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miR-124-3p inhibits N2a/APPswe cell apoptosis and cellular calcium ion

concentration via down-regulating Caveolin—1
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[ Abstract ]Objective : To investigate the effect of miR—124-3p on the apoptosis and the concentration of free calcium in cell by regu—
lating the expression of Caveolin—1 in Alzheimer’s diseases(AD) cell model of N2a/APPswe cells. Methods :N2a/APPswe and wild type
N2a(N2a/WT) cells were cultured in vitro;real-time fluorescence quantitative PCR (real-time PCR) and Western blot(WB) were re—
spectively used to detect the expression levels of miR—124-3p and amyloid precursor protein(APP) mRNA and protein. Dual luciferase
report experiments were used to detect targeting regulation relationship between miR-124-3p and Caveolin—1. N2a/APPswe cells were
transiently transfected by miR —-124 -3p mimics;real —-time PCR and WB were respectively used to detect the expression levels of
Caveolin—-1 mRNA and protein. N2a/APPswe cells were transiently transfected by miR-124-3p mimics,pcDNA-Caveolin-1,Caveolin—
1-siRNA and the rate of cell apoptosis was analyzed by flow cytometry. The intracellular free calcium concentration was measured.
Results ; Compared with those of WT group, APP mRNA and protein levels were significantly increased (P=0.000,P=0.000) in APP-

swe group, miR—124-3p expression was obviously decreased(P=
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with those of co—transfection with the mutant vector (pGL3 -
Caveolin—1 3’ UTR MUT) group, relative luciferase activities in
co—transfection with the wild type vector(pGL3—Caveolin—1 3’
UTR WT) group were significantly decreased (P=0.004). After
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the transfection of miR—124-3p mimics, Caveolin—1 mRNA and protein levels were significantly decreased (P=0.000,P=0.000) in

transfection group than in control group. After the transfection of miR—124-3p mimics and Caveolin—1-siRNA ,the cell apoptosis rate

and free calcium concentration were decreased (P=0.000) in transfection group than in control group(P=0.000). After the transfection

of pcDNA-Caveolin—1,the opposite results were obtained (P=0.000,P=0.000). Conclusion.miR-124-3p can inhibit the apoptosis of

cell and reduce the concentration of free calcium in cell by targeted down-regulation of Caveolin—1 expression,which plays a neuro—

protective role in prevention and cure of AD and provides new ideas and targets for AD.
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B— JEMIFEHE H (B—amyloid protein, AR) i) 54 K4
BNt AD AR 3R] i BIFFE e IR PEAIL
FIL 240 A B AR S AR R A 2 20 L T 2,

/N RNA (microRNA , miRNA ) 2&—Fh N TR TER)
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miR-124 7EM 2 R GERp S i 0L, HHERE
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BURZZEPIRIZ W 6T R TS A R
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olin—1 FYFRIKTA T3 g (3G TR AR 2245 R AR, SR
7E AD ' miR-124 215 Xf Caveolin—1 [ 3k A A7
PHHEVENT, AT AD B A 2B & Je A= 52 e B T A UL
i, PRI, AFFEETE AD Y miR-124-3p X4
PTG B TR BE I 2 38 5 45 Caveolin—1
STER, TR R BITA AD 37 SRS R s e o6
EUS/ T

1 #MR5HE

1.1 ##

L1 S04l PR N2a 4 (Wildtype , N2a/WT) Flg
SE Feik Swedish FEMEZEAE (1 A APP69S 1 N2a 4l it] (N2a/
APP695swe) ,

