-Cardiol, 2012, 24(7): 328-334

[17] Hausenloy DJ. Signalling pathways in ischaemic postconditioning[J].

Thromb-Haemost, 2009, 101(4): 626-634

[18] Xu B, Gao R, Wang J, et al. A prospective, multicenter, randomized

trial of paclitaxel-coated balloon versus paclitaxel-eluting stent for the

treatment of drug-eluting stent in-stent restenosis: Results from the

PEPCAD China ISR trial [J]. JACC Cardiovasc Interv, 2014, 7 (2):

204-211

[19] Byrne RA, Neumann FJ, Mehilli J, et al. Paclitaxel-eluting balloons,

40· ·



现代生物医学进展 www.shengwuyixue.com Progress in Modern Biomedicine Vol.17 NO.1 JAN.2017

（上接第 54页）
[17] Wilmot I, Morales DL, Price JF, et al. Effectiveness of mechanical

circulatory support in children with acute fulminant and persistent

myocarditis[J]. J Card Fail, 2011, 17(6): 487-494

[18] Hsu KH, Chi NH, Yu HY, et al. Extracorporeal membranous oxy-

genation support for acute fulminant myocarditis: analysis of a single

center's experience[J]. Eur J Cardiothorac Surg, 2011, 40(3): 682-688

[19] Nahum E, Dagan O, Lev A, et al. Favorable outcome of pediatric ful-

minant myocarditis supported by extracorporeal membranous oxy-

genation[J]. Pediatr Cardiol, 2010, 31(7): 1059-1063

[20] Mody KP, Takayama H, Landes E, et al. Acute mechanical circulatory

support for fulminant myocarditis complicated by cardiogenic shock

[J]. J Cardiovasc Transl Res, 2014, 7(2): 156-164

paclitaxel-eluting stents, and balloon angioplasty in patients with

restenosis after implantation of a drug-eluting stent (ISAR-DESIRE

3): a randomised, open-label trial [J]. Lancet, 2013, 381 (9865):

461-467

[20] Unverdorben M, Vallbracht C, Cremers B, et al. Paclitaxel-coated

balloon catheter versus paclitaxel-coated stent for the treatment of

coronary in -stent restenosis: the three-year results of the PEPCADⅡ

ISR study [J]. EuroIntervention Journal of Europcr in Collaboration

with the Working Group on Interventional Cardiology of the Euro-

pean Society of Cardiology, 2014, 119,(23): 2986-2994

[21] 陈纪林,高润霖,杨跃进,等.雷帕霉素和紫杉醇药物洗脱支架治

疗冠心病复杂病变的临床近远期疗效比较 [J]. 中华医学杂志,

2005, 85(31): 2183-2186

Chen Ji-lin, Gao Run-lin, Yang Yue-jin, et al. Short and long-term

therapeutic effects of rapamycin-eluting stent in treatment of coronary

disease with complicated lesions[J]. National Medical Journal of Chi-

na, 2005, 85(31): 2183-2186

[22] Indermuehle A, Bahl R, Lansky AJ, et al. Drug-eluting balloon angio-

plasty for in-stent restenosis: a systematic review and meta-analysis of

randomised controlled trials[J]. Heart, 2013, 99(5): 327-333

[23] Unverdorben M, Kleber FX, Heuer H, et al. Treatment of small coro-

nary arteries with a paclitaxel-coated balloon catheter in the PEPCAD

Ⅰstudy:are lesions clinically stable from 12 to 36 months[J]. EuroInt-

ervention, 2013, 9(5): 620-628

[24] Rittger H, Brachmann J, Sinha AM, et al. A randomized, multicenter,

single-blinded trial comparing paclitaxel-coated balloon angioplasty

with plain balloon angioplasty in drug-eluting stent restenosis: the

PEPCAD-DES study[J]. J Am CollCardiol, 2012, 59: 1377-1382

[25] Kleber FX, Mathey DG, Rittger H, et al. How to use the drug-eluting-

balloon: recommendations by the German consensus group [J]. Eu-

roIntervention, 2011, 7(Suppl K): K125-128

[26] Belkacemi A, Agostoni P, Voskuil M, et al. Coronary bifurcation le-

sions treated with the drug-eluting balloon: a preliminary insight from

the DEBIUT study[J]. EuroIntervention, 2011, 7(Suppl K1): K66-69

[27] Auffret V, Berland J, Barragan P, et al. Treatment of drug-eluting

stents in-stent restenosis with paclitaxel-coated balloon angioplasty:

Insights from the French "real-world" prospective GARO Registry[J].

International Journal of Cardiology, 2016, 203: 690-696

[28] Alfonso F, P佴rez-Vizcayno M J, C佗rdenas A, et al. A Prospective

Randomized Trial ofDrug-Eluting Balloons Versus Everolimus-Elut-

ing Stents in Patients With In-Stent Restenosis of Drug-Eluting

Stents: The RIBS IV Randomized Clinical Trial [J]. Journal of the

American College of Cardiology, 2015, 66(1): 23-33

[29] Nijhoff F, Stella P R, Troost M S, et al. Comparative assessment of

the antirestenotic efficacy of two paclitaxel drug-eluting balloons with

different coatings in the treatment of in-stent restenosis [J]. Clinical

Research inCardiologyOfficial Journal of theGerman Cardiac Society,

2015, 105(5): 1-11

[30] Chen L J, Lim S H, Yeh Y T, et al. Roles of microRNAs in

atherosclerosis and restenosis [J]. Journal of Biomedical Science,

2012, 19(1): 79-84

[31] Nazari-Jahantigh M, Wei Y, Schober A. The role of microRNAs in

arterial remodelling [J]. Thrombosis & Haemostasis, 2012, 107 (4):

611-618

[32] Bartel, DP, MicroRNAs: target recognition and regulatory functions

[J]. Cell, 2009, 136(2): 215-233

[33] 王霞,冯辉,林雪烽,等.磷酸胆碱聚合物载 AT1受体 siRNA对血

管内皮细胞 AT1受体表达的影响[J].齐齐哈尔医学院学报, 2013,

34(15): 2185-2188

Wang Xia, Feng Hui, Lin Xue-feng, et al. Effect of phosphorylcholine

polymer MPC30-DEA70 carried siRNA on AT1 receptor expression

in vascular endothelial cells [J]. Journal of Qiqihar Medical College,

2013, 34(15): 2185-2188

41· ·


