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LncRNA MIAT $[i] miR-204 %} 2 bR/ A
5 PC12 g s i PR

XN % L5
VEB 45 By T W AR ERAZ WA, T B3y 065700
AR B L B RS R (20221592)

WE BH IRGENERIZRE A (OGD/R) W5 K UG b W8 T g 5590 4 Ak 40 ik PC 12 2045473 1) 43 F- IR B, LASE ki
PR8I 3R 7 B P A vh R A 0 B . TR PESE T 2021 4F 6—12 A AT, WS PC12 40 i 5 X 4T OGD/R i 5, 7
175 5 A A 43 G e KA AE 4 5 RNA (LneRNA) U URESEAH JEHE S AR (MIAT) i 33k 3844 B i RNA-204 L4814 (miR-204
mimic) , LG A 24 B P X6 BB (pe DNA3.1-NC) s A48 BF 1% I (mimice-NCOAE R B AR UR L U PC12 40IEAE R 28 X
Bl S 98O f B A Bl RS (qRT-PCR) A I LneRNA MIAT 55 miR-204 (%3 ; CCK-8 5 3 2 A B A 43 S 4600 4 it
16 97 5T Elisa il &R 46 M R T I 404 22 (1) -6 IL-18, ST PE R F IL-10 (93535 . RNA TR MIAT 78 miR-204
B4 ;i3 starbase T LncRNA MIAT 5 miR-204 #9545 G037 o5 , B 5 RIS FR 5 S0 30 1E LncRNA MIAT 5 miR-204
LS. R 52X 1.01120.113, 1.001+0.002, 1.473+0.224, (8.16+0.84) %, (96.75+6.73 )ng/L, (46.28+2.84 ) ng/
L, (39.45+1.45)ng/L 1ML , OGD/R ZH AN H LncRNA MIAT 2635 2. FE MK (0.362+0.085) , miR-204 335 . 3 T4 (2.234+0.306)
I 3% 7 B AR 0.80620.115, P8 T3¢ T35 88 [ (28.25+4.13)% | 3 & P - IL-6[ (525.19+15.62) ng/L] . IL-18[ (292.54+
19.54) ng/L 1B 635 3340, BT AR A1 1L-10 B9 3 3% (14.33£2.36) ng/L T FEFRAE (1] P<0.01) . 5 [P % IR ZH A0 1 [2.198+
0.324,0.811+0.117, (8.16+0.84) %, (96.75+6.73 )ng/L., (46.28+2.84 )ng/L, (39.45+1.45 )ng/L.], MIAT i1 2535 J5 OGD/R 41 i3t miR-
204 F ik B H AR 1.37320.268, 4N 77 5538 T 1.137+0.116, T30 i 35 41K (28.25+4.13) % ; e PE N 7 11-6(525.19+15.62)
ng/L IL-1B(292.54+19.54 ) ng/L [ 335 B 2 FEAK , L 4 M T 1L-10(14.33+2.36 ) ng/L () 634 8 3 T (¥ P<0.01) . 5 MIAT i
FIR I OGD/R 4HJIAH b , MIAT ik 22 75 2 A4FT miR-204 ARy 1L4% UL (1 OGD/R 4 H miR-204 23k & 35 T i, A TG 77 b 2%
I, PR R E TR R T 1L-6 1L-18 1Y 23k 235 TH , BUR M T 1L-10 19 3235 B PRI (3 P<0.01) . 518 7EOGD/R
730 PC12 41 A, A 63K LncRNA MIAT {2 9F miR-204 2535 bR, e ot 4n a5 453 .

