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[HZE] TR (substance-related disorders, SRDs) J&— R IR SAE AT, Kb L3 il 2
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JF 54568 1 2(methyl-CpG-binding protein 2, MeCP2) {2 5 2 1) HPiX A 28 22 Ge R45 R, 70 1 22 5 i P 9 | o
ZRGKR B K AKRINIBEAE 755 ) R EE AR . REVIFREY , MeCP2 25 T Z5h SRDs WL, FE W K
MeCP2 X 2203k [H (1) 3235 145 B FLXF IR 20 Wb | 90 SR % il 446 58 fioh ] 9 1k 45 A0 0 24 T BB 1 1R, B AR IR AE
MeCP2 XF R FAT R AL3EAT R GNAAT R K ZE HHE LT R 2= 0520, MeCP2 X SRDs B IREPLEIEC N 2 44, BTl
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MeCP2 and substance-related disorders
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(School of Forensic Medicine, Kunming Medical University, Kunming 650500, China)

[ Abstract]  Substance-related disorders (SRDs) are a series of physical and mental disorders, involving drug
abuse, medicinal side effects, and toxin exposure. SRDs, including alcohol- and drug-related disorders, have become a
serious worldwide public health problem. Methyl-CpG-binding protein 2 ( MeCP2), an important regulator in the central
nervous system, has an important role in many biological functions, such as synaptic plasticity, neuron development, and
adult brain function. Many studies have shown that MeCP2 is involved in several SRDs. MeCP2 exerts its regulatory effects
on the transcription of genes leading to changes in hormone levels, inflammation, and synaptic plasticity. Generally,
MeCP2 influences reward behavior, social behavior, cognitive behavior, and spatial memory. The regulatory mechanism of
MeCP2 on SRDs is complex and is poorly understood. Here, we review the role of MeCP2 in SRDs, which will aid future
studies of SRDs.
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e TPAEFNEA R TE RGN B CpG TP
) 45 & 8 H 2 ( methyl-CpG-binding protein 2,
MeCP2) J&—F 5 H 34k CpG Rt thgh A i etk
AR R A R R EAE Y 2
YIEiRe R M 2 R LT A& L E
K oAk VE T 5 fiok B b 25 o] B0 1 L B 22 K ki ) g
YRS BORIBZ I R, MeCP2 1E 2 A
P2 RS2 e Y SCHE I 5 [+, 78 SRDs Hh &k #5 H
BEH, ASSCER MeCP2 5 £ F SRDs B 5T 0E 4T
ZRIR, 2 SRDs MHCHFFE RIS %

1 MeCP2 5@ EHXERS

VE AT 2 R, o [ B AR N SR TR 58y
30. 5% , PRI R = 3k 53. 8% i g5 2 — 11
PO AR BeAh, R ERII 5 | K BT A A
SRRSO 20 R 36 1 A DR 1) A T2 e Y
Kot 22 5T W, MeCP2 78 T A% HH G B fis v 475 T
HHEME,

5 LW 4G 3 &R B 15 (fetal alcohol spectrum
disorders, FASD) J&—2H i T 22 W R S 2UR
JUA: K B 1 P2, o — R DL % S R AR OC B
0 Kim %57 R R 30, 42 BUPTAS 3 A T K
HIFRMI T 23 18 16 &% 2 h3h 47 Rk
A5, MAEFAETER I K BRSO T MeCP2 3K
T 2 EUBE S 32 {AK ( dopamine transporter, DAT) &
LW IR F % 18 1K (norepinephrine transporter,
NET) ik [, I 5 BEACPORTFEA 52 50 1 O M
IXUESE RN | i 5 5 T AT &k R R AR AT
ol R X TR MeCP2 A RY R B4 28 1L
FIULZS M e P 22386 TR 38 R e 9 A K17 Shukla
SIS BN, 23/ SO A 45 T S L e
A BUAE AL AT Ay s, TR - B BT MeCP2 55
W, H I & 6 (interleukin-6, IL-6), H I & 1B
(interleukin-1B, IL-1B) . i 953 3R B R F « ( tumor
necrosis factor-a, TNF-a) 4556 5% o, - AERE A 1M
T 1L-6 1L-1B S TNF- 7KF_E 3 ; {H i 4T
I B A A, WX T2 Toll Z 4K 4 (toll-like
receptor 4, TLR4) Bt f9 22 B &, W KS B A A RE
75 M T AQ B LR AR X 3R] TLR4A £
Y MeCP2 FIRAE N T4 5k 2 5 T HEYE FASD
FEAT A BRIGE BT B, A, 28 B R R IS R
ETRE R AL BE T LU D b MeCP2 Y # 5
KT, Gangisetty & 110] FIBE Y K B, KRR 242 0 4

