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Research progress on microRNAs involved in vascular development
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Abstract: The vertebrate vascular system development is a very important and complicated process. MicroRNAs regulate gene
expression at transcriptional and post-transcriptional levels and play important roles in many physiological and pathological processes.
MicroRNAs mainly participate in the regulation of vascular smooth muscle cell and vascular endothelial cell development. In this
paper, we summarize the recent progress regarding the microRNAs involved in the vascular development. In particular, we focus on
the microRNAs including miR-126, miR-17/92 family in endothelial cell’s regulation, and miR-143/145 family, miR-21 in vascular

smooth muscle cell’s regulation. The future research on the role of microRNAs in vascular development is also prospected.
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MR RS, Witk R gl — gk
REG . BYHINE & i AN A E S e B, 1
S RS AR T IR P B A i () () 2 S POIR, R/
— ML ET B —ANA% Y. ZHEALRN
PR P S hae EA R . RN RS SR E
M7 RS AFAE LA S 38 2 (8] () SR R AE =
HESH o A TT A g B

MicroRNAs & —35K: 21~23 nt (] 55 IR G/
RNA, J#idiH 54 mRNA [ 3> JEFIEIX 551 5 3L

B S5 A, ERE %5 00 ) HL B 3 IR 1 B3 K P
R Y. HRlEA Y2 % T microRNAs iff 2 i

KE W FTIRIE, AT E X microRNAs 7£ [fiL &
KB AL R 7 AR — Sk .

1 MicroRNASZEIE & & PRI

MicroRNAs " JZ f74E T & Fh B i) & R A b,
FED AP A R rh DR 5 P[RR PR Oy 1t IR EL
FEP b A AT PR 0 2 0K R S PR AN e e 1993
T, Lee SFAEFSMHREAT 26 AP R IIER 1 /) microRNA,
54 ik G &k E e F R lin-4 K CEH
U BHATALE, O LT microRNAs £
R, Al NRANGEZ YRR R, BT
2 7~, microRNAs Y fE 7 & 5% J5 mRNA /K |
EIREIER, WERAE R FIK T AR 2 Gk (1) A= 21
HEREA R B RS, ARG TE . 40 s e
A AR RS, 4ERRIH TS, R REEN
TGS RNAM,

1.1 5EM&EME RS L EHEXEmicroRNASHIH SR
L1.1 ®0e ME F AL 4AEE microRNAs
451k, V£ 5IME K KK microRNAs
OB FUdRIE, A VF 2 25 E e LA B AR DS,
1 miR-21 7 I /8 ~F 5 FL 20 fie 364 B AN G 7% A 2L
MR P, 7R R g o B R KT R
i U N miR-21 FRIA S A E T,
) Jhk A0 5 2T 2 20 AN AL R 41 4 41 A i 3 5 1Y
miR-21 @ L2 0 H LA E H 4 (bone morphoge-
netic protein 4, BMP4) Fl 4L AE K [ -F -B (transforming
growth factor B, TGF-B) {5 5 % 31l R 42 1L 1
W LA A G 44k U miR-21 -t i 9 UL 4 i
WA, e ER Y TR, EABIK
BRBERE AL A8 R miR-21 Rk 3 1, 7E Bk
M8 SR AR PR S s i, N B/ BRI R 3 k-1 L
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Y o3 Ak 22 ek /b miR-21 [y ik M FEAAR A S2 56 )
/NGRS Ik L2 L DL R A 4 1R /) BR Sl ik
DUER miR-21 KE 2 Pmifi 40 3 5, 3 hngm v o 1
FE/NER T, R R miR-21 23 3 1) 351 2 ik Bk 3 4 4 v
i g U BT RN, miR-21 78 £ R s ik m
HHI T IE R IR s E Y, Hk miR-21
REA (e MG TE VR, A A R E R

