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48 W A R

BT PN AR HCARR
AP Apoptosis 1=
cDNA Complementary DNA H#> DNA
CAPNI Calpain 1 W E 1
DMSO Dimethylsulfoxide — HE 3 T A
FBS Fetal bovin serum ER IR
H>0, Hydrogen peroxide o A
IncRNA Long non-coding RNA KA E S5 RNA
miRNA Micro RNA M/ RNA
mRNA Messenger RNA fZ1f RNA
miR-124-3p miR-124-3p /N RNA-124-3p
NC Negative control HEREF ARG
OD Optical density A
PBS Pbosphste buffered saline ik 1R £ 2% P
RT-qPCR Quantitative reverse transcription PCR E B 5% PCR
SCI Spinal cord injury B RED
Si Silence MIEIN
WB Western Blot EA=1215)




IncRNA MALAT1 #2[5] miR-124-3p 1E#% calpain 1 #)H1&
R BRHE AT EIRAZR

BruAE: HEFTHY
T W BRgw (B #R

IR

[H M)

FHENIMS (spinal cord injury, SCD) 7 51T 3 7K AN Az 3h Dy Re 77
BEASHL A A ERRERT . H AT MTEA 207 :IAIT SCI, FHEH—SIRE SCI R4
kR 55603, v SCLI2 W 5 A7 TR AL 3T A FE S R 7 1) o S 4P Y U RNACceRNAD
TEFRR M RGBS P R EEAE, BAE SCI H IR 78 i AN B . A SEEG
5% 1 i1 IncRNA MALAT1.miR-124-3p 1 calpain 1 #J B ceRNA HAEM 4%} SCI
2, HERTEATZ MM TAE R G R, #4584 SCI FIRTT HR B 1 S 507
G

(5 &1

1K B SCI BB, BBB 47 N AR/ P @52 15 D)), RT-gPCR
F i 2420 K B IncRNA MALAT1. miR-124-3p } calpain 1 284k & .

2383 “starbase” T miR-124-3p Al IncRNA MALATI {5 &R, MG K
SZHG IS AIE miR-124-3p A1 IncRNA MALAT1 [{J#E[A) % & .

3AFIMREER Ha02 fEF T PC12 4HM0 24h, @i CCKS ZAIE /1A F- 4%
SCI i 3 46 o i B 3d MR 5 1) Ho 02 Il PC12, RT-qPCR Il %€ miR-124-
3p» IncRNAMALAT!1 /X calpain 1 [})32ik &, WB il CAPNI I cleaved caspase
3 1R

4PC12 ZHf %% miR-124-3p J&, RT-qPCR %€ miR-124-3p HIKILE, K E
43 #H°A4 control ZH \H202 2H . miR-124-3p+H,02 4L Al miR-NC+H,0, 41 , iz i} CCKS8.
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TGN AFN WB, 5 I 5% H A& 77 T2 LL & CAPN1 Al cleaved
caspase 3 1221k,

ST 3 MAHEF IncRNAMALAT1 T4t A Bt, RT-qPCR A& TPk K If
BHATEGE T Be ik, #E 540N control 41, H,0: 4. si-MALAT1+H,0,
AN si-NC+H0, 4, it CCK8 At X 4H A 73 T4 IncRNA MALAT!1 %} 48
LTS 3 B R T E 5

6.[A I T4 IncRNA MALAT1 Fl miR-124-3p, ¥ & 52465341~ : control ZH.
H0: 4. si-NC+H20, 4. si-MALAT1+H20, 2H. si-MALAT 1+inhibitor-NC+ H0
2 LA si-MALAT 1+miR-inhibitor+ H,O, 41, @i CCK8. M4 A K WB &
HATHEA 7 H 4TS 77 HT-% & CAPNI1 Ml cleaved caspase 3 1224t

(4 R1

1. IncRNA MALAT1. miR-124-3p Fll calpain 1 7 SCI X fEh Al rp 22 7
MRIA.

2. “starbase” T 45 7R miR-124-3p 4 IncRNA MALAT1 [I#EFR, WG
F ISR IncRNA MALAT1 5 miR-124-3p 2 [AIF1E A B CHK .

3.CCK8 45 B I 24 Ho0, 3B 200 puM i, Hil3 PC12 41l 24h J5 15 2140
MR EE R, CAAE AR SCT AR SN SR TR 8 (1) 2 4 - WB il RT-qPCR 4%
FEIR SCI ARl ff miR-124-3p I RIAEE E F%, 1 calpain 1.
IncRNAMALAT1 F cleaved caspase 3 F3 ik & BT 5.

4.5 9% miR-124-3p J&, RT-qPCR 4578 miR-124-3p FIRIA R T LI,
CCKS8 FIii s4i B AR I & B miR-124-3p AEAEAERE SCT J& 41 BRIE 71 340k 41 g
P12, WB 45 278 miR-124-3p B W40 CAPN1 M cleaved caspase 3 [ R IA &

S5HIE T 3 4 IncRNA MALAT1 FH A B (si-1. si-2 1 si-3), RT-qPCR i
16 tH B £ B si-1, CCK8 AU AR A I T IncRNA MALAT1 gei] SCI
51 7 P 4 L A T I 2 R

6.200 uM K H202 % G 3L #54¢ si-IncRNA MALAT1 £ miR-124-3p inhibitor /]
4 24h, RT-gPCR %5 R HL/R T4 IncRNA MALAT1 fEfEi# miR-124-3p Fik,
1M miR-124-3p inhibitor 7] LARH Wt 5, CCK8 At =04 e A 45 S H2 7R miR-124-
3p inhibitor T4 IncRNA MALAT1 #5840 B, AT #0640 Bds /1. WB
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K38 %% B miR-124-3p inhibitor #] T si-IncRNA MALAT1 %} CAPN1 #ll cleaved
caspase 3 & FH /KT HI5200 .
(4 #]
1.1 23X miR-124-3p L #E [ calpian 1 #1f] SCI J5#& e TS
2.1 IncRNA MALAT1 figdiliil] SCI JG & i 175
3.IncRNA MALAT1 3# i 4 [f] miR-124-3p 3% calpain 1 %] SCI J5# 4 T
T,

KEBIR: BRI WL ICIET IncRNA MALATL: miRNA-124-3p



Mechanism of IncRNA MALAT]1 targeting miR-124-3p
regulating calpain 1 inhibiting neuronal apoptosis after
spinal cord injury
Postgraduate: Tian Xinpeng
Supervisor: Assoc Prof. Chen Lingqiang

ABSTRACT

Objective

Spinal cord injury (SCI) often causes permanent partial or even complete
impairment of sensory and motor functions in patients. Currently, there is no effective
way to treat SCI, and further exploration of the occurrence, progression, and outcome
of SCI is needed to provide new targets and directions for the diagnosis and treatment
of SCI. Competitive endogenous RNA (ceRNA) plays an important role in central
nervous system diseases, but its research in SCI is unclear. In this experiment, we
investigated the effects of the ceRNA interaction network composed of IncRNA
MALAT1, miR-124-3p, and calpain 1 on SCI, and explored the interaction between

them, hoping to provide new targets and directions for the treatment of SCI.
Method

1.After establishing a rat SCI animal model, the BBB behavioral score was used
to evaluate the success of the modeling. RT-qPCR was used to detect the changes in
IncRNA MALAT1, miR-124-3p, and calpain 1 in each group of rats.

2. The relationship between miR-124-3p and IncRNA MALAT1 was predicted by
"starbase", and the targeting relationship between miR-124-3p and IncRNA MALAT1
was verified by double luciferase experiment.

3. Different concentrations of H,O; acted on PC12 cells for 24 hours, and the best

conditions for SCI modeling were found through CCKS cell viability test. The optimal



concentration of H>O> was applied to PC12 cells for 24 hours, and the expression of
miR-124-3p, IncRNA MALATT1 and calpain 1 were measured by RT-qPCR. Then the
changes of CAPNI1 and cleared caspase 3 were measured by WB.

4. PC12 cells were directly transfected with miR-124-3p, and the expression of
miR-124-3p was determined by RT-qPCR. The cells were divided into control group,
H>O> group, miR-124-3p+H20: group and miR-NC+H>0> group. The cell viability,
apoptosis rate and changes of CAPN1 and cleared caspase 3 were measured and
calculated by CCKS8, flow cytometry and WB.

5. Three different interference fragments of IncRNA MALAT1 were constructed.
RT-qPCR was used to detect the interference efficiency and screen the most suitable
interference fragments. They were divided into control group, H>O> group, si-
MALAT1+H202 group and si-NC+H20; group. The effects of interference with
IncRNA MALAT1 on cell viability and apoptosis rate were analyzed by CCK8 and flow
cytometry.

6. The IncRNA MALAT1 and miR-124-3p were simultaneously interfered, and the
experiment was divided into control group, H2O2 group, si-NC+H2O: group, si-
MALAT1+H20, group, si-MALATI+inhibitor NC+H>O, group, and si-
MALAT1+miR-inhibitor+H>O> group. The cell viability, apoptosis rate, and changes
in CAPN1 and cleared caspase 3 were measured and calculated by CCKS, flow

cytometry and WB.
Results

1. IncRNA MALAT1, miR-124-3p, and calpain 1 are differentially expressed in
SCI rat animal models.

2. The prediction result of "starbase" shows that miR-124-3p is the target of
IncRNA MALAT1. The double luciferase experiment verifies the correlation between
IncRNA MALAT1 and miR-124-3p.

3. CCK8 experiment screened the best conditions for modeling, and the results
showed that when the concentration of H>O> was 200 uM, PC12 cells were stimulated

for 24 hours to obtain the median lethal dose, which was used as the condition for
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simulating the apoptosis model of SCI in vitro. WB and RT-qPCR results showed that
the expression of miR-124-3p in SCI cell model decreased significantly, while the
expression of calpain 1, IncRNA MALAT1 and cleared caspase 3 increased
significantly.

4. After miR-124-3p transfection, the RT-qPCR results showed that the expression
of miR-124-3p was significantly up-regulated. The results of CCKS8 and flow cytometry
showed that miR-124-3p could promote cell viability and inhibit cell apoptosis after
SCI. WB results suggested that miR-124-3p significantly inhibited the expression of
CAPNI1 and cleared caspase 3.

5. Three interference fragments of IncRNA MALAT] (si-1, si-2 and si-3) were
constructed, and the best fragment si-1 was screened by RT-qPCR. Through CCK8 and
flow cytometry, it was found that knockdown of IncRNA MALAT1 could inhibit cell
apoptosis induced by SCI and promote cell proliferation.

6. 200 uM H:O:> induced co-transfection of si-IncRNA MALAT1 and miR-124-3p
inhibitor cells for 24h. RT-qPCR results suggested that interfering with IncRNA
MALAT1 could promote the expression of miR-124-3p, while miR-124-3p inhibitor
could block this effect. Then, CCK8 and flow cytometry detection showed that miR-
124-3p inhibitor reduced the number of cells rescued by interfering with IncRNA
MALATT1, thus inhibiting cell viability. WB test also found that miR-124-3p inhibitor
inhibited the effect of si-lncRNA MALAT1 on CAPNI and cleared caspase 3 protein

levels.
Conclusion
1.Overexpression of miR-124-3p inhibits neuronal apoptosis after SCI by
targeting calpian 1;
2.Knockdown of IncRNA MALAT1 can inhibit neuronal apoptosis after SCI;

3.IncRNA MALAT]1 can inhibit SCI-induced neuronal apoptosis by targeting miR-

124-3p to regulate calpain 1.
Key words

Spinal cord injury; Neuronal apoptosis; IncCRNA MALAT1; miRNA-124-3p
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IncRNA MALAT1 #2[5] miR-124-3p 1E#% calpain 1 #)H1&
R BRHE T ATRIEIRR

[l

Hil

HHERI (spinal cord injury, SCI) & —Fi™ B i F H AR E RS 18,
B 1 B K AN R FIZ B Ty e B 4y B G L 2 A R AS . SCI I Hi 4k 7k
FUR B S 2R R SR, RE B LR & 188 YU R T, 2
SEEFE R BN R P, SCT F B/ NE R BG4k R ES G, JRR
PR3 8 USR5 51 2, SBCABEMA 2 R A K, F L a4 st s
O, el AL BA YA 15, LS SRS AR XS L A 5 SRR AN A0 2 0% N5 30
SUEAIRFE T, BRI AN ThEERRRS . JORE. HIM. KR, RS R
REA B T 2 T 00 P BB S B AR B R N 2 S B R 4R SCT ik R, 4Tk N
AR PERI B 2 SRS M RIRR A I AE T 262 SCI A& . SCI H
kR . R DR IT IO R A, X R B O R AR TS T R AN T A
g E W, FELE 50 TN SCI s, Wik, REGEEBT
17000 151 SCT 3 & B4, B Ar4rst SCI FIAEAGT E B 2 M TR, MFR
JE\ FeoE . RE. ZWiaT AR S, (HIX LRy )7 U7 A SR A A B
NI, H R 2 1697 SCI A BURIT . Rlitk, #—2 T SCI i
PR BN, JESRES RNA 16 SCI G IR JehE R AR A0 I8 25 J5 K BT £
(RO L T R FE AR R, (B BARHLEIANE, BRI, 4RSS RNA 7E SCI
J& 2 IR T BB BB, TR SCI 2y 7 SR AL Bk A 7 1) .

/N RNA(microRNA, miRNA)Z —F{X i1 19-23 M BRZH B 55 JE 4
5/ RNA, BT miRNA A BSR4 i R R B 1 Be 10T Bl
IR RERW, EANRFTEHEARMIER T, £/0F =452 —H miRNA BE#%H
el YA M FOESE, AT HMRSGSE R E, 2 miRNA ECQFEEHEA
A0 (T AR 22 R Gt v 22 R RIE B ATT G R A 8 ) R BRI AR B AR R,
RE HBETHATERE miRNA EAE KRG DIREANLEE, (HAF KB miRNA 2
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S RGN A GABAT IR A A R A A . HE AR, 7R R R R
R R IR R 97 MRIA T ERALUTH miRNA K4 T ERMERE, K
T RL =53 2 1) miRNA BAGEHB A, RERAEYEEZS B
FHEER: miR-41108], miR-34a”, miR-99al'%, miR-30b!'IHI miR-384121A] A5y
e B 58 PE A R 3R IA, @1 IL-13 IL-2 Al TNF-a %5, BRiEZ 4b miR-16!13, miR-
7al'4, miR-211155% miRNA #.2: 5 SCI 4T . X LR Fi 45 K ] miRNA
1E SCI J& HIZZ Ak AT 5 5 3 AR B0 24 R B DT AH G

KGRI R KDL, SCI JG miR-124-3p [IFRIELERSAG AL A4 0
o 2 AR, RN AR ME B 0 KB miR-124-3p #E1A] calpain 1 FE[A]
3°UTR, & FiE miR-124-3p @ id #0H] calpain 1 FIFEHH] SCI J& #1242 o410 fL )
TS, M SCI, %45 /R miR-124-3p i@ id L[4 calpain 1 25 SCI {118
SRR BTN 7T N A B AR TR AT IR 5T, ARBIBAIAA miR-124-
3p |2 S S MR IE T AR RS B AR (R BRI AN 2L, £ X miR-
124-3p £ SCI i B8 AE B2 op (14 F B4y LR gt — 2B AR Sek A Bh T2 SCI
BT 3R AT L .

