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[%4837] # RNA; CDI37-CDI37L; ®#-FFAmp, F&T @B T Cl

[# ZE] HH K3 microRNA-1242 # CD137-CD137L 42 5 i@ 543 45 )~ R e 5 T 7 WL2m Je (VSMC) 4L T 28
JAZ BT CL(NFATel) £ v o94E R, Ak D Rg-FiF }]fté&wi’,mﬁ] 20 2 3k R R AR BEFR ) 48 I8 P microRNA-
1242 %35 K A RT-PCR k4 ; &2 ) g Ak 4% 2 3 R4 microRNA-124-2 #9444 ( mimic ) #2347 %] 45 (inhibitor ) 4%
F 2R VSMC A, e NFATcl mRNA % & & £ 34 R A 5 i & 2 3 PCR & Western blot 77 A2 5 & A W &
K& AR &AM microRNA-124-2 3F NFATc1-3'UTR 94 A, Z55R  anti-CD137 4 % M 4% CD137-CDI37L #h )5,
- 7B L2 L microRNA-124-2 & 3k %5 34 B8 28 4%, (0. 29 £0. 13 ¥ 1.00 0. 00,P <0.05) , # anti-CD1371L, 4 571 FL i
CD137-CD137L %4 /5 , 28 8P microRNA-124-2 %k A S 3B 4038 hm (3.42 +0. 17 £ 1.00 +0. 00, P <0.05) ; 55 FA P AF
FR2aAR L FF 3 3 T A microRNA-124-2 9 &34 3 7T 3% 4 CD137-CDI137L b3+ NFATcl 6948 /A ; 3 R F B4R % A 4
2 & microRNA-124-2 5 NFATc1-3"UTR A #7446 A (0.283 £0.011 ¥t 1.294 +0.143,P <0.001), &t CDI137-
CDI37L % AR-Be Ak &b o7 V438 it 35 microRNA-124-2 3t f % v NFATel #9 &k
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The Function of microRNA-124-2 on CD137-CD137L Interaction Regulating Nuclear

Factor of Activated T Cells C1 in Mouse Vascular Smooth Muscle Cells
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[ ABSTRACT ] Aim To study the function of microRNA-124-2 in the process of which CD137-CD137L interaction
regulates the NFATcl in mouse vascular smooth muscle cells. Methods With the stimulation/inhibition of CD137-
CD137L axis by anti-CD137/anti-CD137L, RT-PCR technique was used to detect the expression of microRNA-124-2 in
mouse vessel smooth muscle cells( VSMC).  Liposomal transfection was used to transfect microRNA-124-2 mimic and in-
hibitor into mouse VSMC, then the change of NFATcl mRNA and protein expressions was analyzed by qRT-PCR and West-
ern blot after stimulated with anti-CD137/anti-CD137L in the corresponding group.  Luciferase Reporter Assay system was
used to validate the role of microRNA-124-2 for NFATc1-3"UTR. Results Compared with the control group, the ex-
pression of microRNA-124-2 had reduced after stimulated by anti-CD137 (0.29 +0. 13 vs 1.00 £0.00, P <0.05), and
increased by anti-CD1371.(3.42 £0. 17 vs 1.00 £0.00, P <0.05). The regulation of CD137-CD137L axis to NFATcl
could be reversed by transfected with mimic or inhibitor. ~ Dual-Luciferase activity assay showed that microRNA-124-2 had
an inhibition on NFATcI-3"UTR (0.283 £0.011 vs 1.294 +0.143,P <0.001). Conclusions  microRNA-124-2
could be regulated by CD137-CD137L interaction and thus affect NFATc1’ s expression.
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/Iy RNA ( microRNA , miRNA , miR) & 7F B A%
AP R B — 2 EL A R EE D e i o8 IR v A g D
RNA, K/NEZ 18 ~25 AN R, i i T st Bk 2
B U AL B AR E T 9 7 U0 I B i mRNA
SRR BRI S 5 45 Rl 45 5 42 76 4i i
BABE PR RORE SN S R AR
AR W16 1L T A%+ C1(NFATel ) &
CD137-CD137L fY FiiE4r 1, {2 CD137 4+ F 15 %
WA NFATel ¥ ANTE R J& B AE7E T [ 3R A
frE—20 A, AW 15 B % 4 i SR NFATel 5
miR-124-2 2 [A] /776 55 2L (1915 B G, NFATe] 7]
J& miR-124-2 (9 F #0050, 7605 51 5639 2 1/ R
RN % B miR-124 REH AN H] NFATel B3k
[FJFE miR-124 BEIE A6 NFATe1 #2598 45/ B
PR 200 M ) R A B A AR a3k BB T 4 4R
78 ,miR-124 J& NFATel 1) g5+, 4R, CD137-
CDI137L fli 2753 i miR-124 P75 NFATel 1) ik

