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HWE.BH %1 miRNA-132 KA F Mecp2 ,CREB 7E
F L PR TN % ( methamphetamine, MA) #1 28 PE R EH .
O ORBUBEETS MA(10 mg - kg™ - d™" ) #7124 53
AN R B P2 ) MA MBS BB R B 5T L T 5, RT-
gPCR 6 #1] miRNA-132, Mecp2 mRNA, Western blot #&: il
Mecp2 .p-Mecp2 , CREB il p-CREB, £ 8 78 %i it j% Jit,
miRNA-132 Mecp2 mRNA 7 MA {K#i 1.2 .4 FHF XTI
B (P <0.05 Fl P<0.01) ,Mecp2 B BIEMK (P <0.01),
Mecp2 BERR ALK &+ . 769 5 miRNA-132 SRR
A AE 2 4 AL AR (P <0. 01) s Mecp2 mRNA ik
BB TR (P <0.01) ;Mecp2 7£ 1 A FEATHE (P <0.05)
Z G R AGE S 7 4 A FA W R EK (P <0.05) ; Mecp2
BEIRALKEAE 1 BIAER(P <0.01) , 252 T iasi 722
AW EFAE(P<0.01), £ MA 7[%S miRNA-132 57
WFEIR . TEEM R B, miRNA-132 A @3 mRNA A9 H
P, B Mecp2 FRIKFEICTT L EMER (B7EME S miRNA-132 5
Mecp2 FEik A% S 5] % 56 &R , miRNA-132 1857 3+ A8
AT Mecp2 ,

SR YW KK ; L PR TN BE s microRNA ; HH 34k CpG 45 &
HH 2(Mecp2) ; VB IR T RN TG4 45 & 8 H (CREB) 5 3£
£ik
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FRFE( FERS) #RIREL ( OSID) .

FH LK TN 1% (. methamphetamine , MA ) J& — %2
JEAL A S A B 22 R GE 4 A ), MA Tl 7R R [
240. 4 Ji A AEM WA A B i L 56. 19 S
NBRZ ISR, MA BB DR AR, &
SN HEERS A AR LU R AT SRt R 5%
BRE AR R, L 28 rh e S PR i S i S i R T ek
BAET, 1240 1k MA BMRISTAL 6 i & B B, Bk
RNA (micro RNA, miRNA ) f& fifi N |12 A7 75 14 3 [
B SRR IR T PR T B 2 o0 R T RN 5 Ml A S Ik R
ik, BEAEAFST M, miRNA-132 fE P XM 22 R 40 h
[R5 RIB AT BE S MA 5 & BRI 2 BRI % DI AR
X, 7FE miRNA-132 FE R F i IR 45 15 51 v 77 78 5% 5
T P R R RN T 4R 45 A 3] ) ( cAMP-re-

sponse element binding protein, CREB ) &5 & {37 &5, M

iRt gk B ARG I L CpG A5G 2
(methyl CpG binding protein 2, Mecp2 ) | &y miRNA-
132 () B HAE S Z —. {H miRNA-132 Mecp2
FE MA TS50 28 35 400 35 FARORSE Ay 4 FH 16 A D S
MR T, PR, AR SO R AR BT MA R A T G
CREB ### miRNA-132 i miRNA-132 }& Mecp2
23k, NI 5 MA BREHLE

