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Vasa vasorum in pathological process of atherosclerosis and clinical significance
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Vasa vasorum (VV) inside the As plaque has structural defects, such as fragile and high leakage of vascular wall.

Neovascularization ;

Vascular maturation

The main clinical risk of atherosclerotic ( As) lesions is the instability and vulnerability of plaques.

These

structural defects lead to plaque rupture and hemorrhage, which promotes inflammatory response, provides channel for leu-

kocyte and blood soluble components entering the plaque and promotes As plaque formation.

closely related to plaque rupture and hemorrhage, and clinical cardiovascular events.

VV inside the As plaque is

Intensive study of the VV function

and its related signaling pathway in As is expected to fundamentally prevent As plaque development.

kI FETE AL (atherosclerosis, As ) 2 Il 45 BE [
XoF 4% A0 i — b S 1 SO, LARR B TR 5 B HOE
BCA AR R0 | O UEEFE | ki A H 48 Bl i 4 0
I L7 A BB At AR SR X T As ST
C FH DG T I A8 P B A BRIl A0 9 S I AL
B R AN N LGS SMIFEAE As & i B
SRR e e s o N (I = 2 o T S I
BT, BERE KA S U8 VR T, L4 L F 4R 4 i L B
W2 AR 58 R 40 B L 26 9% L% (vasa vasorum, VV)
DI I RRZR R 25, S AR B 45 RE Tl e iy E
BHLA, ATk < rh e b B AR O FLAE 1876 4F,
Koster Hi 4 7 37 LA T BB 5 As BEH 1 IE BAF 7F
—E KHE, Later T 1930 4R E UCHR Hh 2% 5% 1l A nT
RE SRR PY T A 5 (HBR T2 B g R R

[WFsAH] 2017-07-12 [1EEBHA]
[EE€TH] FERARBAELSTIH (81473634)
[1E&ERMT]

SR LA AT TR RE A2 THT R T, Bl A X 1M 78 A1
L5895 I RE IR AWTIT LA L B 4 CT S 1l A8
S INBAFHOR I LS IR AT A B O 3 12
Fr M AT .

1 #FMEREHSINEE

SR

AR MLAE 32 B PR T 3 k) AP, A B2
B INEA W ST S 173 R E
TR A I 5 (L AN A /0 3% 5 LA T I P (P
AR ), FEUE ARG BE NI, G SR LA AR A BE
[ EERPIR A 3 HEAT RS RN BN R AT 23
PIZ% , — g A ML AE 20 1S B R 1T T4

1.1

2017-09-13

ZEW T EE N P E 25507 0 MU B B 5T, E-mail M zhongyilimeng@ 163. com,, i iHAE & K -, #

B W0 AR S0, FENF P EZIRIT O M SR AT , E-mail A tjzhtem@ 163.com,



92

ISSN 1007-3949 Chin J Arterioscler, Vol 26,No 1,2018

RE (R AN AT B 22 8], 306 77 155 B — R 5= L
Eor R JE X A RETE B R A 2%, e B SN, &
B EAGEE M SS 5 i, BRI R 09 1
F A SR I 0 o A B KR R N —
B, i I G A CT WSR3 IE & 3% 0 K B sh ik, el
ARSI IKA B 1 124 5% 10048 %% B e v, RO B 3l K
SRR Sk, He 2200 = BAE T 957 A 1)
SR PR R I S B0 A R AR T RE T 2 2
DL A G A BT L X R A R
AN )N 1 I A6 R 2 o7 5 A7 22 5, DA 2 38K
AN T 2 AR 1l 20 ok 2 A s 8 B RR FE IR 25 5%
1.2 s

5 /NS KA L5 AR AL, 3 i 10 5 000 S 5 B
AR ) G548 73 2, 43 SR 9 B2 4 B 2 | F T L4
JiL 2 1 JR PRI 2 4R AL 20 )2, 3 S0 f R A TG 9 LA
CINYS A= AR (1K =87 e e =7 )i & N ¥ S
MAEXT P I RN G2 SRR 1) s v, 5 = 3 kA AL, 2% B
WL NS VT RESZ NS 1 M B R, B P 4R T
FEN ELAS 3057 18 12 5 1 A5 b 26 40 I 14 I I
A S A Rt — Do,
1.3 &3BIheE

TR M ANAUE SR 2%, T 240 A 4 B 0 1)
REPERLIM AR o 457 045 R 1 32 I A8 R i % 403N
B FOFHEB AR Y, 43518 32 05 1P AR
U R BE O, R R e R A S5 A 5 T B G SE
PE, RSB I P Il He — B v T 0L A1 1
LU, T DL IR IS T30 1) T DA s PN 1) S0 B 7
W, — MM B RE A S E R R IRER R I
KR 1 P W S5 sk, LR AR B AR A B, Y
EREIEEE/NT 20 UM, AT i ROk A
A7 BE JEE 3 ik 29 R A MU B4 I A2 K T 0.5 mm
B, DR 2 SR A8 R R R S B R BT,
IR RIAERE e iz A Tk A 1 36 1l A8 RE | $20R 18
FEIMAE AT RE S B A 0P KA 5D 5HARE S
IINSHIKARARL, 2h Bk 1 18 77 148 52 #h 48 S e R T,
B AR 22 L, 1% A 1A IR A2 B 45 R O A TR
PEYI R AR, BEME A VR Y 104 Tk T 5 i e
L, MRS S TR0 ImE mE, it
LRGN B VIR O, a0 As I =S KR I B Tk
FE4