SEM T e ) A T N A R, AR
55 DA/INEROT- 4 LA M R RSB 85F CD137 43 F1R 5
SR miR-124 P88 NFATel B35,

1 #RInTTE

L1 EEMH

6 ~8 Fl % CSTBL/6J /ML, R E 20 g K4, th
LK 24 R, e 4 L (FBS) & &
B Opti-MEM 35 35 £ W & Gibeol 2 5] ; DMEM 3 3%
£ & Hyclone /A 7 ; anti-CD137 #i & B R&D 72
& ,anti-CD137L #i & % B Biolegend /A & ; NFATcl
% % A B Santa Cruz Biotech 2 7] ; iF J& 3R %
H ¥ o TNF-a) & B-actin FLK% B Peprotech /A 7 ;
Lipofectamine 2000 AR A A Inventrogen /A | ;
w5 R & RN EERA &AW E TaKaRa 2
# , Dual-Luciferase Reporter Assay System it 7| & 1
H Promega A & ;RT-PCR L TiF5| 4 bifF 4 T 4
#1084 K ; miR-124-2 mimic X inhibitor ff k¥ &
N F] A R B 4K ) FuGENE © HD 1 3 F Roche
A #] smiR-124-2 & miR-124-2-mut 3 % 3 # 0K f1 %
I 4 22 Fe N B A R iR HRP AR B — 400 B &
HARAAF 5 /\NIEE W B Thermo /A 7 , 40 M3 J=
W AR A T 8 Coming A7,
1.2 mEFBIAETBEIEFTRERE

I CSTBL/6] /N B 2 ~3 R FUME I & % A
,75% B2 E F 3 min, B F & 8 MR,
RS T M9 30 ik B, PBS Wk B T I A R R B o

37°C iz 7 7 min, | B L& 4h K J5 4 o 5 R4 1
mm”® K/NFE R B4 BB O\ 3 34 4 Tk BE T 25
em’ 40 E FMEE, im N 5 mL 4 20% FBS )
DMEM #: 3 #  # % 40 min 5 8%, T 37°C 5%
CO, By 40 fiL 35 48 w35 5, 4 40 B N 41 48 5 B U
BEHEHBHAL R ERIRELRE AL, FHH
MEL A, #wREE, HUER, R KL &
KR R E 3 ~8 RAMHAT LS,
1.3 /NRIMEFBNH CDI37-CDI37L % #
SN

/NR L 48 F 8 AL 28 M ( vascular smooth muscle
cell, VSMC) VL4FFL 5 x 10° /™48 5 8 T 6 FLAR 3%
R EEEE AL 24 h, B A 10% FBS + TNF-ou( 4
WK E 10 wg/L) B DMEM 35 5= 255 55 0 i 24 h Jg , B
M3 40.(1) %4 . i DMEM 43 ;(2) an-
ti-CD137 41/ ¥ T DMEM &9 ] # & anti-CD137 ( £
W 10 mg/L) 4 2, (3) anti-CDI37L 4. A % T
DMEM # 37 #] # anti-CD137L ( 4 % J& 10 mg/L) 4
B, BEMWNTERAEHE,12 h 24 h Gk
40 1o 4 B F T J5 48 mRNA K B & & KT 8400,
1.4 /MRMEFFINHARE mimic & inhibitor B

H/NE VSMC VLA FL 5 x10° MM T 6 TR
PR B EEE A REEKE 80%, F 4 AT
#2¢  Ff B mimic . inhibitor & X & B [ M %t B
(negtive control ,NC) 3 i1 L i FH K H & &, 77
41 T, mmu-miR-124-2 mimic: 5'-UAAGGCACGCG-
GUGAAUGCC-3', miRNA mimic [A 1 #f B . 5-UU-
GUACUACACAAAAGUACUG-3", mmu-miR-124-2 in-
hibitor: 5’-GGCAUUCACCGCGUGCCUUA-3’, miRNA
inhibitor A 1 #f & . 5'-CAGUACUUUUGUGUAGUA-
CAA-3', A 50 pL Opti-MEM 3% 3% 27 # 5 WL miR-
NA mimic( % & 50 nmol/L) , BB |4, £ RIEF
5 min; il 50 pL Opti-MEM 5 % £ # & 5 plL li-
po2000, FHR A EEEH S min &, f LR B K
BEEA,E BB E 20 min, F 50 wL Opti-MEM #
F# B 10 wL miRNA inhibitor ( £ % £ 100 nmol/
L), %% R4, £REBEEHS min; A 50 pL Opti-MEM
R ERE S WL lipo2000, BE R H FEEF S
min &, ¥ ERBREBERRS, £EBEF 20 min, #
miRNA mimic/inhibitor-lipo2000 & & 3 fn \ & 4 48
MUARERBOERILY, RERYEET CO, ¥
rEF, BErohE  HEerBAERMEREY X,
FHFEE AL AHRTELTHLE,
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1.5 EBWHKEE PCR