1 #R5FEE

1.1 FRIAFFNE HEANKASEA AL
JTANGTREEHAR T LR = AR, b2k 4
afi 5 A FRER K FE 6 10 ¢ - L' MA Y% (U
BREL) , Mecp2 —HU (BT, 1 : 1000, Cell Signaling
AT DAF3 #3456 , p-Mecp2 —HT (i, 1 : 1 000,
Novus /A 7 , pSer421 ,#NBP2-29524) , CREB —4 ( %t
PL,1: 1000, Cell Signaling 237, D76D11, #9197 ) ,
p-CREB —¥Hi (f2dT,1 : 1000, Cell Signaling 2 H,
Ser133,#9198) , B-actin ( f¥T, 1 : 5 000, Proteintech
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AT ,66375-1-Ig,#2D4HS ) . HRP #Ric 1L E30 BT
—%t(1:5000, Abbkine 2~ ], A21010) , HRP #5id
2 BT % M — HL (1:5000, Abbkine 2% #,
A21020) ,mRNA ¥ % 5% X 7] & ( Bestar™ qPCR RT
Kit, DBI Bioscience , DBI-2220) , qPCR ¥l mRNA i,
7 & ( BestarR SybrGreen qPCR Mastermix , DBI Bio-
science, DBI-2043 ) , miRNA 3% %% 5% 38 77 & ( All-in-
one™ miRNA First-Strand ¢DNA Synthesis Kit, Gene-
Copoeia,QP014) , qPCR il miRNA 57 & ( All-in-
one™ miRNA qPCR Kit, GeneCopoeia, QPO11) ,
AR « S A7 O 22 A I 5 % (Vg iR
Bofs A BRAE, BS XR-XT401 ) 5 B 9K | 4% EN
%8 (Bio-Rad 23 7)) ; PCR X ( Bio-Rad 23 ], il 5
T100™ Thermal Cycler) , %¢ %€ & PCR 1% ( Bio-Rad
3], KIS €1000 Touch™ Thermal Cycler)
1.2 him#&ER et SD KRl 60 2,5 ~6 JE# 1k
itk (180 ~220) g, T F B BBl K24 S50 8l ) 2
T F AT HIE S ; SCXK (7H ) 2011-0004 ], FEHLA> 1Y 6
20,430 MA AR 1R 2 JE 4 T 2H R xR i) A B
KA, BTN MA(10 mg - kg™ - d ") S4B
K (10 mg - kg™ - d7')10 d J7, St B i
% ( conditioned place preference, CPP) & ZI| Ht 17 >
(stereotyped behavior,SB) P43 A K FU™ A4 MA R
i, FA G2 1.2 4 SR ST AS R AR MA 4K
FARARY FEH] CPP 2561 SB PR INA T Ryl AF
KIREEZ5 24 h )5 10 g - L UK& SRR HET:
A | 43 B A i o U S0 BT - 80 CHBARIR
UKFAORAE
1.3 Western blot #&ME B RRKIE ML %k
JEFREEZ 200 mg, FH 25 25 1 00 1 500 Rk 1 g 410 )
FI RIPA S0 240, BCA BASIN 2R 13 B8, A
R (5X) JRIRAT M, LL50 ng A, SDS-
PAGE HL¥KA: 8, 2 THE A, 25 0. 45 pm PVDF fi5
b BRF 5% BEAR WK (2 5% BSA) THEK L E R
EE 1 b, A5 I ARR Mecp2 —3T, p-Mecp2 —¥i,
CREB —#{ 1 p-CREB —#7 (1 :1000)4 C¥ &L
R FEIAAIRLFF & — 4T (1 25 000) EHEMFE 2 h;
ECL 1b2% & 6 0, Bio-Rad BEIE AR A 5 1514
Image] EIGZE A3 4T Western blot 2571 K BEAE, 1175
H 59 AT 2 B-actin BIART & i Bf 1k H
(1R AR R A A AR 2
1.4 RT-qPCR #&ill miRNA % mRNA
1.4.1 RT-qPCR 314712 8 £ NCBI M ¥} 25 if] H
3L R P 5145 BUG , H Primer Premier 5 #4111 5]
W, Bl TR TR AR BN RS W

(Tab 1),

Tab 1 Primer sequences for qPCR

Oligo name Sequences Product length T

miRNA-1325P  5'-AGGTAACAGTCTACAGCCATGGTCG-3' 58 C

miRNA-U6 5"-CTCGCTTCGGCAGCACAS' 58

Mecp2 F .5'-GATCAAACGCCCTGGCAGAA-S by BT
R :5"-ACTCCCAGGCTTTCTACCCC3'!

GAPDH F .5"-AGACAGCCGCATCTTGT-3' Whp 5

R :5"-CTTGCCGTGGGTAGAGTCAT-3

1.4.2 B3 %  HALRZEEPRILZ 100 mg,
FH TRIzol ¥EFEHUE RNA, L 2 pg & RNA #E4T RT-
qPCR ¥, (DFH mRNA 35054 553857 £ & i cDNA
T qPCR R & 451 Mecp2 mRNA | ) GAPDH Jy
WEEEH . @ miRNA 57 & A 5 —4#E <DNA,
T qPCR XA AT miRNA-132, LA U6 NS4
R, 27289k 3 45 4 mRNA Fl miRNA 5835 %
o

1.5 St a4 SPSS 21. 0 #EAT 50 04 , % s
DI = bR 2 (v £ 5) Fon, T A B0a B R Ry 22
AT ANOVA ) 47 20 8] e 4, 20 18] PR M LL 3
LSD ki,

2 #R

2.1 ZhpMEBIEEST  MA MK 1.2 4 4 KRIE
PE2 56 Y £5% BRI ] B S, 87 A2 BT IR CPP &K
N o AR BB 00 2 A M e ZIARAT O, ZIARA T
Vo Bl A M ] A4 TR D, SE 45 R 2 WL IR
AR R R B

