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Role of stress-sensitive microRNAs in simulated microgravity induced-
phenotype switching of vascular smooth muscle cells

ZHANG Bin, XIE Man-jiang
(Department of Aerospace Physiology, Air Force Medical University, Xi’an 710032, Shaanxi, China)

Abstract: Vascular smooth muscle cells (VSMCs) possess remarkable plasticity to switch from contractile
to synthetic phenotype in response to cellular stimuli, known as “phenotype switching” or “phenotype
modulation”. Phenotype switching is a pivotal step in both vascular injury repair and the development of
vascular diseases such as hypertension and atherosclerosis. Numerous environmental cues, including growth
factors, transcription factors, hypoxia and mechanical stretches, have been proved to affect the phenotype
modulation of VSMC:s. In addition, Recent investigations have demonstrated that microRNAs participate in
VSMCs phenotype switching. Interestingly, a class of stress-sensitive microRNAs involved in regulation of
VSMCs phenotype switching have been uncovered. During spaceflight, increased mechanical stretches on
cerebral vascular induced by microgravity exposure are considered as a main factor leading to phenotype
switching of cerebral VSMCs. A better understanding of microRNAs in VSMCs phenotype switching may

provide a potential countermeasure for the post-flight cardiovascular dysfunction.
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1 VSMCs B K& HEH

145 -3 WL 4N it (vascular smooth muscle cells,
VSMCs) A G L P T2 2200, AN PR s 10 5
BER SE B, 08 A AU T | fR 2R, Ak
IR O A R X R O N K =P e S &k AP W
M IEH B VSMCs 2 A i 1 1 ek 2,
RPcife i A0, LAY 5 5 38 () 2 Y, LEF 2
SHFERE, TR Y6, Fratm RS L
a W31 % H (smooth muscle a-actin, SM-a-Actin) . L
BK £ H # 5% (smooth muscle myosin heavy chain, SM-
MHC) . L3 & 1 A ¢ 8 1 SM22a., 5% I8 &
(transgelin) , = %55 &5 11 45 A 8 H (h-caldesmon)
K78 M (calponin) SR R ALV F AR Y
AP A HEAR Ak, Tl A4 . AIUAR A 5K 7 el AR B8
2 A R I, I TR R Y VSMCs 1 L4 A
A% K A AR FELEE K, RELTED PR J5 15 7y 0 RS 45 24 L
A2, LER 2 2 B sl LB & FHES B AA S
A4k, XA VSMCs 1Y 57 RIS BIERR Sl & i3k
Y2 A R AR VSMCs #9518 5 i # BE ) 95,
FE A% DA LA 5 ) oA S5 i 38 £ SRR TR 0T A2
JEE, JF 43 06 R o 1 40 B A0 S BT, T T Gla 2R
(matrix Gla) 5 8 #F & 1 (osteoponin, OPN) &3],
OPN J& 21 Jfd Z55 Jt H () — O R BAORE 2 11, 76 1E % 3h
Jok i A BE L AN ZRR, ATVE A G R A VSMCs Y
PR P, VSMCs i R AL g\ 2 e T
VSMC 58 | % . YR T DI RE AR (Y G 1R 2P 9K,
o2 5 L . Sk ok FERE AL | 20 kR A A BB R
Jo PR 46 I AE A A i T 1 e () o 3 2 L A
FH 1 VSMCs IS H iR 97 138 VSMCs 3 58 1
Y A w2

2 VSMCs KRB 7 FHLH

VSMCs F A F 22 4 KA 1 5 sk
Fo M, £ KK 5104 KK (transfor-
ming growth factor, TGF) -B 5 & JE i & H ( bone
morphogenetic proteins, BMP) 1] fi£ #f VSMCs [i1] Ji
i R AR, IR VSMCs 35 5 5%, M/
M PR P A K A F (platelet derived growth factor,
PDGF) -BB AJ fit #f VSMCs [f] & Al & A 5% 45, - il
M VSMCs (38 FE FEFED, A K (5 i B
J% RhoA/Rho il . S AN Noteh {55 | 22245
1% 1k 2 B8 ( mitogen-activated protein kinase,
MAPK) . %5 BENLEE 3 3 ( phosphatidylinoditol-3
kinase, PI3K) , #& 4 & -JL i (Integrin-Matrix) 5553
(G o B s DR DU 7R % s oKk F- R 4% VSMICs