KB EMEERG; PCI2AUM; BB, N AUMARE; Ay KBEAESNES RNA; O JIUEBE A S B SR
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Abstract Objective To investigate the molecular regulatory mechanism of oxygen - glucose deprivation/reoxygenation (OGD/R)-in-
duced PC12 cell injury in a rat adrenal medullary pheochromocytoma differentiated cell line, with the aim of providing new ideas for
clinically targeted therapy of ischemic stroke.Methods The study was conducted from June to December 2021. PC12 cells were pur-
chased and subjected to OGD/R induction, in which the induced cells were transfected with the long noncoding RNA (IncRNA) myocar-
dial infarction-associated transcript (MIAT) overexpression vector and microRNA-204 mimic (miR-204 mimic), respectively, and a neg-
ative control of the corresponding vector (pcDNA3.1-NC) or mimic negative control (mimic-NC) as a negative control and untransfected
PC12 cells as a blank control. The expression of IncRNA MIAT and miR-204 was detected using real-time fluorescence quantitative
polymerase chain reaction (JRT—PCR); cell viability and apoptosis were detected by CCK-8 and flow cytometry, respectively; and the
expression of the inflammatory factors interleukin (IL)-6 and IL-1, and the anti-inflammatory factor IL-10 was detected by enzyme-
linked immunosorbent assay (ELISA). The enrichment of the LncRNA MIAT on miR-204 was detected by RNA pull-down. The binding
sites of LncRNA MIAT to miR-204 were predicted by starBase, and subsequently a dual-luciferase reporter assay was taken to verify
the targeted binding of IncRNA MIAT to miR-204. Results Compared with the blank control group [1.011+0.113, 1.001+0.002,
1.473+0.224, (8.16+0.84)%, (96.75+6.73) ng/L, (46.28+2.84) ng/L., and (39.45+1.45) ng/L], the expression of the LncRNA MIAT was
significantly decreased (0.362+0.085), miR-204 expression was significantly increased (2.234+0.306), cell viability was significantly
decreased (0.806+0.115), and the apoptosis rate was significantly increased (28.25+4.13)% in OGD/R group. The expression of the in-
flammatory factors I1L-6 (525.19£15.62) ng/L and 1L-1 (292.54+19.54) ng/L. was significantly increased, and the expression of anti-in-
flammatory factor IL-10 (14.33+2.36) ng/L. was significantly decreased (P<0.01). Compared with the negative control group [2.198+
0.324, 0.811+0.117, (8.16+0.84) %, (96.75+6.73) ng/L, (46.28+2.84) ng/L., (39.45+1.45) ng/L], the expression of miR-204 was signifi-
cantly reduced in OGD/R cells after MIAT overexpression (1.373+0.268), cell viability was significantly increased (1.137+0.116), and
the apoptosis rate was significantly decreased (28.25+4.13) %. The expression of the inflammatory factors IL-6 (525.19+15.62) and IL-
1(292.54+19.54) was significantly decreased, and the expression of the anti-inflammatory factor IL-10 (14.33+2.36) expression was sig-
nificantly higher (P < 0.01). Compared with MIAT-overexpressing OGD/R cells, miR-204 expression was significantly higher, cell via-
bility was significantly lower, and apoptosis rate was significantly higher in OGD/R cells cotransfected with the-MIAT overexpressing
vector and miR-204 model. The expression of the inflammatory factors IL-6 and IL-1 was significantly elevated, and the expression of
the anti-inflammatory factor IL-10 was significantly reduced (P < 0.01).Conclusion In OGD/R-induced PC12 cells, low expression of
the IncRNA MIAT promotes the upregulation of miR-204 expression and ultimately cell injury.

Keywords Reperfusion injury; PC12 cells; Hypoxia-ischemia, brain; ~ Cell hypoxia; Stroke; Long noncoding RNA; Myocar-
dial infarction-associated transcript (MIAT); MicroRNA-204;  Apoptosis
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P A BRI . K BEEIE S A% RNA (LncRNA) /&
— AR TF 200 %A IR 1 AR G5 RNA, AT LLAE
B ST T s v R S I K ST VR 1 8 1 R G e 3 A
M35 . LncRNAs J& T4 R W BF 9 0, Z AR R
I HRIE LncRNAs 7] B850 0 K E L 15
FIILAE P9 7 4 20 % LA E1 B2 48 B A TR R B 72
A", LnecRNA MIAT (U LR AEAR 6 AR ),
FKM RNCR2 (A W B AR 45 i RNA2) , 2 —Fh 2 5 £
AR 1) LncRNA , Q0 WUBEZE ARG IT A E | ik
IMPEAS TR AERE " A DS R E O U SEAE G
i S A (MIAT) 38 2o ¥ 4% Ak il RNA-330-5p (miR-
330-5p) FEUE T U R IR AE R 22 AR AH G R F- 6
(TRAF6)/#% [ F--kB(NF-kB) {5 515 5 e 484 15 e 25
i 5 149 O 463473 v 118 9 RE R BRI
AL DL MIAT BT B8 2 A S i i/ P 3 (1/R) 343
[ 48 LncRNA