], miR-124-3p KILTHASIYM ARG o, FFRFEEAAE, XRH
miR-124-3p TEMER B T RIERBIEMIT. CHRTREI, SHERGMET
FHEL, miR-124-3p 72 KM B )2 NI BESE X e 2 R b m Rk U8, J14h
WAL, SCI 5k RABEAHL A miR-124-3p IRIEKTFIEE, 3B 17
KB, 1E SCI JG 28 7 RFGHHE 64 miR-124-3p FZRIE B4 1 5 410 & FR1K,
R miR-124-3p XF4EFEIEH BB EIB ML S A — R, JEHnTRER M
T SCI W™ EFERE, R, fERZEeAERKEREF, miR-124-3p DA AT R B3R5
RAIKPAEAE T EAHGI A, 1 mRiE T m ol s & oo, A
FIBF AL, miR-124-3p £ SCI Ja K IE L M EZAEM . i, R eEaLhH
RSB O R, A0 MR R VB A 6 b i T miR-124-3p 25 FEAIS,
R B e I, TR RS S miR-124-3p B S, SfilE A
IR R AL, BE B R RS Y (g R, PR miR-124-3p WTRERLA
P SCI Ja i sl pE R AR TE A, miR-124-3p W] LLZZ AR SORE VR
I - BB B v JOE R T IO 2RIE, 140, miR-124-3p Al ASRES SO0 HE AR A B
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IL6R FIFRIE, XUREERBEAISE R IL6R /& miR-124-3p AUFEREN, I HixFh
FEELAE BT DA T J0E MR (0 R R 2 . AR 8 R G0 78 51 S 1Y) S0E S B 38
LA R R P A A B S, TNF-o 26 S ERMNPEES 5% (B
WERAEMDD RAEAE RSS2 BRI, 5G4 miR-124-3p ) PC12 41T
PASICIH TNF-o0 G 4 A 52 PR A 22 5 0 () AR AR Y (b PCL2 Al 2 —
Foft FH T RSP T B0 AR D, Ak, miR-124-3p (E AL AT B BI T4
SCI J B8 AR B BT 51 62 (1 98 RE S 21230,

“ TN RIR (DHA) 1E SCI J5 B A W R ieh 2RI ThRe, wT LB HFEN
PRI R o (/NI R A, 7E BRI BE/NR T 4B, miR-124-3p il 7
T Y 35 B DHA (12020 17 14 0 SE B i 1) A S 82, gE i i p 2240, H i
5N, FREMAE B AZE KR E RGN, X EAETE TR RS BRI AR
NN, XL EA =R, A MO CRZMEE. M1 (2R 1Y)
M2 (LR, IERABRST, M1 BT M2 /NG5 240 i i 5o 4535 AE AR
SHEE K, UL TR B AR BB LR, K& M1 B /NI o 40 b vs 4L
ETTIE ™ B SORE PR BRI, BT AR 7 K B, miR-124-3p A T/NR s 4 fifd
FAEHE M 404 g M2 B, 4] SCI 5 1 408, AT A& — A R AF A& AR R
55, [, miR-124-3p @i #1/N F4IH R M1 AL RIS RF C/EBP-o 8
2 JOIEB [ ML /N S A0 MR AR 9 AR s 2 e ) FE E . eAh, BETURI, I
1A miR-124-3p 38 ¥ 5] BV-2 40 i A 1) 3'-JEBH 1 X 406 2 8 H Bax B3R IX,
TR Z oD, AMRE SCL K ER AU T iz sl ae /120, 45 EFriR, miR-
124-3p 1 SCI J& 4L T2 e 5 5 80 555 BRI A o A #5 BE BT R« TR, X miR-
124-3p Bt — DR 50 Bh T F-4KI6 97 SCL AIHHE s AT 7 1) 6

L4 MNP RNA (competing endogenous RNA, ceRNA) ik Hi Salmena %5
NTE 2011 4F B kR, ZBULHEH, —%% RNA /E4 ceRNA #[1 miRNA 71
NUiF mRNA FJRIE, FRR T ceRNA JEid 754 miRNA - mRNA L4544
A7 B miRNA FITHEERT . ceRNA MIZ O &I miRNA =B of5
miRNA AHEAEH, PAKHUAS IS 5S4 . Mok 2 AT R, IncRNA A LAE
N ceRNA BT 754+ miRNA 17 mRNA [FJ3RIE, Witk ERRsl, g & iz RoR 5
FECOLE . IXEEHEFUUERA T ceRNA TESN R EEA/EH, {HXT IncRNA AHK
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ceRNA HAEMZEAE SCI IR FE /b, KL B IncRNA #H5¢ ceRNA PIZEAE
SCI ML SCI FI¥a 7 RIS Wi 2.

KBEAESmES RNA (long non-coding RNA, IncRNA) J& —F K4t IR RNA
(ncRNA), H P EAMZE A K, FEAFE TR EARK ML RS 311X
B, [FIR R R SR AL ST fE /1B, —E LK, IncRNA #5 1F 2 N3 R4
SRR, TRt R, BT R I IncRNA S8 K15 2 Fh D) RERE
e JEE DR R B R 5, X SR TR E ARG (D fER TR L Ezh 7, fm
BERIRIL; (2) 0] RNA A 10 808 S Gt EA L B s, sem
BRI RIL . (3) B mRNA WEIY), sEmaE A IEE: (4 FRER
JEME siRNA; (5) fEAH THRE SERME A, AMEmE AR IIae: (6) HiE
ARG, BREIREAS G (7D SREESRNEARS S, SUBZEAMR
FEA P RERL: (8) /EN/Nr T RNA MIRIAZ IR b BB

2003 4, Ji B[] AR /NG i it S R R A A b g e T — AR
FESEW, DUMEFERS I SCEE EA 1 (MALATD) ENHAEG 4 FR, IncRNA
MALAT1 RAFETAFEEER B A, W2 RS T IEREH R,
Al A K& ST IncRNAMALAT1 (5, R ILILAE 9 S04, FUREES). 7151
JiR A 301, B AR 3T L B ST AR BSVAE R ) B AR B R v 4 AR I
[Flff, IncRNAMALAT1 25 SCI JE A T K R IE N . Blan, 1EAG 2 hE
(Lipopolysaccharide, LPS) #7551 % PEAH M (A2 o, IKKB/NF-xB 15 518 %
WeBOE, SHUE R 4IHH T TNF-o A1 IL-1p KERIR, [N IncRNAMALAT1 f
RILEEN AP ET &, #H— PRI, @K IncRNAMALATL J&, KiF
JEBEAK T TNF-a. IL-1B BRI, H LPS 355 (197N e o 240 i A SR A B 1% ) M1 24
ARy T 1A M2 BUEEAY, BETT IR A06] SCI J& BRI RSB, I IR &
B, IncRNA MALAT1 EFHT miR-124-3p 520N [R50 & A2 A AR 5 7, 4
1, miR-124-3p 78 AE/NH ffa it vh A 3045 B 4% IncRNA MALATIL 5200, M E
/INT 8 200 B R T ORI U 2 B P 400 7 o MR 4 i R B
IncRNAMALAT1 i i #5475 miR-124-3p $2 = CAPN4 F:[K %Kik, Hrh, CAPN4
W RIB AW T IncRNA MALAT1 76 8 W g of (R 2084005 78 A 4 A% 0
(Parkinson’s disease, PD) HEAL/NRA SH-SYSY #iffH &I, FHi IncRNA
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MALAT1 [33E 7] LA/ PD /N 2 LRI T IR 121421, BRiLZ 4F, IncRNA
MALAT! 5 miR-124-3p 25 /N i fiti i (43R B 208 40885 1) 1 10 A
H, 25 EATR, IncRNAMALATI XFEIJE T & 3% — € Thig, 12 H R 5% IncRNA
MALAT!1 4% SCI J& 40 B T SR O B AR B AR R L NS B B, 0T H A
PR T AR EAE T B B s K BB BB 7T 7, IncRNA MALAT1 #E SCI
F AR F S A AT AT SE R N 7T

AGEZH BT I 7T R B miR-124-3p Al calpain 1 Z [AJI#E R KR &R, FFIHATER
iE. TEARRBITLT, 8 AEYE BTk T SCL i 1 E B 731 IncRNA
MALAT1, %59l miR-124-3p 55 IncRNA MALAT1 fZ{E# 30 4% 5 )5 ceRNA #H H.
TERX &, Z#LFEERAX SCI AT RIEEEEM, Hik, AHFRHETT
IncRNA MALAT 1/miR-124-3p/calpain 1 ffli%} SCI J& #£5 7CI T 1 B ARAE ML,
AT EA SCI IR PR 4> T AE 4446 0 B 52 BB A, T A SCT TR TT $2 48T ¥
B SRR BT 7 ]
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MR

1 SERXES BA R

1.1 ZABapk: CRUE RS B8 A AR A0 ik (PC12), I SET- Qi i 8 A4 an B
AIRAT

1.2 LW E B

XS4 FR YR/ | 72
LR Mettler H
HLIKAX Bio-Rad % [H
e JRAX Bio-Rad *:H
EetY/fre ) b Hh [
R G Leica DMIL i [
Al A BIO-RAD iMark ¥
TRV R B L L GL-21MC [
fRIR L L GH-15MC i [
e s K R HIRAYAMA H A
IR A SANYO ERN
TR PV 2 L A T A AT Hh [
G Eppendorf A ] 1
PCR 1% FEK K
T A A BD *:H
VARV TR Hh [
R EEE BRG] Hh [
P TA G ZEISS i 5]
UKFH HEIN Hh [
WB 8531 &4t REEFHEA PR 7] Hh [
ySE ] 38 o [
TR E Thermo Fisher 2%
IR PR A7 A Thermo Fisher %
i B ZEISS i [
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1.3 kI F BRI K FERT

WAUBRFER 2 FR CV N 3 7= i
PBS Sigma %
75% K5 o [ [ 245 424 [
RIPA Zf# i HHKE H
IS HEEH BN a8
RPMI-1640 %5775 Gibco ES
X-tremegene HP Roche H
Opti-MEM Gibco ES
R H Gibco %
DMSO Sigma %
A TR & KSR a8
miR-124-3p mimics i H
NC mimics Bt 7 H
miRNA ¥ 47 Bl H
RYEI BHoR a8
CCK-8 BHLR H
miRNA Kit v Ve H
miRNA 1st-Strand cDNA & H
Synthesis Mix

Green qPCR Mix b Ve H
BCA HHWK LN E & TRk SRS
SDS-PAGE #Efi it & ik HER H
il

EqE Wav B2 LT Gt a8
g 2 T 0 1) 7B 9 Gt a8
H 1 B 7R A T Gt a8
HH T4 marker HERG H
)ik Eiii ki anwiile Gt SRS

[N
N



E 2N

Tween20

LK

e R

PVDF fi

— PR

PR

B-actin %% Ju FE PR
(—$H)

GAPDH (—H1)

calpain 1 (—$7)

HRP Fric th=E 30/ B/

IgG (—HD)

Lipofectamine 2000

DEPC 7K

PCR-/ RNA $HUR 7

s

(=)
ITTL

PCR-%;—# cDNA & i
vl
PCR-% 't [ NG &
miRNA-124 5|9
IncRNA MALAT1 5%}
calpain 1 5|%#)

U6 514

GAPDH 5|4

DMEM, low glucose,
GlutaMAX Supplement,

pyruvate

MR E

HER

Amresco

2@ 2w B
i S = .- TN

(L2
R

(L2

Thermo Fisher
Sigma

Takara

Takara

Takara
AT
AT
AT
AT
AT

Gibco
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H
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H
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H
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A 3% TR R ai
T b 3k R ai
DMEM, high glucose, Gibco ES
GlutaMAX Supplement,
pyruvate
B BT ai
1.4 LB F B A H]
1.4.1 SEEBEFF RIS

BOE R G A 55X (100 U/mL %% A 100 U/mL #52) /EA
RPMI-1640 Bioedth, BCE e ARl CGLPIGA- s AL 10%, M5 T
1%), 434258 J5 Vo b A7 o
1.4.2 S BRVRAF IR I TC 1]

FAa 4 s 5 DMSO #21#8 9. 1 pyteflEchH], ILECILA o
1.4.3 L H,0, YR FIELH:

SIPRUFRRE: T S5, BL 30 uL ¥R BE N 30%H) H.0 AT 2.5 mL 58 41597
Ferp, 193] 100 mM (1) Ho02, FRICHIETR Ao SRJG, JEVEIR A AR FE UG
ITRERAS B SL6 BT T IR (41 04 100 uM. 200 uM. 400 M L & 800
uMD, FRICAEIE B. Bl B A AR 4 pL E AT 2 mL 58 R IRk
H, R3] 200 pM &R JE ) Ha0a0
1.4.4 HEIKIR HIACH -

B 10x PRI 100 mL 32198 900 mL 4K, #HAFT 4 °CukFa. K
HTAC KR A 2 fE AT IR, A 3-4 1K
1.4.5 F R HI ] -

B P EN 10x8 B 100 mL, R HIEA 200 mL HE, RZHRE
J&, FRAREA I 2 B R A K AL S AARIE R 1000 mL, & - 4°CUKAR ¥4 K
TRAE o BRUCHTICIG ELRAE P 2 S5 HEAT I, A7 3-4 IR
1.4.6 A EIEE TBST SR &

HU 10xTBST Z&#1¥K 100mL, I 900mL ff14li/K & %5 2 1000mL, %47 T 4°C
UKFE
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1.5 S|9F 5 2 SE56 5k

R ]l

IncRNA MALAT1 1Ef: AAAGCAAGGTCCCCACAAG
I: GGTCTGTGTTAGATCAAAGGCA
calpain 1 1E]: CTCATGGATCGAGACGGTAATG
I: CTTTCGGAAGATGGTCAGGTAA
miR-124-3p 1Ef: GCGGTTCTCTTGTGGAGGGG
H: AGAAGGGGAAACGGCAGAC
U6 iE[]: CGGGTTTGTTTTGCATTTCT
I: AGTCCCAGCATGAACAGCTTGA
GAPDH 1E[f: GAAGGTGAAGGTCGGAGTC

JIhl: AGATGGTGATGGGATTTC

2 SEWJTVE
2.1 EREHY

AGIGAE T 12 R EMENE Sprague Dawley (SD) KE, (12W #,
250+15¢g), IXLEK RN LRI B ERERESMC B Z A2 FEET, JIfFh
FARME, "RIRTE RHBERI RS SR E . KRR N 4 N, A
H=1, 7374 control. 3 K SCI. 7 K SCI# 14 K] SCI.
2.2 SCI #R A R ST

(1D A b KBRS, IR RE B FAREK;

(2) KRR IR BRUVY B e T F R & b, A IR 81V 35 F R X3

(3) HEEHMERHALE, FARIIVIF 3em Z4AVIH, BESEH
41, BPIFEE TI0 B, TR RAMEN, #EH 4.

