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BREEGRAXTARI G (P<0.05); @ Anti-27nt-miRNA S5 1G40 40 iiE /) EH+ 7 18.07% (P<0.05), SMA mRNA.
SM220 MRNA B L& & R A% FH (P<0.05). % EATiz, 27nt-miRNA #8942 8 19 2% F e é) /s 738 e
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Effect of 27nt-miRNA on the differentiation of mesenchymal
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Abstract: To investigate the effect of 27nt-miRNA on the differentiation of mesenchymal stem cells into vascular smooth
muscle cells. The highly expression plasmids of 27nt-miRNA and anti-27nt-miRNA, and negative control plasmids were
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constructed, packaged with lentivirus and transfected into human umbilical cord mesenchymal stem cells (hUCMSCs).
Collagen IV was added to induce hUCM SCs differentiation into blood vessel smooth muscle cells (VSMCs). The cell viability
was measured by MTT assay. The expression of SMA, SM220 at mMRNA and protein levels was determined by RT-PCR,
immunocytochemical staining and Western blotting. Compared with the negative control group, the viability of the
27nt-miRNA overexpression group was decreased by 20.48% (P<0.05), and the expression of SMA mMRNA and SM22a mRNA
and protein was significantly increased (P<0.05); the viability of Anti-27nt-miRNA group was increased 18.07% (P<0.05),
and the expression of SMA mRNA and SM22a mRNA and protein was decreased (P<0.05). In summary, 27nt-miRNA
promotes mesenchymal stem cells differentiation into vascular smooth muscle cells and inhibits cells viability.

Keywords: 27nt-miRNA, mesenchymal stem cells, vascular smooth muscle cells, SM220, SMA
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HATHM 3 DL, &V Il gl
(Vascular smooth muscle cells, VSMCs) v T I %&
HRBE, AT 46 ) RE 0 44 K il A AR G e an
[0 05 SN A (1K N =2 7 TSIl € = R T
PERTINSIT P R EE BT, sh, VSMC 2
M TR EEA . 3,
T L TFER VSMC FZR IR [ A I 4
LHAURI R AR TR, A i A7 2 285 14 A
A8 P8 LA B A Sy B Re A B, AR MG A2 il
EHA TR PR A EcE . Kt, 7T RIERL
AR DIRER) VSMC T4 i, 7RI 44T
A R A5

Tan e A JC R G RE 1 . 2o ki Re L
R, ORI AR AT R FAR R A R R . AR
PEARVEATR], T 20 B R E53 Sy G T 240 e 0 i A
T4ul, A 78 T4 (Mesenchymal stem cells,
MSCs) &R T AL rh iy —F, EoRIETIRZE,
O T iae, MumHEED, SUHR RN/,
BA Zmnbigte. TEREMIBFIHEE T, MSCs
ATRUE [ A B A . IR A . N B2 4R
O LN A5 A 28 , MSCs iR 1] L 434k VSMC,
JRRBIFFE VSMC 431k B B AR A 7T

/N RNA (MicroRNAs, miRNAs) J&E %/
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O E RS miRNAS i T T E ) 4k
TR A BRI TR AE R % . 27nt-miRNA
FPE TN e B —4E AL A A (Endothélial nitric oxide
synthase, eNOS) A% 4 N Friy 27 ikt
ZIP 5, EEO M BRI R e 2 0F5R,
N IR 27nt-miRNA AT LI P Kz 41 it B 38
FE . iEF%, [RIES AT LA P R A A ) — 45 Ak
% (Nitric oxide, NO) [/ A AR, (HHAET
AN E 0] 40 f6 A VSMC BRI i A ILARGE - IR,
AWFFERY H 2455 27nt-mi RNA X ] 78 )57 T 41 it
) 10076 Vi LA Y 3 A sz i), 238 R mT 8 R 1 4 i
U I AR S5 993 114 L85 FITE Y7 F (BT A B

1 Me5h%

11 MR E5EE

e 8] 72 55 4 e hUCM SCs (i A S8
BIAEYIBHA R A mEZAG (PALL, 3EE);
iR s (LONZA, [E); DMEM Kig2E (Gibco
AHl); BRA-ILTE (Lonsera /A Tl); AR MG 1L
W (Gibco 2~ ]); IVEI 5 (Thermo Fisher); Y
HELM LR (MTT) (R EREA R FAD;
RNA $2HUA & (b A B AEYHEARARA
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FHEABRAED); SRR (SRR
HIRAFD; AP FENL 220 B4t (Smooth muscle
220, SM22a). % GAPDH #ifk (Proteintech);
P ULUILS & E 4T (Smooth muscle actin,
SMA) (Abcam, [E); MEts —HrillFEHif 109G
(Proteintech); #f ECL fb22Atikil& Exn
R); gl AR e (h2).