2 EHFMERIEMEE AL

2.1 BE
As Jjg BRI v Py B8 JEL S 20 ) B Y HORE )

55 , 15 % LB G A 0L 2 08020 LA B 58 1 240 i 3 k1) v
FEAA L[] R BT SR R A AR A
R AR AR BN, 185 3% I A8 T B 27 A=, D\ 3 Jok B SiE
i A N AR LA A BE N JZ AR AL, e/ R A
ARETF, AN FNH LAy 3 0 AR AR R B8 171 77 2 — 2R 8
RS, 0 i A R AR B A S R A Al
DL AN A AR 2 45 X — i B ph R i e 3t 1
R EEN S5 Hrp, 5455 H T (hypoxia-in-
ducible factor, HIF ) 8 Fk A « il 45 5 X 3% 3K 1 0 FF
K7 e R E AT TR AR B A DNA 254
B BVEIREE R, HIF o (9 1 20 Bk 2 A0 1R
ZEMH, S HIFla A9 pVHL (2 RiEEE &
PR T AR 22 A 40 I 5 b B 5 s A AN A
H, 55 HIFB 45 G TR — R, A 4E HIF 725 RN 3
B F%0 5[ A/G] CGTG-3HA5 J 5 Fil sy JiE v 25 (1
M5, AR HIFe R84 5 5% 5 L 30E I+
p300 /CBP ' ® 3 Ffiits 5k 52 4 AT LA i 3
Xof R AR PR 7 A 3 1 I P s B DR R A
ALHE 1L N B2 AE K 7 (vascular endothelial growth
factor, VEGF )'”'  Apelin ( APJ endogenous ligand,
Apelin) S E26 FESEH T L RS R AR 2,
PR AT o HIATHER AR 1 A0 3 LRI S0
A TR TR 58 SRR 1 T i il P2 4 il P 21 4
AR AR AT IR I AT A A G B AT
A RE R AR HIF AT R Y R i R AR i
TRANARAE 0 20 B 58 BBt 92 B 1 224 11 1f 55—
FI As B
2.2 RAE

WL MG Ry AR RE A T A AE 240 M gE A8 RE
HET A, B A R M N 3G 58, A% - kB (nuclear
transcription factor, NF-kB) RIkTHE ,— A Y
FI AR RRA , S BON B D RE ZE L LA S 5% 145 1l &
K HE UL RE Sy E A | 10U ) BE B A, A
T F2 3 Ik BE E e pi 4, VL 3R I AR AR AR e
AP I R A5 O R S 56 A BN Py
P % £ 2 LA 40 B %5 B 4> 7 1 (vascular cell
adhesion molecule-1, VCAM-1) 1 Jo1E AR 2% 3% 10045
B AR A B 340505 2 h R 20 i 7 S ik
SRR I A SR AR 5 14 2K, PR VEAM-1 2%
IR TP R A IR VCAM-1 Rk 3, Ab
MR LU A A KB R, S0 f5 , AE7E <
AN GAE S Y B A R — TR A R
A8 AP, PR AR B R M 4 i 5 R 1
PR3 A\ RE | B R AR A SO AR s 55— O T R
HNEAIE VEGE 802 LA A K 7, fe R4 SR 1 A



CN 43-1262/R  h Eah kb4 2018 4F5 26 555 1 1Y) 93

B, AHGE TR As TSR A B AR A b
Ji IR L I F o (tumour necrosis factor, TNF-at ) |
NF-xB . 43 6 52k, dittnr il
RN SR MAE B A P B
2.3 FEWRH

TE As IR AR I R 58 R K AR AT,
G Jr 8 L 28 AR B HH — L R 9 AR, p22phox
PR ek I G DA RS R R R AR B
FEARMW], SAALRLBEORT LU MAPK 55 5% 38 %,
1A A 5 U 55 P | 2 R S SR L NF-kB |
OB E A AP-1 JENERIE 114, T MMP-2 /MMP-9
5 VEGF 2k , It 5% A8 A i A7
2.4 BERRACH

WF5E & B S 1048 A e 1R 1 IR o L AR Az
(AR [ BRI R As BEHRLS 2% 7 S AR ™,
JEL ] P W0 3k A R 00 L =2 1) i Joie S 4 | IfL O A A
N i e A Sl BKBE , T 2% 37 078 AR D A8 BE 1Y
O ), i £ it 1) % 0 38 % e A T 2R A S
IE SR E Sk A 1/3 MR &AM R
i ZAGREN | AERE S R IAE AL AL % 3R M )
REZE AL , oA 2 g 2 11 1 7 3 ok DI e ik v
FrIMAEHES TR T G B e A BE iR, BEE

R H 4 SR AR, 10 5 4 2 A A

Az O ELBE A s A2 A8 A hn i R R 2D Y
INE2 GRS IR R IR ARG &R,
FERI,MENZE As BEHR K 55 B B, EBR A 1Y
JIR BT TV B3 1T LB A Bl kb 2 il 4 1 LA
JE(VSMC) =z H e 3ok 3B 3 40 T R 8 B 0 K s 2
Z K v ( peroxisome proliferators-activated receptor
gamma, PPARy) ix 12 ffi 15 VSMC 2 AU % 4 &1 ik
A8 I VEGF-A B4, M7 AN Z 1757
A5 A Ty A B 8 B AR AP L B A 3
T P S AT S VEGFR-2 A fi 2 1
BB IRICIEA T EUN MR VEGFR-2 Rk %
%, =2 VEGFR {55 T, e & | VEGF 531
AR 3R 58 4T A A K T B i Joi 7
MAEH AR, A BFFEUESE 2 AN RS 2 (poly-
unsaturated fatty acid, PUFA) 5 F41k, F AL 5 REWS
WA Toll B2 1A 2/ MyD8S 3, MIMT#ATE Racl , 4k
M NF-«B {5 5 i i, 02 98 40 j 12 7% 5 10048 5
Az B MR B Y I A8 R A R AR T VEGF T8 %
B2 ok 2 M UE P R A AE As o5 BLi 7 v
ML 5 FEl IR 5 4H 2 ( perivascular adipose tissue,
PVAT) 537 & B A B UIAE G, PVAT BRI