(4) fH HBNIKI I A fiE 45-60s, 24K iR B IR 50 HIE B SCT A2
SLREI

(5 REWHBESE, THEMPEIR, JETRERESE,

(6) RJERBHBURMER, T 58N TieERAR— K.
2.3 BBB 1T AP

SRR 3 Ry 7 REK 14 KX % 4H KR i#4T BBB /T 4% 1F4r. BBB
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TR 0 21 g, ARERKEISIThRE RAF, PR BRI 4 2 51 I
2y E. KRBT G, WELSIERNIEshEE 7. PR brdELn T

BBB P55 brifk
I3 RHIE
— Ry WE RIS O3

0 R Bz 5]

1 —NE AN KR IS )

2 —ANRAiziss); AR zissh H
— R REIZY)

3 PN RTS ) Z i85

4 =RV R KB

5 PN R REEIZS), AR 28]

6 PN KT 2185, A KR EZE)

7 =Kz B3]

HER g RE RS RIE B

8 ot BB e e BT e AL

9 JRJRAXAL T A AL, BAR R B A2 ) 2T
PELAT, TCREAT

10 /R UEH AT, TRl fE B i iE )

11 AR B AT, ol e Rz 3

12 B BIFF L AT, B ETE B iE

)|
13 RRE AT, SRS il
H=ABr s RS A7)
14 FREMRADE, FFEERE R REs): B3

I RIS TUR 2 B 3 /e IR AT, RFELAlJa T
BB P IEAE R 12T PAT
15 FREEO DA 2R HE TC B A4
ks IR EAL N 5 & A-PAT
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16 FREEP DS DUEARRE; PES TRt i
59T, RN e
17 FREEh DS DUERE; D5 A filh [
SRS 5 SR TAT
18 FREEMP DS RREAHRE; PES TRt i
59T, RN e
19 FREEh DS RREHHRE; D5 A fil it [
SRS 5 SR AT
20 FREEh DS RREHHRE; D5 AL fil it [
RN S ST, (AIREATE, BE
Frek il
21 FREEh DS RREHHRE; D5 A fil it [
S5 G RTAT, IRRRRE, RERE:
i

2.4 JHH LS
2.4.1 IS 75

(D Wpriff s dnfniisk, HOE%) BNRESGa, FIAE
HMT I B A TR 30 2%

(2) ¥ PCI2 MR A, T IR 19 37 °CKIBAE IR R IR 56, H
2 VR AT20 IR RV A

(3) Wi RN AA B E D4, Kb SRR AR N B CL 5 ob
HELBLOEN, ARG AN S 1578 2R 7R

(4) RS NI B O O B 0oHL,  FRERURH R RIS DA B B2 1 5 0
EAERBCTE, BTE, 80N TAEH B BE 4 1000-1500 #/50 8, TAF 5-
10 73-%k s

(5) (BRI LIEW, B RISy, HaeEoEENGRE
SEARREIRMR, IR A A0 i RS T e IR, AN E R A T 25
UMRERE TR, I <8 kR [ S B T

(6) fE LS 2EFREFHMM M bl Cingnifhs, b3 1a) LL K #4E
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HHTFE), HEE, A 37°C. 5% COx HIEFRFEH
2.4.2 AR

(D HFFEY& (W1 mL Btek. 15mL BIRES) BN & KIMT
THEEA T 30 738,

(2) B AHMIER IR, A R S K P A 4 el e, F /D PBS iR
=R GERIEGES R A ZALT A%, R IIAIE & 5 AR TR

(3) fEHC S E TR FHMM bl Clngnifh2s, b3 e DL #1E
HHTFE), HEE, A 37°C. 5% COx HIEFRFEH
2.4.3 dfafEAR

(D) KA MR TR P, RT3 8 R0 TR A 40 i
RERE R, KA, 7EAIICSTEER 80% KL LE, HBHT4IHfE
s

(2% e T W SRS 5, TN b, 4T R SRS TH 3520 1 30 494

(3) KA E TN &, BT A R 3R, >1F PBS
Ve, ANJBEEE, TSR AR IR L e S A e o, SRS B TR IR,
FEAEE 30 AR 2 Zreh, A B R IR0 B RECES, b4 A TR
A, Bn R B AR A S R

(4) N R EFEIRBT IEE RS, BB R, 40,
SRIGENBLE

(5) ¥ A0 MR ) B9 O TN B 0oL, S EDURH [ RUR DA SR s 22 P 5 00
VERBCFE, BiFIa, # B ONLE) TARE E W E Y 1000-1500 # /738, TAE 5-10
ZARiiE

(6) Jef EIERAGR AT, BN REMRIIREY), &R ek
T RN, SRS AR ST N 3 AN TR, e A A A
MBI o3 A, FFHEFIE RS TR AT

(7 fEHC S E TR FHMM b Cingnifh2s, b3 e DL #4E
HHTFE), MBS, B 37°C. 5% COx HIEFRFEH
2.4.4 HMIRAE

(D KA iE MR TR P, ORI A TR A, D
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VF PBS JEVE =, AR A AR IR L s ok, IR B AR R
T A LE BRI T Ak SO, TR 5% 4 s 2R L T e 5 400 e 7 o B, AR5
THAEIRSEETRAE T E 30 AR 2 40%h, Ry A0S TR IR (U BE AR, L2 e
V&, ARG AR IR R N S A L O

(2) ¥ Q0 MR B O TN B 0oL, - EDUH [ RURS DA SR A 22 1 8 00
VERBCFE, BiFa, # R ONLE) TARE E W E Y 1000-1500 ¥ /738, TAE 5-10
Gk

(3) {F R s Fe BIEW, B N TREY), L 1:9 I EL1K DMSO Al
L35 VR A TG B A MR AR, TE B TP INN | mL SHARVRAEIR, SR a4 R A
BT TP, RIEHB B S AR A g, & DR, Wb
BOW, G52 TR E M AR ie CIngapmps, AbBEm A DL 45 2
ZTFEED;

(4) WA AEE N E =R MG RS, BT -80°CIR 7.
2.5 f#FH H,0, F¥ PC12, ESL SCI Ziffisny

(1) BUERRA BT PC12 1M AR T 41 3 7780 5

(2) YNSRI, (HH PBS JHVE4IME 3 Wk, RGN L s

(3) W% I8 — 52 LU BB LT 1) HaOn W BE LRI A N A1 M 15 TR AR 5

(4% 200 M 55 FR MR AU b 12 S5 CR 2 Bk 8 L A BT 1) DA S B A3 44 746,
WEJE, AN 37°C. 5%CO; [l -4+

(5) 24h J5, {6 CCK8 kil 4 i /), 4G 1k 3] 50-60% /4, R
SEARAR SCI AL,
2.6 JHfEE G

(D) BB N WSS IBUR A LI B, R4 & FEE F] 60-70%
A, REATEJhb B

(2) f#iH Lipo fectamine 2000 it H oK [=14%%3), # 5 uL Lipo fectamine 2000
I L5 mL B0, AR5 13 250 N 250 pL 1) Opti-MEM 1 Reduced Serum
Medium FEATFRE. RIEIEIE S.O0FIRS G, BETERS 28, WohE 1

(3) 1E 1.5 mL EOEHIA 10 pl FrfGF 440 miRNA B¢ IncRNA, 2R /50
A 250 uL #J Opti-MEM I Reduced Serum Medium, 3 [m] Eii{3] 55 .08 VR 2 JE bRic N
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uls
)

(4 KB 1AE 2 PBRIRIRS, WdE 3:
(5) ¥4 3 RS 1.5 mL LIS 373 G AN LR
(6) BANFURFE NS TR MG, 9% 4-6h, A& M35 (1 58 215 R 3 it 1T e
W, LR
2.7 CCKS8 YAl & 41 fi /7
(1) ¥ PC12 4iffu i 4441 20000 NIRRT 96 FLARKE T,
Bk B Y S A
(2) FR I G FER B Yok b5, Wor s aedk, H PBSJHYE 1 IR, 2A)5
BEAT 20 M A% G
(3) B YaE R 5, FRAi s Es RIS, 8 HaOo RUBANM 24 h @& SCI
TR
(4) BAFLIA 10 uL CCKS8 71l GEERAZEASM), METHFRM 2h
CREAN I PR 75 BLAE G A N ), 7ERE DY 450nm RIEGFRACIIEEE (OD
fE);
(5) HEMMpIE S ARG R= (CSEK4H OD H-FH4 OD fH) / G
1 OD fH-75 H 41 OD 1) x100%:;
(6) JER: ERPARIS, Sl E — 2 TEaN i A s AR Rl o 4o 2 A
H, HHKE 3-5MEL.
2.8 42 F 3R EX
(D) PIASFULIRAS— LB . mE O NN 200 uL RIPA 2@, K5
56 J5 ) Hd N/ E A R 7RV S TR B BRI ) AR B (IR P
1:100);
(2) KRBT Uk B, PBS SEPE=1Kk, I iR U 5 0 (R, &
SORFTAML, AR5 4 78 73k
(3) &I TIHE I 1 IR/10 43 (AR S S IR A I 30 43, s 240 ff 72 4
2
(4) Ve 20 M 2L AR e % 2 UM B RO EBE BP B Hh, T 350 T4 I R 25 0oL
r, #%M8 12000 rppm/min, B0 15 434
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(5) A% EP B LG, BRI R4MeE D, R BCA & Aw &t
FIG IV RAE, BT ER.

(6) HHHEELAMAN LG & TCHEK )G, ¥ FIRNR B IS #] 90°CHY
IR ER IR 15 5380, -80°CUKFHIRAF -
2.9 Western Blot & [ EDZEVERY W
2.9.1 R

(1) A8 H B RN 75 B4 F BRI . A TIBE 19, IERARHEHLE ROX
UK, W 75 % 20K s

(2) KPP T, FANBEEBAN, BRI, JHRE
Fl SR, AE AR X I A%, B bR A

(3) ¥ FERIEBA T E R4 2.5 mL KM ES L&, 3 n
N 50ul fREER], TEHRG S LIRFIIYS], KRS | mL MRS
18, BISBENBEERAR A, 54T 15 35

(4) TR RER G % LR RSB EJR I & 1 mL AKX
AFIEOE T, RN 20 uL F0EEST, R, KRS RAER 1 mL
MR BARZENS . NIRRT

(5) Ryt s, BIATfEA
2.9.2 Bk

(D) Al B ARIUR , 226 T kil b, JFcT sk &

(2) AF o AT TR R R o A 773821, Bk BRE O i,
FER AT S AR A AT ), i) FL R b N = T A e P PR B B A 0k

(3) TEREAR L AT 25 N 3 L (1) marker, JF34HS0 % B K 4100 )5
IMNEE AREAR, SRJE ) FLKAE A RESE NN SO s I i vk, B2 R, LR
120 V, HLEKAF[A] 60 min, W% Marker 43 H BT 7 37 B 5 BRI AT 2 11 sk
2.9.3 # .

(1) BOEE RN, BINGE SRR, KR BEIR N, b
JEEUH o FBEESRAE R T X T, VRG-S RN 4 EIE4t CRRMD &5 18
b, W ANOKG IR B JEIEAR b, R R IEAUR T CEARID b, AR
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P, ¥ marker 5 EJEAURAEE . B LR M W, JE % PVDF JiE
—FAEINER — R, 7 {58 5 00 Sk 5 0 R R T o

(2) ¥ PVDF BZ NHEEH 1min 247, ¥ PVDF BT L&A1 & .
B — fAAE NS — R, SE7ERR b, FIVRFEHEH A0, 55 b5 —MEAR, 4,
B IR o K MEAR S T e MBS P, SRR Bl (RN IR, TONVKES . LA 200
mA, Kf[A] 120 min.
2.9.4 # A

ISR G, KREE PVDF BN & &4, TBST Ik 5 min, {5 A H]
W, TR E=RE A 2 h.

2.9.5 YK
B eI PR SRR R b, 55 B YRRLE R, B D) B R IR 4
2.9.6 B—i:

IR 5 2675 6 TBST iE¥E 5 min, BIA—d1, BTUKHE K, KHER
Elfchifh, —Hi—MH 3 e £
2.9.7 WPt

F TBST ¥ PVDF i 3 ¥k, Bk 5 7r8h GYTHRIR BB, BIAZH, T
RIK E=EMFE 2he 2h J5, ¥ E &M i, TBSTIEWE 3 &k, ik
Smin.
2.9.8 BARM:

M 1 1 HE A 5 B BRI H T &b, (B IR R R U T
A &R 1-2 min, SERIRONBACRR, BOG 1-5 408,
2.10 40/ RNA FI3REX
2.10.1 8 RNA

(1) PSR -4 40 M 35 TR AR 25, /DR 1xPBS JE 5 — 1K

(2) TERAYIIFLF I 1 mL /) LB 10, REISEHANMN, 2R e 4
FLfb B0, AR5 PR ORE R [ il B A58 200 A 7%

(3) K4 FL A BRAR A B0 % 7% B ehid i B LB T, 5 BT oRE
S, SREMTEIRT S /8.

(4) B 1 mLLB 10, JIA 0.2 mL &4, FIZIZEY 30 B, =iEMHE 3
o
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(54 B ML) TAEEFE e A 10000xg, 13 # e N 4 °C, TAE 15 438k,
VRIS FE G B2 N KRG A 3 2, R aKAR . HiEE A NS . RNA #EE
e ER, BEEARIZ) Y 500 mL;

(6) ¥BTEAMTHIBELE S, FHATARLESH miRNA B(# Total
RNA.

2.10.2 miRNA F4iith.:

(1) fEELEFIN 150 mL (K LEE, TR

(2) SRJ5 % 2] RNA Spin Column H7, ¥4 B5.CoHLH) TAF S FE % B 4 12000%g,
iR LAE 30 7, WU AR R 1.5 mL 1CHE SO

(3) AN 750 mL FITE/K ZEER) B0, SR [EIEF]

(4) EWARFEFZE] miRNA Spin Column 71, 4B Lol LI TAESE X B N
12000xg, =i TAE 30 70, FFHmHH-

(5) N 500 uL ] WB 10 CEIIATE/K 4B, 4 BOHLEE N 12000xg,
il TAE 30 8, Fsim . FHREO—IK,

(6) KBS LWL AR ¥ BN 12000xg, I8 TAF 2 738l FEdai i,
TEARIT B T L

(7) ¥ miRNA Spin Column N 1.5 mL JCE§ .04, mEFOIIA 40
ul TClK, FICE 108 K E O E N 12000xg, =il TAE 60 £, 15
#| miRNA.

(8) FFTIFIK) miRNA JEAE-80°CUKFE VA V5 FRAF-o
2.10.3 Total RNA FZ4L:

(1) FEELEHIAN 650 mL [IT/K L, FTRE .

(2) B PR B RNA Spin Column 77, 4 B 0oL T A3 3
WHE N 12000xg, =i TAE 30 B, FFfiiiitii.

(3) SN 500 uL 1) WB 10 (S IIATEK LB, K e oL TR R E
N 12000xg, =R TAE 30 0, FEPERER. FREO—IR.

(4) WEBELHLN 12000xg, TAE 2 7080, FHURHE, 455 T LR,

(5) ¥ miRNA Spin Column N 1.5 mL JToBFE0E, M 40 uL ToEF/K 2|
BLOHER g, B 1 e WE RO 12000xg, =i TAE 60 £, 53] Total
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RNA.
(6) IFTEH) Total RNA JTE-80°CUKFE A1 IRAT -
2.11 RT-qPCR ¥l

2.11.1 BERIR P -
2.11.1.1 miRNA ¥ 53R B
UL S SR Wl S

J& gy M=
miRNA x uL
miRNA RT Enzyme Mix 1 pL
2xTS miRNA Reaction Mix 10 uL
RNase-free Water Variable
Total volume 20 uL

IRTC b R B AESAE UK AT . BN ORBIREIRE], 37°CHEE 1h; 85°CHI# 5s.
2.11.1.2 Total RNA W F R M :

UEE S WlE WD
&gy =
5xPrimeScript RT Master Mix 2 uL
Total RNA x uL
RNase Free dH20 8-x uL
Total volume 10 uL

B SRR RIRA G, 37°C15 Zr%h; 85°C5 b,
2.11.2 RT-qPCR X Vi :

J& gy M=
cDNA Variable
Forward Primer 0.4 uL
Reverse Primer 0.4 uL
2xGreen qPCR SuperMix 10 uL
Passive Reference Dyell 0.4 uL
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Nuclease-free Water Variable

Total volume 20uL
PCR [ 87 21

T I 1] {EEZ
94°C 30 sec 1

94°C 5 sec 40-45
60°C 30 sec 40-45
2.12 XUR 6 2R BE R 4 S Al

2.12.1 #E%& H 408

(D WA mims nfniisk. HOE%) BNHRESGa, FIAE
AMTIHEEAR A 30 7050

(2) ¥ H A AR I, T TG 37 cCKIBR IR SR IR 5%, B2
VRAT A0 IS i

(3) Wi RN AA B H D4, Kb SRR AR N B CL 4 o
HRMEOEN, AR5 H I G & 1 58 23 IR

(4) RS NI B O O B obL, R ERURH R RIS DA B B2 1 5 0
EAERITE, BTG, KB 0N LAEE B E A 1000-1500 ¥%/43 8, TAF 5-
10 73-%ks

(5) (BB LW, B NRMTTEY, HaE o iENGE
SEARREIRMR, R A0 i RS T e A IR, AN E R A T 25
AL IR, U8 iR Bl S B R

(6) fE LS 2E T REFHMM bl Cingnifhs, b3 e DL #:1E
FRHTE), WEE, JAN 37 °C. 5% CO s FR4a .
2.12.2 H K4 B B

(1) 7E 24 LR SL PR 10 5400, Ak8it o, flianpuss Brik s
60%% A7 -

(2) f#if ROCHE: X-tremegene HP %% i 7|55 L.