FEAU A, v 1ML 38 17 2 PR F- (serum response factor,
SRF) 5 HA% S B - Myocardin A1 HAE FHIE W&
HA G, Al s AR T CArG-box i 3
VSMCs Wi 4 £ 11 1Y FE 5 Pk 3R 3k Bl i i s I
Kriippel # £ $5 [ ¥ ( Kriippel-like zinc finger factor
type, KLF)4 1] 5§24t Elk(p-ETS-like transcription
factor) 1 }2 Herp( HES-related repressor protein) 1 1/}
[ /5 T G/C e s 4m il 5o 44 AT 4 Myocardin-
SRF-CarG [EHIP.

3 microRNA 2iF{% VSMCs BN FZ—FE
5 F L

microRNA (miRNA) & —JE K BELh 22 /M dE
IR ESE G5 BABE RNA, T LA S HE3E mRNA 1)
3°9F &% X. (untranslational region, UTR) it X} 2% &,
T AT 2R Ao L PR mRINA sl 00 o) G B 328 7 4 e 4
FEHFIEY, miRNA 7577 A 1o 18 32 217 5 S s
J& 7K -4 Drosha. Dicer 25 RNA [ . & [ i -2& H
Jit . &5 F B-RNA A EAE A R B2 2009
AE T UCAIE 52 miRNA(miR) -143/145 E#E 5 59835
VSMCs & AUEEAI TRl 5 0 22 T 5% JUI3IE S miR-
143/145, miR-21. miR-1/133, miR-195 4§ miRNAs
A YE{E VSMCs [ W4 B4~ 1Y, T miR-24., miR-
26a., miR-31, miR-146a, miR-221/222 #1 miR-424/
322 % miRNAs [ VSMCs [r] & i 12 -1,
—J7TH, miRNA 52 3|4 K H 1 5 sk 155 1
FEMZ5 VSMCs BB 1 PDGF RIS PR
FL K (sarcoma gene, Src) M 4fl it 7 9 35 2 1 4 A
(extracellular regulated protein kinases, ERK) {55 ‘5l
B A A microRNAs #EAE#E VSMCs 1] & A,
FERUEEH P, i TGF-B. BMP 1] i i 8 ¥ SMAD {5
5l % U8 17 miR-143/145. miR-21. miR-96 %
microRNAs ) i 5 T2 7 VSMCs [1) Y 4
R 5 [ -F SRF, myocardin, myocardin
AH I 5% [FF (myocardin-related transcription factors,
MRTF) % 1 GE % I8 25 miRNAs (1938 15 1fi 52 15
% VSMCs iR BV 07 ) Jagged(Jag) -1 FE HAEDS
i 1 B Noteh i8 #% {2 E miR-143/145 Rk fie o
VSMCs [a] W 4 R B L A5 U™ 55 —J7 1T, miRNA
A FA A A R 5 2 S R 5 5 MRS VSMCs
4 2 R AL, 1 miR-221/222 1EA I E I VSMCs
i 23k, AT myocardin A1 PTEN( phosphatase
and tensin homolog, PTEN) il T 8 VSMCs W4 +¢
S SR DR A 2 SR U 0, T 0 ) 24 ) A0 R 4 PR
C-kit. 20 i J 30 2 AR PR SR ) 1) 1B-P27Kip1
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( cyclin-dependent kinase inhibitor 1B, CDKNI1B)
248 L 5] 39 1 AR M B 7T R) 1C-PS7Kip2(cye-
lin-dependent kinase inhibitor 1C, CDKN1C) M\ 1fij fi¢
# VSMCs f3 58 581 2% miR-24 5 miR-26 1]
i 2o 410 ) 3 B B0 ] SMAD Y 1, I 55 TGF-p/
BMP {5 53l 13 B2, f2 il VSMCs [5] & i 2 B
#1214 miR-20a, miR-9, miR-146a, miR-135b-5p.
miR-449a-3, miR-214, miR-138 AEG&HEIT N KLF4,
AL 41 A 3 5% [A ¥ ( myocyte enhancer factor, MEF)
2C. # A BRI Mst(macrophage-stimulating) 1 45
A DAL AR s 4 e S PR R 1 RO | R VSMICs 1
B AL T