2.2 RT-qPCR # il miRNA-132, Mecp2 mRNA
FiE  miRNA-132 78 BRI AR 1.2 JE 4l (P
<0.01) fi1 4 JEZH (P <0.05) i B 5 ek if .
T R H rh Rk 2 REAUE S A 7E MA K
2.4 JEA W WEAR (P <0.01) (Fig 1A), Mecp2
mRNA 75 MA K48 1.2 .4 4% B i (P <0.05
5 P <0.01) ML (P <0.01) 554 T (Fig
1B),

2.3 EARt B JR & Mecp2, p-Mecp2. CREB, p-
CREB &ix Mecp2 7£ MA #KH#fi 1.2 4 A4 (P <
0.01) & {7 i v 2= 35 B W B AIK ( Fig 2A,B) , H
FRAL K- 52 T R 34, 78 MA K 1.2 A4l (P <
0.01) H g iR fk /K7 W1 i 7+ 5 ( Fig 2A,C) ., CREB
1 1.2 4 Jal 4t jz prh 33k Jo B B 284k (Fig 2A,
D), HBERR AR S AR 78 1.4 F A Bk
A K B FEAR (P <0.01) (Fig 2A,E) .
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Fig 1 Expression of miRNA-132 and Mecp2 mRNA in frontal cortex and hippocampus of MA-induced rats(x +s,n =3)
A: The levels of miRNA-132 in rats of different MA dependent groups. B: The levels of Mecp2 mRNA in rats of different MA dependent groups.
“P<0.05, “*P<0.01 vs Control.
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Fig 2 Expression of Mecp2, p-Mecp2/Mecp2, CREB and p-CREB/ CREB in frontal cortex of MA —induced rats(x +s,n=3)
A': Representive bands of Western blot. B: The levels of Mecp2 in rats of different MA dependent groups. C: The levels of p-Mecp2/Mecp2 in rats
of different MA dependent groups. D: The levels of CREB in rats of different MA dependent groups. E: The levels of p-CREB /CREB in rats of different
MA dependent groups. “ P <0.05, " * P <0.01 vs NS.

2.4 5 Mecp2,p-Mecp2, CREB,p-CREB &  7F MA {1 1.2 .4 J& 41 3 0 i =K A8 b
1% Mecp2 76 MA #K#i 1 JAZH (P <0.05) 3% (Fig3 A,D-E),
KBTS, Z 5 BREAES E MA K4 4 3 iFie

(P <0.05) H =ik B B REAIK (Fig 3A,B) , Mecp2 19 AT FE VAE S ST MA #5712 4 JEAS R
WERR LK AE MA MK 1 I (P <0.01) A A9 MA ARHR RS MA 7645 S0 41 3 S BUR R
FEAR, Z )5 2 e a3 70 MA (RO 2 R4 (P < T B WY CPP RN, CPP S 56 1) FH 4% 14 1 il
0.01)H B+ (Fig 3A,C) . CREB L HBEIRIE B2 mshPir & m e, D=4 259K sh i 410
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Hippocampus p-Mecp2 3Sku L5r ] MA-depedence
MeCP2 75 ku Mecp2 75 ku - * Control(NS)
Time(week) 1 1 2 2 4 4 § 1.0+ %
43 ki B )
CREB YoMAGOmMIke) ¢ - 4+ - o+ - &
p-actin 43kt NS(lomlkg) - + - o+ - + 80sh
Time(week) 1 1 2 2 4 4 =
0 p-CREB 43 ku
MA(10mlkg) + - + - + - 00
NS(10ml'kg') - + - + — + CREB 43ku ‘ 1 2 3
Time(week) 1 1 2 2 4 4 Time/weeks
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Fig 3 Expressions of Mecp2, p-Mecp2/Mecp2, CREB and p-CREB/CREB in hippocampus of MA dependent rats(x +s, n=3)

A Representive bands of Western blot. B: The levels of Mecp2 in rats of different MA dependent groups. C: The levels of p-Mecp2/Mecp2 in rats
of different MA dependent groups. D: The levels of CREB in rats of different MA dependent groups. E: The levels of P-CREB/CREB in rats of different

MA dependent groups. * P <0.05, ** P <0.01 vs NS.