¥ 52 B 7% F % & PCR ( Quantitative Real-time
PCR,qPCR) i 7] & ( RR420) #2 Bt th 77 3 ¥ 4T, miR-
1242 E %3] 4. 5'-TAAGGCACGCGGTGAATGC-3
T sl 4 @ A 5 4 (W B TAKARA 2 #);
NFATcl Ei# 5| 45 :5"-GAATAACCAGCCCCGTCCAA-
3", T #5471 .5'-GCTCATTGGTCCACAGGTCA-3" , {¢
J RNU6 16 % W %, RT-PCR ¥ 3 4 #.95C W &
P30 5,95C 5 5,57°C 30 5,95°C 10 s,57°C 5 5,40
MER, HERRF 2725041,
1.6 Western blot

A4 E FR i, RAEEREEE A, 100
pg EFE, %2 12% SDS-PAGE 4 % & A, L 350 mA
4 E PVDF 2 hy JEE T4 5% Mg 4 45 i
TRFEZ v B (TBST) Z & # W 1 h, H 271 F A8 S84
R —H(1:500) F B-actin FLA(1:5000) , % i
W% 1 h g, 4CHEFLR, K HH TBST itk 3 &,
BR 15 min; B AN F A —F0(1:1000) , = i
B 1 h &, TBST 3% 3 %Kk, 4K 15 min; BUK | & F
B A (A B R =1:1) B4 &, PVDF f£ £ [
2min, ECLEB RS R 6 WELW,
1.7 FRAREREERG

JE B . HEK 293T % J,, i+ %%, & 1/96 LAk 2
x 10* (100 wlL) 20 J,, 4 40 B2 47 8 40 JiL 35 47w T &L,
H BT 37°C 5% CO, FE i 4 24 h, %4 96
FL0.2 pg FiAr DNA,0.3 plL FugeneHD #9 ] &, —41
L3 = ANE L, 7 PCR % F AR K AN 0.45 pg miRNA
R H K, miRNA F #HRAE A 3B, 0.15 pg sen-
sor & FE [ 30 wL Opti-MEM 35 5= B i, & J& A
N 0.9 pL FugeneHD, BAJEZEEFEE 15 min, B
miRNA I 5 38 3 K X = # K 5 % 3£ F NFATcl 3'-
UTR 7K & B Al 4 4R B it 2R 45 4 203T 40 i, 4% %
5 Ak 48 h J& , K A Dual-Luciferase Reporter Assay it
Fl VAT M T H AT KL R B E M,
1.8 Sit=ZEHHHh

BLF SPSS 19. 0 it #2440 38 1t & FOR Fla =
sKkT, FHNKRKABLEEZF 204 Kt ek, M
P<0.05 kT ZRARITFENL,

2 # R
2.1 HEWERETN

i 1 Targetscan W 3l (http://www. targetscan.
org) %f/NEL miR-124-2 5 NFATel 47 4E F 07 5 91
W, SHrEER BRA 3 AR REAE TS & AL B o)

ST NFATcel 3'UTR fY 369 ~376,562 ~ 568 ,1358
~ 1365 fi s Ak, Horb 8 s o 369 ~ 376 AbAE I
SIS A TR E R
2.2 SyFARIBANBERKT CD137-CD137L $xF /R F
BALABE miR-124-2 mRNA Rk IS0

anti-CD137 (& ¥ & 10 mg/L) #] ¥ CD137-
CDI37L )5, I L0 miR-124-2 mRNA )33k
RO HRAL G, 52 i Tl ARl M, DA 12 b 7 S5 B
(0.29 £0.13 £ 1.00 +0.00,P <0.05,n =3) . i
W anti-CD137L (&9 B 10 mg/L) #i i% 5l )5
miR-124-2 mRNA R B, DL 12 h 5fE(3. 42
+0.17 £ 1.00 +0.00,P <0.05,n =3;/& 1),