i TAES (B 2 SR A RAF);
{88 B (HAS Olympus A #]); CO, i FIE Ji
B2 46 (35 Thermo Forma A wl); G4
WA Model-450 (3£[E Thermo Forma 23 wl); ik i
BOML (R IER R ARG R A R 32Uk
FIZEVRRK TR (U TR S A BR 28 ] B 7 I 4%
J7); —80 Cvk#i (Haier 2~H]); HEMAHEIKIL, &
F B AL (Bio-Rad, 3[E); Alphafb#k it
JE 4% 2 4t Fluor Chem HD2 (32 % Protein Simple
Aw]); ABI7700 %6 i PCRAX (ABI A7),
12 H*

1.2.1 27nt-miRNA SEERHENL E

LI eNOSHs 4 & 1 27 il F41 (5-GA
AGTCTAGACCTGCTGCAGGGGTGAG-3) Hyi%
H#4E , L) Ubi-MCS-SV40-EGFP-IRES-puromycin
R, FH Agel /Nhe I HEATHEY), %Yy 293FT
YRS , W43 27nt-miRNA 32 3535 18905 2500k,
[Fi) i AR A i e S AR I U751 Anti-27nt-miRNA
AR X B 8 NCo i B 2R K 5 gk oIt
TR RPN, A IR 1E0
SN, A RERS R I T E, AR
SE Y R
1.22 ABF#RIZERR T 41 (hUCMSC) ks
L3 0

hUCMS 155 2%l 75 81 i . 296745 2 It i A
1% 75 2/ BE R R AR SR BE AT 1 5% L i 37 °C
5% CO, fH ifik 1 FIWE B2 55 F2 4 vh 15 5%, FR % i
KT 90%IHf, iFIGF, F PBS VR4,
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A 0.15%]Ji# i B T IH AL AL A . B AERIRAE
RAFHSE 3-5 fRAIMIE YL, 5 5x10° 40 Mu/AL A e
JEHFD 6 FLAR, RS IEH HERFE 24 h, 3Fp
P05 85 L MOI=70 437l &t hUCMSS, B T35 524
S E 48 h, 7EEIE 9O WA N ESOLRIRE DL,
A RS 52 (8 ng/mL) HEFTHEVE, S2ER 4>
34H: 27nt-miRNA 20 . NC £4H . Anti-27nt-miRNA £H .
1.2.3 hUCMSC 4k

HULER 3 A TIH LA, R RAT
AL hUCMSC 4270 8 VA (5 o/mL) 2
P ARG TP, WA R (% 10%fi5
A MMV« 1% 75 R /555 R (1) DMEM 557 4L), %
SL3ESE 14d, MM 2-3 d ik .
1.2.4 MTT BH 040 7%

oML 14d 500 34040, LIEEAL 6x10° 4
YA E) 96 fLtk P, T 37 °C . 5% CO, fHilK:
FAEE IR, 12 h J5 I TJC MG ) DMEM $5 57384k
iR, T 24 h 5848 PDGF-BB (5 ng/mL)i)
5% FBS/IDMEM }53% 24 h J5 LA MTT 1535 4 h, fif
FHBEER B A AU AE 490 nm I K Ab I AEL OD {H .
125 AR VSMC HEiz&EY SM 22a
HIZRIR

SR e 2 ARSI KPR YL ) 3 2 hUCMSC
FEREI VR RG A 0 (0 35 3% A B e s 3%
55 14 Kk, BURBEH, PBS whk 3k, HRiEm s
ki F, 4% R 5E . FH Triton X-100 (10 min) Al
3%id AL A (30 min) AbBRJE XA Yk 3 UK,
B—hi. ZhiFRaR DA, DB, R,
IR, L ER 3K, BOEIE.
1.2.6 RT-PCR #M4HH SM A mRNA. SM22a
MRNA 3k