4 miRNA AJRRZ RN HEE RN T ME 5B
1= VSMCs R B4EH#n

miRNA ANMEZEAN N KT Z B8N A KA 5%
R BT Ui 5 A 4, 3 mT B sz 4
SMIUBBNE 7 | AR5 SE A PR R 3R A 72 AR T 5 e
Hol B R R ik . ANk 4T 15 2 miR-9. miR-20a,
miR-214 il miR-138 £F miRNAs % ik 19 o Zx 21~ 241,
7 L7657 15 B s 1 15 m] 42 2F miR-21, miR-143/145 Al
miR-133/miR-1, miR-138 I miR-214 %% miRNAs %
KRR S, 3R 7R IX 26 miRNA B A Ty 2% U 0
#%?E[ZZ, 24 ~26] R

DL miR-143/145 S, A58 © UESE miR-143/145
JE— LR ) 4 P ZUERE microRNA, FIJERSZ 41
IS 12 F A, HAESE VSMCs [ i 7
#7281 miR-143 5 miR-145 XU 73K =4,
FEIEH A VSMCs WRIA 5 . BFRRIWITES:
Fr BRIk VSMCs 3 & 5K 7 AT F R miR-143/145
(K, AR e FER ik VSMCs 7] e 4n 26 UG -1
S 20 LA AR DI RE, I &S 5 R AR I 1 A RN il
Shfik s e & AR K 30 M, T I miR-143/145
AT 3 VSMCs [n] & R A, kS e
Jis, 2S5 g kok B A0 A I A A% 9 B A
FEPY, miR-143/145 78455 s AE K- IRE VSMCs

AR B4 miR-143 BEASIE T B <& iR AL

SR Bk ST IEES R R E R A (specificity
protein, Sp)-1 Ml KLF4, 554k ERK1 &% KLF4 %}
T+ SRF Ay 3 4 P4 410 i 5 miR-145 W w] B 42 411 il
KLF4, KLF5 kT {ifid %, JE]4% -1 myocardin,
] fe 248 TF i 4 o S 6 R R R0 FE BIEK O,
miR-143/145 FE 9 1 o /5 1] T 148 55 5K 3R e 1L g
(angiotensin-converting enzyme, ACE) . J5 JJLER & H
(tropomyosin, TPM) -4, Slit-Robo = HBli& & BTG

% M (slit-robo GTPase-activating protein) 1, P UL ZE
1 (adducin) -3, L %45 38 3 /45 4 £ 11385 ( CamK)
113, Bl 2= & H b Versican S8 HEFZE MM
i VSMCs 4 i 42 d 91, B nim Hlc 4 e 71 4
AR KT RE g5,

BEAk, F 58 % W] miR-133/miR-1 A fE5 miR-
143/145 fAAE 5 VI ReHk &, 7T 3712 5 myocardin #K
HiR VSMCs KBV He Ak, miR-133/miR-1 43 7]
I o IR IR Sp-1 51 R iR KLF4 23508055,
FRZHR SRE BUFE A E VSMCs W4kt 5 4k
(Rl 263K, 1 [RIBHH VSMCs By3s5g St &l Bl
% W95 IR A, miR-195, miR-155, miR-424/322,
miR-638 il miR-142-3p %R £ 1Y miRs 9% & M
3 2ok A1 ) i 4 2R 5K 2 A2 /& 1(angiotensin type 1
receptor, ATIR) . 408 J&1 1 & H (cyclin) D1, Al 53
24 5 iR 52 e K 7 ( dedicatorofeytokinesis, DOCK) 6
SERI LD AE R AR HE VSMCs 4EFpledn 68,
FiIJE miR-155 PR SEAE G IR - e I S5 A% 5 5%
T (nuclear factor, NF) -xB I8 7% &4 T #% 4 %25,
PR EAT W2 0 ) AR R