49 @ anti-CD137
—— anti-CD137L

miR-124-2 mRNA
i

0 T T T T
4h 8 h 12h 24 h
Time(h)

[ 1. anti-CD137(10 mg/L) #0 anti-CD137L (10 mg/L) &
# VSMC /& miRNA-124-2 KR (n =3)

Figure 1. The expression of miR-124-2 after stimulated by
anti-CD137 (10 mg/L) and anti-CD137L (10 mg/L) for

different time(n =3)

2.3 CDI137-CD137L @/ R i & F 8 AL 48 B Fh
NFATcl HIRIE

55 A AR L, W0 Ml CD137-CD137L
J& ,VSMC ' NFATcl ) mRNA /KA 2% 5 HE R
TCGe 22 X 1 A anti-CD137 45 50 s
CD137 lif5 NFATcl (Y4 3R I5 T, Ml Y anti-
CD137L ¥ S PEBH B CD137 HliJ5 NFATel (975 11 5%
KRR (P <0.05; /8 2) .
2.4 BHEF miRNA-124-2 [FXF CD137-CD137L ¥i#&
NFATcl ik #8200

5% A A, Y4 mimic 13 3R 3K miR-124-2
J&7 , anti-CD137 %} NFATcl mRNA (0.37 +0.10 I
1.00 £0.00,n =3) & H @RI BAE 32 204 (P
<0.05), ¥ Yt inhibitor FH Wr miR-124-2 J5, anti-
CD137L %} NFATcl mRNA (1.94 +0.10 It 1.00 +
0.00,n =3) K& R0 6 4F g |l 55 (P <
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0.05) ,1ZFLAE mRNA ([ 3) KEA (K 4) KFEH
FkH—2L,

1.57

NFATc1 mRNA

E

tER4  anti-CD137 anti-CD137L

1 2 3

NFATc1

B —actin

0.4
0.3
0.2

NFATc1 &R

P
W]
[V

0.1

XfB8ZH  anti-CD137 anti-CD137L

B 2. #GE S M % CD137-CDI137L %1 /5 Xt NFATcl A mR-
NA REAFRIEHFM(n=3) 1 A XTI ZH,2 H anti-CD137
20,3 N anti-CDI137L 41, a & P <0.05, 5% IR ML,

Figure 2. The expression of NFATcl mRNA and protein after
the stimulation and inhibition of CD137-CD137L axis(n =3)

2.59 P<0.05
2.0
1.5

P<0.05
1.0

NFATc1 mRNA

Relative luciferase activity(/con)

0.5

0.0-
1 2 3 4

& 3. miRNA-124-2 3t CD137-CD137L #8345/ R & F
B4R R NFATcl mRNA RiERIEME(n =3) 15 an-

1i-CD137 + mimic-NC,2 27 anti-CD137 + mimic,3 4 anti-CD137L + in-

hibitor-NC ,4 4 anti-CD137L + inhibitor,

Figure 3. The expressions of NFATcl mRNA stimulated by

anti-CD137 and anti-CD137L after transfected with mimic/

mimic-NC, inhibitor/inhibitor-NC(n =3)

2.5 WWRREEHIWEWIE miR-124-2 3F NFATcl -
JIEEFERBER
gE R BF 2R miR-1242 FIRRIAK 5 &

NFATel 2 3"UTR A Bt Y B¢ G 25 iR 5 3 R 3t
BEYLR T B P X IR (R & miRNA 928 304K 5 &
NFATel F£H 3"UTR A B Y XU G 25 i 1 3 R 3t
e A P22 5 (0.283 £0.011 H 1.294 +
0.143,P <0.001,n =3) , 1 282 A miR-124-2-mut
SFRA AT REE] U JE B B 25 5 $E 7R miR-124-2 £E X
Wi 5 AT 5 NFATel 3'UTR AHZE S (K S) .

1 2 3 4
NFATCT s SR 0 -
Bocin M. A —
5. P<005

P<0 05

ala

& 4. miRNA-124-2 3 CD137-CD137L fiFi=/M R M & F

B NFATel EEHRZHEIE (n=3) 1 4 anti-
CD137 + mimic,2 A anti-CD137 + mimic-NC,3 >4 anti-CD137L + inhib-
itor-NC ,4 47 anti-CD137L + inhibitor,

-
o
1

NFATC1EH
o
T

Figure 4. The expressions of NFATcl protein stimulated by
anti-CD137 and anti-CD137L after transfected with mimic/
mimic-NC, inhibitor/inhibitor-NC(n =3)

Position 369-376 of NFATc1 3' UTR  5'--- AUCAAAACACUGGAAGUGCCUUA---3’

CCGUAAGUGGCGCACGGAAU 5
CCGUAAGUGGCGAGAUUCAU 5’

Mmu-miR-124 3
Mmu-miR-124-mut 3

o
?