AT A] 75 UM 7 AUT i A MeCP2
AOFIR b, OB BE G BB R R 2K A0 R SO R
( proopiomelanocortin, POMC ) 3 K] f) 5% 53¢ T 18, 1
MeCP2 kAN e, KT 5 T 19 POMC % 5% T i th
BEZ KA . AN, BEATIRS B AL 3 1 e
RO b e B B IR OB BT R B R
( corticotropin-releasing hormone, CRH) f%% 5% ;1M F
Fe v — 4K 5 I i ( hypothalamic-pituitary-adrenal ,
HPA) il i 38 2 v b T AR B b RR R B &R
( adreno-cortico-tropic-hormone, ACTH ) M JZ Jt il
( corticosterone ) 7E M. 2% W A BE L, 24 MeCP2 £k
HilJE, BRI R, £5 E iR, MeCP2 7E
FASD Hffd % 5 28 (9 i AR A, Herh T e Lo
Wy e e i 2R 8 RE SN B B3R 431, AT 5 Wi >
TRAT R Bk 5847 R B

MeCP2 ANXAE FASD Hifd 5 G 8 i I AV HT
WAEAMAR I A A [ B B o ) 42 6 AILAAC X T
KA AT R A2 ]V, Subbanna 45 A9 5E
BB /N B AP RS B A T 5 S R iR B S
FiiE oy DNA FIEAL R R, R AFRERE MeCP2 YR
LT, TIERBE 1 ﬂ%ﬁi(cannabinoid receptor
type-1, CBIR) RIXM S , WK E T 1 MeCP2 £
T2, BAM, 76 CBIR @kR /b L,
CBIR [B A LT T AR X MeCP2 A9 T IA/EH]
F—J7 1, P R R R 4 IR B 1l ( Caspases) [1)
J7IREMH ] Q-VD-Oph 7R AJ 38 e 1 45 X MeCP2 1)
HVE TS — 20 R B, A58 AR /N B AF
AN T R PN 1 A U B N 18 i IR RE
T B SN T4 45 A 5 F ( cAMP-response element
binding protein, CREB) B2 1k A P4 I8 15 41 ifg B 42
A% B H (activity regulated cytoskeleton-associated
protein, Arc) F3RiE, I T BUAE /N B2 0] S ah A2
INHIBEA , T Q-VD-Oph ¥Rl 4% sk s |
I, HL A e 7 5400 T RS 4 A R aE aE CBIR K
Caspases il [Ff JH 1% MeCP2 B9335 , FEMKR LRI R
23 [A] AL SS N ATBBE X F BUAR AR R 12
PSR AT EUSAF R B A& I K2 B MeCP2 Y %
s e AR R T RS R B B AR R B
MeCP2 {55 55 Je Fe ik A7 W AR fB 2 Repunte-
Canonigo L3 Bl oY A PN , TE 7N UM PRI A A 1Y
TR 0T, JHC PN 0 Y 8 v B BT R AR B A% R B T
MeCP2 %% 5 [ i ; 1fii MeCP2™ 28745 /)N B L 1E B
/N R AT A (TP RG , X TR RS H5 A HL A B R 1 A
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TR TR T S5 B 5 A ™ B I RE R 5
TR IR B , MeCP2™™ 2875 /N B 5 1E /)N
R P ALY A e B DRI IX )