.12 FEGRFH] APP HifA&(Cell Signaling Technology 23] ) ;
Caveolin—1 HL{K (BD A7) ; B-actin HTIAN H Jb 57 U IEATIA:
WRHLA H]) ;DMEM Opti-MEM FRUEG A L7 (Gibeo 22 H] ) 5
G418 (Amresco 23 7)) ; I8 AR Lipfectamine™ 2000 (Invitrogen
/v F)) ;RNAiso Plus PrimeSript™ RT reagent Kit .SYBR Premix
Ex Taq™1I (Takara 2\ 7)) ; Annexin—V-FITCYH T4 255 & (75
AR A ] s Fluo3/AM PluronicF-127(Sigma /A #] )
HRP 100 1gG —HT (LRt S E A HOR AT ) 5 3 ik i

miR-124-3p BY/NM3F RNA (miR—124-3p mimics ) M B 14
X AR MBI A R4 24 7)) ; pRL-TK , Dual - Luciferase®
Reporter Assay System (Promega /A f] ) ; pGL3-Control—Mouse
Caveolin—1 3’UTR WT,pGL3-Control-Mouse Caveolin—1 3’
UTR MUT, pcDNA-Caveolin—1 & H: %% 8% {& (pcDNA3.1) I
Caveolin—1-siRNA K H25 24K (NC-siRNA) ( R 3E52 4 1)
FARATD) ; A 513 h LA TAY TR FA .

12 F#

121 YIS0 4H  WT 2 .N2a/WT 44 0 ; APPswe #H :N2a/
APP695swe AL ; 25 2R AR L . N2a/ APP695swe 4 JIt] 4 51l 5% e
miR-124-3p mimics 25 25K pcDNA-Caveolin-1 25 2
& (peDNA3.1) B, Caveolin—1-siRNA %5 /& (NC-siRNA) ;
YL 2 . N2a/APP69Sswe A1 53 155 4 miR-124-3p mimics
8}, pcDNA-Caveolin—1 B Caveolin—1-siRNA

122 AMREFE N2o/WT 40555 T80 47%DMEM (47%
Opti-MEM 5% I5 4= I35 | 1% XL 55 7 N2a/APP695swe
A5 35 T &4 47%DMEM 47%O0pti-MEM 5% & 4 L35
1%3T .20 mg G418 (YT,

123 JEFRAN SFUFE Y B N2a/APP69Sswe 4 fitd 42 Fh
F 6 FLAR  H Opti-MEM 15 77 ¥ 4% 7% & 40 il & 2 55 3
50%~60% ,%: 1 Lipofectamine™ 2000 37 £ Ui W B ME 47 5%
Yt miR124-3p mimics . pcDNA—Caveolin—1 ,Caveolin—1-siR—
NA ZH 543508 . 100 pmol/?L 4 ug/?rL\lOO pmol/}l_‘O 7t
3 I VA I B A% U LG 5] R s miR ~124-3p mimics ipGL3:
pRL-TK=100 pm:400 ng:200 ng, 7% 48 h JG L4, E4T
S

124 MFOCHREFRL TR S Promega 22 1Y Dual—
Luciferase Reporter Assay System Uil 45047 H4F | A U5
IMAJFERE M 3 K, A 50 wl Luciferase Assay Reagent
10 A0 7 A B A IAEL, A 20wl PLB A3, A0 2
KPR BHE S (3 Caveolin—1 15HE) , IMA 50 pl Stop
& Glo Reagent, Kl B 7 CRBHE S (1E NS , Caveolin—
L AHRE M= K MO R 5 A T IOCRIHE S

12,5 G ATR T SRS A AN, IR AT
WREA 1 x 10°/ml, B 1 ml 4HAESER A PBS B0 BE 20K,
FIA 500 wl 256 2 g 240 ML EE A 5wl IRERAR 11 -V
(Annexin—V)IRZJJA , IIA 5 wl BT BE 1R 2] 5 ot = i
Jett 15 min, 7 BUAE 3 220 M A B BEATAS I (O B R
488 nm)