2021 4F 6—12 A 47 A W5, B 7E K 5K Ln-
cRNA MIAT 75 £ bH# 25/ S (OGD/R) 75 PC12 4
L0 08 53 VR BIL AR, S G2 A 1S SR VA 7 S me; .
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1 #EE5F*®

1.1 ZHREEAFEEBEST PCR2YIIEN A ATCC
(USA) , IFTEE A 10% I 4 1L 75 19 Dulbecco [k R
eagle 15 % J (Invitrogen, Grand Island, NY, USA)
Bigto b T ST A S, B TS
PR SR I R A0 - 1% SR, 5% A AR A
94% MRS 4 ho SRIGHANIES &F 4.5 /LA % b
B IEH R — I A, R A 24 he

1.2 PCI2ZAMAALIE  LncRNA MIAT i 36 35 84K
(pcDNA3.1-LncRNA MIAT) K H: [ P %t H8 peD-
NA3.1-NC ., miR-204 mimic A H B XF B8 mimic-NC
P b I 25 R AR A BR A R (g, ),
il 1 Lipofectamine 2000 (Invitrogen, Carlsbad, CA)
L 50 nmol /AU B YL 2 PCI2 AL fw 44 4
1 F2 3Kk MIAT (oe-MIAT) FIAH LY A B 14 X7 i (0e-NC) ,
2L K miR-124 #5484 (miR-124 mimic ) FIAH N A4 B
XT B (mimic NC) , W 22 6 Je 3008, 24 h 5 #E 47 f 2L
1.3 EHRAEER G X KN (qRT-PCR)
F] FH Bio-Rad F 14 (California, USA) # %€ S AL 51 ¥
X, I 24t B AE T4 . H Promega 23 H] (USA)
(Y RNA #5750 DA 45 2H 40 it P 4 BRUEL RNA .
PrimerScript RT Master Mix (Takara, Dalian, China) ¥
1 pg RNA #5554 ¢DNA. AR 4 U5 B 45 J SYBR
Premix Ex Taq (Takara, Dalian, China)7E ABI 7500
(ABI, American) | # 17 qRT-PCR, L1 GAPDH i
Z Kl MIAT B AHXF 238 7K F, LA U6 A N Sk il
miR-204 [ AHXT R o J@ a2 kg
FIEPAXT Rk . PCREIIANR 1,

x1 51975
519 731
miR-204 1E [ TAAAGTGCTTATAGTGCAGGTAG
JZ 1 TGGTGTCGTGGAGTCG
U6 1E[1] CTCTTCGGGCAGCATATACT
JZ 17 ACGCTTCACACATATACT
MIAT 1E[] ATGAGTCTTTAGGTGACTGCT
JZ2 15 TCCATGCAAGCATCAATTTCA
GAPDH 1E 1 GGAGCGAGATCCCTCCAAAAT

17 GGCTGTTGTCATACTTCTCATGG
T : miR-204 2 i RNA-204, MIAT & .U JJLHE BT A ¢ 5% %A,
GAPDH Jy H il 5 - 3- e ik e S0t o

1.4 CCK-8 f4i a8 2 96 fL AR (43:£L 3 000
AAHL) IFAE 3T CR SR 433558 0.24 48 Fl1 72
h 5, AL A 10 wL CCK-8 [ ik #) ( |6
HAREVBEARGRAT) . 37 CHEF 4 h )5, kil
450 nm Ah I G EE (0D, ) , 2 il 40 A3 5 il 42

1.5 mXEmEA FHETENERE( LGRS
RAEDEARABRA TR T3, f{imns
Z ,H 500 pL 456 2 bl (% 8€ V55 . 0.5%NaN,
19%FBS A 35 55 ) W TR A= o ) 48 L fin A An-
nexin V(5 wL) I PI(10 pL) , 7= T #OCHEE
10 min. 16 A7 4094 ( Attune NxT; Thermo Fish-
er Scientific, Inc) F1 ModFiLT % 4 (4.1, Verity Soft-
ware House ) Rl -3 155 8 T 40 B 5 53 EE o