DL ERRFE R, MeCP2 75 1A% HH O B b5 v % 4%
HEBRPRTE, 00 RKG & B 1A [ B Bt
JIX, MeCP2 i 1P A% AH 56 [ At e 25 22 53 98 15 1
o 18K % B B3, MeCP2 w5 i i 2 3k K 3
ik LR B G2 R G0 RAE RN BB R 53 1, AT
FEMAMRT T R i AL ST Ry B A (TN HL R N 5 T
FERAE RN T, MeCP2 B4 5 T AN A4 T K S5 Bf
BN,

2 MeCP2 5FXREREXER

RN (amphetamine, AMPH) , WFRZ M,
RIS 2 AMPH S AT AR 1 — ZR 51K o]
B30 ( psychostimulants ) , 3= % £ 45 H 5& 2K N B
( methamphetamine, METH) .2,5- " Hl 4 —4-H LK
A& (2,5 —dimethoxy —4 —methylamphetamine ) \3,4 -
W T SEUOR B (3, 4—methylenedioxyamphetamine )
N- 5L -3 4 -7 B Z 4 8 N 1% (n-methyl-3, 4 -
methylenedioxyamphetamine ) 45, LATEAY 20 245 H]
TN R DR B v 228 T J R 1 ™ R B 8 S T R
BEXT IR TN RS 35 o [ J 2 55 RGBS | 10 )7 R
FEHREN . KA R, MeCP2 7E 28 1R e AR G
BEATIE AL A HE AR (H MeCP2 424N i AH
SRR 1) ELAAHIL R A7

Deng 55" A RIF 5T K 3, /N BUER B A% - MeCP2
()3 IR ) 50 MeCP2 5 P 1Y 4 {4 il 2 1 7T 34 fin
AMPH 5 S ) 2% 1F {7 & 1 % ( conditioned place
preference, CPP ) &4 L 1 17 4 # 1& ( behavioral
sensitization) , WAM, MeCP2 X T /N AR B Az b y-
FHE T R ( gamma-aminobutyric acid, GABA) g% fih
AT RAR E 1Y X 65 i T R 2352 Wil /)N BV A
PRI 94T R RN, 1T MeCP2 SIS T AMPH
5 B 22 5 fish w98 PR B 2] L L P (immediate
early genes, IEGs) ik [FRF, 24Pk AMPH A
Al SN BRI MeCP2 Serd21 v S BRI,
ZiE S EH 28 2 B DI Z K ( dopamine
receptor D1, DRD1) {5 %5 i # /v F 19" Deng
AU — P SE R, Bk = MeCP2 Serd21 47 5
PR AL /N RO 2 AMPH B AH 1EH 1947 8 IR
Mi7E AMPH B SEANGOLT %A/ N X AMPH 75
SERYAT N SONEAS BEATR B I EL, R Bl e 1) 22

2870 19 2% Ay Mk R A 2 AR BB % GABA RE B 48 o0
IEGs IR T, 28 AR S5 5, FE MR & B it
T MeCP2 I AT A2 F400 1l 14 b 28 00 19 2 fil
B, HET A AMPH 5 5 1 2 5047 0 v & HE B ) 4
FH T SEMA T MeCP2 235 B R0 el e Al BEAE Ky
— B [ 3R OF i A b A2 AL ok BR il AMPH /) %2 3¢
Rt

