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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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BRI C RO T R A F St S 2 TE
AT B o A R A R ™ G FE L, W OBE R N i
( methamphetamine , METH ) J&—Ft )32 Jii 47 14 87 AU
A CEE A, PR LR TR 25304 TR, © o 3R
EM kS w7, SIESEE AL, METH Xf A
PRHAX 28 22 58 ( central nervous system, CNS) fi%) 3]
WO EE I O B0, o ] SRR b R R
FET KA 5 AT S B0 M v 2 AN B R R
5. DRI METH 559 CNS #i45# Je 2 Fh i
AP PRFEERIL A, B 45 ST N I8 ol 28 % N 4 i 4
T2 METH (916 35 AAUAE T HA B (304, 7
T R PSR, METH JRAT 0 /Y &
Jiesz 22 I BE AR GE A I 1, 5 DRI 2 B [ s 2% DD AH
S METH 3 FH 23 fish 2% M2 5% [m] 6 5 fi ] 98
U S BOSURE S HRR DG B T RN T B R A, i UK
PEERG IS R 5 TIAT R, 254k 2t A R 1y 2 2 Fa
BU W, S METH 5 S s A 28 2 1 78
JHBLH X800 METH A8 A0 52 W HA H 2238

H AT METH 175 5 U FIRf 28 35 M 09 7E T BL I
i A BB LR % W12 W de br FUR RLBIR T 25
Wi, UEAER B e Si 4 DN 45 v A ek i PRGN
AR IZ B Bk 22 I BFFE 8 X neRNA 42 1Y
RPN 2 5 Fak A TAFSE . neRNA 32 %34 45 J 4
JEZ % RNA ( microRNA , miRNA ) K4 3E 4% RNA
(long mnon-coding RNA, IncRNA ) DL f FF Rk RNA
(circular RNA | circRNA ) 45 RNA §4 58 %), WFoE £
W1, ncRNA 75 H LR P Hei7s S 14 e e pp 2 gk v
RAET BN HEEAEM, PR E Rg T,
miRNA Ry S IR R 7 158 s m KPR S
METH AU AN 2 MEAT OGP 1 2635 . IncRNA
ST L PR 280 AT B | 2 2] RS AZ AR S 0 B ]
Fik P METH S0 MU . cireRNA 7T DL E
IR HE mRNA (4 81 E, /09 miRNA 9 4 98 55
METH A 8 550 2 P A G 38 Ry 3R 3k . e b,
miRNA 7% AR v B A= W R b 43 Fn id ) 2
BT, miRNA PRH: i B2 1 o O 1) 2H 2R 5
PR, AT 8 T 5 8 T R AR WK b 0 A s R
PRI FETE M AU, A5 WF ST 4R miRNAs 7]
YE >4 METH ¥ F & 1% ( methamphetamine use
disorder, MUD ) 3 )53 FHn &4, 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 22 2 7k

IIBFFEIE I B TE 4D FE METH 808 K il 28 d5 1
MY EHLRR S

1 ncRNA #= METH % S/ B

1.1 ncRNA %Ki = B %

METH 1755 19 Jii e 55 O I 22 5% [l i 285 D AH G
R i 282 B 30 AR F A O T 0 B B DG T A LA S AR
e A% AT AN e [ 2 ) P 2 T 4% o 42 32 o i
Bk 25 X 10 2 EL R REAE AN AL ik 55« 30 %
FIRIE . £ BB ((dopamine, DA ) J& —Fl LA By
JHe i 22388 J5T, I8 Y R TA A A Bl RN B AE N T
ZUIRe, e R EEAEMY . DA fEM 4T
B 2R L5 5 8, A A 48 R A B R, A 5 f i
HHY) 22 B 5% 328 1K ( dopamine transporter, DAT) 4
#, HorP DAT 8% 7 3¢ DA AFHE I, i METH 32
B % 5 DAT (440 51 i 5 S e sk s
METH i I 238 i o 22 R S DA B4 o1 ik
JE, FEOP A2 R G MG, K & 5
FOG A Z A A SR neRNA 23
PERE IR E N 1 7E METH 7 5 (10 08 b B
BIZ A,

