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[ABSTRACT]  Atherosclerosis ( As) is one of the major causes of high mortality and morbidity worldwide.
Chemokines and their receptors are involved in the pathogenesis of As. CXC chemokine ligand 12 (CXCL12) is a mem-
ber of the chemokine family, and macrophage migration inhibition factor (MIF) is a chemokine like functional chemokine,
CXCLI12 and MIF together play important roles in As through CXC chemokine receptor 4 (CXCR4). The CXCL12-CX-
CR4 bioaxis is an important chemokine/chemokine receptor axis that can regulate various biological behaviors such as cell
proliferation, mobilization, differentiation, homing, and chemotaxis. ~ Numerous studies have found that it widely affects
various cells related to As and is closely related to the formation and development of As plaques.  Therefore, the CXCL12/
MIF-CXCR4 bioaxis is expected to become a more precise target for As treatment, and regulating the CXCL12/MIF-CXCR4
bioaxis strategy provides new ideas for the prevention and treatment of As.
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BOEAR BNk 7E AT 5 | 7SO LR ZE AL ) 38 38 5 72
RN, As BEHR | L e 7 l R 238 m] - 500 4 P it ke 1.
RN R P B P P R T R S ) )
B Bk o) S, AT RE 2 T B0E D RE 4 F I 4 B o
Jieo FEBR B HAB SN k73 32 1, As AT ESME 3l ik
P P ™ B ) R At o

RAEWFIE K A R 1 R 32 )02 5 0
5 As KW Z T AN, 5 As 1Y KA K& % D) AH
X2 PR oXC BN A 12 (CXC chemokine
ligand 12, CXCL12) / E W40 M F 70 il  F- ( macro-
phage migration inhibition factor, MIF) -CXC #4{LH ¥
ZAK 4 (CXC chemokine receptor 4, CXCR4 ) 2 ¥yl al,
VFAEBG As A Hi S Y B

1 CXCR4 REBMK CXCLI2 MIF #it

AR T2 /N4 W R 1, G 3 5 R N A7
G5 G T 20 LG AL | 23 A iz i S 2L T8 1
it AR F DI RR AR, 2 RAE #a b
PSRRIV RO Y AP SR S n bl N g7 S A S Kt )
PN Gl 3 L ks S VAR <oy <R |
TFIFFEE K 76 & B RN G Wa A3k 7 v 4 4
JE B R B A R 5 I TR Y 3 A 4G
A A5 ) N it DX 38R A2 i Y N-A DI, B e
JE A BRI —A o SR8 ; A R AR A v AR
ST IR 2 SR v o Bk R 5% 5L 4 S CXC L CC L CX3C,
XC UL, 7E CXC #fE o, 2 3 A 2 e
LRI — > LR FR 5L 43 IR 5 T 7E CC #afb A
T, A R R S R A AR A AR CXC A
Z R AL E R -5 R NS 2R ( glutamic acid-
leucine-arginine , ELR) =RRET ,CXC #EfbH 1 mT F
—3E 44>y ELR* #1 ELR™ CXC #&fk N 7. ELR'
CXC B LT, filhn CXCLS 5 ) T 1l 45 4 1 K 22
0 ELR™CXC #fb 7, fildn CXCLA , HA i 540 il
VEHIT . — MOk, ELRT CXC AL 7% i 4
Jil B AR, T ELRCXC ¥k 7 32406 T
ANMIEL B 4R,

CXCLI12, X #% F% 55 Jow 4 Bl 7 A= A+ 1
(stromal cell derived factor-1,SDF-1) , J&—FpEa S F0
SAE P 14 84k TR, H 6 RS 0 1) 5 S5 40 i
W, FEPEZ 0 I b B SR R RO AR B, O R
B FAARAR . CXCL12 J& CXC M F K Al
BUIRE IR 17 ARG A, I T AR 4 ELR &2
574341, CXCL12 J&F ELR™CXC #afblH ¥, £ %

