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Whole gene expression profile analysis of miRNAs in human umbilical vein endothelial cells regulated
by vascular endothelial growth factor A
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Key Laboratory of Systems Biomedicine (Ministry of Education), Shanghai Center for Systems Biomedicine, Shanghai Jiao Tong University, Shanghai 200240, China

[Abstract] Objective: To analyze the changes of microRNA (miRNA) in human umbilical vein endothelial cells (HUVECs) under the stimulation of
vascular endothelial growth factor A (VEGFA), in order to further explore the roles of miRNA in regulating the expression of downstream genes of
VEGFA, and to find new regulatory miRNAs for angiogenesis. Methods* The miRNA expression profile was analyzed by using NanoString nCounter in
HUVECs 0, 1, 4, and 12 h after VEGFA stimulation. The differentially expressed miRNAs with the same trend were clustered and their target genes were
predicted. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) were used to analyze and predict the functions of these target
genes, and the interaction networks were established. Results:The expression of 39 miRNAs changed significantly after VEGFA stimulation in
HUVEC:s. Bioinformatic analysis showed that there were 129 target mRNAs corresponding to the differentially expressed miRNAs which were involved
in multiple biological processes and signal pathways related to angiogenesis. Conclusion-miRNAs are differentially expressed in HUVECs after
stimulation by VEGFA, and miRNAs play important roles in regulating angiogenesis. MiR-107 and miR-21 may severe as candidate functional regulators
of angiogenesis.

[Key words] microRNA (miRNA); vascular endothelial growth factor A (VEGFA); human umbilical vein endothelial cell (HUVEC); bioinformatic

analysis
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/INRNA (microRNA, miRNA) 2&—2ukfb I
RSF A9 AR S 5 B BE /N RNA, K N 18~25 M HFIR 1,
454 H mRNA 19 3" i JE #11¢ X (3 -untranslated region,
3'-UTR) Jq, I B#A# ¥ mRNA 30 60 Hf3 . Raa
miRNA fif 75 7% 5% R S5 S I 106 i 45 B B8 9 32 PR 3
ik 7, miRNAs 25 2Rt #2, sk . 4ni)E i
P AR5 AR K miRNA S R IAE RS S
MR AR AR SEBEE A 5, QA i AL I A R 0
P, 4R5% miRNA XI55 5 A 0 845 BE % 5 B AT
BT R SR L S A R R BG B R AR ML, AR SR
3 TR T AR AR (0 S B R AR . AR RTIEESE Y B
WESZ, VEGFA #il #AE 51 A5 & Bk P9 2 412 (human
umbilical vein endothelial cell, HUVEC) 5% %K i 4%
b, 4L 8741 mRNAs Fl 61 > K4 i RNA (long
non-coding RNAs, IncRNAs) &4 325 3_kk, HE,
£j IncRNA Fl mRNA 5 £ % VI miRNA 7£ VEGFA #li{ 5
A B S

RT UL, AW R E VEGFA il F HUVEC i
miRNA 385, Hrsh 851 miRNA 5 HELEE A 1Y
PAFE, e miRNA 5 i 4558 A i 5 &

1 HES5RE

1.1 HUVEC 53¢ Ktk ohfl s

M 2[5 Lonza 24 ) 3K 1 )54 HUVEC 7E EGM2 ¢ 4%
R4k (CC-3162, Lonza, E[H) AR, LA d,
¥ HUVEC FH ARG A i, R di MRl & B2 1k 90% 22 A7 i
o AR I T A K T 15 SR (EBM2+1% ILE ) 5 33 1&
YU R A L Y VEGFA FEJS, 552 H A 50 ng/mL 1Y
VEGFA-165 (VEGFA i BZ GBI U1K ) fild, 720
JNVEFGA-165J5 10 (CRAMER) | 1. 4F0 12 hile 40
TR

1.2 miRNA 3K 555 005

i JH B A RE b B0 AR B A% R T I 1k T e Y
Purelink™ miRNA i 7 & (Life Technologies, %[ ) Uk
4 HUVEC ) miRNA . fifi il nCounter Human V2 miRNA
#2350 %2 i 7 & (Nano String Technologies, 3¢ [ ),
Hr il 818 £ 1 B 19 A ZE miRNA (¥R EF,  BVAE A~ (]
M2 HAEYFER, XA AT miRNA 317
M5 -
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1.3 2% 543k miRNA i1 9 Br

NanoString nCounter 43 A1 7] | & 818 Fl [N Ui 4
miRNA. A, A 6 AR BRERER . 6 4B M X IR
Bl SN O IR DL B 5 N4 AKTIR#4F . DESeq R
£ T I — A 2E R RGA T . RBRTHEUE A
AT A A 1] 407N T B BRSP4 R ) M miRNA L
i FH Wald 53R 5 50 h L%, P<0.05 A miRNA 1E K
253 PEF K miRNA (miDEGs), AR H: B i 6 A 41 5L
1 miDEGs 70 31k .