miRNA & — 2% iy P9 U5 2% R G 65 19 /)N 3 4 5
RNA, 7E N Z R AL Ui b T2 3635, miRNA
Wit 5 H bR {5 RNA (mRNA) 19 37 —JE B IX
(UTR) St X 454,175 5 H mRNA R fig ol 2 410 1
FLBHPE, 78 5% % J5 7K X 56 R ) 36 0R & FE R 45 1
VS ZEAEZRES RNA Hh miRNA 7656 545 /K EAE
S BEPR F IR SR T T, PR METH B0 A 5 3
PEZIEST ) Gu % 78 METH BUREAZ 18 B I
& miR-9-3p AY ik & THi5 . Zhang 217 B
TR, miR-181a/GRIA2 i 7E MUD i G4/
FH. Sim 2510005 T METH K BT NAe T
miRNA 2% 5%, & 3 K & 1) METH K% AH ¢
miRNAs 7£ MAPK .CREB 1 GnRH Z{5 53l f& h &
FERBAEM, TERIN AT 5T, Sim 251 LB
miR-496-3p . miR-194-5p . miR-200b-3p I miR-181a-
5p %5 miRNA 5 METH AU 8 % A156, Liu 2%
B miR-124-3p .miR-212-3p Fl miR-29b-3p i 1 %
AW)E AE METH U8 Y & A8 b AR

IncRNA J& — KK AE 4 i RNA, £ 7 200 £
AZATIR 380 4 SR e S DRl i 38 o Vg 4 4 FH 0 1)
miRNA 5 mRNA B %5 & #0125 50 2 K /Y 4
B IneRNA BA P8 K 0 R ik, 4045 1 58 7
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IncRNAs 5 31T IncRNAs . J2 X IncRNAs #1 3 [H [i]
IncRNAs LKA 25 mRNA iz ki Fae e
B, DS A T A M L B S B I A D e Y
PHAT ) IneRNA 233 12t 5 Wi #t 28 o0 vl 380 2
SIHNCAIZAH 6 ) i F 3R 3k, A% METH 155 5 19 1%
Wa, Tp 2520 30 33 M9 = Gomafu F& R Y /1N B R
(KO) #58 JIESE IncRNA Gomafu R AE 18 12 17 15 L A
FEIR o Ve B 1 B 2 80 L POk AR /N BRAT M. Zha
200 %P METH 7] LG RSN R NAc H IncRNA
TR X AL BES 5 T METH 55
(AT R AL T IR

circRNA J2— KRR 1 AE 4% RNA 431, ¥
FERAYI AR BE T S0, B 2 B A R 1 I 7
MAZEMN, S RNA A, cireRNA ELA U4
AN FRGER , H mRNA R A48 53 w] 228 55 $2 5[]
BYREIN T B, AT DAL T mRNA A B3, B
YE R miRNA W48 & AER Y . BT, cireRNA
CLZ A RNA U — AN B 58 0 (A AT A%
METH %551 circRNA 2528 b 170858, Li A7)
X} METH A 38 (% /Iy R AR K2 5T i 28 e A7 o 38 4
RNA 5, & B circRNA Homerl H1 Tlk1 5 508 =
JEAR
1.2 ncRNA i3z 22fb AT 2844

22 i W 98 VE 5 245 W R RN AL A2 E 1A D6
METH i FH 2 ik 28 IR 4 5 [ fige 5 fh o] 93P ol A8 1
MM SC TR IS Tk, T BRI 22 5% i 28 [m]
AT A, T o R AR R LA S T g R A
ARG A, miRNA 7] 38 535 18 5 4 28 70 m] 98 PR A ¢
FLPH B 235, {2 METH 0. Qian 2% 3 52
miR-313 38 1:f 1 1] 2 fish T #804: AH G A 1 RhoA , 1445
METH ¥ 5 9/ RSB AT R, Zha 7Y % METH
AEBRE /N BUAR BB A% RNA BE A7 56 St & B
miR-212-3p Fl miR-138-5p AIREF ] Arc A1 Nirk1 55
ST YA PERASCIE A, PR METH A8 A ph 28 0 m]
MPE(E 1),

2 ncRNA iF#Z METH S #ELHH

2.1 ncRNA = METH % S22 R E

28 i DXL R A R 2 R T S T RE 1Y)
BBl AL T ML RAE MR L 5k
17 , 3ok B FR A0 28 RE 25 INE BUA () 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 M iy

PR, I 2 L5 S 1 R AR PR 2 R G bl 4 B
PECY L BRAN , METH RI75 S sh A 700 rh /) Jig J5 40
DL ] NLRP3 R/ IMAR IR | 30N 4 i A3
PRI 22 G P 22 15 B RE #2228 PE ) NLRP3
PE/MAGE 3 miR-143/PUMA 412 5 METH % 51y
NI EAN ML AR 0 Yu S50 % B METH W 3 5
miR-142a-3p/miR-155-5p-Pelil 1% 5 #2546 1 1Y
VAT (R A 9% A B PR 0 R L D 3 T
TR R AR SE % B METH 38 1 cireHIPK2/miR-
124/0-1R §hi¥E BIE I U A TG A, 2 5 0 2 008
FI RS,