1) B 1 pg ok, 75 2 pL (E 50, DA L 4 GeiatFn) A BT
T UKL [F VAR T 100 pL opti-MEM 1, JiE T %I T 20 704,

27



2) R 2L P ST P WG AR TR 5 300 L
3) KPR 1) PG E FR A WU B4R AL BONIR B BE N 37 °C. CO,
IREEWE AN S%RIAIE FRAR R IR e, R4l FL NN 300 pL 58 455 77 s
4) 12 RJETHIGRME T EFEDVOCARCHITEN, LA W 75 5 G R
5) YHHFE YL 48 /NN JEREAT luciferase il .
2.12.3 Luciferase &l

(1) f# [ Dual-Luciferase® Reporter Assay System, #7Ff Luciferase Assay
Buffer II itk (P RAERD; K Luciferase Assay Buffer II 7 A\ Luciferase Assay
Substrate, E %5, 22N Luciferase Assay Reagent, Jil1E-80°CUKFH 414 PRAT o

(2) F D-Hanks #iF¢ Passive Lysis Buffer; FWRas W I8 55 780 55 7%
e, FEASFLIEN 300 uL ) Passive Lysis Buffer, B TUKFH 20 7041, {H40f05¢4
TR, FEIRARODL L 3E 7230 3 70 i ar B AT AT Aar il o

(3)%% Stop & Glo® Buffer \VKFIHEH, 1K E = i, #2 Stop & Glo® Substrate
VEAN Stop & Glo® Buffer #, #H47H#i%

(4) FERTIAR F5e3E N 40 uL Lockwell maxisorp, B J5i¥ A 20 puL Luciferase
Assay Reagent, &% RS, (BRI E firefly luminescence (% K H 7%l
RNAED, TfE 5 78N T8 K.

(5) mEEANFLAEFEAN 20 uL Stop & Glo® Reagent, eiziRE], HiRN 3 47
Bl, FEEFRCINE Renilla luminescence (' 5 Gl Y6AH D -

(6) ##fE4b: Firefly/Renilla luminescence, BJ[A]—#FE &, FLA Firefly Luci
-ferase {H 55 Renilla Luciferase {E 1A, XK luciferase FHXFFRIL &

2.13 P 240 B ARSI 40 i 7 T

(1) UMb R G, R A RE TRt R IR A% B FH e bR i B0
&, AL IICE R R, AR R WCE T AT SO, KO T
VEIEFEBE 300xg, TAFE 5 708, 8085 Wl R #8 W sT B3E, T/ 7F PBS
VEEan i, SRJE KL 300 g B0 5 08, FF b

(2) [MELEF A Annexin V Binding Buffer, xE#iW, JG/E7EN 5 uL
[¥) Annexin V-FITC A1 P15, TREHl EREGR, METER T 15 708 CE
AN N AE RIS IS R AT )
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(3) bAURI: 9 A PSR AT A

(4) WUANZBRF, 2R R4, A F R R, A BRI
WRHAEN, 72 b R R IR SR AN i s 4 Ry s

(5) B FTR=G T RIRE RN R R BRI 4% .
2.14 Gt

S IRAF I HR L AN S DA B bR E 22 RO, JfFilid Graph Pad
Prism 8.0 # A 1E4T 43 HT . Western blot FIT45 5571 (K FEAE A image J #EAT 1HE AN 4>
e ¥ P<0.05 ¥LAAE G L.
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& R
1 IncRNA MALAT1. miR-124-3p Al calpain 1 7E SCI X R Brh 2R ER
&

ARWFICE SN T SCI shiiR, @it BBB 47 4440 1Ak SCI a4 7
SR R . 5K, SXTHRAAELL, SCERdH KR BBB 1T A%V B 2
ICT X2 (p<<0.0001), K] SCI WAL D i 57 . B /5 FH RT-qPCR %} #-4H
KR SCIHALATRLM, 25 R E 7R IncRNA MALAT1 F1 calpain 1 7£ SCI J5&i&
1, miRNA-124-3p £ SCI JGRIE R (x* p<<0.0001, ***p<<0.001, *p<
0.05) (FE 1.

dekkok

30— | | * X *kkk

N
o
|

*kkk

- dedkokok

*kkk

ﬂ

BBB score
—
o
1

0.5

0.0- Iﬁl |;|

0 1 1 1 1 1 1
control 3 7 14 control 3 7 14

(Day) (Day)

Relative expression
of miR-124-3p
=
1

FN
|

of MALAT1

»
1
Relative expression
of calpain 1
i

Relative expression

o-j T T 0-——

control 3 7 14 control 3 7 14
(Day) (Day)

1: BBB WAl SCI s Rl (1 37 ; RT-qPCR K SCI J5 3. 7 1 14
X IncRNA miR-124-3p. IncRNA MALAT1 il calpain 1 1784k &
(F**x p<0.0001, ***p<<0.001, * p<<0.05)
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2 IncRNA MALAT1 5 miR-124-3p Z [BJfEERE A X &R
FE LR T ) 32 “starbase.sysu.edu.cn”4h 2 7R IncRNA MALAT1 72 miR-124-
3p W EUERE A, PR Z (R AEAH L5 A IS A s (] 2).

MALAT1 Target: 5' agggauagauaaGUGCCUUu 3'
RRRRN

miR-124-3p

2: (S HT I IncRNA MALAT1 Fl miR-124-3p 2 [8] {145 &7 45,

N T AR Z TN 2 A5 AR, R G R B SIS 1T T IncRNAMALTAL
miR-124-3p Z [A] I HE S50 0E, SEIR4E R B 7R WT+miR-124-3p ZH%f th T WT+NC
HEB G E L (p<0.0001); MUT+miR-124-3p 405t LT MUTHNC L%
TR (p>0.05). £ IncRNAMALTA1 Al miR-124-3p X [BJF7-4E FE R 45 & A
L ST R —8 (K 3).

-
(3]
]

>

; *kk ns

= A -

®

2 1.0+

g

2

E

= 0.5

[

2

= |_|

4

w

X o.0- T T
& R © R
&R S m;:

N g_,o"" O
§“° . \{\,&
3: MR R EESLIRIAE IncRNA MALAT1 Fl miR-124-3p 2 8] (148 2555 5
(k%% p<<0.0001; ns p>0.05)
3 H,0: %% PC12 #3Z SCI FT-HA!, SCI FM IncRNA MALTA1. miR-124-
3p & calpain 1 FIFE
N T AR TR SCT AL S 5| R B T i e HaO0 IR S, A SEEG 48 IR
[ HaO2 R E (0. 100 pM. 200 uM. 400 uM BLJ% 800 uM) i PC12 41 24
h, AL SCI 58N AR SN E T2 . CCKS AMIfS 2145 3. Hlufris
FEEH HoOn WREEHG AT FEAR, S IFARES (p<<0.0001), 2 Ha02 ¥y 200
uM I, 4EAEIE ) R 50% A A 19 3R BN R IC50, Bk, JE2ESRE LA 200

UM HoO: BN 24 h AE AL SCI ARSI IE TR i Fodi 264 (1 4D
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200

;\; 150- %* %k k.
E ****
S 100-
©
>
g 50 ﬂ .
LI llL
y e
~é° N W
c’O
H202 (pM)

Kl 4: CCKS8 Rl g5 R EIr: 24 HaO2 N 200 uM B, 4HBRTE /175 50% A2 4h
(x5, <0.0001)
WB € SCI [E I T-#UTHE H cleaved caspase 3 1254k, AHELT control 2,
HO, FIFUE Z 9N T cleaved caspase 3 f13RIE (p<<0.0001). 3R] SCI J5 4 A
BIT (E S5,

-
L3
1

c
°
n ™ P
2 9
leaved 58
C o
--- 17kDa & @ 101
caspase 3 ' c8
[
58
Qw 5+
02
20
o g gy g o o 00 5
- ¢  o-
€
control H202 &

5: WB ll5€ SCI J& cleaved caspase 3 HIZAZ L &
(Hxk%p<(.0001)
RT-gPCR %€ SCI J& miR-124-3p- IncRNA MALAT1 % calpain 1 {1280 &,
5 control 44 L04L, SCI J§ miR-124-3p [FFRIEEHEFFIK (p<<0.001), 1M calpain
1 F1 IncRNA MALAT1 (JRIEEHETFE (p<0.001, p<<0.0001), 5 miR-124-
3p HIRIEE 2 AR (B 6).
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6: RT-qPCR Jll%E SCI J5, miR-124-3p. IncRNA MALAT1 Fl calpain 1 [{J%¢
b (x*%%p<<0.001, ***p<<0.001)
N T8 EiR RT-qPCR 321455, AFIB\iE WB £l SCI J5 CAPNI
EAXLNAZE, MELT control 41, CAPNI fE SCI e HIRIEEHETIE (<
0.01), 5_Eif RT-qPCR &5 R —3 (& 7.

z .
5 6 —
5
g L
@Y1 N —— T R 8 ]
5
< 2
GAPDH | gy wip wmp @9 @WD @ | 36iDo 8 j
o
2> 0- r
T & ov
control H20: x A

7: WB il SCI J5 CAPN1 HHRIL &ML
(*%p<<0.01)
4 I FRIE miR-124-3p REXTHL SCI Je & TG RTE T
N 7 ERH miR-124-3p % SCI (520, ¥ miR-124-3p L&A 4L 3] PC12
4Hifd, RT-qPCR W€ miR-124-3p FIEEI0R, 5N, MLT control 41, #%
gl miR-124-3p FIRIEEHE FIF (p<0.01), F£H miR-124-3p B 4pish (K
8,
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5004 H————

S 400
2&
O <
S -
2_ ‘g 300
L4
2 E 200-
El
© O
w —
K 100
0_
miR-NC - + -
miR-mimics - - +

8: RT-gPCR il & # 4% miR-124-3p mimics J5, miR-124-3p A4k &
(*%p<<0.01)

BEJ5, Bty 4B N control 4. Ha0z 2. miR-124-3p+H>0, ZH A1l miR-
NC+H0, 41, FELA 200 pM ¥R FZ ) Ho0, I3 PC12 4HAE ST SCI 4ifAsiny, 4R
Ja KM CCK8 MI7E SCI Ja4mfis /1, 458K : 5 control ZHELH, H.0, 44
AR R (p<<0.0001); 5 miR-NC+H202 2L ELHR, #54% miR-124-3p Jo 4
W ATEE (p<<0.0001). FH miR-124-3p 7] LLBA B4R S SCI JE4iniE 1 (&
9,

150
*kkk kkkk

100

Cell viability (%)
g
1

0-

H,O, - + + +
miR-NC - - -
miR-mimics - - +

9: CCKS &l 4L miR-124-3p X} SCI J& 4l iE /1 1 5
(k*k%p<(0.0001)
WB il € % ¢ miR-124-3p X T-FAT H H cleaved caspase 3 (50, 45
e control ZHH1 HoOn ZH ELAE A Giit 2% X (p<<0.0001); miR-124-3p+H,0, H

A miR-NC+H20: R EF G2 E L p<0.01). FH miR-124-3p Hedi]
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cleaved caspase 3 [FJ&iE (& 10D,

cleaved
caspase 3 .‘ .l 17kDa

H0: - + + + 0-

Relative protein expression
of cleaved caspase 3

miR-NC - - - +

miR-mimics - - + - miR-mimics - - +

10: WB #6114 4 miR-124-3p *%f SCI /5 cleaved caspase 3 51
(*¥x%p<<0.0001,%* p<0.01)

b ACHE T A IR R PR AR IR FR TR B 1 SR iR 45 R, [FIRE I, Ha00 20
¢ control ZHIH TR B (p<<0.0001); miR-124-3p+H202 4% miR-NC+H,0,
HAMM A TR BB (p<0.01). R RIE miR-124-3p #] SCI J54H i)
o (E 1D,

A

H
o
]

(23
o
1

N
o
1

Pl

Apoptosis rate (%)
g

H,O0, - + + +

-,‘ ﬁ@ 0= | ! !
R

- - | mim miR-NC - - - +
> miR-mimics - - +

K11 YR B AR G I # 4 miR-124-3p X SCI J& 40 B yH T2 B 5
(k¥5%<0.0001,** p<<0.01)
WB ¥l miR-124-3p X SCI f5 CAPNI ({520, 4558 R5: 5 control 4tk
B, SCI MRSMMIARH CAPNI (A RII B (p<0.001): 15 miR-NC+
H20, ZHEEAR, 33634 miR-124-3p g CAPNI (&R FARIAE (p<0.05). Xk
SRR, TRIZE miR-124-3p HHit %] CAPNI1 HRIAE TS SCI JF4u i1
(E12).
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Hk *
| |

o
1

z
: c o
CAPNI | % o v @ | 8002 53,
8o
25
GAPDH 36kD 24
a s 9
- e e e i
H0: - + + + 0-
. O, - o+ 4
miR-NC - B ) + mRNC - - -+
miR-mimics - - + - miR-mimics - - +

Kl 12: WB 5 # 4% miR-124-3p %} SCI J5 CAPN1 K540
(**%p<0.001,* p<<0.05)

5 FIR IncRNA MALAT1 ®] A9t SC1 B &G

SCI J& IncRNA MALAT1 HjZRixERE L, Bk, A 7THN 40 IncRNA
MALAT1 2% SCI JE#&uHT- BA RN, RELWHE T 3 > IncRNA
MALAT1 T B 23 BIARc R si-1 si-2 Al si-3, FFE4L40, RT-gPCR il
3 AN B G R,  [FI HEAT fiE si-IncRNA MALAT1 ik, 45RE7R: si-l
5 control HEAHES ¥ ER (p<0.001), FH si-1 FHYRBCR K. K,
JE 85I Y si-1 /4 IncRNA MALAT1 T4 B (B 13D,

* %k %k

154 FH——

1.0

0.5

0.0-

Relative expression of MALAT1

»
\$°
X
[9)

13: RT-qPCR il IncRNA MALAT )% Y05 J B AR Fr BR AR i ik
(*%%5<0.001)

B Je B S 56 o 4 K143 A: control 4. HaOn 2. si-MALAT1+H0, 41LA si-
NC+H,0, 24, CCKS il 5E T4 IncRNA MALAT1 %} SCI J& 40 i S s, &5 53
Zr: 5 control HAAHEL, HaOn HANNLIE /) B FEAK (p<<0.0001); 5 si-NC+H,0,
HAHLL, si-MALAT1+H20, 20L& JTEH RGN (p<<0.0001), XEL55 KT
Pt IncRNA MALAT!1 {233k SCI J54miEis /1 (K 14).
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150