1.4 miRNA i) 5L P il

HT T 46 00 75 3] 79 miDEGs 2 %0 miRNA A 8 4l
D] AT R F) 2y B T 5 3 Ao X T 9 L DA A e ) 43
M. miRTargetLink Human J2&— 78 28 (1) LA 32 HAE FH R 2%
T A VR miRNA-mRNA M A A9 A0 {7 535
{if F miR TargetLink Human R 35 20N B, T miRNA
AER LA . LA i) miR-221 38 mRNA J 4] . A5 7 “search
by microRNA”, 35 “miRNA-221", ik “hsa-miRNA-
221-3p”, Muhiss Al BAEMZ, FE 64 M iRCH
MIEAE . 293 DGR EAE . 91T COR & 5250 Uk
S5 MEAEXR.

1.5 miRNA ) fiE 5 b

{#i 1 DAVID (Database for Annotation, Visualization
and Integrated Discovery) ¥4 > %} VEGFA ¥ J5 22
51 23K 19 miRNA JF 17 5 A A ¥ 45 %2 (gene ontology
GO) FAEMNNT M AR 5 KA TR 2 H (Kyoto
encyclopedia of genes and genomes, KEGG) i #4547 .
254 miDEGs (WL R 22 4, M6 GO TR rh 1y A W2 ik
AT R RS ERE 82500, Fisher A58 204, 15
) HE LR AR B AT T 75 SRR Ge T2 5 SR s R TR
BT KEGG (155 1 538 % & 42 0 A 1500 miDEGs (14 41 5
KgE, M-S i miDEGs AHOC I RE . LA P<0.05 K
2 E VR

1.6 miDEGs- 13k PIFH HC 1 JH 90 45 ) et

4 £ miDEGs 5 #0356 PR3 15 90 46 1] LS 0 b b s
miDEGs 5 3L BAE ¢ &R, F 3¢ miDEGs. fif
Cytoscape #1441 miDEGs-#V 3 A AR BAE 2%, I3
SE L & S 44 (degree) fH-

1.7 il Jiik
SCYRE A 2K, Fr A% R R £ GraphPad Prism 4K
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2 &R

2.1 VEGFA#IJS%Q‘JIEHUVECnlnmiRNAﬁii_:mk@

FT NanoString 455, 914 1734 miRNA KA. 5§
Oh (RAER) AMHFL, 7EVEGFARNMJS 1. 4F112h, A
391 miRNA AR A T B E 2R (X225
ffi%=2, P<0.05). {fiJf] miRTargetLink Human 7££%F 4
WA HIX 39 miDEGs I #ISER , H31A 1291 mRNA
(1), HoAH17.05% (22/129) B mRNA 7EFA T 5k
TR HUVEC Ifil % 37 4 B8 () RNA-Seq $idis ' it 2
Rk,

R 4 A~ Bof ] 5 R A BN R], AR RIS fE R 34
miRNA A2 (K2, HIEP<0.01; n=2).
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CYPISAISMADILATS2NGT HIMAPRISOCST 4t
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g BRSO
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Fig 1 Target genes of miDEGs
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Note: Adjusted P value<0.01. Pearson’s r of counts 0 h, counts 1 h, counts 4 h and counts 12 h are 0.999 905 4, 0.999 899 1, 0.999 587 0, 0.999 643 5, respectively.

