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Research progress of non-coding RNA in methamphetamine-induced
addiction and neurotoxicity
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(Key Laboratory of Drug Dependence and Treatment, National Health Commission, School of
Forensic Medicine, Kunming Medical University, Kunming 650500, China)

[ Abstract] ~ Methamphetamine (METH) is highly addictive and neurotoxic, which causes cognitive and memory
dysfunction in abusers. The harm of METH lies not only in its own toxicity, but also in the high physical and mental
dependence of drug addicts, often causing mental disorders and violent behavior, bringing great safety risks to society.
Non-coding RNA (ncRNA) does not encode proteins and is an important factor in regulating gene expression at the post-
transcriptional level. Studies have shown that ncRNA plays an important regulatory role in methamphetamine-induced
addiction and neurotoxicity, but the specific mechanism is unclear. This article reviews the current research progress of
ncRNA in regulating METH-induced addiction and neurotoxicity to provide a reference for ncRNA as a forensic
identification index and potential therapeutic target for METH abusers.
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B C RO T R E R A F Stk S 2 T
AT B A R A R ™ G FE L, WO R N i
( methamphetamine , METH ) J&—Ft )32 Jii 47 14 87 AU
B RCEE A, PR LA | 25 R0 eI TG, © o e
FE k5w, SIESEEMAHLL, METH Xf A
PRHAX 28 22 58 ( central nervous system, CNS) fi%) 3]
WO EE O B , o R ] SRS b R R
FET KA B AT S B0 P v 2 AN B R R
5. WF9ERH METH 559 CNS #i45# Je 2 Fh i
AP RIL A, B 45 ST N I8 ol 28 2 A 4 i 4
T2 METH (16 35 AAUAE T HA B (304, 7
T R PSR ], METH JREAT 0 /Y &
Jiesz 22 I BE 2R GE AT 1, 5 DR IR 2 B [ i 2% DD AH
S METH 9 FH 23 fish 2% M2 5% [m] i 5 i ] 9
U S BOSURE S HRR DG B T RN T B R A i BUAS
PEERG I R 5 TIAT R, 254 27t R R 1y 2 2
BU I, %S METH i 5 U i 2 3% 14
JHBLH X80/ METH A8 A0 2 W HA H 2238 X

H AT METH 175 5 U F1Rf 28 35 M 09 7R T BL I
i A B B, ELICR % W12 W de br FUR RLBIR T 25
Wi, UEAER Bl e Si 4 DN 45 v A ks PRGN
AREGTIZ B Bk 22 I BFFE 8 X neRNA 4% 1Y
RN 2 5 Rk TR SR . neRNA 32 %34 45 J 4
JEZ % RNA ( microRNA , miRNA ) K45 3E 4% RNA
(long mnon-coding RNA, IncRNA ) DL f FF Rk RNA
(circular RNA | circRNA ) %5 RNA §4 58 %), WFoE &
W], ncRNA 7E HI LR P g5 S 14 e e pp 2 s v
KT HEMRHEEM, PR RS,
miRNA Ry S IR R 7 158 S m K S
METH AU AN 2 MEAT DG L B 1 2635 . IncRNA
ST L PR 280 AT B | 2 2] RS AZ AR S 0 B ]
Fik P METH S0 SO . cireRNA 7T LLE
PR mRNA B, SFE O miRNA T8 45 36 7
METH J& 8 5% # 1 41 5 26 W 1y 35177 kAt
miRNA 578 AR v B A= W R bt 43 Fn id 1 2
BT, miRNA PRH: i B2 1 o K 1) 2H 2R 5
PR, AT 8 T 5 8 T R AR W R b 0 A s R
PRI FETE M AU, A5 WF ST 4R miRNAs 7]
fE & METH fff H B 7% ( methamphetamine use
disorder, MUD ) 3 )53 FHn 54, il 40 miR-181a,
miR-15b I miR-let-7d 5% miRNA 7} A E7E MUD
(g B R A Ay VR T 1 1 R A R AR T AR S
T HAT neRNA W METH 55 B0 B i 28 2 2k

MIBFFEIE I, B TE bS8 METH 808 K il 28 35 1 1
MY EHLRR S

1 ncRNA # METH % S/ B

1.1 ncRNA %Ki 5= B %

METH 1755 19 Jii e 55 O i 22 5% [l i 285 D AH OC
R i 282 B 30 AR F A O T80 B B DG T A LA B AR
B A% AT A e [ 2 B ) o 2 T 4% o 42 32 o i
Mk 25 X 0 2 LR REAE AR AL i 55 30 %
BRI . 2 BB (dopamine, DA) J& —Fl LA By
JHe o 22388 JoT, IR Y R TA A 3B Bl RN B AE N T
ZUIRE e R HEEEAE MY . DA fEMI 4T
B 2R LS5 5 8, A A 48 R A B R, A 5 f i
HHY) 22 B 5% 32 1K ( dopamine transporter, DAT) 4
3, HirP DAT 8% 7 3¢ DA AFHE I, i METH 32
B a3 5 DAT (4 A0 51 i 5 kS e sk s
METH &3 fd i 22 R4 DA 19 240 il 71 vk
JE, FEOPRAN 2 R G MRS, K & 5
B A Z A e A SR neRNA 27
PEIL R A E BN 7, 78 METH %5 519 B0 o 2
B A,