HME, F 3 AR DT DA 5 A D AR SR M AE > . 2%
PEREFR /N 3T3-L1 JIg 7 21 , ok BEAR A 3t 0 38k
Bk A 32 3h bk VSMC 3855 7 . B 9% & B ik
Fig 15 25 A1 98 2K 02 i B VSMC 1 4 1 3= 2 AR i
T A AR i A5 T i 0 20 A R 115
A (iS5 30) B, T2t A Getk 3
oK PR B 240 i 6 B, a7 N U5 A0 B R VEGE T
(K

3 SNmEAE SR IE R AL B AL

P LA T S I A8 A A 3k R T 7 A A
PGSR MAE W20 2833 DA T 25 B A RE I 1 58 8
M AE S5 4 . QR RTE B, FEE N
Y00 ( endothelial cell , EC) X BE 40 fifd ( J& 41 g 5 - 45
LA ) A 558 T8 UA B 20 A 28 ) A 1 4, LA
K A8 T L Jo R 58 g A i A S I ot 4 A A E
P 5 LA P 1) 23 A | A R B L3 ) Jmg 78 2H 21
[t oK s QB ER K 31k . TE BUBLAER E 19 1ML i
B I A PR R DG A5 B S Tl PR
3.1  IME4E R ZE (angiopoietin, Ang) /Tie2 18 B

Angl-Tie2 & 4E 557 A= 0% 7 1M 8 5 1Y 2458
B, WFIT R B Tie2 5% Angl g BR /N BN A B =
VSMC il 40 i 1) £ 5¢ , U] Tie2 , Angl 2 5 BE 4]
HRISF4E ) Tie BEAFFFIL T EC KL i
L P s 2 TR TR L 52 1A, Angl 2 FLRC A, 325
P I ) 400 i 03 0 ) AR LAY Angl fifE EC
NI Tie2 52 ARWERR AL, 4E4F N B 40 B i IR 2
Angl-Tie2 45 &5 W] LiH EC PR G R K AEKNK
F (heparin-binding epidermal growth factor, HB-EGF)
(2R IA 8 HE 5 i 40 55 2% ThT 2% B A= 4 PR T (epi-
dermal growth factor, EGF) SZ4& 45 & 1, i 4ig 17 J
LS VSMC FIFEAT BOGT I A5 B A0 28, 14 i A8 A2
EPERY S IR WFFEIUE 52 Angl-Tie2 W] i i B4E
PI3K/ Akt S 30 EC JA T, (2 HERE 4010 9 5545,
HERFIN A AR E MY, A 4RI Ang-2 J& Tie2
ST, B i R A 1S i A B E S
RFEVERIMERY . Ang/Tie-2 R4 VEGF 2 ]
FEAEBHAS VA , AR VRS 10078 A e 445 1 48 o 2
P ERAEEAEN,

3.2 BUEKETF B(TCF-B) B

TGF-B il % 7] il 20 i A0 JE o 1y 7 4 JF HLJ2:
PATT VSMC A& 20 0 2E B0 F2 22 R 1, 0 148 80
MR R 2 —, BFFCUESE TGF-B 78 Hi A4 Il 4 &
F b R HERCEAE AR BE I TGF-B IR 4E 1 ATE



94

ISSN 1007-3949 Chin J Arterioscler, Vol 26,No 1,2018

B R R A, 51 & I8 T8 Bt 72 5 = Wk B2
B TGEF-B $Hhi P9 Bz 20 M A= | A a2 35 i R 1, 1A
5 VSMC | JE AL 534k 5 5 AR DTN 5 1fi 45 R A
P, S TGEF-B 38 5, ] 5t 41 it 434k k] 20 it 2R 1
LU 91 R R B RG4S BE Y 58 B 1 ) 4% 52 B
1737 N0
3.3 /bR & K B F ( platelet derived growth
factor, PDGF ) i B&

PDGF-BB F- %2 1o 55 4 Jl 40 il 2 5 7 46 1l 4
B EE R, P R AN B R M 9 PDGEF-BB X
PDGF 3Z{A& ( PDGFR ) BHYE 9 J8 41 B B A 2 3% 1
TAERT, WO 25 6 vl 4 F J) 40 i i 34 90 5 12
PDGFR f77£ PDGFR-AA F1 PDGFR-AB P4~ \FAY |
HA PDGFR-AB WAL A HAFE A AEH . #r
A LA B 25 T PDGF-BB e B4, JE 4 M B 36 5
WAHXS 3G BK, PDGF-BB ¥ B 52 i) J&] 20 it 1) 5 4
AR RS EC A PDGF 2 K AT 3 i A= 1 4 )
Je) A L B 1 L 2 A FR MV, 56 R Bk PDGF ZE [
AT 2R 40 B 4K B ik 90% , PDGF-BB Al (1)
PDGFR FE R R J5 , #7461l 48 6k = J5 4 i Fn vSMC
%8, Ut PDGF-BB X i34 145 il b B 45
IR v B AR
3.4 RN R £ 4 & 4K B F ( basic fibroblast growth
factor,bFGF ) 18 %

bFGF & —Fh Z e o, 7 4s & A rh B
HEAEH], bFGF BE & R 40 % EC Ml %
Jii) A0 B s 5, AR B A0 I A s T A, bFGF R ]
TRSCET 4 40 3% 5 o0 Ak DL R A BT I AN i b L
T AR A S5 2 B TH i . bRGE 33k 1 e S 2T 4
5 AR, 0 I A BT A LA 4 4 A AU R R
A, WEFE & L bFGF Fl PDGF-BB 1] 13 [R] 42 17F
A A Ak A B R Y SR A R R, MR
MAEREEDY , t—L 058 & BEL = bREGF B, J&
Y Ab T 1RIR S, B = PDGFR 3635, J& 40 o X
EC 43489 PDGF-BB J2 b 14 H A ; #5 %h 58 bEGF 1]
JE 20 2k PDGFR, HATIA N bFGE/PDGF-BB/
PDGFR-AB il % /2 Z 42 BE 21 il {2 8 3 A i 45 B 24
B ARl G, HAT H B B B N 0T A 5 LA 4
Y, AR A R B A0