1.2.6 A5 T EIE RS AHANN, HIRATY Kreb's—
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HEPESH L 3 ¥, LA Kreb’s—HEPES 1 ml pluronic F-127
10 pl Al Fura-3/AM 3 pl, Z€ B 53508 0.04% 1 4 wmol/L, &
T 37 CIFE 30 min, ] Kreb,s—HEPES ¥t 3 ¥, FH i =4 fd
SRS I 25 2 9D B (R I 488 nm) .
1.2.7 real-time PCR il miR-124-3p Caveolin-1 ik IR
AR5 ZH AN B BRI AP BB RNA T SE RNA YRS | 4
W7 S iR A VR P A T 300 7 SR S 5 B ¢ DNA (miR—
NA 39 5% 55 5 N B R S S TP 0 U0 :miR—-124-3p.:5° -
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATAC
GACGGCATTC=3" ;U6 snRNA:5’ —AAAATATGGAACGCTT -
CACGAATT-3" , LAZER ) cDNA MM IEAT R, 519751
R :miR-124-3p 51¥1E 4% . 5" ~GCTTAAGGCACGCGGT -
37 SUHE 5 ~-GTGCAGGGTCCGAGGT-3" ;U6 5 #I1E ik .
5’—CTCGCTTCGGCAGCACATATACT-3", Jx 4% .5 -ACGC—
TTCACGAATTTGCGTGTC-3" ;Caveolin—1 5| ¥ IF. S 5" -
TCTGAACCCAAACTGAGGAAT=3", JZ SL4% .5 ~GTCGCAA-
GACTGAAGGAGA-3" ; B—actin 5|#1F L4 . 5° ~ATATCGCT-
GCGCTGGTCGTC-3", [z X 4% :5° ~AGGATGGCGTAGGGAG-
AGC=3" , SN 194 CZ5HE 5 min;94 °C, 10 5358 °C,30 s;
40 MFER, aEad 2020 Bk HHEGE T H AY L mRNA
A NS L KA K2R
1.2.8 Western blot ¥l APP Caveolin—1 535 IEE&-2H 40
P ECAmAE P B T, ] BCA RIE B I, Caveolin-1
B 70 pg, APP HR 40 e 85 FIRE AT EERCH UK , 250 M 4
PH—4L(APP: 1:1 000; Caveolin—1:1:500) ,4 CHEH 17, eI
N ZH0(1:5 000)EE 2 h, VEAR, X I RO, 28 WA 2
A RIS R A S, R Quantity One {40 2
i I IRIEAE, UL B-actin HINS: | A5 5 NS 1R
JE B FUEFE R APP  Caveolin—1 T FIAHM & &
1.3 %itsam

KT SPSS 17.0 Geit 3 AT Ge it 700 T, 52 3 254 LA
PR« b2 (w x5 ) Fom, AL R) FLBER FH ST AR AR ¢ K
B, 24 LR FH SRR 3 07 25508, W LUECR F LSD—t Jr
e 6K «=0.05,

2.1 F)JA A5 A AT Fe R B Fm)

K ] TargetScanMouse 6.2 (http ; //www.targetscan.org ) Fll
PicTar(pictar.mde—berlin.de ) B 7E L TN X /4 %F Caveolin—1
mRNA ) 3° UTR AJRESE & 09 miRNAs JEAT2E 915 B2
75 B miR-124-3p AELE S 3] mice YR Caveolin—1 1Y
miRNA Z—, FAYICEC S 1 R
Position 604-610 of Caveolin—1 3’UTR ~ 5"--GAGAAUAAGACCUACGUGCCUUC-+3”

Mmu-miR-124 3’ CCGUAAGUGGCGCACGGAAU 57

1 Caveolin-1 3" UTR #1 miR-124-3p B3t 51
Fig.1 Predicted consequential pairing of Caveolin-1 3’ UTR
and mmu-miR-124-3p

2.2 N2a/APPswe 28/ APP vA% miR-124-3p & ik 8 % 4k

real-time PCR 255 & 9 ,APP RNA FEXFF 5 APPswe
20 (1.76 £0.07) 5 WT £ (0.70 £0.07) b4 W W 34 &5 (F=
0.914,P=0.000) ; WB £Z5 5L Z I, APP & 13218 & APPswe 41
(0.54 +0.06) 5 WT 2H (1.53 +0.03) LB 384 25 (F=0.402,
P=0.000); 4n[&l 2 Z55 R, 5 WT 41 miR-124-3p Kk &
(1.88+0.11), 5 APP 25 H41(0.56 £ 0.12) FL 5 B . R i (F=
0.105,P=0.000) .