SHAEES 14 KRBT, URSE 3 AIdiMureAs, HidE
TRIzol 32057 & Ui B F HR U ZH iU i 52 RNA, )
H Primer Premier 5.0 # 4% i1& i SMA . SM22a
A GAPDH U514, W3 1. 43 5S4 411 RNA
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x1 51¥F%
Tablel Theprimer sequences
Primer name Primer sequence (5'-3)

SM220-F CTTGAAGGCAGCTGAGGATTAT
SM22a-R CAAACTGCCCAAAGCCATTAC
SMA-F AGGGAGTGATGGTTGGAATG
SMA-R GGTGATGATGCCGTGTTCTA
GAPDH-F  GATGACATCAAGAAGGTGGTGA
GAPDH-R ACCCTGTTGCTGTAGCCATATTC

1pg, MIA 1 L (0.5 g/L) Oligo(dT)sg Primer, 70 C
ARPE 5 min J5 2 BICE VK ERE. N4 pl [ 2%
M (5%),1 uL Ribo Lock™ Ribonuclease Inhibitor
(20 U/uL), 2 pL 10 mmol/L dNTPMix, 37 CiR&H
5min, A 1uL % 5¢0, 42 CRi 1h, ZJ5
70 CHFH 10 min 21k, £5%] cDNA 55 —4%
., PCRY MG : 94 CHUZEME Smin )5, JTA
30 M (94 °C 30s,56 °C 1 min, 72 °C 1 min),
5 72 °C 5min, k)0 B 5 ul PCR ™43k
17 1.5%37 HEWHEE S HL UK 7347
1.2.7 Western blotting Kl ALy SMA 1 SM
220 BHRIE

IAALES 14 K, WA 34LanErEA, 25 H
RIPA 2% ppik 24 , 12 000 r/min. 4 ‘C &.0> 15 min,
B F 3 o 43 i B 2H B9 45 11 30 pg i 4T SDS-PAGE
(10%) 4rEIFHH%] PYDF i . FBIE UK &
P 1hJEA SMA(1:1000), SM22a. (1 : 1 000)

27nt-miRNA
Normal light

Fluorescence

100 pm

Bl EWETWEE hUCMS BIEERIER

—HiR AR 4 C). H KM TBST #k 31k
(BFIK 10 min), SRJEIIARFR — Pl EHiR 19G
(1:2000) W5 2h, &M TBST whik 3k (B
K 10 min). AR @], FIH Alphafbae &k tEE
R R G AT SERER 3R, BOFHIMHE.
128 Sit¥nmik

R SPSS 19.0 GeitAk {4 #EA T BN 2 5 25 43
Br, L E A 3 W, BRI IS b e 2% (X £5)
FR, WHHLLECR A t K55, P<0.05 h2 545

HEI-9'E

2 HER5AM

2.1 27nt-miRNA %Kik,
NC R

Sy 91K 3 FPE R EELL MOI=70 43 ) s e
hUCMS, 48 h J57E 2L+ B Gl T WL 5% YL sl
(BB T AR B S 5B R I e Ye
WREEMANMT), Z5RmE 1R, 3R et g
A@L 0%\ I, FEEME R TiiE, ATE

Anti-27nt-miRNA.

2.2 27nt-miRNA X 2 {t.fg VSMC BY3E 51 21

BUAMMSrE 14 d J5, A MTT L&
27nt-miRNA %} PDGF-BB % 543k J 40 i 1% 77 114
M (F 2). SBMEXT IR NC 4 b, 27nt-miRNA
ZH %) OD fH T % 20.48% (0.66+0.06 vs. 0.83+0.03,

NC Anti-27nt-miRNA

100 pm 100 pm

Fig. 1 Transfection of hUCMS was observed under the microscope.
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B2 MTT #&il 27nt-miRNA %40 f5E h £ 0d
Fig. 2 MTT detects the effect of 27nt-miRNA on cell
viability. X+s.n=3.*P<0.05vs. NC.

P<0.05), i Anti-27nt-miRNA 41 7} & 18.07%
(0.83+0.03 vs. 0.98+0.07, P<0.05)., DA I 4% 5% 4%
/N, 27nt-miRNA il hUCMSC 431k & 4 il 19

EA
2.3 27nt-miRNA X VSMC $ L irE4 SM 226,
gy :up-A !