4 EFMESHEKKEEEL

As J A2 A4 32 Bl PR S B P A T BEDR O AN A
P Sy, BB A G S LA T A R AR E DR
KRRy Ty A5 B B 4 E B BEAIL A S B

ML SREBR R 2 % e A o i LA 47 1) A A= B DTAR G
4.1 #FMEENRKIREERE L BERI R P EIER

A LA U RT LAY N R B e JR) R
SECIRDL , (E B 2 o B T A 0 SR I A 0 22,
SERBL U AE v B BT AR % TR L A 4
PB4 5 ALl R 3R
BEHL PN AR TE A , tJ ifn 20  e fi 9 m  a
oy (AR A I 1 AR R 2 ) R A BB R
MIE P S AR LR T A A A (-1 B 3R
FEN T oo THRERAE) R AL A 1, 42 E 5 e 240 i
HVSMC {1 il 55 22 R A e kESRAR (2 fdi
BRIRFEAZCHE R, 5 5505 i £ 1 8 ( MM ) X 2 i
SR B 2T e S8 AR R BOR SL R R 23 T 5
PRES BT i, A AL B B P9 57 AR 12 3% L4 5 48
REAYSCFR , M B [ Uk BB A R IS 2 B I 4
HEAR AANER A2 TR B B0 T 08 e, X 269 451 32 30 fhk Bt
B oA B3 A 5 AR LS L R 2 B T A L A i A
TATST, K BUAE Fp - TR SRR R 1 1) SRR Hp T A 2 7
JIIKESEE I RTE: )| R e 3 | RERUR 15 i i &
ez B LA B A 5 W) B RN R BE D BRI, 2 3
HAs BAM—AEZEER, WA, IR ME Ak
DR B As FE B SCEEIN R AL R AR
skl LU As #E R KT R IR H
it

TE As T 67 LA PN B D RERE AN B N B % 1
KT Al RS 77 U W 4, T 808 SR A
A ML 8/, F SR, 657 1A L3 52 46 ] e
et B R As KA LASCHAL R I8 IR 17172
A — N RBEE N, AN B 50 SR T A AR ol R i AL
F Bl , LI5S 1048 B9 VSMC X I 5 Wi 4 770 B g
S, BRI WA I 8D 3 RN A BE Y
PE— B T As YR,
4.2 #HFMEENREELBEREA P HER

BB PAY H HLE 2 ph B BB 3 i % AR Y
ARG FR MBS R, Al R AN AR 1 5%
SEDIR' BFSTIESE  BERN BT A R A %
PGP H I B A XU S TE A G ., BEBR P Y i AT
TEN B R i, 5 SO B ) 457 1 A JRZ L A
ARkt — g B B ZEY A B A B
VSN R IR AR L A BLBR Tl 9 3 Bk i 7
PEHR A H a2 i I A R A T R BB
PRHT AR 106 7 I A 2R T 3 S BRE R A 1S L, DA TR 51 K
PR T EOUEAR B Jokok: 2E ik B S T 5t Uk 5
PRSP LY I e S B A 238 5 T A T R ML A o R ) 4
N BEAHOR , Hh i A 55 SR P SR A% L B R/



CN 43-1262/R  h Eah kb4 2018 4F5 26 555 1 1Y) 95

FHSK . B AR AR LA S B I, 3k 5 e B B 2
R H 1L SCAE DAy i 5 A ) 38 PR 3% 2 12
TR ARSEIE R, e — 2 LR

5 #EERN

As BEHUE 28 B ke 2 R 3 Stk O a4
TR E IR, H ST R SIATRE As BEHesg
TCRER As BEMIGKRIE R G B X EE, MEE
SN T 0 Al BH ZE 1 B He 5 3020 75% B SR Bl ik
PAIZEN LGS ICTE T As BEB i A Y 1M 4 Bk
78 EHOR K DTN 5 458 B e, 3o ife 75 B4R K
TR TRACBEHRAE | A 2T 408 VS B i R SEA% 0
PRE BLE TR M B, B kA5 Bl bk o8 R B B
DA 3% LA 40 G A 15 O T A Sk R BT As 976 728 1Y)
FEARbR, WA, ek 3h ks 7% A A &
FE NG IAE LAY 1 RN, JeF Sk o I T e i,
PERFTI 2% 77 L8 T U As PR IR RO
SRS DRI, TR 0 R A A A Rk AR R
AL Ry 2855 18 BUAR B AR X 16 PR A2 8 2
PR R HAEEE L,

A5 micro-CT WY As 5 248 25 3% L5 43
AT, 7 i JIE [ 5 1T AR A A5 8 e % 35 R 3 ik
FETTRE AR A BERE N AR, A 5L
FAEAY 4 Bk 75 BB o ik 77 104 2% B v M AR B
e 5L BE B BBk A 2 151, ) micro-CT 46 )
ApoE ™" /LDL™"/INER B ik A NI Kz B8 B H 30 5% 1l A8 %%
JE | 2 B Bl Bk A S 2 o 175 1 K BRE e i e 5 v
FHELY ) MRS micro-CT AT 38 A6 % 35 1M A5
B LR NG 2 (8] 3 B 3% A T RO B TR
LA P Bz 3 T8 K00k 12t Ak % 77 1004 A9 43 A 1 1 K%
HinFEEEM , micro-CT & H THF IR T P A&
PRAS B N B IARAR /N B, PRI micro-CT f5e % 17
FHF B A 5 sl sh 4 S5, i i A O IR