~ — —
X
< 1004
z
E
8
2 50
]
(&S]
0_
H202 - + +
si-NC - = - +
si-MALAT1 - - +

14: CCKS8 Jll5%E T3 IncRNA MALAT1 %} SCI Ji 40 i i 77 f 5 i
(xk%p<(.0001)

e, IR AR 36 _F IR CCKS g gt B, 45 R 2R : control ZH A
H,0, A TR Z R EF R FE L (p<0.0001); si-NC+H,0, HEH si-
MALAT1 HAMFI TR ZE R EG G (p<0.000D). Kk, 15H45E,
Tt IncRNA MALAT! Geiiil SCI JE4ufi T (& 15).

control -
;?1?5"
| i 404
1
: = —L
X
~ 30
]
=
a4 ©
e =
PI ‘ “ » 20
N 7]
si-MALAT1+H202 o
=
g 10
Q.
<
O—j T T
g . ‘ H,O, - + + +
i o 3 |G S .
1028 w0f 0 s 108 1086 210“ 104 10°% 10% 1088 SI-NC - - - +
- si-MALAT1 - - +

K 15: AP ARKG I T3t IncRNA MALAT1 %F SCI Jim 40 S 1= (1 52 i
(H*k%p<(.0001)

6 IncRNA MALAT1 #£[7 miR-124-3p %% calpain 1 #i#] SCI JEH & LIE T

N7 PPl IncRNA MALAT1/miR-124-3p/calpain 1 fli%t SCI JG £ oM -1
S, A BN E T4 IncRNA MALAT1 Al miR-124-3p #EAT IR, S egh
WG EESL SCIL Ui, RT-gPCR JE &4 miR-124-3p HIRIE R, 4R EIR:
5 control ZHALE, H0> 2 miR-124-3p FIFRIAEEMK (p<0.0001); 5 si-NC+
H20, HAHLEL, si-MALAT1+H20: 21 miR-124-3p MF X ETHE (p<0.0001); 5
si-MALAT 1+inhibitor-NC+H,0, HAH Y, si-MALAT 1+miR-inhibitor+H,02 41 miR-

124-3p FIRIEE TR (p<0.05). FRIHFH IncRNAMALATI1 £ 13 miR-124-3p [¥]
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i35, T miR-124-3p inhibitor FELIT 7 X ARCE (B 16D,

1.59

-
o
1

Relative expression
of miR-124-3p
e
(34
1

0.0-

HO, - + + + + +

siNC - -+
si-MALAT1T - - - + + +
inhibito-NC - - - -+
miR-inhibitor - - - - - +

16: RT-qPCR & [ Ff T3 IncRNA MALAT1 #1 miR-124-3p &, miR-124-3p
AR f B (F*%p<<0.0001,* p<<0.05)

CCK8 45 R in: Ha02 205 control LAHLL, ZHAEIE IIEMK (p<<0.0001);
si-MALAT1+H,0, #15 si-NC+ H,0, ALk, 48 /17 m (p<0.0001); si-
MALAT l+inhibitor-NC+H,0, 21 55 si-MALAT 1+miR-inhibitor +H,0, 2L kb, 41
i ST (p<<0.0001) . IX 2L 45 R B TPt IncRNAMALAT1 35 38 hn 4 iis 77,
ifi miR-124-3p inhibitor F1#] T T3 IncRNA MALAT1 X+ 3% 11 /E T, 23
4 miR-124-3p inhibitor T3 IncRNA MALAT1 Frifse I 4n i, M)
MG 7 (B 17D

150

*kkk *kkKk *kkk

—

100+

5olﬂl ﬂ

O_ 1 1 1
-+ o+ o+ 4

Cell viability (%)

HO» +

si-NC -

si-MALAT1T - - - + + +
inhibito-NC - - - - +

miR-inhibitor - - - - - +

17: CCKS &[5 i} T3 IncRNA MALAT1 F1 miR-124-3p J& ZHME 777284k
(*¥%5kp<(0.0001)
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WB Kl AT 2 1 cleaved caspase 3 [RIAE, 4R E/R: 5 control 4
FHEE, H2024H cleaved caspase 3 FIFRIAEF = (p<<0.0001); 5 si-NC+ H,02 4
FHEE, si-MALAT1+H20, 4 cleaved caspase 3 FJRIZEIFK (p<<0.0001); 5 si-
MALAT I +inhibitor-NC+H,0, 4 AHEE si-MALAT 1+miR-inhibitor+H,0, 2H cleaved
caspase 3 [{JRIEETHE (p<0.01). F B miR-124-3p inhibitor Jik 55 T T4 IncRNA
MALAT1 %} cleaved caspase 3 [IHI/EA (K] 18),

cleaved
L. q 17kDa

caspase 3

GAPDH s s s s s ﬂ 36kDa

H202 - + +

si-NC - - +
si-MALAT1 - - -
inhibitor-NC - - -
miR-inhibitor - - - -

Relative protein expression
of cleaved caspase 3

HO, - + + + + +

ssNC - -+t -
si-MALAT1T - - - + + +
inhibito-NC - - - - + -
miR-inhibitor - - - - - #

o+ o+
o+ + 0+
+ 0+ o+

18: WB Al [ i T3 IncRNA MALAT1 A1 miR-124-3p J& cleaved caspase 3
FEAMALE (*%p<<0.0001,** p<<0.01)
AR R R TR : Ho02 205 control ZHAHLL, 4RI TR EZEF S (p
<0.0001); 5 si-NC+H202 ZHAHEL, si-MALAT1+H.0: HAMBEAT- R R E (p<
0.0001); 5 si-MALAT1+inhibitor-NC+H>0, 0L, si-MALAT1+miR-inhibitor
HH 0 HIAT- R TR (p<0.05). XL 5 FIR CCK8 Mg R —2 (K 19).

o
-
>
o
]

si-NC+H202 — — —
— 304
[
8
©
S
8 204
7]
. 1]
5
- ; g_ 10
Pl si-MALAT1+H202 si-MALAT1+inhibit-NC+H202 si-MALAT1+miR-124-inhibit+H202 < j
0- T T T
H,0, + o+ o+ o+ o+
si-NC +
si-MALAT1 + + 4
s
inhibitor-NC - - - -+
: iR oo, _ ~ _ - _ +
FTC miR-inhibitor

19: R4 PR A [F] B 4 IncRNA MALAT1 Al miR-124-3p J5 40 T
RIFARL (F*%%p<<0.0001,* p<<0.05)
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WB il CAPNI e, 258 E7R: Ha0. 45 control ZHAHEL, CAPNI
EARBEMNZERBEAG 2 (p<0.0001); si-NC+H,0, 2H 5 si-MALAT1+
Ho00 ZHAHEL, CAPN1 EEEHRIBEMZER AR IR XL (p<0.01); si-MALAT
1+inhibitor-NC+H»0, 21 55 si-MALAT1+miR-inhibitor+H,O, ZH#H L, CAPNI ZEH
RIEBEMNZER BB %E L (p<0.05). FIHTH IncRNA MALATI fg g
CAPNI {JE A FIA &, 1l miR-124-3p inhibitor #1#] T Ft IncRNA MALAT1 X}
CAPNI /K THI5M, KN CAPNI FIRIEF I (B 20),

I
1

—t

z

.E% 3_
CAPN1 80kDa g0
806

25
— ‘_1§

. i T O 4]
)

o_

H02 -+ + + 4+ o+ HO, - + + + + +
si-NC - + - - S§NC - -+ -
si-MALATT - -+ + SEMALAT1T - - - + + +
inhibitor-NC - - + - inhibitor-NC - - - - + -
miR-inhibitor - - - -+ miR-inhibitor - - - - - +

K 20: WB Kl [F i T3 IncRNA MALAT1 A miR-124-3p 5 CAPN1 & A K238
g (x%%%p<<0.0001,** p<<0.01,* p<<0.05)
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SCI J& K A ISR R4t 5 A LHEU MR, 5 5 BURF e B 20 . 4% Lo
NG, ERELH 260 7 NEA SCL, il T i6y7 fyE# SCI ) B A
N VT ALSRICES, MFERRAR LI NN 7 Ji50H, BARE % 21677 SCI KT,
WMFARWE. Fase. R 4RI AR AESE, (BT SCI &2 Z= i i A 3
B, X eeiGyT 7 T AR . 0] SCI R JeIH T /& IR 7T oG,
JE4ufiD RNA BRI E 2S5 SCL KA RBMEEIH, TRk
Yrisdt, HATCZ AT 2k 1E ARG RNA XF SCI R0 & AT R HL
AT SCI B ERRIT AL WT.

ASER FH TR FE SCI 40 & KU T K R TE A8 41 iR 1) PC12 4 &R, 22—
KA R, KT LA EARE =Y, ENTER SRR IR, Ex
ANTLHES, PCL2 BT HIHE KRG h &R R A w7, BN
EATTR I B2 TC I — L E EUREAE, Qi AR I T AS DL S S SRS, fgl
AT RAE T 1-F BE-4- DR RN g 85 80 6-F2 2k %2 L IE 75 3 PC12 E257 PD i 4 g e Y
[461; B LAl #6498 48 SOD1 2K (G93A) () PC12 HF 7 WL 45 M 2R A Ak fE 7],
AT DL b SEORE R F 38 PC 12 G S i M i 25 R A A B A A48T, PC 12 4T i
[FIFERWEFT SCI H AN, Zhao ¢ [F) =i i FU0E RI<FHil s PC12 F TR 7T
X SCIEE FIFZm4Y; SBIK, Wang 25 A\ f# ] LPS H# PC12 B4l SCI J5 % 4iE
JRBNOT, FET A T, PCL2 AR T8 78 P 20 3 Gt 10 P 4
i, DRISEAHF T F PC12 AR A 7T SCI ¥ S48 2 i .

SCI G/~ KE MG (ROS), ROS it — 515 B A BALHIEE At
RigogAe, SEMA Tt BT, NMERAE). HO, J& — b,
SRR R AR K B R AT DIVE AR SCT RSB 46, B R Cgl 2 T
9T SCI AL 5 R R TR 7 s, PR, AWk H.0, %5 PC12 1
AL SCL AN AR SE 50 IR . (R AEIAT OB 7T, B FE A8 Ho O, 3
B PC12 AL SCI B A2 AN AR, 140, Zhou fEFH 300 uM K FE Il
PC12 57 SCI R4, Luo 25 A FH 250 uM (IR AR NS 758, Bk, A
THRT AL SCI RSN IR R)3E & 561, AR E T AN RIR FERR BE (¥ HaO

(0~ 100 uM. 200 pM. 400 pM & 800 uM) FI-THlEedmf, S0 1EA 24 /)

m
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I, G CCK8 MIsE KM, WEAEWREEMA WG N, 0TS &8 T, kAN
200 pM K, ZHHIE JI7E 50%-60%2 (8], 132 IC 50, [EKF, @ik WB il & 3
ZAAE N T PATE A cleaved caspase 3 FIFRIA R BN, Kk, AHF7E LK
JZ 29 200 uM ] HoO, il PC12 40 24 h 4 SCI RSN T-RERL ) 2 3 4614,
BB ARG AS RNA XF SCI [ B AR FHLA .

miR-124-3p Jj& —FiAEEEIEgR D RNA, HAjH I\ Y miR-124-3p 7EHHX#HZ
RGP RIS, WA MM S Ak, X BRI BT R A (R
ST RS, Fhn, {ERT R 25 BRIE (Alzheimer's disease, AD) H1, miR-124-3p
RES B K A L A0 (HBVPs) Ak N IRTRGE o0 22 oA i, a3k v o7 el [
PRERRARDS), RS I A p B3 v, 128 miR-124-3p S HIEBHAES /S 24 h
PG R /D, FEAE 48-72h N LA JCBR LG 35 -G ORIZHIE B0 miR-124-3p iB4E R
NG I P Y 2453 B AR 7032 2 55 Bt ki 2 o s FRO 9 B AE B AR 57); Wang 45
NS H], miR-124-3p il i W B LR 3 WA (PI3KD/E H B B(PKB/AKT)
FEGR I A6 o o R FE BT TR A, I 52 Bel-2 I3RIA, 3 — D ki
P2 4R T80 Ak, miR-124-3p 38 AT LU I 301 S840 S RS PC12
Y %% OGD/R CEFERIZF/E %D S8, X518 %0E PIBK/AKT/NI2
BRI IR TR A FRIEHI S, Hod OGD/R & FH - 2 N7 I 1 o 2 A AR 441
MAE AL ) BB 742 —; miR-124-3p JEIL 520 iASPP [\3RIK, F0f & i 4 i &~
R TCIRTS, A RO T AR RO, X EEA AR miR-124-3p 2RI
i 2% F s TR B A 12 B R T A B AR A FR B4 . 64, miR-124-3p TN
H R W EAE H , miR-124-3p nldE S ] CREB1Y C/EBPal®?l F1 Bel2L13163)
[y s SRR T A 22 T8 % o M RIS A AR RS0, BT 00 B 25 AR
miR-124-3p SCIE I H0E /N B 5T 40 AN SEAE S S R BRI 1) 2R 02

DL TR B, miR-124-3p 7EHAXIHE R0 H (5 A B B A . AR BA AT I
TR S5 R I, SCI I miR-124-3p [RIETESG T B (4128 70 Hh 2 3 PRI,
[ s 3 A 04 R 2 0 B K miR-124-3p 1 calpain 1 3 PR 2 (B FE7E 45 & 07 A,
T XU e R SIS I UE T miR-124-3p Al calpain 1 2 [A][#EH % &R, Ak,

i R IE miR-124-3p it #1| calpain 1 fZRIEHMH] SCI & ual I T, M

Mg4% SCIM®l, o, calpain 1 A& —FKHES &5 45 8 g,  FA 40
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W BEEPERE A T E Y, 40, miR-140-5p i@ SE[H] calpain 1 22
/N BRFF BRI/ P EE YR 35145065, T4 IncRNA NEAT 1 @it i 7 miR-124-3p HIF&IEM
U calpain 1 JERRIBES /N B RIS 71 SRAEFNLF L0, AT 508
i RT-qPCR il SCI 44441 i 45 74 o miR-124-3p Fll calpain 1 IFIE, 450 BIR
miR-124-3p Fik & Z K, 1M calpain 1 5 miR-124-3p [ 3R 1A & 5 FAH I K
[E] i, WB 45 5275, CAPNI il cleaved caspase 3 [k &4 & 2 T . b5
AHFA THRIE miR-124-3p X} SCI ARSI 52, #% T miR-124-3p mimics
M TR 3a0y, 8 CCK8 A4 ARR I A I, 1 FRIE miR-124-3p &5 T
SCI J& 40 M AT /7 3B T, WB AG I & B, %5k miR-124-3p 385 30 H1
CAPN1 Al cleaved caspase 3 [ iAH4E SCI JGAHZ T T o AN 7015 %] miR-124-
3p IR F 5t N FRIIE 76 S AR A A HIT B4 OB 7 1 45 S — 580, % B miR-124-3p 1
X4 RGP R IEEZ/E . 22, 1RYE ceRNA ik, calpain 1 & | 5 %] miR-
124-3p P4E4h, AIREIEAFAE L ERER T B, AKX miR-124-3p #) L
87— BT I AR P T, &P IncRNA MALAT1 H1 miR-124-3p
ZIEAEAERE I R R, AT, X6 R M S0 45 AR SE T ax — Tl B&T ik, At
FedE—HARE T IncRNA MALAT 1/miR-124-3p/calpain 1 %+ SCI Ja#Z oiH T
(RIS o