1.6 Elisa# {if ] Elisa %7 £ (Abcam, UK) ¥
W48 5E A6 I 7 IL-6 . IL-18 . IL-10 B9 & £ o {1
FZ HRAN G RmE R EEMN, T
4 °C .1 500%g & .0> 15 min, LSS, A7 T-70 °C.
FRARE S FIRR U A 7E 450 nm Y WO R 52 e
1.7 RNA THIZE AW (biotin) bric ) miR-
204 F1BH X B (iR AR ) 439346 44 4 biotin-miR-
204 Fl biotin-NC, Jf- 73 51 5 PC12 2 il 24 it My 5 /5 -
SR G YN TN ek 55 3% K Ui )2 #E 2R (Life Technologies,
Rockville, MD, USA) . fifi ALY RBEX RNA E 54
(Pierce Biotechnology, USA) #F 47 T $ii 5£ 86 , 18 1
qRT-PCR A MIAT [ 235

1.8 WEXEEBHRE LW 8 Starbase K vk
(http ://starbase. sysu.edu.cn/) 43 #F MIAT F1 miR-204
FRIHIL 1) 45 57 5, 38 2 5 25 5 1) B 278 B 410 4%
S FERE 2 8 OG ZR WA pGL3 (Pro-mega, Madison,
WI, USA) 1o gt 37 B A R (MIAT-WT) Fil 58 48 #Y
(MIAT-MUT) # G R W Bk, 4 PC12 40 {4270 7E 6
FLAR P (2x10° 41 /AL ) o 5T 24 h, He fEE B 45 ff
H LiPofectamine 2000 (11668-019, Invitrogen, Carls-
bad, CA, USA) ¥4 #4 2 & 1) %% o R i 284K 55 mimic
NC 3 miR-204 mimic (Shanghai Genechem Co., Ltd.,
Shanghai, China) (miRNA-mimic 30nmol ) [a] A5} 5% 4L 3
PCI2 4} " . 24 h )5, H Dual-Lucy Assay Kit (So-
larbio ) X} %% Y 28BS PR HEA TIPA

1.9 ZitZHiE A B ¥k SPSS 21.0
(SPSS, Inc, Chicago, IL, USA) GE 24 kA7 b 341,
TRk & = s BB n . P R R H
MSTREA R 5 . 22 2H ] L 4R H one-way ANOVA
FR R T 2500, FIG K50 R H Tukey's 2 HUEAS
%, P<0.05hESAGIFEL.

2 H#R

2.1 MIAT ¥ OGD/R i% S 1) PC12 # {5 & R #7 1E
A 7 PCI12 400 OGD/R #5845 i qRT-PCR £
I OGD/R J5 MIAT 9 2Rk 221k, Wi%¢ 5] OGD/R T 4
T MIAT 3R 3A (P<0.01) . #E—25, i i CCK-8 .3
MK OGD/R 755X A ARTE 71 BT s,
WEEE] OGD/R FEAR T PC12 B 40 MIIE 7 , 390 1 20 i
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BT R (P<0.01) . FJmilad Elisa i &40 0GD/
REST LIH T RMEF T AN 2 (IL)-6 IL-18 9 &
B, N TP RN T IL-10 B & (1 P<0.01) . 7F
OGD/R 5% 1) PC12 4 ffd 5% 4% pcDNA3.1-MIAT |-
PHFRIEJF (P<0.01), LRI A P4 MU 245 B4
AR B 11938055 (34 P<0.01) . 4878 MIAT X} OGD/R /5
SR PCI2 4HMIE R EN . W 2,3,

2.2 MIAT 7] ML #8 [5) 45 & miR-204 #] &l H % &
i 3 miRcode (http :/ www. mircode.org/) T T Ln-
cRNA MIAT T ] 45 & miRNA, 763X 2, A7 F
F AR miR-204 0] LR JE bl 22 A0 B0 o B o
16 FH A ) R AL 10 miR-204 5 415K F $ LncRNA MI-
AT, 5 %R ZH (1.00120.003) A HE , MIAT 45 5k 5 4
TEAEW EFRIC B miR-204(14.984+4.762) ¥REF | (1=
5.09,P=0.007) . i — 2038 2 WU O F F R 4 55 5
Kl LncRNA MIAT 5 miR-204 94 1) 45 4 , 5 NC
ZHA L, 7 Y miR-204 mimic J5 , MIAT-WT 41 (19456
ZETE 1 5 A 5 T MIAT-MUT 4H (3% ' 2 IS
PERA A (£ 4) . )i qRT-PCRAGIN T HTiASL
%20 PC12 4010 /P Y miR-204 By 2635, &K ¥ OGD/R |
P8 T miR-204 (1) 3R 35 , {H 5% 4% pcDNA3.1-MIAT )5 ,
miR-204 F 35 B F AR (2 5) . /8 LncRNA MIAT
AT LA 1] miR-204 #1035k