A B2 2 IR CT RERSHE T 1 WL EE 3]
TEIRBIK As BEBR, VR 205 H7E 22 iR 4R % CT W
I8 5 10587 19 43 B 6 LA A 48 K kL - 45
T CT xEFZ 7, BIF5T 2 B JH T 38 fin 8 A% X B4R i
W, $2 w0 CT L& BT &, CT I % & % (CT
angiography , CTA ) HLA7 = I 25 73 B, ] 35 48 1)t
R As BHKSRBISER . CTA 5P 3h ik b B e 5
(50% ~70%) 1) 8 & LA A 28 25 AR As BB
L TGRE R HR 3 B X5 A T R 4 R B R A
(34.0% 1L 24.1%) , KA EFFMEHE S As BEE
PR EFLRE AL L, 488 CTA GG I % 37 1A% 2%

JE AT AR5 TR 3 Jhk ple 7 R824 v LA a1 i A
o U Y B8 X T KU B Al B A R A i A
FHUOSN B TR G 2 R 1 S, S L0
Do FSE R0 IR 2 25 1 B A HEERE CTA T ML
i A AR AU | JCAEAR A 3

1fiL %8 PN #8 75 (intravascular ultrasound, IVUS) T~
TR AL A48 S ve o PR T 2 TR, AT AR TS As
PEHLIRE S, SR IVUS WS R e dmcids T4
DU IR S Jok i A8 Jis oA KL 38 155 250, S5 00 3 A 2 X0 A )
BEFRMAE AR 5 IRF R TVUS X
F L7 O FPEAS 5 micro-CT A I 2% 37 ML 45 %5 1
G SRAT — 8 IR, $2 75 TVUS X I o A9 3l
AT REAE R i AL 3R M 2% B S %Y i — AL
FEA R R LSRG 3R TVUS XTI 5% 4 BA B35
VERT. X LE34 s8R rT 34 in IVUS (8175 B 51 LA 3 i
SEEIR B K A I 5 5 | 6 38 % 1L 6 AR B 3 Y
A WFFEUESL X L 358 TVUS A0 A TR 3l Ik 125 7% 1L
LA As BEHNHEE AT ATEDY S i — BT
T FHGT LU AR A 70 B 2 A T 3 R U BB 9 345 5% 1
ERAAG O, 25 3 1 7 5w 2R 30 bk P 5 U< ) A
IR 0 v BE B R Y AR, B 2t IR B Ik &5 B A
SR Bl K I 7% A R 0 BAR G HE R A
IVUS REAS XML % LS HEA 15 B EL UL AR WL
BATY A RE S BB AR % 77 1055 1 Ak, S BBOHC I IR 1
FHR R R

X L 4 5 AR 75K A ( contrast-enhanced ultra-
sonography , CEUS ) W% A 351 8 Jik & 5 2% 5% 1ML 78 ),
RI As oSl HIE SR AE SRR 5 A5, (R S g s
T As BEHR OB A VS I 41203 B2 . CEUS Al
SEBIIIKA IR0 35 1 457 R BRE R A O 0 2 TG O A
S BE P K 43 J2 R VAL BT As IR YT DAL T
B g CEUS B T 460 45 32 A 1T R AR VR U7
bR BT 3, s HA R SR AR A
REARRREEARC o Mk, il — A bk (12 W7
BPRMESN CEUS UG Ak 55 14 4 B 3P Al 225G
(RS FUN ARG g BEHR Iy il 5 1697 SR W
PRALSH SO 2 TP KR AR (14 I PRI R
g CEUS X 1R b 28 AL SR U A A

e AW Z FHEH R (optical coherence tomo-
graphy , OCT ) & — it It 45 A AR5 2, i T 0T 21
ARG A LA R B T SIR . OCT BA i 4 # %
(10~20 wm) , lb IVUS 20392 5 10 %, 5 micro-CT
AHIE . OCT iz W T AR Bl Ik As BEH A PFAL
OCT J§AR 0555 78 7E B N A 3l ok S i 5 91 e
(EREA P S TiiE R IR=AN D= W Rl K= E PN



96

ISSN 1007-3949 Chin J Arterioscler, Vol 26,No 1,2018

PR HAFAE ) 2 VA 12 sh g, X 5 3k bk 3
RHABA:FLE A 5, il 3D OCT HAR E &
3633 145 € 26 I FH T sh W Al PRI 9, sh i s
7R OCT & (1) 33068 3B 25 S micro-CT A 1)
PR A R R B A O X 5 PR R 56 4 R A —
B, SEERI 4R N THOE T A LS BE B iR R 2 OE A
S8 2012 4R FR T AR 41 22 14 75 OCT FE P
T5r , EAE LR T RS

6 8 Ir

TV 3% 1A B A A R AR AR 1 B 1k B B
PR Ry A BEH w3 B 1 AN e e B 54 1
FERAE N 2 A o I AF SR At T 2 24 W 400 i 5 ot
B PEMIRRE As By I BEH B VE F B 94 2 0 55 E
S, ST B VY Sz AR T 5 AT 0 5 0 A R A
HEMIFRE As Gy iBE Ve R, ik — 18 Ik 7 T

RIEJETVE ) BTFCARABTT AEAZ IR /N ApoE ™~ /]h
BT S Jok BXE e 1 L, U2 A i A A R, LA
FHAST FRENE AR BF 5% 2 B P B4 2 n] s
ApoE ™" /INERL As BB AR, 0 1) 0E B PN % 5% o A R
A AT R AR T a0 As G
SN NS A W (B [Ra o (| K =95 N A D W& K]
MMP-2 ik, DMl sE s s T, IF H WG IT A
T 0 IE RS B AR | B R Ll T 22 4T A
U VP RIEE R T As PEBR IR YT ., BFoE R R
VO BE e T TRE S I/ N As 55D 6K 3l bk 22 i R
SCHMIE ) B A R A R SRR AR R A T
B, TR0 P As BEBR B9 IE 1, FLHL ] ] B8 5 77
il ke VEGF [ TNF-o S AR FBERR R 3241k 1 &
Y S