B2 #RMERIE miRNAs(miDEGs) FIHLE
Fig 2 Heat map of differentially expressed miRNAs (miDEGs)
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2.2 miDEG 5t P9 G A i i) v 45 50 B

45 R /R IX 48 miDEGs 7540 B34 78 1E 4% . A B AR
IR AN 1 5 S 2 A N T B0 N w3211 1B YT
WA 22 B F AL O (mitogen-activated protein
kinase, MAPK) ZIBCRON G . N BN SIE % . 1M
IR TE M IR A A TR A S A T
& (K3). [FFEMEH DAVIDZEL -1, BLP<0.05 0 .3
PEBI(E, 2257 %35 miRNA BT & 419 KEGG i %A e i
miRNAs, FOXO (Forkhead box) 551 #% . 4ilfid J& 19 |
KA A SN T 1 (hypoxia-inducible factor-1, HIF-1) {55

Positive regulation of angiogenesis |

Tube formation [

Patterning of blood vessels |

Positive regulation of endothelial cell proliferation [
MAPK cascade |

Positive regulation of epithelial cell proliferation
Wound healing |

Positive regulation of cell migration

Cellular response to hypoxia |

Positive regulation of cell proleferation |-

3 miDEGs$BEE GO I#EN 7
Fig 3 GO function analysis of target genes of miDEGs
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TE . BERRMENLEE 3-8 1Y% B (phosphatidylinositol
3 kinase/protein kinase B, PI3K/PKB, PI3K/AKT) {55 i@
. MAPK {5 '5id . Rasfi 'Sl VEGF{5 Sids. &
I F 55 # . Janus ## (Janus kinase, JAK) /55
B T 7 F %G S 15 16 F  (signal transducer and activator of
transcription, STAT) {55 (K4),

GO fig & % F KEGG i j# 5 48 70 Hrilk ] miDEGs 1
L IR 2 5 A G G N ISR AE . VEGFA RIS, I
ZME N R RE S B, SRS
miRNAs i 22 5k %k o

Count
® 5
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[ B

° ®:

-lgP
® 12.5
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miRNAS in cancer |
JAK/STAT signaling pathway |
Chemokine signaling pathway | @
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Ras signaling pathway | @
MAPK signaling pathway [ ([ ]
PI3K-AKT signaling pathway |
HIF-1 signaling pathway |
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4 miDEGs¥EFK KEGG BB
Fig4 KEGG pathway analysis of target genes of miDEGs
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O FNR (053 ) 2 7m IEA M SR DG . AR5 R 156 7
ISR 337 SN AL, 5 391 miDEGs 1 22 4~ 22
FRIBAILILH . HYE miDEGs degree MY -3 TR AR

miRg76¢c |
Wi P, |

WF5E, FATHEEIF 2 L T 3 4> miDEGs [ (miR-21
(degree=29) , miR-24 (degree=18), miR-221 (degree=
28) | TR

I
®
. I
) .
> I
g DDIT4 3
erd LPIK3R1
TMED7
[ ]
AK1 | ,DDIT4
mi 7
. _'J;MED?
| *PAK1
1 ’

Note: HK2—hexokinase 2; PPARA—peroxisome proliferator activated receptor alpha; TNF4IP3—TNF alpha induced protein 3; BCL6—BCLG6 transcription repressor; PRDMI—
PR/SET domain 1; MXDI—MAX Dimerization Protein 1; ETSI—ETS proto-oncogene 1; PIK3RI—phosphoinositide-3-kinase regulatory subunit 1; KAT2B—Tlysine acetyltransferase
2B; BBC3—BCL2 binding component 3; MYCN—MYCN proto-oncogene, bHLH transcription factor; SIRT/—sirtuin 1; /CAMI—intercellular adhesion molecule 1; NFIA—nuclear
factor I A; MCLI—MCLI apoptosis regulator; CDK6—cyclin dependent kinase 6; DNMT3B—DNA methyltransferase 3 beta; /L6—interleukin 6; DDIT4—DNA damage inducible
transcript 4; TMED 7—transmembrane p24 trafficking protein 7; PAKI—p21 (RACI) activated kinase 1.