W] NK ZHAEA T kLA G CXCLI2 JE
IR BE M Y 82, CXCL12 7] 7= A= 6 FPA ] A7 7Y
Al CXCL12-a, CXCL12-B, CXCLI12-0, CXCL12-3 .
CXCLI12-¢ il CXCLI12-{, o Fil B VLT 30 Fe ik HoA
(FRMIHON ARG, CXCLI2 783 i, 55 42
J b1 a o R DR AR B Y 22 U A B <
ZLPE, CXCL12 2 [H B R /D B A a2 5 7 1 ik
BATERT 73X — 21, J@ i AMD3100 ( CXCR4 #i#t
#) BEA CXCL12 f7KF- B i v 3l B3 A 1 20 B sl
A A EIE Tk s R

CXCR4 & 7 WS G 3 AR Z IR, )iz 3Rk
THO MBI R HEAE 0 2 Fh A0 i 28 B, A 4% Y
A 14 F- 1 LA 9 ( vascular smooth muscle
cells, VSMC) T 4Hi 5\ B 4 g , i ¥k 200 L B0 40
MM E KE4IAEY . CXCR4 5 CXCLI2 254 IFH1EN
TR #% 3R CXCLI2 A 515 5, CXCR4 32 K3 1k
N, 308 5 IEK 15 oA 1N 2 T AH O 1) 41 i 1 S U =R
1K G 2 FRA S5 3d i, AT 0 B R e LS 3 3%
fit} ( phosphoinositide 3-kinase, PI3K ) /& H ¥ ¥ B
(protein kinase B, PKB/Akt) 22 24536 1b 26 H I
(mitogen activated protein kinase , MAPK) /40 il /M5
U8 T BB (extracellular signal regulated kinase,
ERK) F1 %A+ «B ( nuclear factor-kB, NF-kB) E5=
M TERAEAM M B S22 2R A AR P T
TR AR

MIF & — Fl B AT 46 A 5~ FE 2 BE ( chemokine-
like function, CLF) FlZ A 9 2% D) RE (1) 4 AE 41 it [
T RN R s BEORST Y 114 DR
IR S3IAEE (AN B A4S N-A i A 2 R, HAE ) Ab
P AR, i T L N-R Ui il 2 R AR 2 e 2
FRELFT , AN RE B 4 28 Sy o Fofr 384 14 s A PR 1 28 331
(CXC.CC.CX3C . XC) Z—, FIL AR CLF il
P, HA CLF Efg 727, CXCR4 L2 MIF
A2 A i 5 CXCR4 RIAHEAR T, 25 2 Mo B
bR AR bR b i AP | AR SR R AE AT |
Bz -18] FE 5 AH BAE 4 MIF WAE R CXCR4 (1 #B4%
AR S i S A IR T 32 A CXCR2 Al CXCR4
SEETEAN M S AL B R EEAE Y (K1),
5 CXCLI2 M1 , MIF 52 Z2 R S A fil 30 M 73 46, I H.
LR As FEFIFHDE™ oAb MIF 2 5t 1T
RUBREE 1 CD74/ A8 B 1 P — FC A4, XoF i 1t o0 JIE
RO NELR B AR T, e O LR i B P08 3 40 45
T
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Figure 1. CXCL12-CXCR4 bioaxis and its downstream

signal conduction pathways
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P9 A0 VSMC | FRLAZ AN | W 40 i A 2R
YL SR T 4IRS S As BEHUE B 40 i b
¥If5 CXCLI2 fil CXCR4 W335, X LE 41 il 7F As BiE
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A PR B 02 As 28 AR, P A
4 ( endothelial progenitor cells, EPC) ~F-7 JL#H 2
g ( smooth muscle progenitor cells, SPC) FIIML % P
21 i S I A 0405 0 18 A ML 10 S B R T IR T, I
BB, EPC AR 45 18 &, (2 9 1 48 58
e U A N R As BEERTE L, 4R 1T, EPC
W2 55 4 8 A, 5 B0 BN R E R Il A4 T
B, CXCL12-CXCR4 A=) fE EPC (WiT % 14 FH |
TE5 T2k B b R O 1 . Chen 25 IF 5K
CXCLI12 i & CXCR4/PI3K/Racl 1553 i B A% 4
B A0 M3 75 1, 3 5 PN R A0 R ST S, DT AR B Y
FZA0M . Doring %5 58 % B, CXCL12-CXCR4 4=
YT S Akt Wt/ B-catenin {55, DT 3G 58 1ML 45
DAL B2 5 285 4 1 A0 26k, () I 3 e R O 1 W R Tl
AR A A A N S B R 1 E A R R e
DAMG SR N K2 B BE T RE. 7E As g B AR b 2o 7
VSMC 385 3T 8% i 36 R A% A 2 BE BRI Bl ) 7 22
B, AT 53 246 ¢, BRI, VSMC |
CXCR4 M1k L BEZERF VSMC 1E# 4 % 1ok
HEPL As'™) ) VSMC AR B el RS2 As AR 2
Joi B FEMLA ) . CXCR4 ik i i 2k 22 S 5040 15
Qb 15 40 RS- B UL 40 B 5 o - 483 2 N 0, S O
[ EE i AR HE ApoE ™ /R As HERE . EIEE