5 ERBFEARIE 7 METH [ 3% 25 24 11 K Rk
Rk METH .35 5 T R BT A ik 2 HLAR i
1 MeCP2 AT 1717380 A3 18 5 74 7 e R AT AU K B
RBEAZ H MeCP2 (13235 AT K B METH 1947
SR AN, Wu 2N B #F 5T & B, METH &
R YNCIRTE 270 VN K sk G e b RN
MFTAR I B2 R ARFRRZH MeCP2 B35 E M, Jiang
SOV RIS & R, METH 285G AT I 3 AR
B MeCP2 5418 a-RMZEH (a-
synuclein) 1Y) Snca FEH 455, M Ah, METH &2 4%
ATRA] FH/N B Db MeCP2 U335, 375 5 2 it
2 (synaptophysin, Syn) i 3l 7~ X I T B4k | 28 finh 4
Ji S 73 (AN % T AR R AUT B2 B rf, METH 55
T MeCP2 fmi#ik | Syn Ji 2l DX i H Ak | 58 fir %%
JIE 1 BN I 55

25 L TR, MeCP2 X i 25 58 fish v] ¥k HAg 22
RIIRFENE L, 6 2R T M 28 A G 22 BoAT o s Tl
1 BANFE L T T 5 2 5 1 6 T AMPH
1 METH #7455 H MeCP2 1822 529835 18 F B R 6 3%
MR RE 2 AMPH Al METH 7E45H#) Y
ARG T X R 2 SR ER, BT 20, H
1 MeCP2 Xof il & 7 2k A v 110 25 55 ) 92 ] BB 43
fife g T X2 AR

3 MeCP2 57 FEHHEXERS

Al-R A (cocaine ) J&— B DAy An] % il i~ rp 4
B A= meL, 44 R ol Pl LA S R Y H AR % A A
FARZGpsit: . ok 250 T 24 8], T B AR DG R
HzZE ™ &H, g T AF AR T ™ EH R
2 LUEE R WF S 2 B, MeCP2 75 1] 5 R AH G i
fig v & B AR,

Im 262 BB IE R, AT P 00 A AT 1
KEBCR M MeCP2 (3K, I AEE F AT 1 T
EOES NS T W <o I NS B B NN
UIRIR MeCP2 123530 il af BRI BT R A,
TZ PR AE AT B 2 a1 microRNA-212 ( miR-
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212) IR, IFiE— 2 U0E CREB {5538 [ M & 15
YA S TAE AT S PR 0948 A Y R B, MeCP2 36
AT KR AT R AT B, 5 —J7
A7, 6 ] R R AR RECIR A miR-212 13 % 35
T MeCP2 f23E L ; i 7E il R P R A
KB MG A w35 % — 4k
PR, AT RS4RI 3 R BRLSCIR A e i 47
2 # 3¢ N 1 ( brain-derived neurotrophic factor,
BDNF) (% 2R 3k, 1M SR AR H MeCP2 3% 35 110 i 5
miR-212 1 3K ¥y 68 i & 1 i BDNF A9 %1k i,
BEA, 7 nT R R A B K BRIk, BDNF i3
FEIRATEHE KB T R A T BDNF 2R 28410 il v
FIEEPNT R TSk YNGR U X S hent S I PN
IR IETEE MeCP2 5 miR-212 A 4011 (4
FRASIER 2RSS VER AT E BDNF X K BT <
AR PR, Pl fEvE & CREB {558 #

I (A AF 5% 32 W, 76 AT PR A o6 s A
MeCP2 X} BDNF [ s a4 3 A s R T 5 miR-212
AR EL AN GIVE . 7EmT R ARG 20 KR, w]
RIHBEIE S0 S AR A% T MeCP2 13235 1 {0
FERTA B2 b OF A W B VAR, seah, ar
RRA 2 EHE DR MeCP2 Serd21 4 i B2
B2 T AR X MeCP2 Serd21 7 s WA 1k (115
SERAE AR o, EEAIR ST, Mao %52
AR5 2 B0, AT DR 48 AT 78 K SRBOHR 4 AR B A%
H1if T MeCP2 Serd21 i sl IR AL , i 5 FAE FHAEIR
PR A% b A R HLRR A, T SCIRAR  pMeCP2 1175
T NMDA 25 & R % & ( n-methyl-d — aspartate
glutamate receptor) 2 5, b, AT R KA AT 5
S/NRAR R T MeCP2 Serd21 o7 B RR AL | i
= MeCP2 Serd21 i s B2 Ak 1Y /N B b X6 AT = A
ARG B S AT A RN, IR R A%
CREB L I8,