5 WMEHIMET HFBUBM miRNA £ VSMCs &
Bl b {ER

el FH L 25 15 77 40 ML, RE S A HULI R ) IR BT
PSRRI AZ ST DL, DF9E R B NI e RS B IR 45 1R fig
g {2t VSMCs [a] i 4 R BUEE 55, (HAESEBR (AT
b, NSRRI 48 S 3 VSMCs Z 118l 52
KAMRE . FEMURKREAE T, AMRIKE RGN
TARER I O, 4 5 sh KA 2R G0 0 o) A 5 B
BE R R AR H R OMCAR : FEHTAT | G ELSARALES, AR
K05 R RE SR 029 2 70, 100 5 200
mmHg(1 mmHg=0.133 Kpa) ; (HFE R FH AL, A4k
AL I I R R 100 mmHgR R, e R
P H IR AR 2 B ol A b T 1 G A X T
1o, B I A A R B <R I RS T T 2 B i A
W Ab TR THT 1 GBS AR X AP A8 AR it F <R AP,
ARSI AR — ZR A A Hh TR K S YRI5
IR AL EE R UG 2 Dk i 4 D R HG 5 |  Bh
Jik VSMCs Hi“lie iR B e gt ik i, B
VSMCs 253 Z (NEJEPEE ), FHALHIP S 4 i
Ca” W B B 38 i AN 4538 38 D) Re py 3 am BT At
FEY, Ca’' (55155 VSMCs FRIFAR 15 5L
¥, A5 5@ 2% & (D5 RhoA/Rho Ml 5& 8K H 4 i
( Rho-associated protein kinase, ROCK) # 5% #Y My-
ocardin-SRF-CArG i& 14 ; @ 5 #f 245 4 1 ( calcine-
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urin) AH AL T 4 L% - (nuclear factor of acti-
vated T lymphocytes, NFAT) -GATAG6 #% 5 [N Fi& 1%
(calcineurin-NFAT-GATAG6) ; @5 45 2 13 4 #i A%
V& Y 25 F 34 B ( Ca’/calmodulin-dependent protein
kinase, CaMK) IV #15¢) SRF-CArG %744 (CaMKIV-
SRF-CArG) Hl cAMP Jz i 7t 4 45 & & 1 (cAMP
response element-binding protein, CREB)-cAMP J% )i
JC (cAMP response element,CRE) % 4% ( CaMKIV-
CREB-CRE) "™ 1, i FAI T 5 i ) A 0 % B miR-
137 FEBLHLR 71 K BRI 3l ik b 2R 58 f 25 FAIR, 38 20 3T
PG R MR L S IEYE miR-137 19 R W5+
B T A Ca™ il il (Cay3.1)o FATA B miR-
137/Cay3.1 7] @ ZAM AL F R BRI 3l ik VSMCs
B R FAREY OPN 5 40 A% 34 5 Bt 5 (pro-
liferating cell nuclear antigen, PCNA) i) %1k, JF-E
BEHULR R B4 2 28 70 14559 (SM-MHC . SM-
a-Actin Fll SM22a) B335 . FRATAIMT ST B UIESE,
B o 5 | A A 3 bk 5 E R 3 = AT 5 1 miR-
137 FIR BRI, HETMTHOE Cay3.1 1555, Sk K U
Zfik VSMCs [l & i, Bl miR-137 RIff 2 E
B AE miRNA 2 5 0/ 45 5l 5 07 36 55 F 1 3l ik
VSMCs HYFRIH

IFE) ] LS BB TAOLR J 5 A BUE M E miRNA
£ VSMCs KAV /R, AMERTXALR ©AT/E
O I AE DI RE A VAL IR H 8T 1Y ULA , 3 m] Ry 2t
KB A 25 T o B I FH S AL B SRt
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