T, MIF 755 097 18 JULZ0 MU 35 56 7T RE 55 CXCR4 A
K, FHAEHTAE N ETE BRI A 1) a0 e b e B AR
AP BAh, CXCLI2 5 CXCR4 454, i it PIBK/
Akt BRI eNOS BYBERR Ik Je 33k | BN K 240
1 EPC HEFH > | FEIE R AR LA ME T, eNOS 1] By
1k As, HAE As B9 04 155 25 5 3500 78 A R B
PARFE T,

FE As HER R /MR BERA R FERERCH i)
BTGP I, Stk — 25 T A P R A B 5, A
M3 As BEHRL e, W5 & B, IR4h CXCLI12 AT LA
I PI3K/ Akt f5 5 38 B T /MR R
FESHIK I, AR 7K S B9 R 1 BR — 85 B2 (adenosine
diphosphate , ADP) ] 345 CXCR12 #3# ifin /N SR 4
FOEKBRARE S T it /NSRS AR /N AR A A7 O
Sk T FERRETE L T BT E & CXCL12 Bk
MIF [ As BEHEA , X RIS 1T RE 25 3 1 857 7=
A B8 T AR Y I IR AT A 1 CXCL12 B MIF DL 43
W RANS, R4 CXCLI2 Hl MIF #5 CXCR4 4%
A BTEIM/ MR CXCL12 P47 BCAAR R S CXCR4
N FIESEST ) BET As AR TG I/ MR
AT BELAAS ] 5 =52 e B0 Hhe 0 i i /DN AR 3 o R T
RN AR (An7E HL R - 323k 1 P ik R ) sk A 1l
WA F (AN AR AR |, AT ok oA 4 i
IHR L 200 1% 55 B AR i 1y k2
2.2 RIERMN

AN Y M = 10 2 B DK E R AR N B S
H Y As 7R Y 1t R TP A AR B AN I L I I AT i
PR T AHARAE AR T AnR™ , 7E As
TE MG R b, 06 PR B A0 AR B BN BT, 2k ik
15 I AT 4D 48 40 M 1R, 8 e 2 1 6
Kt 43— 1 (intercelluar adhesion molecule-1,ICAM-1) |
ME AIMEZL T 73F 1 (vascular cell adhesion molecule-1,
VCAM-1) Fl 50 % 41 i #4 1k 2 1 1 ( monocyte
chemotactic protein-1, MCP-1) 45, CXCL12 ifi i
W PI3K Fi p38 KM% = 15 = " MCP-1, &
BV ) ok TN A B 1 R
fifL 2 T 1 R Z AR AL RR S R R A
(oxidized low density lipoprotein, ox-LDL) J& ¥4 2% i,
HIRZANME, ) ox-LDL AT DL I 1 CXCR4 ik I3
Jin L 20 B RE B CXCLL12 , DT 4 00 94 K 240 B TP 1l
RELIT CXCR4 AT 4 /b 58 A P IS oh 9 15 W 4 i &5
T A, As AR B ik RE A% A 50K 41 A I2
BRSSPI 9 E SR S 1E AR DG, 2 P A 2R 4
JL 43 JURP AR S A I TS5 1k AG Y L i CXCLI12
B R 175 AR 2 PR A0 B2, R i it S 3 e
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JEITE T 4, AT 5250 i R PR R 7 v T4
Z (interferon-y, IFN-y) ¥ IFN-y J33h T 4075 1k
MZEEVEA M B N I, SR RIE . Doring
A USER  MEME ApoE B 4 L4 S CXCR4 R
RU/NRZ P IR SR, 86 B-1 4000 IgM &2
FW M CXCLI2 B R A Ak, Beah, b5 B
rh I A I B G, As i AR ) K/INBE =2 2
. Upadhye 25> S8 3EH] T B-1 4S9 TgM 43
IATEBEBRE JE A AP VR T, 4R 5] CXCR4 ik A2
TEEBE B-1a 4 E AL IgM 77 A v & $E 4 F G G
BN R, b, X S 5T R B B-1 4 R R