K 5 R B, MeCP2 £ 1] < PRIAH G s it Hp
(8 ¥ A AT RE WS I TR 2 1 B Sk 4R B L
Deschatrettes 252! RO A PR, A K BRUAT & Bz i
e AT S R 2 PR BE R & H (ceyclic GMP,
cGMP) Z&{U¥) Br-cG 7] B FEALK R AT R IHEEA
FEPE R ATAR I B AR BRI S SCR AR MeCP2 1)
LTI, Anier 5 BT KRB, 0T R I 0T S
B B PR I — 1 f# 4k 3 ( protein phosphatase- |
catalytic subunit, PPIc) i 3 & H Z 4L fil MeCP2
Rz G, FEFEME PP Le Y IAME]; 1M IEGs

W fosB Ji sl AR F AL AT MeCP2 1945 5 2, I
PR E fosB MR35 B, BAh, AR B AT
MeCP2*% 2275 /N AT R AL T TEGs 1 Fos Junb &
Arc FE PR 1) 5 55 5 AH DG BT AR ARL/IN BRI 35, MeCP2”
AL /N FRT AT R PR A LA s AT R AR, IR fE
Rt Junb FIl Are JEPAEE 7 B

25 EFFTAE I MeCP2 7E 1] 5 PR AH 56 B A A
ey A e, Hoh 295 e MeCP2 X BDNF |
PPlc J TEGs %53 R /) 2= 38 U8 15 4B F , iz 5 1
AT RE 1 miR-212 1 cGMP %54 &, & KLy
MeCP2 X ] - R4 EA T A IR FEAE A

4 MeCP2 5/ FHX[ER

Bl B Copium) , WWHRAS F | & 8 S50 S H AR Bl
FFRIREB W, a5 2 A, 5 2
NEpf T A PRI R85 S i A5 ELAT I PR S T ) 7 A
KBERHE P R 22 P A 5 77 A ™ B RIE T,
BRI T BT R 2 2GR I IR B Y KRS
FW] , MeCP2 W25 1 W] Jy AHOCRERR TE 1L

PAFE IR FE 2 B, MeCP2 76 BT 5 AH G e i (1) 4 7
g U R A R R AR T, o R
MeCP2 %% S JAFEAE A . Zhang %5 (5T & 2,
M MESE A FT 755/ N CPP SN TR B, 1T R ME5 - 1)
CPP &0 BERGMESE AR 5 i3Sm0, ok, A
{= "1 YL 4% ( central nucleus of the amygdala, CeA)
MeCP2 il BDNF 23k [ 5% el i 4 3 1 — 1 5%
¥ ¥
dimethyltransferase ) G9a &3k T 1, 1l MeCP2 5 G9a
S 245 A B0 G9a 7E BDNF 3L 5 8 -
% A N (e SRR MeCP2 22k
)5, BDNF 3k T il G9a ik [, i MeCP2 5
G9a FE [N JA 3 745 5 k> G9a 7E BDNF [ 3
T B R S5 A g, ik S CPP SNt BE 2 I
55, Moulaei 55" BT MM K AL MEAS 1k 45 A X T
A ECAZRE I s, e AR — AR 2R — AT
AV 3 N Ry IR T VA= L R S R
T By MeCP2 I L0 e PE T AQ R 25 (] 112
fE 71 B MeCP2 3K T 1L,

T AU ST 2 B, MeCP2 X AT - A S s Ak 114 90
FEAEFTRER IS I T microRNA [IZ 5, Mg i% N 18
PSRRI R SRR B A% miR-218 K-, 1T miR-
218 T FAEHLE T MeCP2P | BUAL, K EURFGRE b
miR-218 3 %3k AT BRI I B0 ¥ i R 55K AT 2 5 i