2.2 ncRNA gz METH % S8 40608 T %0 5 1%

YL T (apoptosis ) & 25 J& [R5 il i) 4 i ) 32
B4 FERBET S, 76 METH 7553 B9 i 28 e 405 v & 4%
HEZAVEM ., METH iS00 T X B N AEFSME
FET- IR I , 6045 Caspase-3 24/ )0 s AET-32
RiEA% BCL-2 FIEA LR IE AR | N 5T I 1o 38
F p53 ST P . neRNA A 7R 55 5 5 K
P2 AH 5 3 R G 2R 58, R4 METH 5 S 09 08 1,
Du % & B METH 45 25 /) K B miR-127 . miR-186
Ml miR-222 35 i, miR-329 &1k T, 7 4
HB5 THLZITMHT:, Shen S W5 £ METH
IRIT AT miR-181c BRIk, 4% TNF-a 5T
IEC-6 4 T,

IncRNA 5 circRNA 12 518 METH %31
JT, Xiong % HFFX K B, IncRNA GASS A4 4L
VAT I pS3 AT B 2 0 I T 1 R i o R 4
METH % 5 89 75 IncRNA NR _110713 Fl NR _
027943 3 i< ¥ ) P51 45 DAit3 19335, 5200 P 5 ) R
WA TS, L ZEL2] B I civeHomer1 38 33 #1111
Bbe3 J8#% METH 53 Y T, 1l circHomerl F#AIK
T Caspase-3 £ 1KV, BEAR T 4 M0 12 %, Deng
L BIBESE RW | cire_0015891 AJ /£ K miR-129-1-3p
HTEEAR , P41 METH 7531 2 CURERe A 1,

] W 5 B A A — AR AR BILA 44 B 1 T
B B AN g A W e e B L B 2 ) ) S
Y3, METH 7] 38 33 % 45 mTOR | Beclin-1 il LC3-
RN BT 2 O R gt AmE'™ | &
IS 2B, METH 1] 38 33 9 15 40 5C 1Y miRNA Sk
VS H W, Zhu 90 METH 38 2 7 55 41 ¢
miRNA 500 4 0 ] 05 4 A 38 R A g5 7 228540 G 1Y
iR Zhang £ 197050 0 miR-143 82 P8 4 e e T
LA s 2 T) P A B A PR 3/ NS o A48 L ) 4735
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Table 1 Expression and function of ncRNA in METH regulation of addiction

%1 ncRNA 7£ METH 8% S o B9 2k L) RE

LeRNA KK REA S el Pty ik
) Expression level Sample type Regulatory axis Function
(R.9.3,1 1] 34 PNIRE) BRI S -3 METH %
=o=p Upregulation Human serum Not mentioned in this study METH abuse
(R29125) T /I R B % miR-29¢/Dnmt3a, Dnmt3b, Meg3 METH fffk
fmih-eze Downregulation Nucleus accumbens of mice METH sensitization
iR AT X METH A58
iR-31-3p' % iR-31-3p/RhoA y
miR-31-3p Upregulation Dorsal hippocampus of mice mik-31-3p/Rho METH abuse
. ey METH 5 5 1 22 BhE 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 Y3 EN METH {4t
iR-133a-5p/ %! iR-133a-5p/ROCK2
miR-133a-5p Downregulation Rat heart tissue m ap METH dependency
i REHIMUSCIR METH i J]
iR-1341% iR-134/LIMK1
miR-134 Upregulation Dorsolateral striatum in rats m METH abuse
. UNIIRGE ;
i ' METH 7l
miR-181a""%! b ?ﬂl p SH-SYSY 4iiffy miR-181a/GRIA2 METH {J:FH
ownregtiation Human serum, SH-SYSY cells abuse
(R204-3p %) L /N ERAR B 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
mi=esssp Downregulation Nucleus accumbens of mice Fmrl, PPARGCIA METH abuse
g 1 IR fio Jeihm 9B
e Upregulation Mice Synaptic plasticity
iR2123p! il AR e, Nokl ek
sl emp Downregulation Nucleus accumbens of mice Synaptic plasticity
s Tl ANk Are, Nkl 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 flovel-m . METH abuse
e ) N e
ATUAME R Gomafia SEIHAA /ML ARG METH i1k
LncGomafu!?! Not mentioned in
this stud Gomafu gene knockout mice Not mentioned in this study METH sensitization
is study
IRBEAZ A D i X i
\ s J2 A T 4 . »
- N METH #ifiE
circHomer1 7! L . 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
erre Downregulation Ventral tegmental area Not mentioned in this study METH abuse