WFFLRIR, miR-146a BE/EARSMEHE L1 L
YR, TER PN AR A A A g A Y, B
Gy [z L miR-146a TE A% H 1R 21 20 5 ik BR 2 52475 1) /s
B AP AT R b A P B A T, 1K R B miR-
146a GEfR ik ML ~FIFVIEYE . [FiS miR-146 GETE K
— AN ] % A0 Toll #3244 (Toll-like receptor,
TLR) {5 58K, XP A RBHE —ERE ST
W R TR 2, I H ae ) 285 K+ 1 7=
A U, BEFIE SR, miR-147 Al miR-155 tH A A1
e U,

BV 2R, L 4 M S Bl 7 & P i A
O MBI B R FE h ke A 2 R LR, 17 miR-
143/145 ZjgA] LS AT A @2l " 22N,
PPk miR-143 H1 miR-145 #{7] S S0l 7k 1 57 % 1
I LA s S S R RE R U BEER
FH, SRR FEN F B B i A G A
R/ . miR-143/145 52 (6 IR (¥ 1ML ~F 1
WIAHH PR B R I ERIA &, (HR % KR 2 g
1L 77 LA R N2 s b it ik ek gD U,
H HLAEREAE I P LA ik B 2021,
EZKIGET, miR-145 5 miR-143 #HHAEH, Fif
R HEFE R I RIE , U35 Kruppel FERT 4 (Kruppel-
like factor 4, KLF4).EIk-1 (ETS ¥ 5 PR 5 1 i 1) '),
I % 5K & #% {L B (angiotensin-converting enzyme,
ACE)™, Ifi17% N T (serum response factor, SRF)
DU IS —— 0o LR ™, W miR-145 A
VA NG T 48 B RS o A A B T A AR ) B R
Hro miR-143 Wi 2 Ty fig 8 SRPE A0 ) 10 1 0
ALam e =,

I /N PR M AR K R 0] 15 3 miR-24 5%, A
175 I P LA A R B Y R MR
P A KT BB, miR-24 [ R IEW &3 &
miR-24 75 RIFCIRA T A 2 i b s Rk, ndidh
P FE/NBRARN, R XFRIA miR-24 23 52 & L5
(I BT O JE T B 2
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E LS~ T L2 B e % S S miR-155 41151 771,
A]_F O PR I B 5K R 11-1 B 524K (angiotensin 11
type 1 receptor, AGTR1) (K] #ik P, miR-155 7E-F
WA 2K, FES KR FEREAL I b /> miR-
155 T /b 5 I 0 P 1) Pl i AR 270 7 B0 fok ks e
A5 BN BTN AR Y miR-155 218 B, =R
miR-155 F ik FIFAT (i N shikok FeiAb i, H
S IR B KB 3 miR-155 HEIA KA1 /& T &
U HWFFE, E miR-155 BLFE /N 6B BE
HFAEA GBI &) LDLR SRIE AN B BE, FineE
B AE A A5 A8 R 98 RE S BT

miR-30b Ml miR-30c ik "~ i 7] 3 B 4 -1 1
LT 45 4 = P, ] miR-26a A ik 1 1
LA 734k, miR-26a 4% TGF-B {5 5 18 1 1] fe 2>
AR I ST LR R B0, A A T UL g A o
EREFT AN AEK IS FEY, miR-31 FIRIAEF
B0 B R R miR-31 AT A I3 A0 N AR A A
KR, M5 S P i LA p i i B i ik
miR-208 FEAE 2 M~V I L0 MO8 5, FF mT 3 ik
15 50t AT LA B B (A R B AR I A
Frg Ll b, o K0k miR-181a T ML Bk &=
II (angiotensin II, Ang 11) & ix, & 2 (osteo-
pontin, OPN) Fik, JF1G 5 I 11 L 40 i 5 A% IR
WAMME S Y ARt $F
B OWIEE AT FI miR-1 f3RIE,  FEAMH] e - AL
AR ARG B
1.1.2 ®MnmE M4 microRNAs

B 1 B3R5 i LA AH OC (1) microRNAs,
A A 7> microRNAs & 8 ik 52 e P Bz 441 i i 1fiy 52
M S RA MK E

miR-17/92 FJEALHE 6 /> microRNAs : 17, 18as,
19a. 20a. 19b-1 f192a-1 ", FFFEEM, Febxp
microRNA ZJ5RE 5 3008 B AR i T 0 I 7] B gk
P AeT U XA KR AR P R RIs,
o BELAS P B 41 B2 3l AT 0 ) L A K B miR-
17/92 Z i 4% R Je FE R K18, 1% microRNAs %

