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Effect of fluid shear stress on expression of miR-21 and
miR-199a in endothelial cells
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Abstract: To evaluate the effect of fluid shear stress on expression of microRNAs in endothelial cells.Low (4 dyn/
em”) , middle (10 dyn/cm®) , and high (15 dyn/cm®) fluid shear stress were loaded onto endothelial cells for 24
h using rotating cone disc shear stress system, respectively. No shear stress was loaded onto endothelial cells in
control group. Changes of microRNAs expression were assessed using high throughput screening chip. The results
were verified using quantitative real-time polymerase chain reaction ( qRT-PCR). Bioinformatics analysis was
performed in difference-expressed microRNAs. Compared to control group, there were 33 differentially expressed
microRNAs in low shear stress group. Among them, 28 microRNAs expression were up-regulated and 5 microRNAs
expression were down-regulated. In middle shear stress group, there were 8 differentially expressed microRNAs
compared to control group. Among them, 6 microRNAs expression were up-regulated and 2 microRNAs expression

were down-regulated. In high shear stress group, there were 31 microRNAs expression changed compared to control
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group. Among them, 25 microRNAs expression were up-regulated and 6 microRNAs expression were down-regulated.

MiR-21 was markedly up-regulated in high shear stress group (fold change: 0.026) and significantly down-regulated

in low shear stress group (fold change:3.531). MiR-199a was markedly up-regulated in low shear stress group (fold

change: 0.075) and significantly down-regulated in high shear stress group (fold change:3.031). The results of

bioinformatics analysis showed that target genes of differentially expressed microRNAs related to mechanical signal

transduction, cell trans membrane transport, calcium ion signaling pathway, and endocytosis of cells.The change of

the expressions of miR-21 and miR-199a were induced by fluid shear stress in endothelial cells.
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TRIzol i3] ( Invitrogen 23 &) , microRNA 5 18 2 0
e A ( Exigon 3], microRNA U Z T SN I
(Exigon A %), miR-21 1 miR-199a PCR 3| ¥
(Exiqon A H] ), U6 5% ( Exiqon 2\ 7)) , microRNA
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Res (21 99.12% ) W T B VG F€ 78 A= W e A A FR 2
Al , TRIzol 154 F Invitrogen 23 F 5 3% 5 5% il 55 &
T Promega 23 A ; /N FITC #RiCHIPL CD4  PE #5
o B CD25 B otk W T ANCE
mirVanaPARIS i 7] & W T Ambion 2% F], Quant
cDNA 2 — 4 & Bk 7 & | RealMasterMix ( SYBR
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1.2.2 & RNA $2H

SYYIIVE S ARG, # WOAR B0 48 i ] TR1zol 24
fife , VK L #E 5 min J5, DA, BIZUEG 15 5,15
~30°C T 2~3 min, T4 °C .12 000 g &1 T 5
O 15 min B EVER EHAEOE, INA SRR N
B IR A), VK EFHE 10 min, 4 °C (12 000 g 5500 F &
05 min, £ B, UUEMA 75% SRR e ik
¥%30s )5, F 4 °C,7 500 t/min B> 5 min, DEPC
( Diethypyrocar-bonate ) 7K %5 i RNA , #E FL UK 28 7
PRI RNA (58, 540 73 EOL BE G 2 RNA 1)
Er i
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K H Exiqon 2> Al #2 LY microRNA 57 38 7t i 12
O IR UL A microRNA ) 23k 3% | i 156 3¢
ik 22 7 ) microRNA, 1 pg & RNA H poly (A)
polymerase Fll ATP YE HJ5 . microRNA # il I poly
(A),#% Flash Tag Biotin HSR Ligation #ric IS5 A
ZA8 Ve AR 24 22 1 40 T )5, R Affymetrix 354X
P AT A R I it 2 R ARk, R
FIRLIAEAEEL (Fold of change,FC) 3R,
1.2.4  microRNA qRT-PCR %iiF

PE#E miR-21 F1 miR-199a J 52 i} & & PCR
(gRT-PCR ) K 3F, cDNA & & # 1F ™ ¥ %
microRNA 357 Sl ) G Ui F A 7, ROVAR R 20
wl, A5 RNA 25 ng, Ji &5 4 :42 °C,60 min;
95 C,5 min, X W 45 J5 B3 T PCR 0 5% -20
CHAF . qRT-PCR i ABI 7 500 #6:il 5 Gt itk
1, LA rRNA U6 1ERINZ: . AR 20 wl, S5 5%
14:95 °C AR 10 min;95 CZEME 20 5,60 CiE &
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XTHRG 3R 1 AT S T A
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Table 1 Primer sequence of microRNA used in real-time quantitative polymerase chain reaction
microRNA B kLl
miR-21 WHSER|H 5’ -GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACT CAA CA-3’