7 HiESRZE

LR LTI B AR % IR LA AR RS B BB
HH L BREBR BN 2R A5 D5 1 4 A G H AR A
TEBREBRE AL 5 A o i 20 A=A ML A B dn ey 5%
i ER (14 2R i ATy it 1k — 2B BF TS . BREHR AT A=
S NS 5 R T AR D 108 o BB AR E PR RO BT R AR
LB A R — P REE G B A I As BREHRL PN 7 A2 32 57
MLAE 56 FE 15 A ) T B e L 28 5 S5 P 4 i R A
PR, FEIRYT 7, Qi el ik FH ot AT A 40 50 BE g
0 SREDe A E SR AR AR A R SR As HEJRE, SRE
SRR 8 3t i /> ML A 400 o 50 o i >R F)  Tf Ak
IO, AT A AE TSRS I AR B RS, 53 41, A

0 S ML T A - R T A T R I A AR
DTS AT FTRE NI PR L Biif As 4 RBr B & |
A

[ &% 3CHK]

[ 1] Chistiakov DA, Melnichenko AA, Orekhov AN, et al. Paraoxonase
and atherosclerosis-related cardiovascular diseases [ J ]. Biochimie,
2017, 132; 19-27.

[ 2] Patterson JC. Capillary rupture with intimal hemorrhage as a causative
factor in coronary thrombosis[ J]. Arch Pathol, 1938, 25.474-487.

[3] Kwon HM, Sangiorgi G, Ritman EL, et al. Enhanced coronary vasa
vasorum neovascularization in experimental hypercholesterolemia
[J]. J Clin Invest, 1998, 101(8): 1 551.

[4] Williams JK, Heistad DD. Structure and function of vasa vasorum
[J]. Trends Cardiovasc Med, 1996, 6(2) : 53-57.

[5] Kwon TG, Lerman LO, Lerman A. The vasa vasorum in atheroscle-
rosis; the vessel within the vascular wall[ J]. J Am Coll Cardiol,
2015, 65(23) . 2 478-480.

[6] Hashimoto T, Shibasaki F. Hypoxia-inducible factor as an angiogenic
master switch[ J]. Front Pediatr, 2015, 3. 33.

[7] Zimna A, Kurpisz M. Hypoxia-inducible factor-1 in physiological
and pathophysiological angiogenesis: applications and therapies[ J ].
Biomed Res Int, 2015, 2015; 549 412.

[8] He L, XuJ, Chen L, et al. Apelin/AP]J signaling in hypoxia-related
diseases[ J]. Clin Chim Acta, 2015, 451(Pt B) : 191-198.

[9] Koivunen P, Serpi R, Dimova EY. Hypoxia-inducible factor prolyl
4-hydroxylase inhibition in cardiometabolic diseases[ J]. Pharmacol
Res, 2016, 114. 265-273.

[ 10] Suzuki N. Erythropoietin gene expression; developmental-stage spe-

cificity, cell-type specificity, and hypoxia inducibility[ J]. Tohoku
J Exp Med, 2015, 235(3) : 233-240.

[11] Bjornheden T, Bondjers G. Oxygen consumption in aortic tissue
from rabbits with diet-induced atherosclerosis[ J]. Arteriosclerosis,
1987, 7(3) . 238-247.

[12

[

Sluimer JC, Gasc JM, van Wanroij JL, et al. Hypoxia, hypoxia-in-
ducible transcription factor, and macrophages in human atheroscle-
rotic plaques are correlated with intraplaque angiogenesis[ J]. J Am
Coll Cardiol, 2008, 51(13): 1 258-265.

[13] Kwon HM, Sangiorgi G, Ritman EL, et al. Adventitial vasa vaso-
rum in balloon-injured coronary arteries: visualization and quantita-
tion by a microscopic three-dimensional computed tomography tech-
nique[ J]. J Am Coll Cardiol, 1998, 32(7) : 2 072-079.

[14

[l

Gossl M, Versari D, Lerman LO, et al. Low vasa vasorum densities
correlate with inflammation and subintimal thickening: potential role
in location--determination of atherogenesis [ J ]. Atherosclerosis,
2009, 206(2) : 362-368.

[15] Lim CS, Kiriakidis S, Sandison A, et al. Hypoxia-inducible factor
pathway and diseases of the vascular wall[ J]. J Vasc Surg, 2013,
58(1): 219-230.

[16] Zhou J, Cao B, Ju W, et al. Effects of tongxinluo on angiogenesis

in the carotid adventitia of hyperlipidemic rabbits [ J]. Mol Med

Rep, 2016, 14(4): 3 832-840.



CN 43-1262/R  h Eah kb4 2018 4F5 26 555 1 1Y) 97

[17] Ushio-Fukai M, Tang Y, Fukai T, et al. Novel role of gp91phox-
containing NAD ( P) H oxidase in vascular endothelial growth factor-
induced signaling and angiogenesis[ J]. Cir Res, 2002, 91(12) .
1 160-167.

[ 18] Tanaka K, Nagata D, Hirata Y, et al. Augmented angiogenesis in
adventitia promotes growth of atherosclerotic plaque in apolipoprotein
E-deficient mice[ J]. Atherosclerosis, 2011, 215(2) ; 366-373.

[19] TianJ, Hu S, Sun Y, et al. Vasa vasorum and plaque progression,
and responses to atorvastatin in a rabbit model of atherosclerosis:
contrast-enhanced ultrasound imaging and intravascular ultrasound
study[ J]. Heart, 2013, 99(1) . 48-54.

[20] Ritman EL, Lerman A. Role of vasa vasorum in arterial disease: a
reemerging factor[ J]. Curr Cardiol Rev, 2007, 3(1) . 43-55.

[21] Ho-Tin-Noé B, Le Dall J, Gomez D, et al. Early atheroma-derived
agonists of peroxisome proliferator-activated receptor-vy trigger intra-
medial angiogenesis in a smooth muscle cell-dependent manner[ J].
Circ Res, 2011, 109(9) . 1 003-014.