5 ERMRIZEmiRNAsTIENBERMNEEMLSE
Fig 5 Network of miDEGs and their target genes

miR-21 7E Z AP SEARTE i 3Rk, R R Rk my Al
PEHHEAE A miRNAs 2 —, BAIF L 515 . T Mg
ZEHA S IR A 1Y miR-21 /£ HUVEC Hr 45 & 4
JL [ PTEN (phosphatase and tensin homolog) #I SMAD7
(SMAD family member 7) [ mRNA, R i & 1 i 4
PTEN Fl SMAD7 W) £ F1 2R3k, 45 PN B 41 B 1% 38 B A 2
28, R R A R A L FRATT % B R O &
PTEN /& miR-21 FYFI L K, miR-221 FRIKTE 4 h i) ik 3
B, SHRELP ETST A PIK3RI A3 5)) 5 1E W 45 5 f i 45 6
% o miR-221 AJ 3@ & ¥ 1] 5% 5 7 ETST A0 ) i R
Az ST H 95 R 36K I ETST L AE 4h I 38 B 5 s {1
miR-221 7 1Th N FRB T IRAR, 2257350 PIK3RITE Thity
Fk ARG, 15 PIK3RI T LA 6 VEGFA F i 0945
S
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2.4 miR-107 fimiR-21 {£ HUVEC 13 VEGFA J§#5

JHP IR 1 A R B 5 LA R A 2 DA DG . miR-107 14 5
HFEIR SR O R 1 A R R R DT BT E A A 4
Ji2 SR 1 9 B miR-107 7] LA ] VEGFA ) & 35 #1145
B Y, T HUVEC 1 miR-107 il VEGFA 1984 3¢ & if
B A AR GBI G e T8 o Fe AT A T A A o R B e B
VEGFA I3 0] LAG | 2 miR-107 F35 76 1 h RS PR, 16
4 h R HCER 1AL B 3 B I R miR-107 5 R Y
CDK6 5 /RB KR 5 FEZ R 58 DEGs i, CDK6 ik
4 hik B i m E 5 % W > VL e g B R R TE AN IR
VEGFA 35, 75 CDK6 %54 i) miR-107 2 3k & A
AEALE 4 hik B # K F, miR-107 #U7] CDK6 S35 HAE4 h
ZJa TG, JF s ma N R VEGFA 19 £ ik o A
VEGFA il # )5 miR-21 /) #IA7E 4 hih B35 L TF, SRS
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HAERR BR2ERMERIE A miR-21 5 N VEGFA £ fitf
5o TESLBFE A 3T & BT B 9 0T B8 A s i A AR
miR-107 Al miR-21. LA b WF 5% 45 2R 48 7 76 i 45 97 4 vh
VEGFA 1] G838 1 2028 miRNA fe il 1 45 A A%

3 itig

O I A9 9 R E S 38 U R BB T 1 T R F2 2 S [
T LA A e L3R 2 i e 2B R i o R v B L (1 A ) o
it #2, miRNAZE40M3G 58 . rfe . TS R BAg
PR, 25 TH2 IR R AL ", miRNA 2%
SUERBETFHEREDH—F, RFZEIRIR T
WFFE SR ZEmE 11 2, ZEARBEIT Y, il 1 X VEGFA
WG 22 5 PEFR IR miRNA SEA PR S 3G, 76 T H L 5
[ HEAE - GO F1 KEGG 43 #7,  #E 3% 28 miRNA AJ
REMLE W BE, JEE— L85 A RS B aE, DLW
uh by R REIR B AERNIE R, #R5E miRNA 75 i 4%
VEGFA TSR BP9 E R, St — 20 A 10 4897 A=
55 miRNA )& R PR )y

VEGFA H#il3# 7 miDEGs f4 $E 3 [ A7 22 A2 FR AT TR
W15 T AH R HUVEC Il 45 7 A8 A5 74 1Y) RNA-Seq 04 22
FRIK (P<0.001, 2Ha%), XW7cuE 7 IRATHTIB Y
59 B A4y B & DNMT3B. KAT2B, NFIA, PAKI .
SIRTI. BCL6. TNFAIP3, IL6. MCLI. PIK3RI.
MXDI1. ICAMI. VEGFA. BBC3. CDK6., MYCN,
ETSI. TMED7. HK2. DDIT4. PPARA. PRDMI. Hrfr,
ETS1J& W & 4 =57 k8w K+, v 5Es+. Bt
S O Y R SRR AR A Y R RO
KM, ETSITE VEGFA JIB 22 bheak . s M B2 4
L 4 1 AR A= 5 2L ETS1 41 3 1Y VEGFA 5 5 S R B
B RNA B A5 I (RNA polymerase 1I, RNAPIL ),
VEGFA Hfill 4 e 3 ETS1 1 LBk Ak, 3455 ETS1 59
2Ef 2 1 4 (bromodomain containing 4, BRD4) F 4k
A, FRHERNAP I A5G E, SE sk shif 48 A4 >,