LIS 5’ -GCC GCG TAG CTT ATC AGA CT-3’
TS 5’ -CAG TGC AGG GTC CGA GGT ATT-3’

miR-199a WEEFEDY 57 -TCA ACT GGT GTC GTG GAG TCG GCA ATT CAG TTG AGG AAC AGG T-3’
LIS 5’ =TCC AGC TGG GCC CAG TGT TCA GAC TAC-3’
TS 5’ -GTG TCG TGG AGT CGG CAA TTC-3’

U6 WL 514 5’ =CGC TTC ACG AAT TTG CGT GTC AT-3’

LIS 5’ =GCT TGG GCA GGA CAT ATA CTA AAA T-3’
TS 5’ -CGC TTC ACG AAT TTG CGT GTC AT-3’

1.2.5  microRNA HEJE PRI F5 0 11 5 42

*H miRanda , PicTar , TargetScan & miRBase 4
AN S ST A 7 LB PR IR TN, R LSS AR 0 ik
REESVEIE—L o, KR-G5 R 5 e EdE
0 25 A 43 A ( Integrated analysis of Cross-platform
MicroArray and Pathway data, IncroMAP ) K04 72 347
LR E RS LA P < 0.01 9 3 ME R, 4351
R AT G B R S A Tl i, 1%L
e PR SR A Y AR W 2 i R AN O3 T I BE O3 A, B
B IncroMAP (P 1% ] Ik (http : //www.ra. cs. uni-
tuebingen.de/ software/InCroMAP/ ) 5. 2% '~ 4%, Jf- B A
Video i FH#FE
1.3 ZitFESHh

qRT-PCR 6 1 % 4% 2% F SPSS17.0 #1473 #7 .
TR OB B R e 22 K R ¢ K3 20 #r, P <
0.05 H2&EAAGITHE L,
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2.1 BHEERFIERILZZRH microRNAs

DAL B 0 L 28 AN ) B B U1 AR S, 5 % iR
Feds AR 55 V) J1 2H 5% 35 22 5% ) microRNAs A 33 >
(FC>1.58<0.5 fi%,P<0.05) , H:r1 28 4~ EiF,5 A~ F
JH TR YY) Sy 4 % 15 22 F A9 microRNAs A 8 /4~ (FC>
1.5 5<0.5 f%,P<0.05) , 2 6 A L 2 A~ 5
F4) 7 40 2635 2 S A microRNAs A 31 4~ (FC>1.5
1<0.5 f¥%,P<0.05) , Hoh 25 4 B3 ,6 S Fil, %2
RN B U AE RN A REERD
microRNAs, A2 1 microRNAs HYEE K (A
1)t s AR R RO 45 5, 38 35 2 BE AR BLAY microRNA
BT, NG B LT 0" 23Kk K PR U
Hop miR-21 76 & 85 V) Sy 4l b L B B 3 (FC =
8.91), TEARBIYI H4H h B % FI(FC=0.47) , miR-
199a FEARBY YISy 2l b i i 3% (FC=9.27) , £

YA B E TR (FC=0.33),
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Fig. 1 The heat map of differential expressed
microRNAs in endothelial cells after
effected by different shear stress
T R ILEL TR htp ./ swoealljournals.cn//index.aspx ) (2016 4F55 1 181)
2.2 (RT-PCR ¥ZEFiLZEFH microRNA
AR L m W R E R B EN
miR-21F1 miR-199a #17 qRT-PCR #ill, LA rRNA
U6 1 N2, X IR S AR v e 39 00 ) 21 miR-21
Fikr IR 4.34 2,52 .7.69 1 9.58, miR-199a #ik
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B5Y] 14 miR-21 %% T8, miR-199a B2 (P <

*2 3HAMEMAEKIEER microRNAs

Table 2 Differential expressed microRNAs in endothelial cells after effected by different shear stress

AEE ML TP <0.05), K2k miR-21 Al miR-199a #" 1%
FEn 2, K 3 4 miR-21 M miR-199a qRT-PCR
0.05) ; B EIYI 140 miR-21 B3 Fi, miR-199a 3 FiEKF,