T LA 2R Ry T AR S B AT 4G
A HGUE KR T R IE BT i T2 R A

microRNA IR 788 %, 40, )] miR-92a ()&
32 AT 3R Ve A G A5 0 B AR AR I I A K B
TEARANSEEG HF, 1 3R IE miR-92a FEHIHI L& H 28
BRI IS WX 28 T A% 5 T AE B e, 1 5R9% miR-

92a I 410 1 oL A K PRl 7 ik . miRNA-17/92 5%
AR L, AL 4E miR-17 F1 miR-20a 2 [7] £ 7] LA
i) i i A K B

W70 %7k, miR-126 75 P 52 40 i vh i = 0k B,
miR-126 #1i] PI3K Al MAPK 15 5 i # M 1 {i2 32 it
AR, T U R I G B o R I 4 G B T
1 (vascular cell adhesion molecule 1, VCAMI1) )5 IA
(B 1) ¥ miR-126 wF LA ] 20 ik ik R B 4k (47 1l
I HLREHG /MBI AR € 1, AT DAY AE AR L E E
TRERTBOR,  AE P B4R o m] DRy — MR AES
JAM ) S0 s R e BL_EAF ST B miR-126 A%
— RIPREL A T M A R, 2 H T ENE R 1)
FEIEVR ST R B —EEH . AR N IR IK N B 4 4
filt, i #IE miR-126 £ & 3 1 32 PI3K/Akt {5 5
g M, AR, Wik miR-126 5, HAERRAR
(LA R A 2R, A A 2H 4R A I i s v e A
e R LA 3 2 R PRV, Ko A I T R R 3
e ™,

R BT A R, miR-221 A it 4% PI3K i
S R ML R AE KR (vascular endothelial
growth factor, VEGF) 52 415 5 . miR-221/222 5
Jtia c-Kit Al let-7f UREREE IR, 1% 505 R i if /M
SSLER L ARRE A Y R A R R

miR-126 VEGF

PI3K
PI3KR2

MAPK

SPRED1

Angiogenesis signaling pathway

Bl 1 miR-12698 4% M8 AE B s = il s = &

Fig. 1. Schematic diagram of signal pathways for miR-126 to
regulate angiogenesis. VEGF, vascular endothelial growth
factor; PI3K, phosphoinositide 3-kinase pathway; MAPK, mito-
gen-activated protein kinase pathway; PI3KR2, phosphoinositide
3-kinase, regulatory subunit 2; SPREDI, Sprouty-related, EVH1

domain-containing 1.
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Table 1. Some microRNAs involved in the vascular development which have been reported