25

2.0+

0.5

miR-124-3p AXF kLG

0.0 =
WTZH APPsweZH

a:P<0.05, WT 415 APP 20 b4k

2 N2a/APPswe A miR-124-3p {JFKix (n=3,x x5 )
Fig.2 Expression of miR-124-3p in N2a/APPswe cells

(n=3,x+s)

2.3 miR-124-3p *} Caveolin—1 3’ UTR A $eé1iE 3545 A
WE 3 510w, /3 B34 %% pRL-TK+miR-124-3p
mimes+pGL3—control 4] . pRL-TK+miR-124-3p mimcs+pGL3-
Caveolin—1 3’UTR MUT 4 pRL-TK+miR 124 -3p mimes +
pGL3—Caveolin—1 3’ UTR WT ZHAHX % ) 28 il 1 M (i 4 ) o
(21.03 £2.72) , (20.06 = 3.08) & (10.72 +2.07),3 4[] 2 5
B G575 X (F=15.883, P=0.004) ; J W 15 L1 45 45 51 b
N gy pRL-TK+miR-124-3p mimes+pGL3-Caveolin—-1 3’
UTR WT ZH i AH X 9 0 2 Ji & 7 5 pRL-TK +miR-124-3p
mimes+pGL3—control 2 . pRL-TK+miR-124-3p mimcs+pGL3-
Caveolin—1 3’ UTR MUT 41 [LABH S8 55 (43591 P=0.002,
P=0.004) , %% pRL-TK+miR-124-3p mimcs+pGL3—control
20 5 pRL-TK+miR~124-3p mimes+pGL3-Caveolin—-1 3’ UTR
MUT 4 He# 22 5 o geit27 5 L (P=6.48) .
2.4 miR-124-3p F Caveolin-1 mRNA & & & &k 69% %
WA 4A 2551 FR 9O & PCR 45 &, APPswed] |
YL mimics 2SR .miR-124-3p mimes 554411 Caveolin—
1 mRNA FE8 /300 (4.46 £0.32) (440 £0.12) . (0.65 =
0.29),3 ZH 22 7 BA Ge it 2% 34 3L (F=4.347,P=0.000) ; Jo
PP 3 45 R 7R, mimies 554420 i1 Caveolin—1 mRNA
FoRHC APPswe ZH 5 Yy mimics 25 B ARZH B 800 (4351
A P=0.000, P=0.000) , i #% 4% mimics 25 4445 APPswe 41
WA 2 IS 275 X (P=0.729) ; QK] 4B 25 iR , APP-
swe 2 FEYY mimics 25 2R .miR-124-3p mimes FEYLH f)
Caveolin—1 F [ FRIA /)2 (1.54 £0.08) . (1.47 £0.12) |
(042 +0.03),3 21 24 7 HA Geit2 5 L (F=94.17,P=0.000) ;
FCrP P LA A5 S B, mimices YL AN Caveolin—1 25



— 674 —

BERERKFZEIR 2015 ££55 40 &5 5 8 ( Journal of Chongging Medical University 2015.Vol.40 No.5 )

PR APPswe 2H S 4% mimics 55 2R 20 B S/ (43
Sk P=0.000, P=0.000) , T %% 4% mimics 25 # KU1 5 APPswe
N2 RIS 2R L(P=0.390),

Position: 604-610
Mouse Caveolin-1 3" UTR MUT 5’ AATAAGACCTACGCACAGAC 3~

miR-124-3p 3’ CCGUAAGUGGCGCACGGAAU 5

Mouse Caveolin—1 3" UTR WT 57 AATAAGACCTACGTGCCTTC 37
pRL-TK + + +
miR-124-3p mimes + + +
pGL3—control + - -
pGL3-Caveolin—1 3" UTR MUT - + -
pGlL3-Caveolin-1 3" UTR WT - - +
259
i 20+
2 159 .
&
5 101
®
= 54
junsg
=
0
R
» W K N
/\(\' \&0\/ \’\P‘/ \x/ »?)Q \\/\
& é& '%/ %A@ /\(\) Q‘(\”
< NS & n)/@ RN
NN &V S
S XQ 7 N @1 & Q:’\) %
& N % @— ;ﬂ N &"\1/
T NS \>g%§
SN N

a: P<0.05,pRL-TK + miR-124-3p mimes + pGL3-Caveolin—-1 3’ UTR
WT 45 pRL-TK + miR-124-3p mimes + pGL3—control 255 pRL-
TK+miR-124-3p mimes + pGL3-Caveolin—1 3 > UTR MUT 4 4
B3 REFERABMRAREHEEEL (n=8,x+s)
Fig.3 Changes in relative luciferase activity in each group after

transfection ( n=3,x s )