SRR TR 2 AR | VR sh W B2 Ak
I 2 LB YRR

Bt B 0T By 2R AT i B AR RE 2
) FICAZ A T B X, miRNA-132 76 MA #8612,
4 JR A B v ZR 8 B T R R S v U Rk
FAARR, BRI X, miRNA -132 (R ik #a #on —
B HA AR B SR Rk, T, A PR AR RS
i 5% miRNA-212/132 w4l BRU% Rl 2200, i 4t
A PR SR Ay AR ) ] FE R miRNA-
212/132 FEH SN D mRNA G sEig =) 2
SR, O B A ] GE A2 e A2 R 0 ) RE R
) miRNA-132 Feak /b 2 i 23R 174 52
(R %, {H Chen %80! 764 25 1 40 M 5% ¢ miR-
NA-132 J& , 4% B miRNA-132 38 5=F 5% Wil 41 it & 48
AR 3 0 6 9 T A 0 3 Ao 28 T 0 Ak, LA T S R 44
Mk, 4 miRNA-132 §a 58 76 th HX Rl 22 R 52 1)
AEVR Y B 1 EAE F, miR-132 %2 B 26 SR ] 14
SRINHITIRE , (H A AL K P19 miR-132 T 241 & 2F
SIhfele . FRBFAT A B miRNA-132 25 T
PET MA A5 R iR

miRNA /N BB E St RNA | 2 5 PR e 5k

JE e T, RNA RAEE 11 2t 28 v 0= 9
pre-miRNA , 2 Dicer F§V]J5 ¥ B2 20 % H R 11
WUEE miRNA, H A —55E 53 mRNA (%) 3'JE4mid X B
FNBCXT, — 5 T 2B 4R N RISC U0 2R 42 4 IR [ f# mR-
NA, 55— J7 T 5 #3558 45 X 45 5 90 mRNA B
PR MA R Y I AN AR L R A2 R
K IALHE miRNA-132 76 I miRNA [ 58 £k,
miRNA-132 i F A 17 S FAR R 10 S Y ek, 5
miRNA-212 &F K miRNA-212/132 6% . MA 7]
HEINES A5 PR BERR AR T (cAMP) 23, 75 /L CREB
J5 5 miRNA-212/132 JE[H [ CRE {7 5455, 14
7 miRNA-212/132 fAE R, CREB 25 MA {K#i
PUHIE A £ 5 SCkHi3E , MA i i cAMP / PKA /
CREB i }% 5238 CREB MBI 1L I#0% , CREB 1k )5
5 cfos fosh , Syp . BDNF %5 3& K () )7 2+ 45 & 1 &
FEMEFT  miRNA-132 JR3Z CREB Ry, AR5
t, CREB [ R IN7EA0 M B i Jo W] i 25 5%, MA 7E 1
JAF 4 A IEH T CREB RBERR AL, T i
CREB M H#mib L B2 5%, AHIEINS MA
AR B i b CREB RO RR AL , (HAE A
R R 2 AN ) i X 41 40 CREB 25 A 9 R 1L
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KPAEFE2Z S CREB BERR L 7E MA K8 P ] B
ToRaE A AL, CREB i B2 1k 7K S B At
A0 miRNA-132 B3k, MA Al feid o HoAhFE 5%
KT T35 miRNA-132 3k, i E fiR3E ) MSK1/
2 ERK1/2 &% " HRARAHR,

Mecp2 mRNA &y miRNA-132 A 1E FE 5 22—
Mecp2 N HIEE CpG 4G 1l 5 1 i 51, ] 4 55 it g i
I JLAL RS I 4 2R (25 £ WAk it A HC At e (5 5 8 9
FEAANFIF VLI T Chahrous 25" K B 2%
ot F Ik Mecp2 /U Fefili N BER FRak i, & BLR
TR FIL B Mecp2 380G , HL e HLFE S 3005 PR 7 A
PRI TFAYER . Mecp2 JEDBEGE A AR R 48 K & R
TPERER Rate 545 1E 1Y 3 225 R, 6 i 28 0 13k
Sl RN 5 fish ] YA ELAT R VR, AR
JF, MA HH 4% 2H T Mecp2 mRNA ik 7H 5, i
Mecp2 2 R ILF#K, 5 miRNA-132 Xf Mecp2 mR-
NA F%% 53%& J5 )8 45 V6 FH % BRI A0 W) &, miRNA-132
XF Mecp2 mRNA A5 JEMEIER . BAEE ) MA
45 2H TP miRNA-132 FIKFEAIK, Mecp2 mRNA 3
IETFET , Mecp2 25 FIFE MA MM 1 J] 4L 3k 18 i,
ULJE Bl MA ARHE ] (%) 2 4 177 BEAIS, 76 MA 4R 4
JEHZLH Mecp2 BYFRIKFFRIE B i, miRNA-132 5
Mecp2 7% ik & #oR 2 B 7 XN & R, AT, Aten
ST AR BB AT o & B, miRNA-132 761 5
FIRBAE SR R 2 TT I S A AC DI E , {H Mecp2
5 miRNA-132 Kika#— 3, N N TE R /0
PRI, HRAR N B 3l ) 24 U 255 miRNA )
UIRERCI: , mRNA B PE AN BR R DL s A R Y
W] B F W E miRNA BAE FI RN, Morozova
0t B miRNA (4 A AR 2R O 15 4 mRNA
() F SRR, R, A7 7E 2 S ST IR IR BT A B
FORYZRM, Tm S 1 miRNA-212/132 Al
Mecop2 2 [8] BOVE AR ZS A] 90755 ] 4= R A B B, 5%
FNESEES 7 d AT R HJE Mecp2 7E8CIRAR AN 5
IR, TE A I Rz T ) AR BRI, T E rf Mecp2
(12238 SRS MA HRH6 1 AL 45 AR, Deng
G T BRI, Mecp2 2 5180 MA MR35 2%
PR DM AE AL 18 MA PEH SR
Mecp2 BERR AL MR 15 K N 88 F I G o), 52
FRRLAY 2 ASHIF ST H MA KA Mecp2 B R 1L 7K 7
WA SR, kg RIULAT, Mecp2 76 MA 1K
T B BB P VR A (R A g R
AKX 1 Mecp2 FIFE RS FEZE S