[22] Fang L, Liu C, Miller YI. Zebrafish models of dyslipidemia; rele-
vance to atherosclerosis and angiogenesis| J|. Transl Res, 2014,
163(2) : 99-108.

[23

[

Salomon RG, Hong L, Hollyfield JG. Discovery of carboxyethylpyr-
roles ( CEPs) : critical insights into AMD, autism, cancer, and
wound healing from basic research on the chemistry of oxidized
phospholipids[ J]. Chem Res Toxicol, 2011, 24(11) . 1 803-816.
[24] West XZ, Malinin NL, Merkulova AA, et al. Oxidative stress in-
duces angiogenesis by activating TLR2 with novel endogenous lig-
ands[ J]. Nature, 2010, 467(7318) . 972-976.

Chatterjee TK, Stoll LL, Denning GM, et al. Proinflammatory phe-

—
N
wn

—

notype of perivascular adipocytes: influence of high-fat feeding[ J].
Circ Res, 2009, 104(4) . 541-549.

[26] Barandier C, Montani JP, Yang Z. Mature adipocytes and perivas-
cular adipose tissue stimulate vascular smooth muscle cell prolifera-
tion: effects of aging and obesity [ J]. Am J Physiol Heart Circ
Physiol, 2005, 289(5) : H1 807-813.

[27] Wang P, Xu TY, Guan YF, et al. Perivascular adipose tissue-de-
rived visfatin is a vascular smooth muscle cell growth factor: role of
nicotinamide mononucleotide[ J]. Cardiovasc Res, 2009, 81(2):
370-380.

[28] Manka D, Chatterjee TK, Stoll LL, et al. Transplanted perivascular
adipose tissue accelerates injury-induced neointimal hyperplasia:
role of monocyte chemoattractant protein-1[ J]. Arterioscler Thromb
Vasc Biol, 2014, 34(8): 1 723-730.

[29] Sun X, Evren S, Nunes SS. Blood vessel maturation in health and
disease and its implications for vascularization of engineered tissues
[J]. Crit Rev Biomed Eng, 2015, 43(5-6) : 433-454.

[30] Karamysheva AF. Mechanisms of angiogenesis[ J]. Biochemistry
(Mosc) , 2008, 73(7): 751-762.

[31] Fujiyama S, Matsubara H, Nozawa Y, et al. Angiotensin AT (1)
and AT(2) receptors differentially regulate angiopoietin-2 and vas-
cular endothelial growth factor expression and angiogenesis by mod-
ulating heparin binding-epidermal growth factor ( EGF)-mediated
EGF receptor transactivation[ J]. Circ Res, 2001, 88(1) ; 22-29.

[32] Kim I, Kim HG, Moon SO, et al. Angiopoietin-1 induces endothe-

lial cell sprouting through the activation of focal adhesion kinase
and plasmin secretion[ J ]. Circ Res, 2000, 86(9) : 952-959.

[33] Papapetropoulos A, Fulton D, Mahboubi K, et al. Angiopoietin-1
inhibits endothelial cell apoptosis via the Akt/survivin pathway[ J].
J Biol Chem, 2000, 275(13): 9 102-105.

[34] Yuan HT, Khankin EV, Karumanchi SA, et al. Angiopoietin 2 is a
partial agonist/antagonist of Tie2 signaling in the endothelium[ J].
Mol Cell Biol, 2009, 29(8): 2 011-022.

[35] Philippe B, Martine D, Franck L, et al. Transforming growth fac-
torbeta signal transduction in angiogenesis and vascular disorders
[J]. Chest, 2005, 128 (6 Suppl) : 585S-5908S.

[36] Betsholtz C. Insight into the physiological functions of PDGF
through genetic studies in mice [ J]. Cytokine Growth Factor Rev,
2004, 15(4): 215-228.

[37] Fredriksson L, Li H, Eriksson U. The PDGF family; four gene

[

products form five dimeric isoforms [ J]. Cytokine Growth Factor
Rev, 2004, 15(4) . 197-204.

[38] Cao R, Brakenhielm E, Pawliuk R, et al. Angiogenic synergism,
vascular stability and improvement of hind-limb ischemia by a com-
bination of PDGF-BB and FGF-2[ J]. Nat Med, 2003, 9(5):
604-613.

[39] Nissen LJ, Renhai C, Eva MH, et al. Angiogenic factors FGF2 and

[

PDGF-BB synergistically promote murine tumor neovascularization
and metastasis[ J . J Clin Invest, 2007, 117(10) : 2 766-777.

[40] Adamis AP. Is diabetic retinopathy an inflammatory disease[ J]. Br
J Ophthalmol, 2008, 86 363-365.

[41] Moreno PR, Purushothaman KR, Fuster V, et al. Plaque neovas-
cularization is increased in ruptured atherosclerotic lesions of
human aorta: implications for plaque vulnerability[ J]. Circulation,
2004, 110 (14) . 2 032-038.

[42

[

Sun Z. Atherosclerosis and atheroma plaque rupture; normal anato-
my of vasa vasorum and their role associated with atherosclerosis
[J]. Scientific World J, 2014, 2014 285 058.

[43

[

Mahfoud F, Liischer TF, Andersson B, et al. Expert consensus
document from the European Society of Cardiology on catheter-
based renal denervation [ J]. Eur Heart J, 2013, 34 (28): 2
149-157.

[44

[l

Mulligan-Kehoe MJ. The vasa vasorum in diseased and nondiseased
arteries[ J |. Am J Physiol Heart Circ Physiol, 2010, 298 (2) .
H295-305.

Pasupathy S, Tavella R, Beltrame JF. The What, When, Who,
Why, How and Where of Myocardial Infarction With Non-Obstruc-
tive Coronary Arteries ( MINOCA) [J]. Circ J, 2016, 80(1):
11-16.