R34 SRRV
R ot TR fEoEA AR fECEA T fEgoEA
hsa-miR-185 3.23 has-miR-21 0.47 has-miR-21 3.03 has-miR-199a 0.37
hsa-miR-32-5p 3.71 hsa-miR-423 0.49 hsa-miR-27b 3.04 hsa-miR-584 0.39
hsa-miR-342 3.16 hsa-miR-629 0.35 hsa-miR-29b 3.18
hsa-miR-194 4.89 hsa-miR-320a 0.40 hsa-miR-101 2.22
hsa-miR-25 3.20 hsa-miR-584 0.29 hsa-miR-142 2.08
hsa-miR-33a 4.66 hsa-miR-144 3.41
hsa-miR-29b 6.48 [RL o Pk
hsa-miR-106b 4.11 hsa-miR-27b 2.91 hsa-miR-423 0.38
hsa-miR-142 2.36 hsa-miR-185 3.86 hsa-miR-629 0.20
hsa-miR-30e 2.07 hsa-miR-21 8.91 hsa-miR-320a 0.31
hsa-miR-148b 2.89 hsa-miR-342 2.73 hsa-miR-199a 0.33
hsa-miR-20a 3.07 hsa-miR-194 2.85 hsa-miR-584 0.35
hsa-miR-186 2.25 hsa-miR-25 2.73 hsa-miR-95 0.41
hsa-miR-425 2.53 hsa-miR-33a 4.11
hsa-miR-26b 2.87 hsa-miR-29b 5.84
hsa-miR-140 2.08 hsa-miR-106b 3.97
hsa-miR-101 6.06 hsa-miR-148b 2.89
hsa-miR-215 5.54 hsa-miR-20a 2.73
hsa-miR-142-5p 6.19 hsa-miR-186 2.50
hsa-miR-199a 9.27 hsa-miR-26b 2.75
hsa-miR-19a 4.66 hsa-miR-215 3.10
hsa-miR-144 7.78 hsa-miR-22 4.66
hsa-miR-148a 3.84 hsa-miR-142 5.82
hsa-miR-192-5p 8.34 hsa-miR-19a 3.36
hsa-miR-29¢ 2.68 hsa-miR-144 5.31
hsa-miR-19b 3.81 hsa-miR-148a 2.60
hsa-miR-95 2.06 hsa-miR-192 3.92
hsa-miR-29a 7.73 hsa-let-7g 2.20
hsa-miR-15b 2.46
hsa-miR-19b 2.77
hsa-miR-29a 4.03
hsa-miR-30e 3.07

2.3 microRNAs $2E Rl % E &

X FEAR A v 55 Y1 3 20 N B 40 i 2 35 28 A Y 39
> microRNA B9 ¥ JE RIE A7 B & Tl , 45 2R o, 4
FHECH A 396 4>, xS p R S RS, GO
(Gene Ontology ) I HE 73 B & B , 3 S 1 L (K] 5 f 2e
NP A B AT RS | ) 2R S e AR A G . KEGG

(Kyoto encyclopedia of genes and genomes ) 15 5 18 i
SRR X U fE T E TR S NN AE (A PI3K-
Akt 052 ARSI ) BSE15  ad B LA 20
WHAVEHSEHC, 3R 3 8 has-miR-21 F1 has-miR-
199a GO FEF DIREIHT T ZL5H 3% 4 4 has-miR-21
1 has-miR-199a KEGG {5 53l % 70 M7 2 24521
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Fig. 2 qRT-PCR amplification and melting cures of miR-21 and miR-199a
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Table 3 Main gene ontology of has-miR-21 and has-miR-199a

has-miR-21 has-miR-199a
GO A %%l P Pl GO ARif %lﬁ P PAd
S i 4 M i

Intracellular non-membrane-bounded organelle 68 17.2 2.46x10™5  Regulation of transcription 65 16.5 1.26x107°
Regulation of traanscription 67 17.0 1.95x107°  Intracellular non-membrane-bounded organelle 65 16.5 2.59x107*
Transcription regulator activity 54 13.7 8.77x107>  Regulation of transcription from RNA polymerase 31 7.8 2.53x107°
Regulation of transcription, DNA-dependent 39 9.9 1.40x107% Cell junction 31 7.8 3.17x107*
Nucleotide binding 26 6.6 6.52x10™*  Cell fraction 28 7.1 1.27x1072
Intracellular organelle lumen 26 6.6 4.54x107°  Plasma membrane part 16 4.1  3.58x107°
Intracellular signaling cascade 19 4.8 8.06x107*  Acetylglucosaminy transferase activity 16 4.1  5.44x1073
ribonucleotid binding 15 3.8 1.63x1072

Regulation of RNA metabolic process 14 3.5 1.69x107

Adenyl nucleotide binding 13 3.3 4.22x107?