miRNA Subject Method Target Function
gene
miR-126 Mouse Knockout F4C Plays a role in the formation of new blood vessels [°%)
Mouse Knockout Egfl7 Plays an important role in embryonic blood vessel
formation development [°%!
Mouse Injection of miR-126 Cxcll2 Regulation of apoptotic body makes it have the function
of anti-atherosclerosis (3]
Human umbilical vein ~ Transfection of miR-126 VCAM-1  Inhibits VCAM-1 and regulates vascular inflammation [°%)
endothelial cells
Zebrafish Knockdown Fit4 Inhibits the development of lymphatic vessels in the face
and torso [7!
Mouse Knockout Flt4 Regulates the development of the lymphatic network **!
Zebrafish Knockdown Spredl Enhances Spred] activity 7!
Human coronary Knockdown Spredl Regulates Spred] expression %!
endothelial cells
Endothelial progenitor ~ Overexpression PI3KR2  Regulates angiogenesis via targeting PI3KR2 5%
cell
Zebrafish Knockdown Pakl Regulates the expression of Pak1 in endothelial cells and
causing head hemorrhage in zebrafish (%)
miR-126a  Zebrafish embryos Knockdown Cxcll2a  Regulates the formation of lymphatic vascular cavity [°!]
miR-92a Vascular smooth Overexpression MKK4, Down-regulates MKK4 and JNK1 [©?]
muscle cells JNK1
Mouse Knockout Itga5 Damages the development of the neointima (¢3!
miR-19a Endothelial cells Overexpression Cyclin DI Inhibits endothelial cell proliferation via negatively
regulating Cyclin D1 [
miR-146a,  Human coronary Overexpression Notch2 Inhibits expression of Notch2 to regulate proliferation of
miR-21 smooth muscle cells smooth muscle cells 1)
miR-146a Human umbilical vein ~ Overexpression IRAK1 Down-regulates IRAK1 (]
endothelial cells
Vascular smooth Knockdown NF-kB, Regulates the proliferation and migration of vascular
muscle cells KLF4 smooth muscle cells via targeting NF-kB and KLF4 [¢7:68]
miR-155 Mouse Knockout MST2 Regulates vascular smooth muscle cells by down-
regulating MST2 [©°)
Mouse Knockout TNF-a Regulates  vascular inflammatory response and
proliferation of neointima (7!
Mouse Knockout CCNI Promotes angiogenesis [7!]
miR-10a Mouse umbilical vein  Overexpression BMP2 Reduces proliferation and migration of umbilical vein
endothelial cells endothelial cells and the formation of lumen 72!
Mouse smooth muscle  Transfection of miR-10a HDAC4 Reduces smooth muscle cell differentiation 3!
cells mimics
Human arterial Knockdown HOXAl  Inhibits the expression of HOXA1 4
endothelial cells
miR-10a, Endothelial progenitor ~ Overexpression Hmga?2 Inhibits Hmga2 expression 7]
miR-22 cell
miR-100 Mouse Silent expression mTOR Inhibits the formation of blood vessels 7!
miR-296 Human umbilical vein ~ Overexpression HGS Regulates HGS and promotes angiogenesis [7)
endothelial cells
miR-378 NCI-H292 cells Overexpression HMOX]I Regulates HMOX1 and affects angiogenesis and growth
of non-small cell lung cancer 7%
Mouse Injection of miR-378- VEGF Affects angiogenesis [4°]
transfected cancer cells
miR-23/27  Endothelial cells Overexpression Sprouty, Inhibits the expression of SEMA6A and SPROUTY and
Sema6A ~ promotes angiogenesis °*)
miR-96 Vascular smooth Injection of anti-miR-96 BMP4 Regulates vascular smooth muscle cells via targeting
muscle cells BMP4 [
miR-34a Vascular smooth Overexpression SIRTI Down-regulates SIRT1 and promotes senescence of
muscle cells vascular smooth muscle cells 8%
miR-217 Vascular smooth Transfection of mimics NMDAR  Inhibits proliferation of vascular smooth muscle cells !
muscle cells
Human umbilical vein ~ Transfection of mimics SIRTI Inhibits SIRT1 and regulates FoxOl resulting in
endothelial cells angiogenesis damage and promotes endothelial cell
senescence 1%
miR-182 Zebrafish Knockout FoxOl Regulates angiogenesis via targeting FoxO1 (83

551



552 HE B EHR Acta Physiologica Sinica, October 25, 2018, 70(5): 548-556

miR-221 7EBE 1 1 IR G o m] A py iz 4 22 B
BR miR-221 JEAM PRG0S R, (2 n] i
B AR ORI EL LA R G0 ARk, X 5 B L N
JZ 4 A2 K Rl 52 44 -3 (vascular endothelial growth
factor receptor 3, VEGFR-3) ALl . 1fijid %1k miR-
221 AT LA G| S T 40 B AT 9 e AR, i G 3 B FE F2
frisg % B,

miR-378 j#id 5 miR-125a %4+ VEGF 3°-UTR [
[f] — /> X452 #E VEGF ik . miR-378 @i #
LK Sufu F1 Fus-1 RARBEANMRATE, JF Hisid (a4
8 VEGF Rif#% i M K E . B Es, 150
B HH VA S miR-378 % Yk (1) 4H it R B 2 S e 41
FHEG, FPAEMIAEBER 5 76 MR 40 i i 2k miR-
378, SIGINAMMAEE T, Wb AMBETS, (R
9o A K I A AR g