CXCR4 7F As LR AE T, As o B v iy b dk
it L A AR AR IE S, 3l 5 () CXCR4
ZARBEI] ( AMD3465 ) 7] 520 Hh b 41 i S 4 | 34
IR P 4 S, S8 As IS RE P R R 20
JiL 5 AR i, B A 0 B B R CXCR4 Y B
VT SN T B | 3k R BB R G ER R kL
2055 BB P B 4 266 B T  MIF AR S — Fh s
AU CLF B e 7, /EH T CXCR4, 5P H#E &S
RIGAL FAS N 3, BT A S A A0 R T 40 e
LN

% 1. REMA CXCL12-CXCR4 £ 44hHI1E R
Table 1. The role of CXCL12-CXCR4 bioaxis in different cells

Al HEHEE S T 1A
8 ST Ak Wit/ B-catenin 3R P4 H BB P07 35 12
PI3K/Racl W 04 1 LS 38 A 4 S
PI3K/ Akt BN eNOS Tl ik K 55 1k 125
vame PRC/NE-«B fE3IE ox-LDL 5 34 VSMC $4 1
CXCR4 1 e VSMC TE R g
/R PI3K/ Akt PSR
A PI3K 138 - MCP-1, PSR AN W S
ELHEAE CXCR4 1 BTk AN
MR excui2 | W T ISR AT IFN-y

3 83 CXCLI2/MIF-CXCR4 440 8BS 34
As RE&

3.1 i@yt miRNA K&

miRNA 25 R SF /N FAE g RNA, HAK
BEZ1h 22 ntt®! L R4 miRNA H 5 AR H 4 1
1% ~ 5% , 5B AT LU 3 [ i sl 40 6] mRNA 11 54
B, R E D 30% B R g L A R s
miRNA 7EAHEFE T oAb GRS R AE it A2 rh
RAEREBENREEERY 25 As FEAE A% #LAE
HHLH S AT AT IENE R, miRNA P53 As 1)
R KRS

Wi miRNA Tl , CXCLI2 B4 E N EPC
miR-126 A4 E 3240 25 miR-126 18 i3 # [ CXCL12 ¥
& EPC A R2Y ) R, miR-126 W] fig i@ 1§ 7]
CXCLI12 B{ CXCR4 K50 As, HA /DR EMN,
miR-126 T [a] 4 CXCLI2 fii#| EPC 4519 145 4=
RO AR A T A5 T R P IS s 5 i,
CXCLI2 AT fiE g1t 3k miR-126-3p i SD Kl 50

ok L4 A i, a0 e 30 ) miR-126-3p , HAE 4% 8 B
X— 7 G B4 ] i 5 miR-126 # ;] SPRED-1
(miR-126-3p L s Z —) #E Wi §£ 0 CXCL12 A 2 fiE
A M, AR miR-126 U0 i E e
] CXCL12-CXCR4 A= ¥yl As, BFE AL, 5t
&5 24 M7 FE S FR A ox-LDL #5453 45 75 1fn 45 P Bz 4
JRLR T2k v A R[] B P R O A P B 2 A
miR-126 B3R5, FEARILE 2 40 i h miR-126
JEAH 5645 5 CXCL12 ,CXCR4 . VCAM-1 mRNA Fi17&
FIRY IR R P F 2 B iE 52 58 0 i RE % |
ApoE /N FEBIK miR-126 AUk IFERHT
e & CXCL12 ,CXCR4 . VCAM-1 mRNA F1%5 [ 1)
#ik,