miRNA & — 2% iy P9 U5 3% R G 65 19 /)N 3 4 5
RNA, 7E NI Z R AL Ui b T2 3635, miRNA
Wit 5 HFR {5 RNA (mRNA) 19 37 —JE B IX
(UTR) S ZmtS X 454, 75 5 mRNA P A7 ol il
FLBHPE, 78 5% % J5 7K X 56 R ) 3608 & F5 R 45 1
U ZEAESRES RNA ) miRNA 7656 545 7K EAE
R HE DR R AR R I 9 R PR METH RO AR G 5L
PEZIES ) Gu % 78 METH BUREAZ 1R B I
H L miR-9-3p MY #3A B T, Zhang %7 B
TR B, miR-181a/GRIA2 i 7E MUD i G4 AE
FH. Sim 2510005 T METH K BT NAe Hiid
miRNA 3 iK%, & 3 K & 1) METH K% AH ¢
miRNAs 7 MAPK .CREB #1 GnRH %5{5 538 % 1 &
HERBAEM, FERIN AT FT H, Sim 51 LB
miR-496-3p . miR-194-5p . miR-200b-3p I miR-181a-
5p %5 miRNA 5 METH U 2 #4156, Liu 213
B miR-124-3p .miR-212-3p Fl miR-29b-3p i 1 %
AY)E AE METH U8 Y & A b B AR

IncRNA J& — KK AE 4% RNA, £ 7 200 £
AT IR 380 4 SR I Si DR i 38 o Vg 4 47 FH 0 1)
miRNA 5 mRNA B %5 & #0125 0 2 K /Y 7
1 IneRNA H A P K19 K %, 1035 1 5%
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IncRNAs 5 31T IncRNAs J2 X IncRNAs #1 3 [H [i]
IncRNAs LA 25 mRNA iz ki Fae e
R, AR A T A M L B S B I A D RE 1Y
PHAT ) IneRNA 233 1t 5 Wi #2820 vl 380 2
SIHNCAIZAH 56 1) 3R 3k, A% METH 15 5 19 1%
Wa, Tp 2500 38 3 M9 = Gomafu F& R Y /N B R R
(KO) #8 JIESE IncRNA Gomafu R AE 18 12 17 15 L A
FEIRER Ve B 1 B 2 80 L POk AR /N BRAT M. Zha
S0 % B METH 7] LG RSN R NAc H IncRNA
TR XA BES 5 T METH 55
(AT R A T IR

circRNA J2— KRR 1 AE 4% RNA 431, 54
FERAYI SR B T 508, B 2 BY A R 1 I
MAZEMN, S0 RNA KA, cireRNA ELA U4
AN FAGER , FH mRNA R A8 53 w] 28 55 $2 55 [0)
BYREIN T B, AT DAL mRNA A B3, B
YE R miRNA W48 & AER Y . BT, cireRNA
CLZ 8 RNA U — AN B 58 $00 (A AT A%
METH %551 circRNA 2528 b 170858, Li A7)
X} METH A 38 (% /Iy BRUEAC K2 0T i 28 T A7 o 38 4
RNA %, & B circRNA Homerl H1 Tlk1 5 iU =
JEAR
1.2 ncRNA if#z 32fb AT 2814

52 il W 98 VE 5 245 Wy R RN AL A2 E 1A 6
METH i FH 2 ik 28 IR 24 5 [ fig 5 fh o] 98Pl A5 01
MM SC TR IS TR, T BRI 24 5% i 28 [m]
AT A, T 5 | A JRE R LA S T g B A
ARG A, miRNA 7] 38 535 18 5 4 28 70 ] 98 PR A ¢
FLPH B 235, {2 METH 0. Qian 2512 3 52
miR-313 38 1:f 1 1] 5 fish o] #894 AH G HE 1 RhoA , 1445
METH ¥ 5 9/ RSB AT R, Zha %74 % METH
AEBRE /N BUAR BB A% RNA BE AT 56 S0, & B
miR-212-3p Fl miR-138-5p AT REF ] Arc A1 Nirk1 55
ST YA PERASCIE R, PR METH A8 A fh 28 0 m]
MPE(E ),