2.3 ncRNA F#= METH % S8 I il R FEiR15
IfiLJi%i 5% % ( blood brain barrier, BBB) 2 fii =& 2 Ifi.
R R 22 Jg I 4 =2 T B 114 R 4R 5 e, T B o]
R REES T 5 CNS 58, MM 4ERS CNS A9 IE
AR BRI R WL, 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 T P A a3 RN P MMP-2
E‘J7J<3F S50 BBB (25 BEIR ORI BFIE R
W], ncRNA 38 & 8 5 FHOCHE I RGA , 2 5 7 METH
%510 BBB $ifji. Bai &PV AT E B, miR-143 ji#
i HE ] PUMA (93635, 4% METH 75519 A
S 240 3 A7 P R AN B 2 N By e TIP 2R Y
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ik, Yang =02 HE 5% R P, circHECW?2 18 1 5
miR-30 d 19455 W55 N B2 - 8] 578 B % 4k, 7 METH
Py BBB #itnh HAWTEEI (K 2) .

3 ncRNA 24 MUD & FirE¥HI 5 FH

B TAEN METH R A a5 PR AR 0 i 45 41,
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 @ 2% A ZUE PSS E , miRNA HA i it
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 v E AR R b Y A 2R 1
HIE L Burgos VXA 5 AR AZ KA i

T FIEE W miRNA ST, &I TR 321403 1
I3 FURE T miRNA (38 HoA 22 50
TERE s AU, A A 98 41 miRNAs A
i MUD & B4 Fhe i #), Chand % B 58 %
B, miR-29a 7 METH 755 1 4 i 1 5 fil vk 58 161 473
W R ESCEVE T, W] EV-miR-29a W] BE4E 4 MUD
BEMLICHA AR S Kim %00 5 %
W, DGR A0 AP 5 i H 1Y miR-137 Rl 4 h METH 7
Wigsk A AR IZ Wi 8 bR, Zhao 45" #F 58 £ W1, miR-
181a Fll miR-15b %5 miRNA 4> 1 7] fig/f 3 MUD )
WEESNE A bR . R, 85X miRNA 72 AN
?”EPE@%%’%%L& LFE METH AH 3G 55 H 1
SPERIBIATITSE , BEAE A 1 I s 3L 2 3 22 M 2 4y

&R 2 ncRNA 7 METH J##E &t rp g 35 f o

Table 2 Expression and function of ncRNA in METH regulated neurotoxicity

— FiLAKT AT ek ik
’ 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 £ 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
iR-142a-3p*! ’ iR-142a-3p/Pelil
miR-142a-3p Downregulation BV2 microglia, mouse prefrontal cortex m apr et Inflammatory reaction
. BV2 /N4, ™
VG 3
miR-155-5p-** A N 2 miR-155-5p/Pelil RIERIL
Downregulation R . Inflammatory reaction
BV2 microglia, mouse prefrontal cortex
] T AN e PAE L
‘2 142035] iR-143/PUMA
miR-143 Downregulation Microglia m Inflammatory reaction
UNIIRT 4N
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
R HT-1 4 AR T
i [42] ircH 1/Bbe3
circHomerl Upregulation HT-1 cells cireromer - Apoptosis
NG SH-SYSY #fiffl & AT
sirc [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 RN circHIPK2/miR-124/2HG 1
ere Upregulation Primary mouse astrocyte ' Autophagy
N
] AL A P B 20 A 1L 5 e
ircHECW?2L52! ircHECW2/miR-30d/ATGS
circHECW2 Upregulation Mouse hippocampus, e m Blood-brain barrier

human brain microvascular endothelial cells
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Prif s s Eh
4 RE

ncRNA 7E METH 755 (1) iU B i 28 35 1 0 4
Wk BRI, VRN B sk Ja KRR Rk 1Y
SEYE TR T ) T miRNA AYAESC 2500 & B
FHEARHAET R, H AT neRNA 7E A 2549 T i
JERR N SRR Ao 550, HOAS TR R A9 S50 3 2
] miRNA [ 25 245500 5 A2 2405 s TR0 i br e,
FER KR AR P S 5256, SRR miRNA 9 245 4 4%
SEMEEAT IR AT AR i — 2 B T, ek, B
HIARTSE £ AL TP 7E neRNA [UAESR IS I RE , (H 4R
K, VT2 cireRNA B 25 11 5T 4 5 2 71 2 B A B 4
FEDT ISR cireRNA 2K [ 5 2 0 2 g 14 30F — 45
5%, AT e R FA T3k 2L 24 W) 47 F 76 METH I FH
AHOCHLH B R . 5 ik X METH 78 RNA
KXo 08 35 R o) o8 4 ML AT R 5, T DL E R
METH i FH B0 i+ 28 25 38 22 AF AL, 9 METH
BRI T I B2 e SRS % Ak Swt RNA 43
TR R AL T TOUHE A b 83 () B AR .
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