[45

[

[46] Herrmann J, Lerman LO, Rodriguez-Porcel M, et al. Coronary
vasa vasorum neovascularization precedes epicardial endothelial
dysfunction in experimental hypercholesterolemia [ J ]. Cardiovasc
Res, 2001, 51(4) . 762-766.

[47] Gossl M, Versari D, Mannheim D, et al. Increased spatial vasa va-
sorum density in the proximal LAD in hypercholesterolemia--impli-
cations for vulnerable plaque-development [ J]. Atherosclerosis,
2007, 92(2) : 246-252.

[48] Gossl M, Versari D, Hildebrandt HA | et al. Segmental heterogene-



98

ISSN

1007-3949 Chin J Arterioscler, Vol 26,No 1,2018

[49]

[50]

[51]

[52]

[53]

[54]

[55

[

[56]

[57

[

[58]

ity of vasa vasorum neovascularization in human coronary athero-
sclerosis[ J]. JACC Cardiovasc Imaging, 2010, 3(1); 32-40.
Langheinrich AC, Michniewicz A, Sedding DG, et al. Correlation
of vasa vasorum neovascularization and plaque progression in aortas
of apolipoprotein E (-/-)/low-density lipoprotein (-/-) double
knockout mice[ J]. Arterioscler Thromb Vasc Biol, 2006, 26(2) :
347-352.

Romero JM, Pizzolato R, Atkinson W, et al. Vasa vasorum en-
hancement on computerized tomographic angiography correlates with
symptomatic patients with 50% to 70% carotid artery stenosis[ J].
Stroke,, 2013, 44(12) : 3 344-349.

Sadeghi MM, Glover DK, Lanza GM, et al. Imaging atherosclerosis
and vulnerable plaque [ J]. J Nucl Med, 2010, 51 Suppl 1:
51S-658.

Li W, van der Steen AF, Lancée CT, et al. Blood flow imaging
and volume flow quantitation with intravascular ultrasound[ J]. Ul-
trasound Med Biol, 1998, 24(2) . 203-214.

Moritz R, Eaker DR, Anderson JL, et al. ITVUS detection of vasa
vasorum blood flow distribution in coronary artery vessel wall[ J].
JACC Cardiovasc Imaging, 2012, 5(9) : 935-940.

Papaioannou TG, Vavuranakis M, Androulakis A, et al. In-vivo
imaging of carotid plaque neoangiogenesis with contrast-enhanced
harmonic ultrasound[ J ]. Int J Cardiol, 2009, 134(3) . el10-112.
O’Malley SM, Vavuranakis M, Naghavi M, et al. Intravascular ul-
trasound-based imaging of vasa vasorum for the detection of vulner-
able atherosclerotic plaque[ J]. Med Image Comput Comput Assist
Interv, 2005, 8(Pt 1) 343-351.

Vavuranakis M, Kakadiaris A, O’Malley SM, et al. A new method
for assessment of plaque vulnerability based on vasa vasorum ima-
ging, by using contrast-enhanced intravascular ultrasound and dif-
ferential image analysis[ J]. Int J Cardiol, 2008, 130(1) : 23-29.
Schinkel AF, Krueger CG, Tellez A, et al. Contrast-enhanced ul-
trasound for imaging vasa vasorum: comparison with histopathology
in a swine model of atherosclerosis[ J]. Eur J Echocardiogr, 2010,
11(8) : 659-664.

Moguillansky D, Leng X, Carson A, et al. Quantification of plaque

neovascularization using contrast ultrasound: a histologic validation

[59]

[ 60

—

[62]

[63

[

[64]

[65]

[66]

[67]

(LS

[J]. Eur Heart J, 2011, 32(5) : 646-653.

Deyama J, Nakamura T, Takishima I, et al. Contrast-enhanced ul-
trasound imaging of carotid plaque neovascularization is useful for i-
dentifying high-risk patients with coronary artery disease[ J]. Circ
J, 2013, 77(6) : 1 499-507.

Nishimiya K, Matsumoto Y, Takahashi J, et al. In vivo visualization
of adventitial vasa vasorum of the human coronary artery on optical
frequency domain imaging[ J]. Validation study[J]. Circ J, 2014,
78(10): 2 516-518.

Aoki T, Rodriguez-Porcel M, Matsuo Y, et al. Evaluation of coro-
nary adventitial vasa vasorum using 3D optical coherence tomo-
graphy--animal and human studies[ J]. Atherosclerosis, 2015, 239
(1):203-208.

Tearney GJ, Regar E, Akasaka T, et al. Consensus standards for
acquisition, measurement, and reporting of intravascular optical
coherence tomography studies: a report from the International
Working Group for Intravascular Optical Coherence Tomography
Standardization and Validation[ J]. J Am Coll Cardiol, 2012, 59
(12): 1 058-072.

Vincent L, Chen W, Hong L, et al. Inhibition of endothelial cell
migration by cerivastatin, an HMG-CoA reductase inhibitor: contri-
bution to its anti-angiogenic effect [ J]. Biochimie, 2017, 132
19-27.

Bot 1, Jukema JW, Lankhuizen IM, et al. Atorvastatin inhibits
plaque development and adventitial neovascularization in ApoE de-
ficient mice independent of plasma cholesterol levels[ J]. Athero-
sclerosis, 2011, 214(2) : 295-300.

Fu Y, Tang H, Huang Y, et al. Unraveling the mysteries of en-
dostatin[ J]. TUBMB Life, 2009, 61(6) : 613-626.

Mao W, Kong J, Dai J, et al. Evaluation of recombinant endostatin
in the treatment of atherosclerotic plaques and neovascularization in
rabbits[ J]. J Zhejiang Univ Sci B, 2010, 11(8) : 599-607.
Gossl M, Herrmann J, Tang H, et al. Prevention of vasa vasorum
neovascularization attenuates early neointima formation in experi-
mental hypercholesterolemia [ J ]. Basic Res Cardiol, 2009, 104
(6) : 695-706.

WEHE)