VEGFA 7 Mg A A< R Il A8 T8 B 1 3 A2 v FLAT 8 A
FH L 22 i 27 355 0 40 At 300 38 R R 0T 9 3 VEGFA (177 4 .
VEGFA RIS 25 miRNA Y22 Sk, xses
S35 10 miRNA 3 7] 58 i 8 5 A 52 aok > 52 Wil VEGFA 11
FRSCE PP M H A . B 25 73R 1) miR-21 HEIE
SRR YIAR G . miR-21 TEOME 2 e rh ik T
fe o, dE kR S A ZE R R JE Y 1 (sprouty RTK
SPRY1) & H ¥ 1% ERK
(extracellular regulated protein kinase) -MAPK {55 53 %,

signaling antagonist 1,
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T 5 A O I 7 AR AT LR RS 25 miR-221/22 #% 7 3 i
B 2 42 M A4 I 7 C-KIT (KIT proto-oncogene,
WOk R — kRS
(endothelial nitric oxide synthase, eNOS) &l il .4 M
S MR LA A i BE F1, eNOS TEIE S Ta s . BiEkt:
FNEF 5Kk 45 10 BAT EEAE A . miR-221/22 7t T §E
I 5% 5% N ETS1. STATS S il i 45 7 4= s TMED7
& miR-24 (Y #LEEE , 7E 7T ] VEGFA il A 8 vh TMED7
22 Tk 1, miR-24 ¥ R E i 0% S KT GATA2
(GATA binding protein 2) F1p21 i L (p21-activated
kinase, PAKs) M3k, 755 N A 4 IR 0 T AT 45 .48,
PR EO WUREFE . H H A A SCRR i 3 5 N
TMED7 518 #Hi A0S F , FATHEN VEGFA (1 il J7E
— E R E 0l ¥ miR-24 5 TMED7 W] H./F, B4
TMED?7 7£ 20 i 53 0 i AE 00 5 G R, A8 I T R %
Ja, MmO L E .

I AR R Ok 8 £ 0 5% 3 B miRNA 2 5 T VEGFA i
5 M S Y B R 1M A5 0 . T miRNA ) 3615 B A i
PE 2, RATHTAE miRNA (8t BA —E R e, B
TS o S R L I E S T RE SR R B S R TR
FATHY miDEGs #E AL 0 b & B, miR-21-5p. miR-22-
3p. miR-29b-3p &7~ 55 SP1 (SPI1 transcription factor) 5%
. SPLJE VEGFARE ST INF, 503K VAL
(von Hippel-Lindau tumor suppressor) %% & J& 21 il SP1
I VEGFA Ja 3l 71945, AT 7 20 VEGFA 1956 s &
K BEAE 2o B R AT 4 90 miR-21-5p. miR-22-3p.,
miR-29b-3p 7] HE i Ao # 5% 5 K SP1, U 55 H AR
VEGFA R (FERT, Skl e 459 i miRNA Bt 2
iR, B RE I R RNA S U E &K
(RNA-induced silencing complex, RISC) Fi 5 #! mRNA
SESAMBIERIEN 35 . £ P miRNA BE % 18 1410 ] $0 L A
FeIkOR 5L VEGFA T IlE(5 5 %36, BAIAT 15 i g 1) 1t
Rk, AT KW, fEYE VEGEA 5 miRNA A
Let-7. miR-103, miR-107 &5 o Let7 5% Ji% J& b 98 17 4l
miRNA, Hrlet-7f, 7e. 7Tg RN AL 4 h i) ik it
¥y om, Jf H Let-7 53471 & BLHY VEGFA #7 (1 4 4%
HF miR-107 Z [AI /£ EAHVE ], miR-107 o] gl it 45 &
let-7 1M B AR LR S kL R dE AR 05 MIXIDL S22 Ji g 410 1
K-, T miR-19b AJ LU #0817 MXD 1A 3 5 9 4 M 1
TF . R Y, miR-19b {975 7E VEGFA JIIUS
B INIFAE 12 WA S m, T REE7E MM 3 MXD]
LN K= A e

725 3K 1 miRNA BT & 4 5915 53 oK 2240 5 i

receptor tyrosine kinase) .
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