2 ncRNA iF#Z METH S #EZLHH

2.1 ncRNA = METH % S22 R E

28 i DR R A R 2 R I S 5 T RE 1)
BB AL T ML RAE MR L sk
117, 3ok B FR A0 28 RE 25 INE BUA 1Y) CNS #5453, 5%
FEUH METH ] 5 | Al 5% B PN 19 Jsc I 40 i 34 4= s
ZRAE , 5 TNF-o IL-1B | IL-8 Fl IL-6 252 Fh iy

PR, I EE L5 S 1 R AR bR 2 R G pl & B
PECY L BRAN , METH RI75 S sh WA 700 rh /I Jig S5 40
DL ] NLRP3 R/ IMAR IS | 30N 4 i A3
R 28 G I P 22 15 B RE #2228 PE ) NLRP3 %
PE/MAGE 3 miR-143/PUMA 412 5 METH % Sy
NI AN MG AR 0 Yu 2550 & B METH W] 3 5
miR-142a-3p/miR-155-5p-Pelil 1% 5 #2546 1 1Y
VA (R A 9% A1 AR PR 0 RURE L D 3 B T
TR AR AR SY % B METH 38 i cireHIPK2/miR-
124/0-1R 5 BIE I LTE A, 2 5 0 & 008
B EAT ,

2.2 ncRNA gz METH % 58940608 T %0 5 1%

YU T (apoptosis ) & 25 J& [R5 il i) 4 i ) 3=
B4 FERBET S, 76 METH 7553 B i 2 e v & 4%
HEZAVEM ., METH iS00 T X B N AEFSME
FET- IR W , 6045 Caspase-3 24/ )0 s AET-3%
RiEA% BCL-2 FIEA T LR AR IE AR | PN 5T I 1o 38
F1 p53 R T P  neRNA A 7E 56 5 5 K
T2 AH 5 3 R G 2R 58, PR 4% METH 5 S 0908 1,
Du % & B METH 45 25 /) K B miR-127 . miR-186
1 miR-222 35 i, miR-329 F&ik T, 7 i 4
HB5 THLITMHT:, Shen % W5 £ W], METH
IRIT AT miR-181c BRIk, 4% TNF-a 5T
IEC-6 4 T,

IncRNA 5 circRNA 12 518#% METH %31
JT, Xiong % HFFXF B, IncRNA GASS A4 4L
VRIS I pS3 A 5 B 2 JC I T R R i o R O
METH % 5 89 8 75 IncRNA NR _110713 Fl NR _
027943 3 i< ¥ ) P51 45 DAit3 19335, 5200 P 5 ) R
HUkEERE T, L %[42] K circHomer1 18 33 41 1]
Bbe3 J8#% METH 53 0 T, 01 circHomerl F#AK
T Caspase-3 25 FI/KF, B T 4 M 12 %, Deng
LRI R | cire_0015891 7] /E K miR-129-1-3p
HTEEAR , P41 METH 7551 2 CURZRe A 1,

] W B A A — AR AR BLT 44 B 1 T
B B AN G A ) e e T L B 2 ) ) S
¢3S, METH 7] 38 53 % 45 mTOR | Beclin-1 Fl LC3-
RN A BT 2 O Re M gt AmE'™ |
IS B, METH 7] 38 23 9 15 0 2C 1Y miRNA Sk
BHS A M, Zhu 5900 METH 38 53 0 55 41 ¢
miRNA 500 6 ] 055 4 A 35 R A g5 7 228540 G 1Y
iR Zhang 2197090 I miR-143 83 P8 4 e e T
LA s 2 T) P A B A PR 3/ NS o A48 L ) A3
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Table 1 Expression and function of ncRNA in METH regulation of addiction