IncRNA K H A AEVIA TR MR HLN], 25 & Mm i g A, KR
IR, QAN ZH. B, &F IncRNA B IE 32 B4 g 465G 19
W7t g, Bltn, Kong 28 NKFL, IncRNACDC6 # 47 miR-215 ¥ [ CDC6 % 5L
g gk e l7); Zong K H[FHAF A FHH 4518, IncRNA SNHG i€ 12 W 41 i [7)
M2 BURRAY, 3T 0 L e AR KR A5 108 Chen %5 A\ TE 9093 Hh R I
IncRNA CDKN2BAS #[] miR-153-5p ##5 ARHGAP18 {i 3t JH-Ji 41 i (1) 4% #1090
B JE BT SR BL, IncRNA 7EHP 4 R G0 M0 bt R 15 55 EZTh e . i,
IncRNA-MEG3 #E[1] miR-147 F#RGRE 7 J5 4l -0 T30 IncRNA
PVTI i ¥ 7] miR-186-5p 7 CXCL13/CXCRS 15 5@, MM & ik
IR S IE N5 IncRNA H19U2 IncRNA SNHG 1617313 328 i i3k it FFE 41 it 3.2 4% 15
ER AR B M2 405 T3 IncRNANEAT1 #3232 miR-374c-5p [
PRI HWE R 04, 55 —J5 T, IncRNAMALAT1 )72 2 514 24 1%
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PRI B . 10, IncRNA MALAT1 @i #f] NRF2 [I3£i&, MifiiFES PD
ZIN BRRI/IN B 5 200 M ) 48 ek /N AT AR R 1R 7 A, SR B R US), [RIRE,
IncRNA MALAT 1 J8 i3 #5457 miR-129-5p $& = BDNF {12 i3 i FEE 41 A (1) 384 58 AN 42
e e A B0 R 200, FERR PR 2 HH 2, IncRNAMALATI @
AL A P B A B AT TR SRE T ORI L6 2R 9 M 2 o A5 e 42 4 2 4 32
B SHEAHAGTT. Wu 28 AR, IncRNAMALAT! 3@ it #25) miR-154-5p 4014
AQP9 ik, HEMTHEHIR RS AR . FERIG S, KA i i Re
BECI IR IR A 245, T IncRNA MALAT1 #] DU E EZH2-NOTCHI
(I M L P A i, 2 TR E LA 1B 09T, IX LERFF 5T R B IncRNA MALAT!
TEMZ R GPEGR R R EEAER, (BLE SCI i RARIE RN A TERE .
KL, AR ST T SCI J& IncRNAMALAT1 275 22 FpE R ik, 45 5 IR IncRNA
MALAT!1 7£ SCI J5 2 =R H#a%, KB IncRNA MALAT1 7£ SCI H1 i) G718
HEMO, FNREE ERII6E. # R, REMEE T =AFEE IncRNA
MALAT1 F#i B, dfid RT-qPCR ik T 480 i w6 v BUsb AT i 4, 94T
CCKS8 FH AR AKI I 5, 45 327~ T IncRNAMALAT! #2551 SCI J5 41
W A A R T X e A BT L AT R I — 0, #R P IncRNA
MALATI1 7£ X4 KRG R EEAEA .

g, N TRV IncRNA MALAT1 2 7738 i 8 1] miR-124-3p 4% calpain 1
EhIM] SCI JEAH & e T, AFIBAK IncRNA MALAT1 T4 7 BUFI miR-124-3p
inhibitor [F]H %5 G i, BE4T $5 B 5256, RT-qPCR K63 & B T4 IncRNA MALAT1
Fefe it miR-124-3p Kik, CCKS8 45K E/RTH IncRNA MALAT1 B2 34 In 4 g
J& 77, T miR-124-3p inhibitor J8 55 I T3 IncRNA MALAT1 X 40 & /1 1I7E
FH N miR-124-3p inhibitor /# T4 IncRNA MALAT1 #3f4m -, Ml
HIANMIE 77, MALMARILE RS CCKS LR —3. /i@t WB ANET:
PATHE A cleaved caspase 3 Fl CAPN1 [)3RiA &, &I miR-124-3p inhibitor i1
#1 7 T4k IncRNA MALAT1 % cleaved caspase 3 1 CAPN1 & /K “F-HIgm, A
NEANTHI LTI 0. 1X 45 58] IncRNA MALAT 1/miR-124-3p/calpain 1 %
£ SCI R4 HEAEH

Zi FRTR, BTSSR KW IncRNA MALAT1 1 calpain 1 #£ SCI #4414
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MR S R I, 1M miR-124-3p KK IE . i FRiE miR-124-3p, #id FFK calpain
1 F1 cleaved caspase 3 25 H7K°F, % SCI Arsl I T2, B T4 IncRNA
MALAT! &, ZMEE T34 B TR, RN I T m . shsbh, a4 SCT
e, T4 IncRNA MALAT1 #3341 miR-124-3p (IR &, MK calpain 1 &
cleaved caspase 3 [FRIEFBEMMPIHT:, HULFEKS, miR-124-3p inhibitor #l5l]
RERZHEIE T IncRNA MALAT1 5F SCI KIFHIVER] « AHF 705 TR0 A 7 3%
fill, #2517 T IncRNA MALAT1 7€ SCI FFHIMEF, B KR H 35 & IncRNA
MALAT 1/miR-124-3p/calpain 1 $li%+ SCI 520 . A< [ BAFHAS I VR E 7T R 45 S Bk
R ARAIETT SCI A —F K77 MM ER . (AR FARRIEAE— E AL AL,
PR Ry 526 3 T B T 40 S 0%, A /A B S0 AH LU T4 A s S 56 k2 — e A
MR, BRIE, FEAKA I BKIR 75 BHCE RN (AR A S 78 2 30X — 45
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& it
AT 7E R I IncRNA MALAT1 % SCI #3677 1 F A& 18 i #E 7] miR-124-3p 1
¥ calpain 1 KRSEILHT, DA RAR T4 18
1.3 %1% miR-124-3p i@t 817 calpain 1 1] SCI JEHH &0 T2,
2.1 IncRNA MALAT1 figdiliil] SCI JG & i 175
3.IncRNA MALAT1 3# i 4 [f] miR-124-3p 3% calpain 1 %] SCI J5#Z T
T,

46



S

[1] Fan B, Wei Z, Yao X, Shi G, Cheng X, Zhou X, Zhou H, Ning G, Kong X, Feng S.
Microenvironment Imbalance of Spinal Cord Injury[J]. Cell Transplant, 2018, 27(6): 853-66.

[2] Karsy M, Hawryluk G. Modern Medical Management of Spinal Cord Injury[J]. Curr Neurol
Neurosci Rep, 2019, 19(9): 65-72.

[3] Eli I, Lerner D P, Ghogawala Z. Acute Traumatic Spinal Cord Injury[J]. Neurol Clin, 2021, 39(2):
471-488.

[4] Lo J, Chan L, Flynn S. A Systematic Review of the Incidence, Prevalence, Costs, and Activity
and Work Limitations of Amputation, Osteoarthritis, Rheumatoid Arthritis, Back Pain, Multiple
Sclerosis, Spinal Cord Injury, Stroke, and Traumatic Brain Injury in the United States: A 2019
Update[J]. Arch Phys Med Rehabil, 2021, 102(1): 115-31.

[5] Chen L, Heikkinen L, Wang C, Yang Y, Sun H, Wong G. Trends in the development of miRNA
bioinformatics tools[J]. Brief Bioinform, 2019, 20(5): 1836-52.

[6] Correia de Sousa M, Gjorgjieva M, Dolicka D, Sobolewski C, Foti M. Deciphering miRNAs'
Action through miRNA Editing[J]. Int ] Mol Sci, 2019, 20(24).

[7] Sun P, Liu D Z, Jickling G C, Sharp F R, Yin K J. MicroRNA-based therapeutics in central
nervous system injuries[J]. J Cereb Blood Flow Metab, 2018, 38(7): 1125-1148.

[8] Gong Z M, Tang Z'Y, Sun X L. miR-411 suppresses acute spinal cord injury via downregulation
of Fas ligand in rats[J]. Biochem Biophys Res Commun, 2018, 501(2): 501-506.

[9] Zhou J, Li Z, Wu T, Zhao Q, Zhao Q, Cao Y. LncGBP9/miR-34a axis drives macrophages toward
a phenotype conducive for spinal cord injury repair via STAT1/STAT6 and SOCS3[J]. J
Neuroinflammation, 2020, 17(1): 134-141.

[10] Wang R, Liu Y, Jing L. MiRNA-99a alleviates inflammation and oxidative stress in
lipopolysaccharide-stimulated PC-12 cells and rats post spinal cord injury[J]. Bioengineered,
2022, 13(2): 4248-4259.

[11] Shao J, Cao J, Wang J, Ren X, Su S, Li M, Li Z, Zhao Q, Zang W. MicroRNA-30b regulates
expression of the sodium channel Nav1.7 in nerve injury-induced neuropathic pain in the rat[J].
Mol Pain, 2016, 12-21.

[12] Yao Y, Zhang X, Xu J, Gao F, Wu Y, Cui X, Wei L, Jiang J, Wang X. circ_014260/miR-

47



384/THBS1 aggravates spinal cord injury in rats by promoting neuronal apoptosis and
endoplasmic reticulum stress[J]. Am J Transl Res, 2022, 14(1): 518-533.

[13] Li T, YingchunSun, LijuanTao, ShoujunChen, PengLiu, CaihuaWang, KeZhou, ChangyuZhao,
Guoqing. Inhibition of MicroRNA-15a/16 Expression Alleviates Neuropathic Pain
Development through Upregulation of G Protein-Coupled Receptor Kinase 2[J]. Biomolecules
& therapeutics, 2019, 27(4) : 414-422.

[14] Ding L Z, Xu J, Yuan C, Teng X, Wu Q M. MiR-7a ameliorates spinal cord injury by inhibiting
neuronal apoptosis and oxidative stress[J]. Eur Rev Med Pharmacol Sci, 2020, 24(1): 11-17.

[15] Li M, Jiang W T, Li J, Ji W C. Exercise protects against spinal cord injury through miR-21-
mediated suppression of PDCDA4[J]. Am J Transl Res, 2020, 12(9): 5708-5718.

[16] ZRK, Mrigss, Tit, 28898, HERA, ¥, B4, miR-124-3p ¥L[E{EH T calpain
1 W0 S A B2 SON Bl 407 )5 F 2 TC I T2 B RE IR D], b B A BB AL K, 2019, 29(12):
1109-1118.

[17] LiQ, Liu S, Yan J, Sun M Z, Greenaway F T. The potential role of miR-124-3p in tumorigenesis
and other related diseases[J]. Mol Biol Rep, 2021, 48(4): 3579-3591.

[18] XuJ, Zheng Y, Wang L, Liu Y, Wang X, Li Y, Chi G. miR-124: A Promising Therapeutic Target
for Central Nervous System Injuries and Diseases[J]. Cell Mol Neurobiol, 2022, 42(7): 2031-
2053.

[19] Zhao J, He Z, Wang J. MicroRNA-124: A Key Player in Microglia-Mediated Inflammation in
Neurological Diseases[J]. Front Cell Neurosci, 2021, 15: 881-898.

[20] Elramah S, Lopez-Gonzalez M J, Bastide M, Dixmérias F, Roca-Lapirot O, Wielanek-Bachelet
A C, Vital A, Leste-Lasserre T, Brochard A, Landry M, Favereaux A. Spinal miRNA-124
regulates synaptopodin and nociception in an animal model of bone cancer pain[J]. Sci Rep,
2017, 7(1): 109-121.

[21] Strickland E R, Woller S A, Hook M A, Grau J W, Miranda R C. The association between spinal
cord trauma-sensitive miRNAs and pain sensitivity, and their regulation by morphine[J].
Neurochem Int, 2014, 77: 40-49.

[22] Yang M, Dang X, Gao K, Li Z, Liu M, He K. The relationship between macrophage

polarization and glial scar formation in mouse model of spinal cord injury[J]. Neuro Endocrinol

48



Lett, 2020, 41(7-8): 385-391.

[23] Hartmann H, Hoehne K, Rist E, Louw A M, Schlosshauer B. miR-124 disinhibits neurite
outgrowth in an inflammatory environment[J]. Cell Tissue Res, 2015, 362(1): 9-20.

[24] Yip PK, Bowes A L, Hall J C E, Burguillos M A, Ip T H R, Baskerville T, Liu Z H, Mohamed
M, Getachew F, Lindsay A D, Najeeb S U, Popovich P G, Priestley J V, Michael-Titus A T.
Docosahexaenoic acid reduces microglia phagocytic activity via miR-124 and induces
neuroprotection in rodent models of spinal cord contusion injury[J]. Hum Mol Genet, 2019,
28(14): 2427-2448.

[25] Orr M B, Gensel J C. Spinal Cord Injury Scarring and Inflammation: Therapies Targeting Glial
and Inflammatory Responses[J]. Neurotherapeutics, 2018, 15(3): 541-553.

[26] Xu Z, Zhang K, Wang Q, Zheng Y. MicroRNA-124 improves functional recovery and
suppresses Bax-dependent apoptosis in rats following spinal cord injury[J]. Mol Med Rep,
2019, 19(4): 2551-2560.

[27] Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi P P. A ceRNA hypothesis: The rosetta stone of
a hidden RNA language? [J]. Cell, 2011, 146(3): 353-358.

[28] The BRAF pseudogene functions as a competitive endogenous RNA and induces lymphoma
in vivo[J]. Cell, 2015, 161(2): 319-332.

[29] Feng W, Gong H, Wang Y, Zhu G, Xue T, Wang Y, Cui G. circIFT80 Functions as a ceRNA of
miR-1236-3p to Promote Colorectal Cancer Progression[J]. Molecular Therapy Nucleic Acids,
2019, 18(3): 375-387.

[30] Yang X Z, Cheng T T, He Q J, Lei Z Y, Chi J, Tang Z, Liao Q X, Zhang H, Zeng L S, Cui S Z.
LINCO01133 as ceRNA inhibits gastric cancer progression by sponging miR-106a-3p to
regulate APC expression and the Wnt/B-catenin pathway[J]. Molecular Cancer, 2018,
17(1):126-135.

[31] Bridges M C, Daulagala A C, Kourtidis A. LNCcation: IncRNA localization and function[J].
The Journal of Cell Biology, 2021, 220(2) :226-237.

[32] Nojima T, Proudfoot N J. Mechanisms of IncRNA biogenesis as revealed by nascent
transcriptomics[J]. Nat Rev Mol Cell Biol, 2022, 23(6): 389-406.

[33] Ji P, Diederichs S, Wang W, Boing S, Metzger R, Schneider P M, Tidow N, Brandt B, Buerger

49



H, Bulk E, Thomas M, Berdel W E, Serve H, Miiller-Tidow C. MALAT-1, a novel noncoding
RNA, and thymosin beta4 predict metastasis and survival in early-stage non-small cell lung
cancer[J]. Oncogene, 2003, 22(39): 8031-8041.

[34] Sun Q, Li Q, Xie F. LncRNA-MALAT1 regulates proliferation and apoptosis of ovarian cancer
cells by targeting miR-503-5p[J]. Onco Targets Ther, 2019, 12: 6297-6307.

[35] Li J, Liu H, Lin Q, Chen H, Liu L, Liao H, Cheng Y, Zhang X, Wang Z, Shen A, Chen G.
Baicalin suppresses the migration and invasion of breast cancer cells via the TGF-p/IncRNA-
MALAT1/miR-200c signaling pathway[J]. Medicine (Baltimore), 2022, 101(46): 293-308.

[36] Mu X, Shen Z, Lin Y, Xiao J, Xia K, Xu C, Chen B, Shi R, Zhu A, Sun X, Tao T, Song X, Xuan
Q. LncRNA-MALAT1 Regulates Cancer Glucose Metabolism in Prostate Cancer via
MYBL2/mTOR Axis[J]. Oxid Med Cell Longev, 2022, 2022(7): 32-39.