FH S A M fb 2= g a0 s (ICC) A il 43 1k
AR VSMC R R SM22a 3%
ikh, WNE 3, SM22a HH EEE AT
L%, PRVEGY o S AR B 80k, 32 ] 1PP6.0 R
Xf SM22a EH KL EHFATIHE: FHEE
(Mean optical density)ii R, SM220 % KKk
15 o5 BT HE NC 4 g, 27nt-miRNA 2l SM 220
FIRE AN 63.64% (0.22+0.02 vs. 0.36+0.04,
P<0.05); Ifii Anti-27nt-miRNA 2 SM22a k& T
% 36.36% (0.22+0.02 vs. 0.14+0.03, P<0.05), %% H
275, 27nt-miRNA {2 T VSMC s fbiri& )
SM22a ik,

2.4 RT-PCR#&il 27nt-miRNA 3f SMA mRNA
#1 SM 220 mRNA B9 5201

Al RT-PCR il 70 b 5 & A4 i) SMA
mMRNA . SM22a mRNA [J&iEKFE (K 4). 58
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27nt-miRNA

Anti-27nt-miRNA
_—

—al
¥

10O pimi 100 pum

o o e o
[ L ' (5

e

SM22a protein level (ICC)

0.0

& S S
o
v

3 RIEHELHEN 27nt-miRNA 34 SM220 & H
Eey:0p-Al

Fig. 3 Effect of 27nt-miRNA on the protein expression
of SM22a was detected by immunohistochemistry, X+s.
n=3, * P<0.05 vs NC.

L5y

— SMA
* == SM220
Z 10t *
E *
é *
=4 L
£ 05 |—Y—‘
0.0 :
& < &
& &
X X
A AN

o

¥
& 4 PT-PCR #&ill 27nt-miRNA ¥} SMA mRNA #1
SM 220 mRNA 3RiA B9 8 i
Fig. 4 Effect of 27nt-miRNA on the mRNA expression
of SMA mRNA and SM220 mRNA was detected by
RT-PCR. X+s.n=3.* P<0.05vsNC.

PEXTR NC 2H A, 27nt-miRNA £H (1) SM 220 mRNA
FIk BN 31.40% (0.86+0.03 vs. 1.13+0.08,
P<0.05) . SMA mRNA ik [ Ft 25.00% (0.72+0.03
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vs. 0.90£0.03, P<0.05); ifi Anti-27nt-miRNA 21
SM220 mRNA ik FE{I 12.80% (0.86£0.03 vs.
0.75£0.04, P<0.05), SMA mMRNA ik T F%
27.78% (0.72+0.03 vs. 0.52+0.05, P<0.05), %%
#/R, 27nt-miRNA {7 SMA mRNA | SM220,
MRNA [5% 5% .

25 Western blotting #& il 27nt-miRNA X
SMA. SM22¢ EHRFIXHE M

FH Western blotting #6431k 5 5 2H 2 it A4
SMA . SM220 2 I it KB IKF-, A&l 5 Fs .
S FAYEXT IS NC 4 b, 27nt-miRNA 41 ) SM 220,
LKA 28.33% (0.60+0.03 vs. 0.77+0.04,
P<0.05). SMA ik [ FI 30.00% (0.40+0.02 vs.
0.52+0.04, P<0.050); i Anti-27nt-miRNA 21 SM 220
FiREFEE 18.33% (0.60+0.03 vs. 0.49+0.03,
P<0.05). SMA FKikf T [ 22.50% (0.40+0.02 vs.
0.31+0.03, P<0.05). #Z5M4i7s, 27nt-miRNA fi
Uk SMA | SM22a ik

Anti-27nt-miRNA
SM22a (23 Da)
SMA (42 Da)

27nt-miRNA  NC

| —
s = GAPDH (36 Da)
| —
L0y 1 SMA
*

08 : e SM220
3
E 06 * T *
g . .
g 041
(=%}

0.0 3

& < &
&,\\«3" &
A A

o
o

B 5 Western blotting #&ill 27nt-miRNA X SMA #A

SM22a EH FRIERIF N

Fig. 5 Effect of 27nt-miRNA on the protein expression
of SMA and SM22a by Western blotting, X+s. n=3.
* P<0.05 vs NC.
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3 itk

ABFSEE 3 15] hUCMSCs 43 Bl % 27nt-miRNA
ik & XFA Anti-27nt-miRNA - K B4 % B8
NC =AM E)5, &Mk VSMCs, ,n%%z
B 27nt-miRNA A LU i hUCMSCs [1] VSMCs 43
4J¢ RKIHK VSMCs s fbbnii ) SMA | SM220 3£