%1 ncRNA 7£ METH 8% U o B 2 5 L) AE

LeRNA KK REA S el Pty ik
) Expression level Sample type Regulatory axis Function
(R.9.3,1 1] 34 PNIIRE) BRI S -3 METH %
=o=p Upregulation Human serum Not mentioned in this study METH abuse
(R29125) T /N R B % miR-29¢/Dnmt3a, Dnmt3b, Meg3 METH fffk
fmih-eze Downregulation Nucleus accumbens of mice METH sensitization
iR AN I X METH A58
iR-31-3p/ %! iR-31- hoA §
miR-31-3p Upregulation Dorsal hippocampus of mice mik-31-3p/Rho METH abuse
. ey METH 5 5 1 22 Bl E Rl 38 B
S il AN 2 . 02 S ISR
miR-124 Downreaulation Prefrontal cortex of mice miR-124/Drd2 METH-induced hyperactivity and
& ; social deficits
] A UN=ONEEA METH #fk
iR-128"%"] iR-128/Arf6, Cpeb3,Nlgnl
miR-128 Upregulation Nucleus accumbens of mice m s Peba, en METH sensitization
T PN WY EN METH {4t
iR-133a-5p" %! iR-133a-5p/ROCK2
miR-133a-5p Downregulation Rat heart tissue m P METH dependency
i REHIMUBCIR METH i JH]
iR-1341% iR-134/LIMK1
miR-134 Upregulation Dorsolateral striatum in rats m METH abuse
. UNIIRGE ;
i ' METH 7
miR-181a""%! b ?ﬂl p SH-SYSY 4iiffy miR-181a/GRIA2 METH “:FH
ownregtiation Human serum, SH-SYSY cells abuse
(R204-3p %) L UNRINTTA miR-204-3p/SemadA , METH #fk
f=2i=op Upregulation Nucleus accumbens of mice Plxna204 METH sensitization
R222.30031] T /NERAR A% miR-222-3p/Ppp3rl, Cdknlc, METH i
mieesesop Downregulation Nucleus accumbens of mice Fmrl, PPARGCIA METH abuse
g 1 N _— Jehm 9B
e Upregulation Mice Synaptic plasticity
iR2123p! il ANRAR K e, Nokl ek A
miteelemp Downregulation Nucleus accumbens of mice Synaptic plasticity
s il INRARBEE Are, Nuk] ekl Y
HR=228p Downregulation Nucleus accumbens of mice Synaptic plasticity
[32] T UNERIN T METH AU
- » :1-m009C/ Grin1 -
novel-m009C Downregulation Nucleus accumbens of mice flovelm . METH abuse
e ) N e
ATAME R Gomafia SEIHA /ML ARG METH 81k
LncGomafu!?! Not mentioned in
this stud Gomafu gene knockout mice Not mentioned in this study METH sensitization
is study
IRBEAZ A 8 X i
: s 2 T 4 . "
- N METH #ifiE
circHomer1 ") LA . Nucleus accumbens, ventral ﬁﬂ]ﬂ_ﬂ:ﬂﬂ%%& e
Upregulation \ al frontal Not mentioned in this study METH abuse
egmental area, prefrontal
cortex and hippocampus
Tl 7] T HE A o X AT S METH J{J3
ere Downregulation Ventral tegmental area Not mentioned in this study METH abuse

2.3 ncRNA F#= METH % S8 I & R FEiR15
IfiLJi%i 5% % ( blood brain barrier, BBB) 2 fii =& 2 Ifi.
R R 22 Jg I 4 =2 T B 1% R 98 5 e, T B o]
SRR T 5 CNS 58, MM 4ERS CNS AYIE
AR BT R, M METH 2 L o-
syn HUFIR 15 &k BT I B 40 g AH G i) BBB 4% 4iE i

T AN K BB R P A a3 R P MMP-2
E‘J7J<3F S50 BBB (W25 BEIR ORI IE
W], ncRNA 38 & 85 AHOCHE KR35, 2 5 T METH
%510 BBB $ifji. Bai PV 5T E M, miR-143 ji#
i HE ] PUMA 93635, 4% METH 75519 A
¢ 240 3 A7 P e R AN B 2 N By b TIP 2R Y
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ik, Yang =020 HE 5% K P, circHECW?2 18 i 5
miR-30 d 19455 W55 N B2 - 8] 578 B % 4k, 72 METH
P51 BBB #itnh RAWTEENI (K 2) .

3 ncRNA 24 MUD & FirE¥HI 5 FH

B TAEN METH R A a5 PR AR 0 i 45 451,
miRNA 5} 5r FAric 2 i i FH 203k B 2 5
H T IR R iR AR 24 DL T 75 22X AR Pk
BN JE 2% A 2UE PSS, miRNA HA st
BRSO M Rl ) 22 Sk 36 B T %5 Z2 P 2R AL
BERG AT B AR SRR, Ak, miRNA FA 58 K 1Y 4 21
e ] g T 5 B E AR R M Y A 2R 1
HIE L Burgos VXA A 5 AR AZ KA i

5 FEE B miRNA S0, &I TR 321403 1
L3 FURE T miRNA 38 HoA 22 50
TERE s T AU, A A 98 41 miRNAs A4
i MUD & B4 Fhe i #), Chand % B 58 %
B, miR-29a 7 METH 755 1 4 i 1 58 fil vk 5 161 473
Hh R ESCEEVE T, W] EV-miR-29a W] BE4E A MUD
BE LTI E AR S Kim %00 5T %
W, DGR A0 AP 3 i 4 1Y miR-137 Rl 4E 5 METH 7
Wrgs A AR IZ Wi 8 FR . Zhao 45" #F 5T £ W], miR-
181a Fll miR-15b %5 miRNA 431 7] fig/f 3 MUD )
WEEINE A bR . R, 5 X miRNA 78 AN
?”EPE@%%’%%L& LFE METH AH 59555 H 1
SPERIBIATITSE , BEAE A 1 I s 3L 2 1 22 M 2 )