25 b MA MO T 75 S 0 B R ik X rh
miRNA-132 [ 57 ik, 1R8I B BT, miRNA-132

] HEE AL A Mecp2 mRNA Y HH7% , 2 Mecp2 HH
FEIRREA (BT 5, miRNA-132 5 Mecp2 ik
PORBE A XN R, AT LR /R miRNA-132
5 Mecp2 Z 5T MA SR E,
miRNA-132 FE4 - Bz 5 94 F AT R 238 i Mecp2
RN AR A D rh I AR T Mecp2 & #4 HAE
FH , Mecp2 FEUM: Bz Jot TR 2w A 4 A X AT il
FEEESE

SE K
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Role of microRNA-132 and Mecp2 in methamphetamine dependence
SHI Zhen-jin'*, ZHANG Rui-lin', WANG Yi-hang', WU Ya-mei’”, YANG Gen-meng' , SHEN Bao-yu',
WANG Shang', LIU Peng-liang' , ZHU Ting-na’, ZHAO Yong-na’,
LI Li-hua', ZHANG Dong-xian', HONG Shi-jun'
(1. School of Forensic Medicine, Kunming Medical University, Kunming 650500, China; 2. Chuxiong Medical College,
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Abstract; Aim To explore the roles of miRNA-132
and its related proteins (Mecp2, CREB) in the mech-
anism of methamphetamine ( MA) -induced neurotoxici-
ty and dependence. Methods
tioneally injected (ip) with MA (10 mg - kg™ - d™")

to establish methamphetamine dependence model with

The rats were intraperi-

different dependent time courses of 1 week, 2 weeks,
and 4 weeks respectively. The miRNA-132 and Mecp2
mRNA were detected by RT-qPCR, and the Mecp2, p-
Mecp2, CREB and p-CREB proteins were detected by
Western blot in the tissues of frontal cortex and hippo-
campus. Results In the frontal cortex, the miRNA-
132 and Mecp2 mRNA were up-regulated in MA-de-
pendent groups (P <0.05 and P <0.01), while the
Mecp2 protein were down-regulated (P <0.01). MA
could promote the phosphorylation of Mecp2 protein in
the frontal cortex (P <0.01). In hippocampus, the
miRNA-132 was down-regulated in the MA-dependent
groups, but Mecp2 mRNA was up-regulated (P <
0.05). Mecp2 protein increased in MA-dependent 1

week group (P <0.05), and then recovered with the
prolonged time of MA dependence, then decreased in
MA-dependent 4 weeks groups (P < 0.05) in hippo-
campus. The phosphorylation level of Mecp2 was sig-
nificantly decreased in the 1 week group (P <0.01),
and then increased in the 2 weeks group (P <0.01) in
MA could induce an ab-

normal expression of miRNA-132 in the frontal cortex

hippocampus. Conclusions

and hippocampus, and miRNA-132 might inhibit the
translation of Mecp2 mRNA and induce the decrease
expression of Mecp2 protein in the frontal cortex. But
in hippocampus, miRNA-132 does not show the corre-
lation with the Mecp2 expression trend of the frontal
cortex. And miRNA-132 regulation does not depend on
the expression of Mecp2 in hippocampus.
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