P
i

et

Caveolin—1 mRNA HIXH 3.

[ S I

APPsweZll % 4% mimics miR-124-3p
RN mimics F5 YL

B APPsweZll %5 Y% mimics miR-124-3p
2RI mimics FEYL4

Caveolin-1 i S -

B-actin

R RS

a:P<0.05, %4t miR-124-3p mimics 20 5559 mimics 28 8 AAZH HAS
4 miR-124-3p X} Caveolin—-1 mRNA & & B &% K20

(n=8,x+s)

Fig.4 Effect of miR—124-3p on the expression of Caveolin—1
at mRNA and protein levels ( n=3,x s )

2.5 miR-124-3p 2@ & La e, M 45 B F IR B 6% h

WK 5 52 1 255178, miR-124-3p mimics 5 L 20 1Y
YRR TR L T AR P 5 5 ok P W AR T I 2 4, 25 5%
HA G 2F 3 L (43l P=0.000, P=0.000) , 5 4% mimes 25
ALY APPswe 22 M JCHH 1 22 5 (43 3112h P=0.788 , P=
0.155),

H

-

T
1 St o
-

. Y ——
Annexin-V Annexin-V Annexin-V
APPswe4 YL mimes 25 AR R4 miR-124-3p mimics e

AL A AT TR

- T
.|
£ 2]
s 1 = |
= 1 =1
=R | 24
(R 5] }
| i
Fluo-3 Fluo-3 Fluo-3
APPswe 4 FEYL mimes 45 45 (A 4 miR-124-3p mimics 541

B. it A I AT P 55 T B
5 miR-124-3p MMAT RS E FRENHI
Fig.5 Effect of miR-124-3p on cell apoptosis and calcium ion

concentration

F1 miR-124-3p ABATE 5B EFIRENZM

(n=38,x+5,%)

Tab.1 Effect of miR-124-3p on cell apoptosis and calcium ion
concentration ( n=3,x +s,% )

gl R 5 1 TR L

APPsweZf] 11.04 £ 0.50 50.83 +0.68

2% mimics 25 B4 10.90 = 0.79" 50.73 = 1.15°

miR-124-3p mimics $5 420 1.63 £ 0.35" 16.52 £ 0.82"
FAH 262.512 1430.544
P1E 0.000 0.000

H:a,P>0.05, APPsweH 5 mimics2s #4440 L% ;b , P < 0.05, miR-
124-3p mimes Y2 55 Y% mimics 25 FAALL AL

2.6 it kik Caveolin—1 *T&m e T & i M 45 5 TR E 8

WnE 6 L3 2 255K, peDNA—-Caveolin—1 54 4240 41
MIJATZE L R AN NS B F i B AL T 2 4, 2 R/ H
G iterm X (435 P=0.000, P=0.000) , 5% pcDNA3.1 25
HARA Y APPswe 2 Z M JCHH 25 5 (4300 P=0.752, P=
0.227).