CXCR4/CXCL12 5 Z= T fig s 270 4 o 240 il
JEAY P AT R IHRAE , R FZIE R T As 193R
S7 H A T B AT . miR-206-3p A& — il Il 4 57
£ CXCR4 #f K 7, A 1 A A i 48 B 1 3%
CXCR4", miR-206-3p Y #E 5 BEL T 70) 71T LA 2 3k £
PP CXCR4 1Fkik, KL, JF &R T —Ff R LT
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T 8 5 BEL BT 791) ( CXCR4-TSB) 45 57 b, 1 34 3 ol A
FAEF A IS 40 3 i CXCR4 ™ L |
ApoE ™ /INEUHY CXCR4-TSB 3458 1 IfiL 3 BE N iz 41 i
F1VSMC 11y CXCR4 K3A , 180/0 138 35 PR R AL 4
JiL5 P B 20 M A B, RIS T IR0 As &
J& ., M miR-206-3p-CXCR4 A= 5l 2 1k 1) 40 i 4% 5+
PE miRNA AR T A2 R s T —Fopi i
BIT L, R I TSB IR9T As B A1 HA
PIRET T IE R
3.2 B MIF g R B

As J2 FH I RE (9 R E 5 | 2 S Rp 2 i ad A, 1K
2 IR HE FH (low density lipoprotein, LDL) 7£ P4 Ji5
DURR SR IK B PN Bz 240 RN ~F- 3 LA A 3% A DL K
AN SEAE AR NE O MIF 7548 5 i 45 A2 DLk
IR (HE R IMURE S 3% T As A8 H N i 41 F
T UL B, PR 40 R T ZH I FP R MIF ek, it
A, 25 As TR BT G 2SR AL HG PR AN
WL g v PR A B I B AT T IR L 4R A L Y
2 240 M R0 SF- LA AR A Rk 2 D —Fh MIF 32
A, 4 CD74 .CXCR2 & CXCR4, 3 B 33 &6 41 ffd A~V
ViJg MIF R#AEFE T H X433 B MIF A R 7

— PR YT AR A ) MIF TR Az A
B R S #E ) MIF-CXCR % i A 2 Hifl CXCR2
5 CXCR4 M5 W5 515 SR I SR ms  BI43-J31) £ 1)
JRECIA CXCL8 BY CXCLI2 H3i%, 7F As FUTEHL T,
I fdF MIF HBrHTA T4 MIF 5 CXCR2 i CX-
CR4 MIZEE R0 T MIF 942 As FERT®, TR k4 B8
T CXCL12-CXCR4 Bl MRS T RE  F5 5
PEER ] MIF 45 & 505, 1 4n, 5 MIF-CXCR2 #H
HAEH 2 XEZN N FEHIET, 5 MIF-CXCR4 24
A B XEEMN MIF 3756 R RE, B2,
MIF 0] LA E Z 0TI ag , AR R B vh B
4P VR . BN, MIF-CD74 e C JUL Bt i P v 45
HiJa b0 Mk D e A 7

HHT, Kontos 25 SAVETF & T —MRIT T %,
CXCR4 MA/MSAY) msRAM-L1 , i3 CXCR4 #E i)
B7iG As, iZ B FARH T MIF 5 CXCL12 A—3
(R4 G0 5 3% CXCR4A SRAEHE As, CXCR4 HEF%T
CXCLI2 F1 MIF AN [l 45 & 0 i [ 46 N-K i
(CXCL12) 54uMa#h3F (ECL) 1 12 ( MIF) ] 2% S 1%
#l[n) CXCR4 FUEL As FIZERE As BEBRFRE 1) 2
TEEMER , & MEA KRR CXCR4 417N R ¥ 51 1)
AU, AT P2 A2 T MIF 4% 5 CXCR4 4014
(msR4Ms) , IF-FEIRIT L IX 43 CXCR4 UL As FT As
B AT hE 5 2 A4S CD74 (msRAM-L1 fits Z A5