[37] Abrishamdar M, Jalali M S, Rashno M. MALAT1 IncRNA and Parkinson's Disease: The role
in the Pathophysiology and Significance for Diagnostic and Therapeutic Approaches[J]. Mol
Neurobiol, 2022, 59(9): 5253-5262.

[38] Zhang Y, Wang F, Chen G, He R, Yang L. LncRNA MALAT1 promotes osteoarthritis by
modulating miR-150-5p/AKT3 axis[J]. Cell Biosci, 2019, 9(2): 54-61.

[39] Zhou HJ, Wang L Q, Wang DB, YuJ B, Zhu Y, Xu Q S, Zheng X J, Zhan R'Y. Long noncoding
RNA MALAT1 contributes to inflammatory response of microglia following spinal cord injury
via the modulation of a miR-199b/IKKB/NF-kB signaling pathway[J]. Am J Physiol Cell
Physiol, 2018, 315(1): 52-61.

[40] Li S, Mei Z, Hu H B, Zhang X. The IncRNA MALAT1 contributes to non-small cell lung
cancer development via modulating miR-124/STAT3 axis[J]. J Cell Physiol, 2018, 233(9):
6679-6688.

[41] Shi B, Wang Y, Yin F. MALAT1/miR-124/Capn4 axis regulates proliferation, invasion and
EMT in nasopharyngeal carcinoma cells[J]. Cancer Biol Ther, 2017, 18(10): 792-800.

[42] Lu Y, Gong Z, Jin X, Zhao P, Zhang Y, Wang Z. LncRNA MALAT1 targeting miR-124-3p
regulates DAPK1 expression contributes to cell apoptosis in Parkinson's Disease[J]. J Cell
Biochem, 2020, 12(1): 92-103.

[43] WuJ, Weng Y, He F, Liang D, Cai L. LncRNA MALAT-1 competitively regulates miR-124 to

50



promote EMT and development of non-small-cell lung cancer[J]. Anticancer Drugs, 2018,
29(7): 628-636.

[44] Liu S, Song L, Zeng S, Zhang L. MALAT1-miR-124-RBG2 axis is involved in growth and
invasion of HR-HPV-positive cervical cancer cells[J]. Tumour Biol, 2016, 37(1): 633-640.

[45] Duan X, Wang W L, Dai R, Yan H W, Liu L S. Current Situation of PC12 Cell Use in Neuronal
Injury Study[J]. International Journal of Biotechnology for Wellness Industries, 2015, 4(2): 61-
66.

[46] Grau C M, Greene L A. Use of PC12 cells and rat superior cervical ganglion sympathetic
neurons as models for neuroprotective assays relevant to Parkinson's disease[J]. Methods Mol
Biol, 2012, 846: 201-211.

[47] Zhang W, Benmohamed R, Arvanites A C, Morimoto R I, Ferrante R J, Kirsch D R, Silverman
R B. Cyclohexane 1,3-diones and their inhibition of mutant SOD1-dependent protein
aggregation and toxicity in PC12 cells[J]. Bioorg Med Chem, 2012, 20(2): 1029-1045.

[48] Hillion J A, Takahashi K, Maric D, Ruetzler C, Barker J L, Hallenbeck J M. Development of
an ischemic tolerance model in a PC12 cell line[J]. J Cereb Blood Flow Metab, 2005, 25(2):
154-162.

[49] Zhao Y J, Qiao H, Liu D F, LiJ, LiJ X, Chang SE, Lu T, Li F T, Wang D, Li H P, He X J,
Wang F. Lithium promotes recovery after spinal cord injury[J]. Neural Regen Res, 2022, 17(6):
1324-1333.

[50] Anjum A, Yazid M D, Fauzi Daud M, Idris J, Ng A M H, Selvi Naicker A, Ismail O H R, Athi
Kumar R K, Lokanathan Y. Spinal Cord Injury: Pathophysiology, Multimolecular Interactions,
and Underlying Recovery Mechanisms[J]. Int J Mol Sci, 2020, 21(20) : 324-333.

[51] 35, AR, MRACER, BRE4E, MRt JaalisR, — Pl RUVEM RO BERAL 7RS4t
HORR ], o R S OGTTB  A A, 2021, 36(03): 252-255.

[52] Hou Y, Luan J, Huang T, Deng T, Li X, Xiao Z, Zhan J, Luo D, Hou Y, Xu L, Lin D.
Tauroursodeoxycholic acid alleviates secondary injury in spinal cord injury mice by reducing
oxidative stress, apoptosis, and inflammatory response[J]. J Neuroinflammation, 2021, 18(1):
216-227.

[53] Luo W, Wang Y, Lin F, Liu Y, Gu R, Liu W, Xiao C. Selenium-Doped Carbon Quantum Dots

51



Efficiently Ameliorate Secondary Spinal Cord Injury via Scavenging Reactive Oxygen
Species[J]. Int ] Nanomedicine, 2020, 15: 10113-10125.

[54] Hamzei Taj S, Kho W, Riou A, Wiedermann D, Hoehn M. MiRNA-124 induces
neuroprotection and functional improvement after focal cerebral ischemia[J]. Biomaterials,
2016, 91: 151-165.

[55] Liang X G, Tan C, Wang C K, Tao R R, Huang Y J, Ma K F, Fukunaga K, Huang M Z, Han F.
Mytll induced direct reprogramming of pericytes into cholinergic neurons[J]. CNS Neurosci
Ther, 2018, 24(9): 801-809.

[56] Sun M, Hou X, Ren G, Zhang Y, Cheng H. Dynamic changes in miR-124 levels in patients
with acute cerebral infarction[J]. Int J Neurosci, 2019, 129(7): 649-653.

[57] Chen S H, Sun H, Zhang Y M, Xu H, Yang Y, Wang F M. Effects of acupuncture at Baihui (GV
20) and Zusanli (ST 36) on peripheral serum expression of MicroRNA 124, laminin and
integrin B1 in rats with cerebral ischemia reperfusion injury[J]. Chin J Integr Med, 2016, 22(1):
49-55.

[58] Wang C, Wei Z, Jiang G, Liu H. Neuroprotective mechanisms of miR-124 activating PI3K/Akt
signaling pathway in ischemic stroke[J]. Exp Ther Med, 2017, 13(6): 3315-3328.

[59] Shu K, Zhang Y. Protodioscin protects PC12 cells against oxygen and glucose deprivation-
induced injury through miR-124/AKT/Nrf2 pathway[J]. Cell Stress Chaperones, 2019, 24(6):
1091-1099.

[60] Liu X, Li F, Zhao S, Luo Y, Kang J, Zhao H, Yan F, Li S, Ji X. MicroRNA-124-mediated
regulation of inhibitory member of apoptosis-stimulating protein of p53 family in experimental
stroke[J]. Stroke, 2013, 44(7): 1973-1980.

[61] Wang W, Wang X, Chen L, Zhang Y, Xu Z, Liu J, Jiang G, Li J, Zhang X, Wang K, Wang J,
Chen G, Luo J. The microRNA miR-124 suppresses seizure activity and regulates CREBI
activity[J]. Expert Rev Mol Med, 2016, 18: 4-13.

[62] Brennan G P, Dey D, Chen Y, Patterson K P, Magnetta E J, Hall A M, Dube C M, Mei Y T,
Baram T Z. Dual and Opposing Roles of MicroRNA-124 in Epilepsy Are Mediated through
Inflammatory and NRSF-Dependent Gene Networks[J]. Cell Rep, 2016, 14(10): 2402-2412.

[63] Schouten M, Fratantoni S A, Hubens C J, Piersma S R, Pham T V, Bielefeld P, Voskuyl R A,

52



Lucassen P J, Jimenez C R, Fitzsimons C P. MicroRNA-124 and -137 cooperativity controls
caspase-3 activity through BCL2L13 in hippocampal neural stem cells[J]. Sci Rep, 2015, 5:
124-138.

[64] Li W, Yang J, Lyu Q, Wu G, Hu J. Taurine prevents cardiomyocyte apoptosis by inhibiting the
calpain-1/cytochrome ¢ pathway during RVH in broilers[J]. Amino Acids, 2020, 52(3) : 24-31.

[65] Yu Q, Chen S, Tang H, Yang H, Zhang J, Shi X, Li J, Guo W, Zhang S. miR-140-5p alleviates
mouse liver ischemia/reperfusion injury by targeting CAPN1[J]. Mol Med Rep, 2021, 24(3) :
34-39.

[66] Zhao N, Du L, Ma Y, Wang Y, Ma J, Fang Z. LncRNA NEAT1/microRNA-124 regulates cell
viability, inflammation and fibrosis in high-glucose-treated mesangial cells[J]. Exp Ther Med,
2022, 24(2): 507-514.

[67] Kong X, Duan Y, Sang Y, Li Y, Zhang H, Liang Y, Liu Y, Zhang N, Yang Q. LncRNA-CDC6
promotes breast cancer progression and function as ceRNA to target CDC6 by sponging
microRNA-215[J]. J Cell Physiol, 2019, 234(6): 9105-9117.

[68] Zong S, Dai W, Guo X, Wang K. LncRNA-SNHG1 promotes macrophage M2-like polarization
and contributes to breast cancer growth and metastasis[J]. Aging (Albany NY), 2021, 13(19):
23169-23181.

[69] Chen J, Huang X, Wang W, Xie H, Li J, Hu Z, Zheng Z, Li H, Teng L. LncRNA CDKN2BAS
predicts poor prognosis in patients with hepatocellular carcinoma and promotes metastasis via
the miR-153-5p/ARHGAP18 signaling axis[J]. Aging (Albany NY), 2018, 10(11): 3371-3381.

[70] Han L, Dong Z, Liu N, Xie F, Wang N. Maternally Expressed Gene 3 (MEG3) Enhances PC12
Cell Hypoxia Injury by Targeting MiR-147[J]. Cell Physiol Biochem, 2017, 43(6): 2457-2469.

[71] Zhang P, Sun H, Ji Z. Downregulating IncRNA PVT1 Relieves Astrocyte Overactivation
Induced Neuropathic Pain Through Targeting miR-186-5p/CXCL13/CXCR5 Axis[J].
Neurochemical Research, 2021, 46(6): 1457-1469.

[72] Li Y, Cai M, Feng Y, Yung B, Wang Y, Gao N, Xu X, Zhang H, Huang H, Yao D. Effect of
IncRNA H19 on nerve degeneration and regeneration after sciatic nerve injury in rats[J].
Developmental Neurobiology, 2022, 1(6): 98-111.

[73] Chen Y, Fan Z, Dong Q. LncRNA SNHG16 promotes Schwann cell proliferation and migration

53



to repair sciatic nerve injury[J]. Annals of Translational Medicine, 2021, 12(16) : 38-47.

[74] Dong L 1, Zheng Y, Gao L, Luo X. IncRNA NEAT1 prompts autophagy and apoptosis in
MPTP-induced Parkinson's disease by impairing miR-374c-5p[J]. Acta biochimica et
biophysica Sinica vol, 2021, 53(7): 870-82.

[75] Cai L J, Tu L, Huang X M, Huang J, Tian J Y. LncRNA MALAT1 facilitates inflammasome
activation via epigenetic suppression of Nrf2 in Parkinson's disease[J]. Molecular Brain, 2020,
13(1): 130-141.

[76] Gw A, X1 B, M1 C, Zhan Z A. Long non-coding RNA MALAT1 promotes the proliferation and
migration of Schwann cells by elevating BDNF through sponging miR-129-5p[J].
Experimental Cell Research,2020,390(1) : 29-41.

[77] Hamblin, Milton, H., Liu, Kai, Zhang, Xuejing, Tang, Xuelian, Yin. Long Noncoding RNA
Malat] Regulates Cerebrovascular Pathologies in Ischemic Stroke[J]. Journal of Neuroscience
the Official Journal of the Society for Neuroscience, 2017, 37(7) : 1797-1806.

[78] Wu J, Wang C, Ding H. LncRNA MALAT1 promotes neuropathic pain progression through
the miR-154-5p/AQP9 axis in CCI rat models[J]. Molecular Medicine Reports, 2020, 21(1) :
291-303.

[79] Wu N, Cheng CJ, Zhong J J, He J C, Zhang Z S, Wang Z G, Sun X C, Liu H. Essential role of
MALAT1 in reducing traumatic brain injury[J]. Neural regeneration research vol, 2022, 17(8):

1776-1784.

54



g Rk

IncRNA 2 IEERIR A IEEHFIRARER
HHBM 258, BREHE T/

WE: Bl (SCD ¥ " BRI E R G hitn, AT SBUEE T
7 VAT 38 s AU GE DI RE S B AL B EAP 2 D RE AL, JF BAES e Ak —
FHN B N BB N - IncRNA 7E SCI e i 16 K & M e IH v i s AR 16,
HARRIUUAEHE SCI a0 I TsAe W7 200 . SR T et 7o
DL e I PR P 2R o ASSCE AR SRR IncRNA Xt SCI 2R A1 AL LA &
R, RIS PPAY IncRNA XF 13677 SCIHITE 71 AL R 5%

REEHE: HHER: KEEIEED RNA; #RBE; BRRRE, BERREE.

Research progress in the mechanism of IncRNA affecting the repair

of spinal cord injury

Abstract: Spinal cord injury (SCI) involves serious central nervous system injury, which
can lead to abnormal or missing motor and sensory functions below the injury level and
dysfunction of autonomic nervous system, and a series of pathological reactions occur after the
injury, leading to paralysis. LncRNA plays an important role in the development and outcome of
the disease after SCI, which is manifested in promoting the change of nerve cells after SCI,
regulating inflammation, inhibiting apoptosis, alleviating neuropathic pain and promoting the
regeneration of blood vessels. This article aims to explore the mechanism and application of
IncRNA in the repair of SCI in recent years, and evaluate the potential and prospect of IncRNA in
the treatment of SCI.

Key words: spinal cord injury; IncRNA; nerve repair; gene expression;
gene regulation.