& 2 ncRNA 7€ METH J# ¥t &M rp g 35 f o

Table 2 Expression and function of ncRNA in METH regulated neurotoxicity

— FiLAKT AT ekt ik
i Expression level Sample type Regulatory axis Function
Ro129-1.30(4] L SH-SYSY 4fiff1 & miR-129-1-3p/MAP2K4, AT
e lesop Upregulation SH-SYSY cell line PRKCE, PAWR, MAPK3 Apoptosis
7 T4, J5 1 L BV2 /NS, /) Ui £ S T
miR-143Y Early downregulation, BV2 microglia, mouse miR-143/BBC3 VA tosis
later upregulation hippocampus POPIOSIS
iR-181¢ ] P AL miR-181¢/TNF-a AR T
miiete Downregulation Human serum ’ Apoptosis
TR BV2 /MK BTANNE , /) BT B = RAE
‘D 149 2 [36] ’ iR-142a-3p/Pelil
miR-142a-3p Downregulation BV2 microglia, mouse prefrontal cortex m apr et Inflammatory reaction
, BV2 /NS4, s
VG I3
miR-155-5p-** A MBI 2 miR-155-5p/Pelil RIERIL
Downregulation R . Inflammatory reaction
BV2 microglia, mouse prefrontal cortex
] T AN e RAE S
iR-1431%) iR-143/PUMA
miR-143 Downregulation Microglia miR-143/PU Inflammatory reaction
UNVIRT A4\
i IN Ly i) L 5 e
iR-1435! iR-143/PUMA/p53, NF-«kB
miR-143 Upregulation Human serum, mice, m Lo “ Blood-brain barrier
human brain endothelial cells
/)N B B i X TR B A
ircHIPK2[?" L FEIDIC AN circHIPK2/miR-124/0-1R S
regulation strocyte 1n mouse hippocampus ’ nflammatory reaction
cire Upregulati A vte i hipp pus, Infl v
astrocyte
iR HT-1 4 AR T
i [42] ircH 1/Bbe3
circHomerl Upregulation HT-1 cells cireromer - Apoptosis
NG SH-SYSY #fiffl & AT
Lire [43] irc_0015891/miR-129-1-3
cire_0015891 Downregulation SH-SYSY cell line e 91/mi o-1-3p Apoptosis
ircHIPK2[>% L PR RS R circHIPK2/miR-124/2HG 1
ere Upregulation Primary mouse astrocyte ' Autophagy
N
] AL A P B 20 A 1 5 e
ircHECW?2!52! ircHECW2/miR-30d/ATGS
circHECW2 Upregulation Mouse hippocampus, e m Blood-brain barrier

human brain microvascular endothelial cells
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Prif s TR Eh
4 RE

ncRNA 7E METH 755 (1) iU B i 28 35 1 0 4
Wk BEAE ], VRN B sk Ja KRR 3Rk 1Y
SEYE TR T ) T miRNA AYAESC 2500 & B
FEEARNHET R, H AT neRNA 7E A 2548 T 50
JERR N SEBG Ao /0, HOAS TR Rl A9 S50 3 2
] miRNA [ 25 25500 5 A5 2405 s TR0 b e,
FER AR AR P S 5256, SR miRNA A9 245 4 4%
SEMEEAT IR AT AR A it — 2 B T, ek, B
HIRIRTSE £ AE TP 7E neRNA OAESR IS RE , (H 4R
K, VT2 cireRNA 1Y 25 11 5T 4 5 2 7 2 B A B 4
FEDT FISE cireRNA 2K 5 2 0 2 g 14 30F — A5
5%, AT e R FAT3k 2L 24 W) 47 F 76 METH I FH
AHOCHLH AR R . 5 1k X METH 78 RNA
KX #0835 R o) 8 4 HL A AT R 5, T DL R
METH i FH B0 i+ 28 2 38 22 AE AL, 9 METH
BRI T I B2 e SRS % AR Swfs RNA 43
TVE R AL T T A b 08 () B AR .

S 3k

(1] WU M,
methamphetamine-induced neurotoxicity [ J].
2021, 39(3) . 1007-1021.

[2] TIEN L T, HO I K.
methamphetamine-induced behavioral sensitization [ J]. Curr
Neuropharmacol, 2011, 9(1) . 215-218.

[ 3] LIANG M, ZHU L, WANG R, et al.

SU H, ZHAO M. The role of a-synuclein in

Neurotox Res,

Involvement of -opioid receptor in

Methamphetamine
exposure in adolescent impairs memory of mice in adulthood
accompanied by changes in
hippocampus [ J]. Front Cell Neurosci, 2022, 16; 892757.

[ 4] DESHPANDE D, CHHUGANI K, CHANG Y, et al. RNA-seq
data science: from raw data to effective interpretation [ J]. Front
Genet, 2023, 14 997383.