2.3 L7 miR-204 AT A BB 43 5 3 S R ik MIAT X
OGDRFEH PCL2 RIGHRIP T YL T peD-
NA3.1-MIAT H OGD/R 5 T () PC12 4 fifd Hp S 4% Y

RA BUEOCRMHR & IR /x + 5

a3 UK .

mimi-NC miR-204 mimic
MIAT-wt 3 1.001+0.003 1.002+0.044
MIAT-mut 3 0.488+0.053 0.997+0.036
t,P1H 16.74,<0.001 0.15,0.886

T« MIAT 2y U LA B8 AH 5C 5% S 7R, MIAT-wt Ay 37 A2 ) MIAT,
MIAT-mut 4 % 728 8 MIAT, mimi-NC 4 #5480 45 [ ¥ % 18, miR-204
mimic 4 miR-204 404 .

K5 A miR-204 755509 A aes

20 3] EV-R/€ 4 miR-204 ik (55 1k)
Blank 3 1.0010.002
OGD/R 3 2.234+0.306
t,P1H 6.98,0.002
OGD/R+0e-NC 3 2.198+0.324
OGD/R+o0e-MIAT 3 1.373+0.268
1, P1H 3.40,0.027

1 : Blank S48 FIXIR , OGD/R Sy EUH R 25/ 50, MIAT S0 JUAE
FEH ST SR 0e-NC Ay 3 238 25 PR B 14 X B, 0e-MIAT 2k MIAT i
Fk gk,

T miR-204 mimic, qRT-PCR ;I T % Y& 5% % (P<
0.01) . 83 CCK-8 ., it 2 2 Hd A A Il miR-204 X 24
P03 ) B R T B2 e, AR F] - miR-204 FEAR T
PC12 [ 4B IE 7, 38 m T 40 e i 98 T~ % (P<0.01) .
e J i 0 Elisa 2857 &0 46 I 08 2% 2] 5 2 15 miR-204
T RPN T IL-6 IL-1B B & i, FiE T iR
¥ IL-10 A9 55 & (# P<0.01) . #E75 F# miR-204

R2 B MIAT E X FIGUMTE T3 10 L & s

» R OD, 5, fi
4151 WA MIAT Rk (R ECEfL)
12h 24 h 48 h 72 h

Blank 3 1.011+0.113 0.487+0.061  0.636+0.107  0.742+0.132  1.263+0.286  1.473+0.224
OGD/R 3 0.362+0.085 0.479+0.057  0.627+0.112  0.654+0.114  0.684+0.115  0.806+0.115
t,PE 7.95,0.001 0.17,0.876 0.10,0.925 0.87,0.431 3.25,0.031 4.59,0.010
OGD/R+oe-NC 3 0.374+0.072 0.484+0.068  0.619+0.098  0.648+0.116 ~ 0.697+0.121  0.811+0.117
OGD/R+oe-MIAT 3 0.763+0.116 0.476+0.076  0.631+0.094  0.673+0.113  0.987+0.113  1.137+0.116
t,PH 4.94,0.008 0.14,0.989 0.15,0.886 0.27,0.802 3.03,0.039 3.43,0.027