HHEDI (spinal cord injury, SCD) i BEBIAEREHR 2 —, CHEAINN
B E S . LA 50 5N SCL ), Hafliih, SEEfEA#E
i 17000 4] SCT #r it ERARIAIIE B B HUE SCI I F BRI R, 7
Ab, HABRKEHEGII PSR, MRA R . RYEST . AR A G RS, #R
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1BYT LRI RIE BB SR (BT RS s 507 18] . ARSCERR T AT ) IncRNA £ SCI
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1 IncRNA f&if>
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IncRNA AN N2 RNA REH 11 5 AYH R0 <H g E0, HEE
F R M R AR B 2, IncRNA FITIRERIFIRA T it — B AR
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HOZRONERRE . KR 857 LA AR E ST R
2 IncRNA HJE WII6E

IncRNA ()32 1% BAG B[R] R 25 ()RR 5 1, I HAEA RIS & B BT A [,
IEAh, A —ZHZ IncRNA [RIE M AT FEA . BT IncRNA URHE, S307H
SORMPERINLET. HAT, IncRNA A HThRENEFH M AR 8 4 B, (EARSE LA
e, KRB,
2.1 B gR

#873 IncRNA 1E LS K R AL AR Y, o g € 5 3 S A i 0
AV RRE A, LR, 2% DNA/RNA (1 HEAEIRES, R
it e (R G A RS MR AS AT RS, IX AR ThREAL NIl R R R @ I A 5 e ik
AL R AR B R A, 2, IncRNA SOX21-AS1 5 31 [X 45k [ H 3
AT LA Hed 2235, 1998 IncRNA SOX21 %} IncRNA SOX2 fiiil ] 3410
il B 2 gk 12,
22 WPHRRIE

IncRNA 2 HifF T3 RiE . 1EEAZIM A, B - B R S 2 0
T, CATE IR S A ) RNA 254, DR RNA 1%k 58 R E P,
—2 IncRNA 78 YA 5557456 LIE U &9, @i 50 )8 31 X 8L
FH AR JE DR oK ) R D B SRS MUY . B W, IncRNA GATA3-AS1 & 5
IncRNA GATA3 4B K HiE IncRNA, 12 IncRNA GATA3-AS1 ¥ 3 Aqk & LA
T GATA3 ik g invsl,
2.3 BRI RE

R JE HAE /2 IncRNA 25— AN EZS . IneRNA 2 581V, 4itE, &
LT B AT mRNA 585 (S S5 F206), J@ it 5 mRNA B AN WEE, T
P mRNA R3] L= A 1 45 4 U7
2.4 ¥4 miRNA

IncRNA {E 455 4P I PR PE RNACceRNAD K FEE L, AR IRF 45— FE45 & miRNA,
MIMBH I miRNA 5#E mRNA £5508, 511, IncRNA Gm4419 1% s A7) LU
F| miR-4661 HEARHI/EH], il L 2AE4H MR 7 R A SE R F-a (TNF-a)
B RAR IS T o 4 e P 00 4 1 50 5 5 e 0
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3 IncRNA 5 SCI FIHLHIBF T
3.1 IncRNA X} SCI JG#Z& 40 AT /e
3.1.1 &5t

M TCIE NP AL SR RIERITIE, 2 SCLRAERT, #4804 DIk AYER
B 525K, SERHEMENTEkEAL T, T 51 B #1283 D RE I MER . R,
X SCI 5 #H & TeAF- I R 5 &R YT SCIL X8k, HATx T SCI iRy 7 1R M
BERANZ IO LR, AT IR TE R, 7E SCI J5 4k R R IAE], IncRNA
XF SCI FRMIBAL [ 47 AT LA 30 0 #42 JG I 2K o IncRNA Vof-16 CUHIIE B TE
MR AT VR AR 48 R G5 L 2 R LAt 15 44 0 S RE A S A 5 A8 rh
FEVEH . A T UER IncRNA Vof-16 72 52 5 SCI Ja Hi B AE B2, Zhang %58 A
AT T —TSES, RIL IncRNA Vof-16 £ KR SCI Jaid ik, Ffj5 &M T
IncRNA Vof-16 fE & & 8N SCI K A5 X i) B 2 o 8 20, X IUR 4R
7§ IncRNA X SCI 5 #12 Jo AR ORI B2, B0 SCL R & o AR IR
FPRE OIS, AR RN
3.1.2 /NRFE4H

H AT, A 8800 BIAEE FAAE K= M BRI, TR S AP 7E T AR &
ARG B WG SRR A /N S AI L 21 5k /N i R Al AL = Fh R AL MO (B
D, ML (RRED FIM2 (FLR D, IEFAFRET, M1 85 M2 B/h
IR 4 P ) A R TE AR N — B KT, L R R RO S AR X A, ML A
TRBAFENT, K& ML BN BT A S A, 313 ™ 2 SORE A Y
220, Rk, N4 M1 RS e M2 R I 2 R YT
SCI [1—/~J7 3. IncRNA CIEsE S5 SCI Ja /MR B4 3% b ik #2 . Zhou 25
NI TC R, i 3KIE IncRNA MEG3 J@ik HUR/A20/NF-kB il i85 /]I 5 41
(1 M1 Rk, A, HUR Z—Ff RNA Z54E A, EEERAMES HUR RKikH
BRI T e AE B8RS, IncRNA MEG3 5 HUR 454 il HUR
ik A20 B —MEHEED, HHREUE NF-«B oA 7, 1M NF-«B #us
JE BB /NI ST AR ] M1 IR AL, 3R TS B 24512 . Kriippel FEF 4
(KLF4) & —FpORsF & B e i K7, 0082 2 P4 i #2116 2 Z0R 4 R 7
ol A A L G TE AR T4 7E ML BN B4, IncRNA SNHGS 1 KLF4
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KL, TR IncRNA SNHGS J& KLF4 Rkt N, BG40 S
FIBEAR25), Zhou % AAGIN T IncRNA GBP9 A4 [K 115 5 1 X -1 3(SOCS3)
XN R AN AR AL I SE M, R BLUTER IncRNA GBP9 @it 4% miR-34a #E i)
SOCS3 #lifill /M B At M1 BY[FiE AL, [FII SCI /N ERAEUTER IncRNA GBP9 4 J
JE XU i I2 3R 218 e 5t BLAE B BEA LRI ) KR M2 R AL/ i T 4e
Frzel, XS T 45 SR B, IncRNA Ao A 42 S R T 5 /N IR ot 40 L A
W7 AR HE SCT MBS, A SCI VAT H A8 (1 WL .
3.2 IncRNA X SCI J& R HE I 5 /EH

SCI 7= A5 4 M A4 88 TS 4 P PR o 1 0, T e ot o ek — 6 27 i 28 A B ) J
JS7 T U BE A AN B PR TEAL, (R RE RO AR AL SO T R T 2R T
- AR B A H A 2 RE AR 703Xk SCI JG 7 AR 1 90 S AR K IR I R T
SCI Ja B4k KA 4540 A i BB 78R W] IncRNA 4% SCI J& i) 2 5 J e —
MEEH i’%ﬁﬁ’aﬁrﬂozﬁ‘ﬁﬁﬁ—lﬁﬁﬂ?ﬁ%%mi&waﬁp FEPT A Hh ke B AR 28,
MAE R SCI B, IncRNA 00707 @it # 41 miR-30a-5p #Ifil] miR-30a-5p &
ik, UUER IncRNA 00707 7] L% miR-30a-5p FIFEAK, I/ TNF-o F1 IL-18 25
RAER T HIRETR,  BETM > SCI & AERY). SCI J&, IncRNA MALAT1 )3Ri&
WERINERE S IKKP/NF-«B 55 18 25 FF30E AL 28 40 i R -7 22 1k frg 39 o,
IKKB 2 IKK ZEYI B AL, 2K T -kappa B (NF-xB) [iEAL A (1
KB, TR T2 RAEM FZ R R TR, Fikeh e R4, NF-xB I
AV BEL L 8 A i kR U S AR IR T, 9 A T A A 3K -6 (TL-6), JMRFIAAE
KlF o (TNF-o) B¢ IL-1B. miR-199b [T i ik B 7] LU IKK B/NF-xB 15

T PR AT 10N B A0 RS AL SR AR E 2 SCT I FER2, T IneRNAMALATI
P UESZ AT LU I miR-199b/IKK B/NF-kB {5 538 47 ] SCI J& i JE SN « A,
] IncRNA Airsci #£ SCI J5 31k, W IE e 2 @i 77 NF-«xB 15 S IEE N
(1) 2 GEB3], 4] IncRNA H19 N 238 1 #E 7] miR-370-3p 3% SCI J5 NF-xB 1§ 5

A SFHSOEPY, A, BF7CKBL, IncRNA TUGL KRB fmdI#E SCI

J& Toll #3244 4 (TLR4) /v RAEHIMIBY. TLR4 125 SCI J5 0% i) NF-«xB
Gl . SCI G PRI JOAE 40 M IRl 7 7E 4] TLR4 J5 /0. TRIL /& TLR4
[ —F sz E, 7R TLR4 B0 SXIL Tl SOEAM M E T IL-1 FIR
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it FEEHIGT, A, IncRNA TUGI XF TLR4 (K30 298/ SCI Jim 48 it 41
A7 IR I £ 53— KB SCT SE46 &I, L3 IncRNA TUSC7 Ji=, i8I 4E 1)
miR-449a §ZMi PPAR-y HIZK-F, M0 S e 40 M A5 AL RE 095, RIS BERAIR 2E
7 1 ikBel, 25 AR, IncRNA TEGI5 M s ARG 51 SCI AH R 2 S RE S
PR EEAER
3.3 IncRNA 5 SCI FHIRATHREA

TS (Apoptosis), MR NFEFFIEANMIET:, &3 SCI 54k kMt
MEERR 2 —, FREH A A SCI AT RE S RAEWET:, &t
DRI AN N B RS . AR, ZIUFTTR M, IncRNA I8 B 88 A
AR T EANPA T EANRE, EmEMRE TR REER . Gu FAF
fii 7 IncRNA XIST £ SCI AR bl s EER] o ABATAIL, T IncRNA XIST 41
il SCI 4 i o T i A HLAAK B T 4% miR-494, Jf it — B4 7 PTEN/
PI3K/AKT 15 5@ &%), 1M PTEN i@k PR AKT 5FRKZE S, MBS
P01, PI3K/AKT {5 53 I 2 42 il 6045 SCT 75 N 1 22 Al il il F2 10 32 B e s [H 3R
(U AR AN TP 28 4 L 0 12 28 56 B % . Wang 55 A SCI R BRgEAT R I Ji5 & 9L
IncRNA GASS5 7£ SCI J5 ik B, mf% IncRNA GASS i it L[] VAV /£ 5 SCI
421, B J5 Cao %5 NI IncRNA GASS FULE#S miR-93 454, Jflid B
Wi N PTEN & H R EH] SCI 54l T2, i i 7E K, IncRNA
DGCRS 7£ SCI J& L, Fifl IncRNADGCRS i#iid 5 PRDMS & ([ Hi45 & 5t
F AT S, M SCI fE #h & el TR DL IHI/EFH . PRDMS 2 ¥feE A
U RAEAEE I R 1, R &5 R A B AR, B e A . B2 i A 1
KE USRS LR, [N, PRDMS 5—5 miRNA KM BAE ] 55 R
THRTEARKCEIEIE 7L 0T, [[{F, IncRNABDNF-AS HIRUE 247
Yo B 4R AL miR-130b-5p 4% PRDMS A4 2 o 41 i I8 121451, IncRNA
LEF1-AS1 4 & IR iR s oh BT s 2 Ar, b4k, AFSTR I, IncRNA
LEF1-AS1 5% SCI BNt FE, Cui S8 NIETIRAMIISEES . RPN ShHa
513 453 IncRNA LEF1-AS1 7£ SCI 23 Ei, Jf HLRF% IncRNA LEF1-AS1
I ] miR-222-5p 8/ RAMP3 [5RiA, #EMEEE SCI J& 40 & T F0 48 hE i
5. T RAMP3 7] L5 3G A BaE A 1), 5 FR MR E IncRNA
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SRR EIANE, ik IncRNA Map2k4 i85 37 miR-199a/FGF1 i %41
il SCI JE & LI T4, FGF1 & — M2 IhREM A K 7, FE AR 7EH R P
LRSS, FGF1 B MATCHAFE EREE, EHIRME RSB+
RHEEIEM . IRIE IncRNA TCTN2 @i #5540 i [ Wk R4 SCI G #1140 %
ST, i IneRNA MIAT it 5 Rbfox2 8 F 45 &4 Rbfox2 8 KT,
S5 Rbfox2 /5 MCL-1 ifk mRNA By 445 055 NPT T MCL-1L, 9§/b
PEAMMAET, {23k SCI FIWKE . Hr, Rbfox2 s&2HZURE R ARG 5 i Rk %
VEBT B BTN T, @I ST A A RIEME 0, SRR D I AT
SKEGIE IncRNA FRIRTT N E, FIX LS 5T % B IncRNA X SCI 5 #2617
THABRER L

3.4 IncRNA 5 SCI j5 &M%

IR (NP) AT KA AR G AR Z 8O, FERIAMEZ
TR 2 PR it 5| EE AR, SR EHRTRYT SCIL JE A ME IR IaTT J7
57 [ o YE4RIE , IncRNA [{FRIE/KF1E NP S8, (6 o R 28 T 1538 oUs
TR 13(CXCLI3) A T 524k S(CXCRS)Z SN EFI X #1248 R 400
H f2 o7 ) B R 7], Zhang 25 A\ R B NP K Bl IncRNA PVT1.CXCL13 #il CXCRS
fZRiL R B, T4 IncRNA PVT1 J5 A LLdEE miR-186-5p/CXCL13/CXCRS
g > SCI K BT NP #EfEB2 . Wen 5 A4RIE, IncRNA FIRRE H T 18 i s/
HMGBI1 HIRIEREM /N R LB R, sh, Zhang 2 AME T SCI
JEA PRI R R, XA EL IncRNA SNHG12 FIR KRS n, [F
i & B IncRNA SNHG12 #IA 1] i Kruppel £ F 2 (KLF2) #3{45, FHHTF
i IncRNA SNHG12 7] LB I #45% miR-494-3p 135 RAN23D f 71k i k2% K
R A 20 B PR P04 X e SR AT RSOk SCI 5 (KA 2 i B 20 1) 12 I
BRIT 2T R SR AR SCHF
3.5IncRNA 5 SCI J5 B4R

SCI Ji5 I ML B3 95 AN 5 Wi 4 Ak 2HL 235 4 (Vg Jg T ELR . 7 — AN
W8, PIRE(EHHEMERAREN KA, JEH, SCI 5 % A s R B R T i 22
ThEE K R 2 UIH IR ROE , /N SCI S, %55 M S5 BH 114513 31 1Bl Py 1 2
A, BENIRMEIE S . — P T Nogo-A LRI E H BT IEZEREAT SCI
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(RSt DROAE AT RE 2 O MU B R FME 5, I/ 4l 2 BRI 1S, 1K —IEHRIE S,
I A2 Bl fE SCI G P B I R it B R E R, JU RS S B, VF
Z N7 HAR A ZE TR I A P iR EEER] . IncRNA R RIS 5
SCI J& ML A2 e Notehl J&—Fh UL AN R -, AT DOd s 1755 T ek DM o e
B 0 17 2E K SF9), IneRNA XIST B T 7E SCI Ja # & an ik
FEAEH, HARIIE SCL 5 M B E T Tt K EE iRt . MR EAIME T SCI
R BRAEAY, R IncRNA XIST 3833 miR-32-5p A Notchl At & 4
FRFT R e (UL 2 P SRS SR R AR B, B JE IncRNA XIST T4
A R L R ZERIIE RS LT SX IR I UG B IncRNA A BEFE IR A8 5 Hh R 35— &
YER, JFIEIT AT miRNA KL SCI )5 M i
4845

FEEW S T ESE R BRI R, SCI A4 FEFER &, J+HiiF SCI Mk
ARETT 73, Hk SCT ARAR 2 4k A BRI 7 P A 1 — KM, e b)) 7 B IR
NI FE 5 FARIATT 77 R o IncRNA 1y i B R R WAL (1 40 7, i i Bk, 3L
£E SCI JG ki, MRFEHLEIRE, IncRNA A AE/EMZIIIA T s fRor 5 1
RAE  PNZ I B DL S ML P AR S5 DT TR AR, R SCL Rt —M A
AlINEE R LI

B2, HIRHBIN T IncRNA KIBFFRA 7 —E#EE, {EXFT IncRNA 7312
BEMITF AR AR AR A IR . 58, H AT T IncRNA [ 78 32 B+ 304 LA K 4
FISEE, FEHXT SCI 0T PER IR T 2 AL TR R R S Ag L 1N |, AR ik
St BN WA B — B EE . HOR, BARCAIRIE T SCI /5 IncRNA Rik
[, (ER ILTE AR 75 2244 5 2 A 78 B UK A5 T IncRNA A BAE A I,
PR R S AR AN R 1% R R BR T EATI1E N ceRNA HIT)RE, 3802005 4 T R
FEAMRENE, LU R e 53R RNA (BI85, IncRNA (198 H
B SIGERBIA R R, OSBRI LI EE, SEIERG Ak
2% B AR E N SR B SRR R G . 2, IncRNA 48 NTE SCT it
TV ZERMINREFIER, JF BT UEAR R SORII . YA FVAYT SCI A A
HIEYIARE .
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