miR-23/27/24 2 JEAE ML A0 2H 23R P 2 41 i
HZAEE . JUER miR-23 F1 miR-27 A §1#] VEGF
X} MAPK #1 PI3K/PKB {5 ‘5 i % (s AF A, AT
A H A, I HL BRI 1R 5 f5 B ik 48 5 1.
EFRAE PO, 7R BE D A AR R IR I A
N miR-27 #4155 K E A A AR A Y. miR-27
Th R ik 2 35 29w DL i 40 1) Sprouty 8% DLL4 3 [A]
H AR — AN AT RMEE, DR, TEBE T £ I R
H X AR AT g 2 miR-27 T E R B,

TR LS P9 R i i, KA AT 5] S miR-210 f5€
% B2, miR-210 BEFEARS S5 N IEIL 4014 Ephrin-A3
et BN H2ER R, i T B fe ik
AR, miR-200b T AR P R 4 H Y I AR
P E R Al R, i 20k miR-181b wf | %
“F -xB (nuclear factor kB, NF-xB) W & %L [K] ff] &
K FE /N BRI P 400 P XA S A TR P i e
i, miR-181b [{FRIL R P,

% 17 _E R 3 1 microRNAs 4h, & A b
microRNAs tHEEZMEME IR E, & 1T HIH 7
S R MR M R 40K & 1) microRNAs, F£41
FOEETR DA K T e -

1.2 5ikBIME RS & BHXHmicroRNASHHZR

microRNAs AU MR IME RAMKE, W
WIEMENE RANKE .

miR-31 7EAEYH TS R IR G L L R K E
VR B BECEOR, TEREN R4, R
FAT4 Re 38 s 40 M0 1L 4%, 10 FAT4 /& miR-31 [ # £
R B WA IR, 7B A bk 2 A T Rt R

o, miR-31 fil miR-181a #7E MLE P 4l th R IE,
I H miR-31 8} miR-181a i it i 44 BMP2b/BMP2
{555 308 40 0 7 R 90 I A A s AR A SR B
miR-184 11| A bk (i 5 2 B, 3 3278 miR-184
S PRARMRE N A BT, FF HL AR B Py Bz 4
P B A R BT AR N P R R, i Rk
miR-27a 2 Jil /b bk B2 45 i T2 B AE 2, miR-27a [1)
BEEE R J2 SMAD4, SMAD4 78 Nk B2 N Bz 4 o 1 T
FRATE A% o G 2 bk L 2 (R K E Y, miR-206 76
IR 3 A e 4 v o) PR AR 2 L T R, R T
R A K IESE, ERERT AR EA — 2 E
SCUP St B R B LA ST R AR, R
B& miR-182 (1B 1 £ 2 559k U L A7 e By ™

2 EESRE

MERERE-MRHEEARRASRE, B85
PR A ) oAb LT A R I R A DA R Ik EEL af
ERAGMERESRE, FE¥ &2 a0 Noteh,
BMP %4k 2 15 5 @ % 5 5 K7, x4 7
PR N N o4k B shsE, RS
MIRE. B, BFFRIME R B R A RS S
WX AR AKKRE . BHEEREA TN
HEBEAEF

V2 8 K B AR 7R B, microRNAs 7E
&R E e HHEER/EH, microRNAs 3 28T
R4 JH B DR T b LA R R B A G A, A
IR LA 2R 40 v P 002 ~F i JUL 4 R L6 P 2 4
o B EERREEN . BRCEEEZRER T
microRNAs 7E L& & & i AENLS], (H2EH 1R
ZAE ML K G I B #H 2 ) A8 1) microRNAs
WA K. #—PIRZE microRNAs X} L& K &
AT, BE B TIRATRN T A G R B RE, X
FAYEAL T 7 A B .

* * *

BW: AR EZKARRES T H No.
31572598, 31772826). L iy A7 1+%&I5 H (No.
16PJ1404000) A1 i 17 #E Z& 51 2 B8 6 1F K (No.
13SGS51) % /.
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