L) A0 MIF 1985 FHAE R, R MIF 5825 35 4
WEhA, o —F AN R ALY msRAM-L1 J&
b B AR AR, PRk BE RS A MIF, B O
CXCR4 B34, (H A M CXCL12 A 155,
ANF W i CD74 By 0 E PR MIF fF S
msR4M-L1 7E NFIV/INER As 5728 9 MIF TR 40 1
S0 T Sk AR IR T RAE RN
3.3 MO I /NG T 4k 1B 4 R B

As BEHUFN A e 34 10 00 412 042 18 53 T 22 688 1 45
Tl RIS RT LA ot /MR L EE CC Ak R 7 id i
5(CC chemokine ligand 5,CCL5) Fl CXCL12 7£ P i
RALLIR 705 SRR TS Ak /MR A CXCL12 8
i CXCR4 33 1L /N A 5 3 F 43 W6 1] i 47 3677,
CCLS ] 354 BT X R0 1 WIS & B, /)
AT CXCLI2 /NG As I /INKR 3% £ A 3 fik i
I B Y, CCLS B UL IEUiE Ik i 2 28
MU RRAS i VREY ], 5 CXCR4 7 /& 2 3 i Ak 1
B BB SEAYITREE S CXCLI2 I HaE i JH T CX-
CL12-CXCR4 FHEAFEHIRBH BT CXCLI2 57 1/ B
TR 2R e g i/ IR TG A6, DT B 1 29 fk it A4
TE R b 4 1R CXCL12 AR A5 P %8, 5
BRI DT AR SR P2Y12 400 6] 551 45 Bt i /MR I 97 AS W]
il VREY ], 76 AN %€ 1l s (8] 39 1% 00 F 02 T
CXCLI2 P53 M/ M R AL Fn g ik i i T e, %4k
G Wk M CXCLI2 1755 1Y Al & i 1% 22 R i il
(Bruton’ s tyrosine kinase , BTK) A3 , /E R I 5 A0
FeRy 555 SRR, BT As MR TE L2
A, 1 T LR BTK 3003 570 BELUT 1 /N % L i A
RUOPE V5 B 75 5 00 S 28 P I TR B P /D Al ik
/DRE R YT CXCLA FTk

4 REHRZE

CXCL12/MIF-CXCR4 A= ¥yl 7E As 1095 BRI 3l
MR ZER, — RGBS s W
B SRR A R S R b R AR R E L, 5 —
75 T AE A R RE TR F 75 S U T AR e L B
FH . A [R]— i A5 240 i A RT R 3R PR [ A 2 B
T2 NI N R G I, VSMC ] i ik CXCR4 45
Wi e B, 8 7E G A RE R o B A I A 18
8 BUE AR IR A T R BN TR AE P R
WA JE As I — A BB A FFE S IFH, R
[0 B SR JE Y CXCLI2 X} As BIVEFHASTE], P 52 41 e
SRR CXCLI2 5 Sl 3% AKE 19 25% , e iff As
&, it AMD3100 #4| CXCR4, Ff- 1% A4 J& 3 H H:
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b 240 J6 R 7 1 A B TP R E At 20 i ok VR 1
CXCLI2 A REAL 3 AN [l A8 BE AR P/, IR0 T 12 As
BUGE , I P= A AR rh pEe R

16 F R B 1A g, CXCR4-TSB 1 msR4AM-L1
AT R RIRTT As SR PR AL T T4 (0 SR B, — 5 TR
SEERETR CXCR4 MIAE T, — J7 Tk 2> MIF i 5 1
RIEFZ M, I HAS LUiHE MIF-CD74 U A 574 FH
JACH . #E— BB CXCL12/MIF-CXCR4 AE ¥
FEREE R T A0 Ik R TR B ARk RR s R] AR
FHMLT B AH B A FH A5 R USRI ST 3208 T 204, 10
N IR BB IR As Bem RS i B0 10 250

[ &% 3Ck]
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