[ 5] ZHAO Y, QINF, HAN S, et al. MicroRNAs in drug addiction;

neuroplasticity in the dorsal

current status and future perspectives [ J ]. Pharmacol Ther,
2022, 236 108215.

[6] ZHU L, ZHU J, LIU Y, et al. Methamphetamine induces
alterations in the long non-coding RNAs expression profile in the
nucleus accumbens of the mouse [ J]. BMC Neurosci, 2015,
16: 18.

[7] LIJ, SHI Q, WANG Q, et al. Profiling circular RNA in
methamphetamine-treated primary cortical neurons identified
novel circRNAs related to methamphetamine addiction [ J].
Neurosci Lett, 2019, 701, 146-153.

[ 81 A%, J=, X, 55, MBEYHEY miRNA JhHT Ao ik Ji
[J]. "PEREEHZRE, 2016, 31(5) : 456-458, 462.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

HU R, FANG C, LIU X, et al. Progress and perspectives of
microRNA research in forensic biological evidence [ J]. Chin J
Forensic Med, 2016, 31(5) . 456-458, 462.

ZHAO Y, ZHANG K, JIANG H, et al. Decreased expression of
plasma microRNA in patients with methamphetamine ( MA) use
disorder [ J]. J Neuroimmune Pharmacol, 2016, 11(3): 542
-548.

GOLDEN S A, RUSSO S J. Mechanisms of psychostimulant-
induced structural plasticity [ J]. Cold Spring Harb Perspect
Med, 2012, 2(10) : a011957.

SOLINAS M, BELUJON P, FERNAGUT P O, et al. Dopamine
and addiction; what have we learned from 40 years of research
[J]. J Neural Transm, 2019, 126(4) ; 481-516.

RUDNICK  G. pathway  of

Cytoplasmic  permeation

neurotransmitter transporters [ J ]. Biochemistry, 2011, 50
(35) : 7462-7475.

HU W, ALVAREZ-DOMINGUEZ J R, LODISH H F.
Regulation of mammalian cell differentiation by long non-coding
RNAs [J]. EMBO Rep, 2012, 13(11): 971-983.

BRIDGES M C, DAULAGALA A C, KOURTIDIS A.
LNCcation: IncRNA localization and function [ J]. J Cell Biol,
2021, 220(2) : €202009045.

TREIBER T, TREIBER N, PLESSMANN U, et al. A
compendium of RNA-binding proteins that regulate microRNA
biogenesis [ J]. Mol Cell, 2017, 66(2) ; 270-284, el3.

GU W J, ZHANG C, ZHONG Y, et al. Altered serum
microRNA expression profile in subjects with heroin and
methamphetamine use disorder [ J]. Biomed Pharmacother,
2020, 125 109918.

ZHANG K, WANG Q, JING X, et al. MiR-181a is a negative
regulator of GRIA2 in methamphetamine-use disorder [ J]. Sci
Rep, 2016, 6: 35691.

SIMM S, SOGA T, PANDY V, et al. MicroRNA expression
signature of methamphetamine use and addiction in the rat
nucleus accumbens [ J]. Metab Brain Dis, 2017, 32(6): 1767
-1783.

LIU D, ZHU L, NI'T, et al. Ago2 and Dicerl are involved in
METH-induced locomotor sensitization in mice via biogenesis of
miRNA [J]. Addiction Biology, 2019, 24(3) : 498-508.

IP JY, SONE M, NASHIKI C, et al. Gomafu IncRNA knockout
mice exhibit mild hyperactivity with enhanced responsiveness to
the psychostimulant methamphetamine [ J]. Sci Rep, 2016,
6: 27204.

CHEN L L, YANG L. Regulation of circRNA biogenesis [ J].
RNA Biol, 2015, 12(4) . 381-388.

HAGENSTON A M, BADING H, BAS-ORTH C. Functional
consequences  of

calcium-dependent  synapse-to-nucleus

communication; focus on metabolic

Cold Spring Harb Perspect Biol, 2020, 12

transcription-dependent
plasticity [ J].
(4) : a035287.
QIAN H, SHANG Q, LIANG M, et al. MicroRNA-31-3p/RhoA

signaling in the dorsal hippocampus modulates methamphetamine-



120

] LA PR 2R 24k 2024 4FE 2 A5 34 555 2 1 Chin J Comp Med, February 2024, Vol. 34,No. 2

[24]

[25]

[26]

[27]

[28]

[31]

[32]

[33]

[34]

[35]

[37]

induced conditioned place preference in  mice [ J ].
Psychopharmacology, 2021, 238(11) : 3207-3219.

ZHU L, LI J, DONG N, et al. mRNA changes in nucleus
accumbens related to methamphetamine addiction in mice [ J].
Sci Rep, 2016, 6: 36993.