( transcriptional ~ repressor  histone
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TE MeCP2*™ 578 /N Bl A | R B 1) T % 1A 9K 472
@%’)}%E%‘ﬁﬂ%’%”” o Jimenez-Gonzalez 5;‘?[32] I 3T K%
B, ey mE AL T B S AR T miR-212 R iR & miR-
132 B9, 1w B R 32 f& (opioid receptors mu,
OPRM) 547057 44 95 T r . 285 396 A b e 1435 A
AN BI85 ZR B SE (luciferase assay ) &
FBE D1t miR-212/132 5 MeCP2 W) EL #4545, 1M
A G VE R B BDNF K32 IR ik 2 RR U I 7 1A
B (tyrosine receptor kinase B, TrkB) By ik

25 FWE5E R W, MeCP2 i i G9a 1l microRNA
P BDNF K TrkB B35, MR R BN
CPP U 25 [MCIZ N2 ) TR iR E T

PNV aE s

Early stage of brain development

5 MeCP2 5 SRDs W17 4 R [

SRDs J&— F G YR 1A B Pl B4, X T gl i
B LRINAT ST B AL ST B | A A
TN RS R EEE CPP Uy AT 8L 2545k
SEABAT M, #E SRDs WY — R FNAT R R R it A
MeCP2 i & 2 Ay A ¥ 4E . H i 58 & 9,
MeCP2 7] J8#E POMC . IEGs . Snca PP [ ¢ .BDNF
TrkB &5 B (1) 335, Horh ¥ &2 T CBIR, Caspase
CREB .DRD1 %38 %% &% microRNA F1 DNA F ALy
Z: 5 RN GRS A3 Wb | ARAE SN B 2 5 figh ]
SRV TR A RS | SR SRDs AT SN

PNy A

I.ater stage of brain development

TR R & B IR B B, WA RS il SR8 5 LA i X H MeCP2 [R5
1 MeCP2 7E SRDs (1K1 00

Note. At different stages of brain development, alcohol and psychostimulants regulate the expression of MeCP2 in several brain

regions.

Figure 1 Expression of MeCP2 in SRDs

¢ POMC, IEGs, Snca, PPIc,
G9a, BDNF, TrkB, etc.

BT AFRE
Behavioral changes in animals

HE B RERERMERMTENLE
Hormone secretion, inflammation, synaptic plasticity, etc.

2 MeCP2 £ SRDs A4 [ 2%
Figure 2 Regulatory network of MeCP2 in SRDs
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6 MNESRZ

IR 5E 2R 81, 76 KNG & & B AS TR B B, T8
e KRB IER) 12 BB 5 5 AS [ figi IX H MeCP2 1) 22
SRR (1) 1 MeCP2 TERT B FIERAL I 22 57 335
JEHXF SRDs PR () LAl . MeCP2 X} SRDs (1) 4
BLH 32 229 T B P 2R 35 A 4% (AL $5 POMC, IEGs
Snca PP [ ¢ . BDNF K TrkB 25354, i 5142 2EH)
SEUIRERAS (LR 53 Wb | RAE BN K b 8 58 fik
AIYAE SR ) | e NN MeCP2 X 47 0 24 1Y 5% i
(BB F AT Ry AL SSAT R A FIAT S K A [RE e
2 (F2) . LA KE , MeCP2 XF SRDs Y8 1 H]
IR 23 GR SENNELE S G E TN iR S =R e
IR AN ST 50, i T IR A 5S4 5 i
TSR A RN R IR AW DI RE AT 2 = A2
T, 456 RN R A 52 56 42 T b AR 3 MeCP2 Xt
SRDs FUIEEHLE ; M BFSE MeCP2 7E SRDs F AR
HUHIDRT TR 52 i B L e T Wik o8 HoAT Y
PRSI BRI B S X, Xt SRDs HF 55 9 387 01 £
FJy 1]
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