2.7 FI Caveolin—1 F L 3Tém B o= & m e N45 5 TR E

WE 7 55 3 G5 R R | Caveoin—1-siRNA #5 L 2H i 41
L8 T EE DL S AN P A S Tk EE R B AL T A 2 41, 2
BAG 55 L (43R P=0.000, P=0.000) , # 44 siRNA 2%
AR5 APPswe 4122 8] JC B 8 2% 5 (430l b P=0.155, P=
0.072),
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Annexin—-V
pcDNA-Caveolin—1 $4 444

Annexin-V
Y peDNA3.1 28 3 (A 201

AL BT A T

Annexin-V
APPswe4ll

Counts
Counts
Counts

adassalassalanasy

Fluo-3 Fluo-3 Fluo—é
APPsweZ] BB peDNASL 2580020 peDNA-Caveolin—1 F53f41
B g RS 06 A 5 e i
6 1IFRi% Caveolin—1 3TAMBAT R 5B TR ENZI
Fig.6 Effect of overexpression of Caveolin-1 on cell apoptosis

and calcium ion concentration

% 2 dFi% Caveolin-1 SHHMUAT R 55 HE FRENZIG
(n=3,x+5,%)
Tab.2 Effect of overexpression of Caveolin—1 on cell apoptosis

and calcium ion concentration ( n=3,x +s,% )

4l TR T ER3
APPswe] 11.22+0.99 45.5+0.65
Y peDNA3.1 28 48R 2H 10.92 + 1.24* 44.80 £ 0.46"
peDNA-Caveolin—1 Y44 33.16£1.01"  128.92+0.77"
FIE 412.810 17 158.612
P1H 0.000 0.000

1 :a, P >0.05, APPswe 41 555 % peDNA3.1 23 B4 HE 88 5b, P <
0.05, pcDNA-Caveolin—1 F Y42l 5% 4% peDNA3.1 25 BRG] L 4K

PL

!
!
!
i

vy v — v vv—

Annexin-V
APPswe

Annexin-V Annexin-V

e sIRNA Z5 401k 4
AL T AN TR

Caveoin—1-siRNA §£ 444

Counts
Counts

Counts
iadasaiiissasanalasash

Fluo-3 Fluo-3 Fluo-3
APPsweZf| Y SIRNA 25280k 41 Caveoin—1-siRNA #4741

B ARG T A1 A A5 5 T e
B 7 Tt Caveolin-1 FIRIEXAMEA TR 555 FiREHZMN
Fig.7 Effect of interference Caveolin—1 expression on cell

apoptosis and calcium ion concentration

% 3 TFif Caveolin-1 PREMHAATE S E FIRERNZN
(n=3,x+s5,%)
Tab.3 Effect of interference Caveolin—1 expression on cell
apoptosis and calcium ion concentration ( n=3,x +5,% )

vl PR 5 Bk i
APPswe 2 13.00 £ 0.56 5240 +1.22
L GIRNA 25 2kl 12.11 £ 0.90° 54.59 + 1.74*
Caveolin—1-siRNA%; JL4H 1.65 + 0.46" 17.04 +0.23"
F1{8 268.413 876.227
PH 0.000 0.000

:a,P>0.05, APPswe 2H 5% 4% siRNA 25 354420 [ #¢ ;b, P < 0.05,
Caveolin—1-siRNA 552 55 YL iRNA 75 AL g

33t it

ADSE—Fh i WA PEBET T I 28 R G R ATk
72 e AR R IR AE . I A BN e
miRNAs (R BEEDREFHS 5T AD AN,
Lukiw Z57% BLE-LE miRNAs 76 AD HE it i )2
b R R IR EUE IR, $E7R X 28 miRNAs A fig
Z: 5 AD nyHEL R AP SERIZ BRI, B
BRI P HA AD F 5 HEBUE ) miRNAs (045
miR-29 miR-15 miR-181 miR-146 miR-101 Fl miR-
106 2581 {H KR/ S miRNAs B4R E FEIE A -
ANWIEA 78 AD Je A S ik A8 vp e R A P 75 22
LT

miR-124 2 FLE W2 R g b LB AEH +
& (8 miRNAP PSS AT VR T 40 1> mRNA,
XL mRNA BRI I Sl 28 &t pl 2z oAk
g LA A 2 R A Y e, B, E AR
FARH T miR-124 S8 AD KA 1 A REHLHT . O
miR-124 il i 4795 tau 8 FE AL 4R 3R AT
i tau 25 1R S BOHDCER G &4, an ADM, (2
miR-124 #/EFF PTBPL A9 mRNA , M8 45 52 4%
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