7E : Blank 275 X, OGD/R Sy 4Ubi 25 /52 460, MIAT S O U SEAE DG 575, OD 15 24 450 nm AR IO RE | 0e-NC JAyid SR A B 1 Xk e

oe-MIAT H MIAT it ik 4

®3 RHAMMIA T AN I TR R LU + 5

20591 TEE W AT/ % IL-6/(ng/L) IL-1B/(ng/L) 1L-10/(ng/L)
Blank 3 8.16+0.84 96.756.73 46.28+2.84 39.45+1.45
OGD/R 3 28.25+4.13 525.19+15.62 202.54+19.54 14.33+2.36
1, Pl 8.26,0.001 43.63,<0.001 21.60,<0.001 15.71,<0.001
OGD/R+0e-NC 3 27.62+4.62 511.37+18.75 286.84+16.85 14.1242.11
OGD/R+oe-MIAT 3 18.13+2.88 318.95+10.34 103.58+12.73 31.87+4.34
1, P1H 3.02,0.039 15.56,<0.001 15.03,<0.001 6.37,0.003

1 : Blank SH7Z5 14 I, OGD/R Ky BRI 257 /2 480, MIAT SRy U U FEAH OG5 SR, 0e-NC it R 2R BIPEXT IR, oe-MIAT Sy MIAT i3 %15 2%

R IL-6 L ANEA -6, IL-18 M FLANIEA R -18, 1L-10 4 [ 412 -10,
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P& 35 TT DA 49 306 2 v 238 MIAT X OGD/R 753119
pC12H Ry, WLEk6,7,
3 itig

e i A A v R e PR AL 1) G I 9, B AR
A 157 N2 dh X3, IF Bk 500 77 ABE T H R
B R AT, KR AR RS 2 92 10 fE &=
(A ANV o 187 = R W B 2 S ) e e )
1) 25 FTG 1Y) AE 5 DO RE , I B & it 12
A Ay 1k PR AR o A 20 i YRR SR A A
Pt 3111k e e R 7 e e el = I 17 /(N 1
VORI AL N T RS i I 20 2L A 3 s, 3
AN 3 P e /PR T AL T RO, DR R e A
%052 UR % T W45 7T BB 25 T B iR 970
i S5 10/ P Y 463 45 B S AR ML A 8 4 A . F
FEFRI, FE T S R A A R A SE T BR AR
T3 BT 300 S AR R M R P A 1) G
SR R b B AR N T S BT A AL
B TR Al A R 5495 LA S A 20 240 S R 240 ik 28 £
FEERARE " UL, B 1k A R RRE RN A
SR s AN /R 405 1A 2R

f 3, LneRNA AE B85 R AT T2 56
P ARHFSE A 8 R AN LncRNA MIAT 7 Gk
I A v 1 P I ) B U R AL . LneRNA
JTEAAE TP A R G FERTIBE A & R 5
P R EEAEM . DAER SR KM, Lo-
cRNA MIAT 7£ fif 2845 13952 9 Hh 8 35, 1911 4T, Lin-
cRNA MIAT i 3:f miRNA-379 (155 4 P 25 4 1 715 00
PG5 , (i 2 e 2 0 45 R R T 0 AR 5 2R
F1 5 (HSPAS) ™' ; LncRNA MIAT f{ i 2 ik i i
RAD21 J I8 P Rz AR 4 TR 7 A i 2obE i i
Bi 2 BB 2, Xu 2 0F 58 & B MIAT g
%38 1 B miR-132/SIRT1 il >R i) 1-F 3k -4- 2K it

WE$5 (MPP*) 175 3 A S8 AL D P 5 . FEASIE 9% & B
MIAT 7 i OGD/R i3 () PC12 4l rh i ik, b &
I LncRNA MIAT 93 ik X% OGD/R 75 F: 11 PC12 #6
i LA PR PR i i — 25 i AL I 52 3R B, PC12
i L 7 LncRNA MIAT () 33 2 2K 38 2 410 i) miR-204
Fik, LIRS 7 e AT A M TR IR AR T
ALY SEAE , PAITTIRAS PC12 20 445 -

Z IR T 18 78 miRNA 788 7 4k & o k15
FEAEM . 201548 658 A 0 4R H miR-27a |-
AT e 553 R AL P O S ) - e R A PR
FIIEPE™ . 25, Li S50 % B miR-124-3p AT s
55 7 BE Gk 05 AR 8 . Li SRS T SCILR
B 4 4~ 22 5 2 35 19 microRNA (miR-22-3p . miR-
743b-3p . miR-201-5p I miR144-5p) Kz H: 3 [7] 48 5L
, Horf miR-22-3p E 3, miR-743b-3p . miR-201-5p
1 miR-144-5p T . 2006 4F- , miR-204 1 1K 7€ i i
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