Zinc ion binding 13 3.3 3.93x10°°

% 4 has-miR-21 1 has-miR-199a KEGG 5 E@BO T ETELR

Table 4 Main kyoto encyclopedia of genes and genomes signaling pathway of has-miR-21 and has-miR-199a

has-miR-21 has-miR-199a
i 40 R g SE "L PHE 1 A R g ,5)},_: "l P
K% ESE

MAPK signaling pathway 36 9.1 1.50x1077  Cyotikine-cytokine receptor interaction 33 8.3  4.33x107°
Apoptosis 27 6.8 2.20x107>  Regulation of actin cytoskeleton 32 8.1 1.69x107*
Cyotikine-cytokine receptor interaction 27 6.8 8.60x10™° Wnt signaling pathway 24 6.1 1.12x107°
Wnt signaling pathway 22 5.6 6.53x1077 mTOR signaling pathway 24 6.1 3.38x107°
Jak-STST signaling pathway 21 5.3 3.04x107*  Adherens junction 18 4.5  4.27x107°
Focal adhesion 19 4.8  5.57x107° Insulin signaling pathway 18 45 3.41x1073
mTOR signaling pathway 19 4.8  5.46x107* Notch signaling pathway 13 3.3 2.17x107*
Cell cycle 17 43  1.88x107° ERBb signaling pathway 13 3.3 2.17x107*
TGF-beta signaling pathway 15 3.8 3.31x10™*
P53 signaling pathway 15 3.8 7.80x1073
Neurotrophin signaling pathway 12 3.0 4.13x1073

7~ , P A AE AR 88 U1 0 /E S , A 28 1~ microRNA
34 ik Fik LR, A microRNA 235 F 3 ; 1 76 5 55 4 )

W microRNA 78U A 49 77 98 5 1y
AR AE N T AR MR . RSN
A N R 48 M AR OR W BY B0 0 AR T, H
microRNAs & 15 K °F H A7 W 3% 22 7, 10 X 2
microRNAs TE 45 P Kz 4 e 14 A8 4 J5 B A 12 LA J.
E T S SR P R AR

He 20 VBIF9E B0, 7 )2 BT AR, BT
PI3K 155 i 7] fff miR-19a &35 T, BHLKr MAPK
{553 B% 7] F 98 miR-23b A1 27b ik, ABFSE W

e J5, A& 25 > microRNA F£ K E I, 6 4
microRNA FRik T, BEHUERIA 2 7 0 2 1 miR-21
Al miR-199a K qRT-PCR £ ARIGAIE, &5 Fh 8w,
KB Y) J1 4 miR-21 3K 8 % T, miR-199a # ik
3 E R YU 4l miR-21 ik W
miR-199a 3k 2 T, X 3% B 4H B S0 ) i 44 57
Y1 10T 37 S P B A0 Y microRNAs 638 KA 0028
microRNAs 238 BCAF On] S 20 Bz 40 g Dy e

Ak, Wu ZNBESE & B, miR-92a 75 5T Y] J115
TP B L — A RURE TG i, AR P R 4 L 1) e
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THEFT N B A R 25 ABESE R IncroMAP
X363k 25 5 19 microRNAs #UEE R 4T 5 4R Tt &
B, IXSEREIL A 5 ) 25 e 5 AR S T R A
BRI A N A P LA B S I S AR G
R ML BY U vT 38 4 microRNA 55 PN Bz 41 M D fg
RAEWAS,

ARWFFEER G AN H R ER A — 5, &5
TRATAE 22 5510 J DR 0T B8 A2 6T PN Bz 440 it fan ) 847
FREE AVEFHI ] AS [m] ) 10 3 26 2% 17 19 A ] W] e 3
microRNA 3K ik & B 284k, T S B3R 8 22 = 1Y
microRNA LA HEIE R & 42 40 B 45 SR AN ]

g B AR, AR 5 U1 0 AT A S o B A Y
microRNAs %é]iﬁ%jiﬁiﬂiﬁ, MmEXERH
microRNAs 7E 5] 7/ FI T 38 o AU L R = N B
MBI RE & A MU IXOMR AT i 59 U0 ) 5 S 1
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