1.5

1.0

0.5

0.0

XTERZE miR-124-2  miR-124-2-mut

5. XK E RS E F 7l miRNA-124-2 3 NFATcl
JIEFERIEAMNER K miR-124-2 5 NFATcl 3'UTR
RS EE G 88 2 miR-124-2-mut J5 51 ; F B R X% B2 | & miR-124-2
FRBARH  miR-124-2-mut AL Y RCHFEE(n=3), a A P
<0.05 , SXIHEAAMLL,

Figure 5. The result of luciferase assay on miR-124 affecting
NFATc1-3'UTR(n =3)
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3 W it

CD137 K IHFR CD137L M IRSE N 7% 14
BUARRGE T — 0,25 T K250 5% W5 T
3l A AR I AL GRS KA AR A 2 R AR
PSR R KB T R RESHATRIEE L
RGNS RIE B 1) & R R R T B
PER™ BRATT RT3 A AF 52 2 0, 2o LA AE 52
FHNE LY sCD137 F s B E LY ROR
CD137 W] fig 2 5 R 20 ik 5 96 1% 8h i) — A n & 0
FRATAE ApoE =~ /N FRURA) £ 11%) sl A 78 v i 52, o)
¥ CD137-CD137L SZAAR-Fe Ak, m] fifi /)N BB 351 30 Jik
BEHCTE R 183, Sl koS #F 1 f0 B2 B 0 5, O FLa ad
A M S2B63IESE , NFATel & CD137-CD137L %
L O 7 e S

NFATcl PR NF-AT2 , j&t— 2 28 SC | 2L () i %
SEIRF JRAY 22 Fh 4 IR 7 B B SR K, B 5 R
AR T 9 B 40 A K 434k, Karpurapu 45
NWFFE & BE, NFAT $5 5102 NFATel 25T MiE V-1
JULEIT 60 P 338 B8 R S A 2o A I S i UL AT M A K
PR T S0 A RE 394 JRL T Y B S0 ko AR Ak 1 =
B HELE AR RN SR R ApoE T /N B B
TS anti-CD137 J& , 3B K A bk 4 240 Jifd v
NFATcl R IB R BT, M0 % anti-CD137L
TG , BEH K BRIk E A i e NFATel 8 [ 2k
)32 B S 4878 NFATel & CD137 {5 5 18 B% Y
T 1B CD137 43157 5 ] 54 NFATcl [
ANIERE, EW1E B2 B8 NFATel Al fEJE: miR-124-
2 1Y R U AT PRI M O R /N BRUAA Y RN
AL AL 2 8 3 miR-124 fiE B W40 NFATC]
2235 H78 NFATel 2 miR-124 B9, R,
CD137-CD137L i J& 75 i i miR-124 5 #E NFATcl
V14 223 T 5 e A0 B T Ui S R R A NS L AR
SEBGFRATTA/IN BRI AT LA i A RS TEY  #E 5> TNF-
a (10 pe/L) HIELL -4 VSMC 1 CD137 45
FyEEAE b, B A anti-CD137 il 3 5% anti-CD137L B
Wr CD137-CD137L {55 38 i , I8 1o B JoT AR 4 4L vk
B miR-124-2 B2 mimic K IMHY) inhibitor %
YeF/NEL VSMC H, $2 TSR miR-124-2 A9 3k A8
1k B HeAE €D137-CD137L %l 4% T i NFATcl AYAE
FH. S 25 W] CD137-CD137L e filisg (5 5 af
PAAR ] 4% miR-124-2 ()RR, T miR-124-2 X}
NFATcl (8 AR5 DUBRRLNY , 34 = ol 10 il miR-
124-2 1 3% 3K #f AT 3% W) 1§l CD137-CD137L %l %}

-l

NFATcl iE$E, [FES, R RIS RS Bos,
miR-124-2 XF £ NFATc1-3'UTR Fr BBy 45 HL K %
KK EEMHIER . X L5745 R 2R miR-
1242 A 5 NFATcl mRNA JF J85 5 4D AT % 2 [ fit
S—J7 T, i 5 NFATel (1 3" 6 B X 45 4 ik i
ML mRNA BHIE R e P, B, miR-124-2 &
57 CD137-CDI37L il X /I BR il 457 - 5 JUL &4 Jia b
NFATel Rk
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