SU H, ZHU L, LI J, et al. Regulation of microRNA-29¢ in the
nucleus  accumbens  modulates  methamphetamine-induced
locomotor sensitization in mice [ J]. Neuropharmacology, 2019,
148 160-168.

KOZUKA T, OMORI Y, WATANABE S, et al. MiR-124 dosage
regulates prefrontal cortex function by dopaminergic modulation
[J]. Sci Rep, 2019, 9(1) . 3445.

LI J, ZHU L, SU H, et al. Regulation of miR-128 in the
nucleus accumbens affects methamphetamine-induced behavioral
sensitization by modulating proteins involved in neuroplasticity
[J]. Addict Biol, 2021, 26(1) : e12881.

ZHOU Y, LIN Y, CHEN Z, et al. Expression of miR-133a-5p
and ROCK2 in heart in methamphetamine-induced rats and
intervention of rhynchophylline [ J]. Pharmacology, 2020, 105
(5/6) : 300-310.

SHIJ J, CAO D N, LIU H F, et al. Dorsolateral striatal miR-
134 modulates intake in self-
administering rats [ J]. Metab Brain Dis, 2019, 34(4): 1029
-1041.

NIT, LI'Y, WANG R, et al. The potential involvement of miR-

excessive methamphetamine

204-3p-axon guidance network in methamphetamine-induced

locomotor sensitization of mice [ J]. Neurosci Lett, 2019,
707 134303.

SHANG Q, WANG J, XI Z, et al. Mechanisms underlying
microRNA-222-3p  modulation of methamphetamine-induced
conditioned place preference in the nucleus accumbens in mice
[J]. Psychopharmacology, 2022, 239(9) . 2997-3008.

ZHU L, WU F, YAN Z, et al. A novel microRNA, novel-
m009C, regulates methamphetamine rewarding effects [ J]. Mol
Psychiatry, 2022, 27(9) . 3885-3897.

CHUI R, DOROVINI-ZIS K. Regulation of CCL2 and CCL3
expression in human brain endothelial cells by cytokines and
lipopolysaccharide [ J]. J Neuroinflammation, 2010, 7; 1.
GONCALVES J, MARTINS T, FERREIRA R, et al
Methamphetamine-induced early increase of IL-6 and TNF-a
mRNA expression in the mouse brain [ J]. Ann N Y Acad Sci,
2008, 1139. 103-111.

DU L, SHEN K, BAI Y, et al. Involvement of NLRP3
inflammasome in methamphetamine-induced microglial activation
through miR-143/PUMA axis [ J]. Toxicol Lett, 2019, 301 53
-63.

YU G, SONG Y, XIE C, et al. MiR-142a-3p and miR-155-5p
reduce methamphetamine-induced inflammation ; role of the target
protein Pelil [ J]. Toxicol Appl Pharmacol, 2019, 370. 145
-153.

HoEgE KR ERUK, 4. CircHIPK2/miR-124/0-1R #H7E &

JEIE A M AL A R R IR [J]. o 2T G R i

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

i, 2018, 32(9): 693
HUANG R R, ZHANG Y, HAN B, et al. Role of circHIPK2/
miR-124/0-1R axis in astrocyte activation [ J ]. Chin J
Pharmacol Toxicol, 2018, 32(9) : 693.

HAFNER A, BULYK M L, JAMBHEKAR A, et al. The
multiple mechanisms that regulate p53 activity and cell fate [ J].
Nat Rev Mol Cell Biol, 2019, 20(4) : 199-210.

DUHY, CAO D N, CHEN Y, et al. Alterations of prefrontal
cortical microRNAs in methamphetamine self-administering rats
from controlled drug intake to escalated drug intake [ J].
Neurosci Lett, 2016, 611 21-27.

SHEN S, ZHAO J, DAI Y, et al. Methamphetamine-induced
alterations in intestinal mucosal barrier function occur via the
microRNA-181¢/TNF-a/tight junction axis [ J].
2020, 321, 73-82.

XIONG K, LONG L, ZHANG X, et al. Overview of long non-
coding RNA and mRNA

Toxicol Lett,

expression in  response to
methamphetamine treatment in wvitro [ J]. Toxicol In Vitro,
2017, 44. 1-10.

LI J, SUN Q, ZHU S, et al. Knockdown of circHomerl
ameliorates METH-induced neuronal injury through inhibiting
Bbe3 expression [ J]. Neurosci Lett, 2020, 732 135050.
DENG B, TANG X, WANG Y. Regulation and bioinformatic
analysis  of  circ 0015891/miR-129-1-3p  axis in
methamphetamine-induced dopaminergic apoptosis [ J]. Front
Endocrinol, 2022, 13; 999211.

TSUJIMOTO Y, SHIMIZU S. Another way to die: autophagic
programmed cell death [ J]. Cell Death Differ, 2005, 12( Suppl
2): 1528-1534.