W, [FIEHE AAb E A M G5 . SMA 2
VSMCsE%ﬁFHE’JﬁM‘Ru% HERESHEAMR,
FERRIR I L. LT AEA0ME . P R 40 i B Z2
e U SBO P SN I SE /e r = 0l AU TR (=1 -
FATLIEIN T SM220 4340 bR R, © R R L
SMA &, UK TFHIEEEPAM vsmcs™
SMA . SM22q 7E 27nt-miRNA 3 ik 1 5 &4
L 7280 27nt-miRNA AJ 4% S ik VSMCséMz

T4 M i) 22 1) 23 AR T BB K AT IE M L 215 2
AT, JE4l ,/\Iﬁqﬂlé@iyﬁﬁ%émﬂﬁo W5
B, TGS T 0T LUE M o34 o g
LM, TEfZ Lﬁirﬁwwééﬂiﬂ@%ﬂﬁthﬁ
HEREREEAM, fE—EA&HT, TARER M
R Hi s 240 jﬂﬁ%ﬂaﬂb%ﬁﬁﬂ@'lmﬂ?ﬂjﬁﬁﬁ&%ﬁ
SEEEUSY esh AR T LA R R
ARS8 R 20 L A T B 200 L T T A AR
MLERAY ST, TN TR O IR P R T B
P A s 2 8y B P A e ) TR g
Wz —, i O URESE | P8 KAk O RS 55O
I AP 2 95 5 SR SE % - TR . VSMCs, N
240 B S LA L %) ) i el A8 R LR T gk e
WEERBAGEFVIMER, Fik, K338
T -2 M2 OG5 . R B A5 1] 50 5 T 40 i
(MSCs) Al REJE VSMCs ki, B eI H
405 54 [ o #9881 RO KU S g 3k
B, I 785 T 2 T LA [0 204k P9 Rz i
o WL P90 %t A S v L i, 43k VSM Cs
[ 41FH TGF-B. PDGF-BB. VAR5, ks
375 2 PP AT R T IV R SRR i
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5, MSCs 43k B rp B VSMCs s ikt ik
SMA. SM220, FHI4 by,

mMiRNAs £/ I8 5 555 T 200 B 204 1Y) G 5
P VE R ARAS ORI 2 1 OCTE , FEROA & IRYT
O LA 9 T 0 24 W 503155 % 9, miR-214
W ZE S QKL B IR HE IR G T 40 B 4k R
VSMCs; Gu ZBIgF5y & Bl miR503 i i 4 H #:
SMAD7 f{i¢ i [a] 72 Jit T 46 il 43 ik VSMCs, i
miR-222-5P i@t ROCK2 il VSMCs 43k, iX
L8 miRNAs 1E T4l it 5E 1] 734k VSMCs i 51| 5 %
VER . RFRATATAL, 27nt-miRNA 7E.0 M8 RS K
BEE R R, (B E R R MY R e T
A RE 1) 404k VSMCs HY IR P 1 it AN T 4
ABEFEH hUCMSCs 7 [1] 431k V SM Cs 52 1 v 43+ 5j1]
R PORTE ALY 27nt-miRNA £k . | XUF
F Anti-27nt-miRNA DL B %I NC Bk, 43
1k 14 d J5 & 27nt-miRNA 1 F k41 SMA |
SM22a FKikE BB E, KU 27nt-miRNA #] LA
{23k hUCMSCs 7€ [i] 434k VSMCs, I H ] R &8
1L JH#E SMA [ SM 220, FE K AT 520 VSMCs 431k o
fHiE VSMCs Wyl +o3 5 2, ¥ e 24>
AFZE T, OfERMs L E e, SR
TR S JE KO . BRI g 45
46V SM Cs AL ALl [a] A ¢ 5 Je TR AR

25 b, ABFSERIAE R 27nt-miRNA 1] DLE
#F hUCMSCs *Em4rfk VSMCs, I HAEW il
PDGF-BB i S VSMCs 145, 1% —1F I XF T4
SUTRR M A WA g B L, AT AR O Lt
VSMCs i F 4t . (A2, AR LA R
ZAb, filhn, VSMCs s fbig—~ 2 &R R
B, AR SER s, vl AR i AT I
b3 R AE R . Ak, BT B 2L 2 VSMCs
IFRAY, 2L ) RUERAG T i — 2P 40 o
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