YANG G, ZENG X, LI J, et al. Protective effect of gastrodin
against methamphetamine-induced — autophagy in  human
dopaminergic neuroblastoma SH-SYSY cells via the AKT/mTOR
signaling pathway [ J]. Neurosci Lett, 2019, 707, 134287.
ZHU L, ZHU ], LIU Y, et al. Chronic methamphetamine
regulates the expression of microRNAs and putative target genes
in the nucleus accumbens of mice [ J]. J Neurosci Res, 2015,
93(10) : 1600-1610.

ZHANG Y, SHEN K, BAI Y, et al. Mirl43-BBC3 cascade
reduces microglial survival via interplay between apoptosis and
autophagy:  implications  for ~ methamphetamine-mediated
neurotoxicity [ J]. Autophagy, 2016, 12(9); 1538-1559.
PANG L, WANG Y. Overview of blood-brain barrier dysfunction
in methamphetamine abuse [ J]. Biomed Pharmacother, 2023,
161 114478.

HUANG J, DING J, WANG X, et al. Transfer of neuron-derived
a-synuclein to astrocytes induces neuroinflammation and blood-
brain barrier damage after methamphetamine exposure : involving
the regulation of nuclear receptor-associated protein 1 [ J]. Brain
Behav Immun, 2022, 106, 247-261.

NORTHROP N A, HALPIN L E, YAMAMOTO B K. Peripheral
ammonia and blood brain barrier structure and function after

methamphetamine [ J]. Neuropharmacology, 2016, 107. 18



rp [ AR BE 2 A ks 2024 4F 2 H A 34 555 28 Chin J Comp Med, February 2024, Vol. 34, No. 2 121

-26. by next-generation sequencing [ J]. RNA, 2013, 19(5): 712
[51] BAI'Y, ZHANG Y, HUA J, et al. Silencing microRNA-143 -722.
protects the integrity of the blood-brain barrier; implications for [55] CHAND S, GOWEN A, SAVINE M, et al. A comprehensive
methamphetamine abuse [ J]. Sci Rep, 2016, 6: 35642. study to delineate the role of an extracellular vesicle-associated
[52] YANG L, HAN B, ZHANG Y, et al. Engagement of circular microRNA-29a in chronic methamphetamine use disorder [ J]. J
RNA HECW?2 in the nonautophagic role of ATGS implicated in Extracell Vesicles, 2021, 10(14) : el2177.
the endothelial-mesenchymal transition [ J]. Autophagy, 2018, [56] KIM B, TAG SH, KIM Y S, et al. Circulating microRNA miR-
14(3) : 404-418. 137 as a stable biomarker for methamphetamine abstinence [ J].
[53] HUANG R, ZHANG Y, HAN B, et al. Circular RNA HIPK2 Psychopharmacology,, 2022, 239(3) . 831-840.
regulates astrocyte activation via cooperation of autophagy and ER [57] PRATS A C, DAVID F, DIALLO L H, et al. Circular RNA,
stress by targeting MIR124-2HG [ J]. Autophagy, 2017, 13 the key for translation [ J]. Int J Mol Sci, 2020, 21
(10): 1722-1741. (22) . 8591.
[54] BURGOS K L, JAVAHERIAN A, BOMPREZZI R, et al.
Identification of extracellular miRNA in human cerebrospinal fluid (Y%= HH#3)2023-04-24

‘/\%\/-‘/\%\/-'/\‘f\/‘/\?

%ﬁ% Wk

e )

(PEIEBREFRE)RY

E A F]S CN 11-4822/R EBRFIS ISSN 1671-7856 HFHKS 82-917

— FENE

AT SR B W2 2 5 b B 2Rk 2 I B 2 SR S A I 9 T 2 A B R S e AR I (A
T, BRI 550 3 S SR SRS G a5 R R B3 R 5 SR sh Y S HU R R AR A G I A A R AR 45 O
SCERE A B BCE SR U DR ARSEE RO A 3R SF . EORORFIMOEEH S B TR SCF
fai 2k LSRR ISTEA B, A QR A 0k AR

AR E R | SCBAR R IEI T | o [ 2 ﬂt%ﬁﬂéf? PEANEHE PSR U5 T b A AR P 2R
MBI (CAJCED) G835 1) <<EPI ARSI SCH ) AU T Bl A 2 SRR 2 <<'4JE$%U,B;WJ
(i) BRI ) (P ERHGS S IR ) (h ERMRAZ G R | S0 I T B R ) SR RO
Wk
T BRRERREEEM

SR NS EEBA QN E B R SE P 18 s W R, ORE AT A SR RS 25, A s 255 a1 RE
0, EIRWE M, SCEFEE 6000 FZ M,

BeFea P dE : hitp : //zgsydw. enjournals. com
B S



