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[fZE] BH# HERKEEIESIS RNA(LncRNA) 42 LR A 1(TUGL) IRV RNA(miR) -137 25/
KR I K A UG REH . ik WIOEREREE miR-137 5 TUGT AHL 143 45 ; Tonga ZRF 7 B ST Ry kb
i dfe i G AR 2R, AR ol 2 R BB ML 20 A AR U2 si-NC 2H (10 L si-NC) .si-TUG1 #H (10 pL si-TUGL) si-TUG1+
anti-miR-NC 2 (si-TUG1 F1 anti-miR-NC % 10 pL) .si-TUGI +anti-miR-137 41 (si-TUG1 1 anti-miR-137 % 10 pL) , %
4112 Ho oz HBOABF AR, 5d 10 HER 3 05 16 KA, SEm5EEE & PCR(RT-qPCR) Al & [X.
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SR TP 2 TCIE A s B 1 I o8 BN TR ( Western blot) S22 X 2K (1 I8 2 FR VLA 1 (JAKL) 5 55 % FMfs 5
WG T 1(STATL) (B kL4 -2 2K (BCL2) \BCL2 #H2G X 25 1 ( BAX) P2 KR 4 2 M2 25 111 i 3 (caspase3)
EFKF, R Starbase 23Hr &K miR-137 55 TUG1 FEAETAMYSE G015, ITFEWFEOC K BFIALE, BRI DX
MG ITC R EEEL, P TTECR I | R B AR 43 B 28 70 M A% 11 48 s AT R S B4, Je IR R B i ol
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TUGL M & TCTE SR, [[BAE K Fad b, ST AREAMIL, BRI si-NC 415 51X TUGL 7K JAKL
STAT1 .BAX caspase3 35 /K-, IAZEAR TR TH 5 ( P<0. 05) , i3 B IX. miR-137 /K- BCL2 # /K FREA% ( P<0.05) ;
3B SRR si-NC ZHAR L, si-TUGL 41, si-TUG1 +anti-miR-NC 21 & X TUG1 7K . JAK1 STAT1 BAX | caspase3
EAKOF LR RURAR (P<0. 05) , ¥ 5 X miR-137 /K- \BCL2 R /K V-4 (P<0.05) ;40515 si-TUGL 4 si-
TUG1+anti-miR-NC ZH4H k¥ , si-TUG1 +anti-miR-137 417 & X TUG1 7K-F JAK1,STAT1 ,BAX  caspase3 25 H /K, i
FESEARFTT 55 (P<0.05) , 1 5 X miR-137 7KF BCL2 & F /K FEREAR (P<0.05) , 451 T4 TUGL AT | miR-137
SRR R A A A A 2 TT I A S PR TR A, DT S M 45 B R
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[ Abstract]
(TUG1) in the regulation of microRNA (miR)-137 and nerve injury in rats with focal cerebral ischemia. Methods

Objective To explore the role of the long non-coding RNA (IncRNA) taurine up-regulated gene 1
The
dual luciferase assay was used to identify the target sites of miR-137 and TUG1. A rat model of focal cerebral ischemia was
established using the Longa thread bolt method. Ischemic rats were randomly divided into the following groups (n = 12) .
model group, small interfering RNA (si)-negative control (NC) group (10 pL si-NC), si-TUGL group (10 pL si-
TUG1), si-TUGI + anti-miR-NC group (10 pL si-TUGI and 10 pL anti-miR-NC) , si-TUG1 + anti-miR-137 group (10
L si-TUG1 and 10 pL anti-miR-137). Another group of 12 rats were used in the sham surgery group. Once every 5 days,
three injections and detection on the 16th day. The levels of TUG1 and miR-137 in the hippocampus were detected by real-
time fluorescence quantitative PCR ( RT-qPCR). Cerebral infarction was detected by 2,3, 5-triphenyltetrazolium chloride
staining. The morphology of hippocampal neurons was observed by hematoxylin-eosin and Nissl staining, and the protein
levels of JAK1, STAT1, B-cell lymphoma-2 (BCL-2) , BCL-2-associated X protein ( BAX) and cysteinyl aspartate-specific
proteinase-3 (caspase3) were detected by Western blot. Results ~Starbase analysis showed that there were complementary
binding sites between miR-137 and TUG1, which were verified by the double luciferase assay. In the model group, neurons
in the hippocampus were disordered, the number of neurons was decreased, neuronal gaps were larger, some neurons
underwent nuclear pyknosis or dissolution, nucleoli disappeared, and the number of Nissl bodies decreased. In the si-TUGI
group, the number of neurons increased, the morphology of neurons recovered, and the number of Nissl bodies increased.
Compared with that in the si-TUGI group, damage to the neurons in the si-TUG1 + anti-miR-137 group was more serious,
neuronal gaps were larger, and the number of neurons decreased. Compared with those in the sham surgery group, the
cerebral infarction volume; TUG1 RNA; and JAK1, STAT1, BAX, and caspase3 protein levels in the hippocampus were
higher in the model and si-NC groups ( P<0.05), and the levels of miR-137 and BCL-2 protein were lower ( P<0.05).
Compared with that in the model and si-NC groups, the levels of TUG1, JAK1, STAT1, BAX, and caspase3 in the
hippocampus and cerebral infarction volume in the model and si-NC groups were lower (P<0.05), and the miR-137 and
BCL-2 levels in the hippocampus were higher ( P<0.05). Compared with that in the si-TUG1 and si-TUG1 + anti-miR-NC
groups, TUG1 RNA and JAK1, STAT1, BAX, and caspase3 protein in the hippocampus and cerebral infarction volume
were higher in the model and si-NC groups (P<0.05), and the level of miR-137 and BCL-2 protein in the hippocampus
were lower (P <0.05). Conclusions Interfering with TUG1 IncRNA upregulated miR-137 and alleviated neuronal
ischemic morphology and apoptosis in rats with focal cerebral ischemia, thus protecting against nerve injury.

[ Keywords ] long non-coding RNA taurine up-regulated gene 1; microRNA-137; focal cerebral ischemia;
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AL,
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TUG1-MUT . TUG1 =WT, miR-137 mimic , miR-
137 NC, si-NC . si-TUGI . anti-miR-NC . anti-miR-137
Y B TN B A YRR PR W 5 UG R i
i BE PRSI R & L 2 B 2 BRI 1 (januskinase
1, JAKL) M5 % 5% 3 F A% 523006 F 1 ( Signal
transducer and activator of transcription 1,STAT1) B
R 20 B JRd — 2 FE A ( B-cell lymphoma-2, BCL2) |
BCL2 #1& X # H ( BCL2 associated X protein,
BAX) PR R KA AR & 1 3 ( Cystein-asparate
protease 3, caspase3) ¥l H I [E abcam 23y F];2,3,5
—F Ak = KLY A Mk (2, 3, 5-Triphenyltetrazolium
chloride, TTC ) % & i 7 &, % A K - 2@
( hematoxylin-eosin , HE ) %% (7 05 & | J& G 4% (2 3 71
WAL EREREARA A, 7500 5205
Y€ 7 PCR (real-time fluorescence quantitative PCR ,
RT-qPCR) {0 H S [E ABI AH]
1.3 EWHE
13,1 MIOEERMEIE miR-137 5 TUGL HE )
KHR

Starbase 737 & . miR-137 5 TUGI f£1ESE &
{45 miR-137 5 TUGL 25 & A sF 51 4 A i
G 1T 51 43 53 5 B T 41 & pGL3-basic FEIEHR
M 5 24 I A TUGT BFAE B (TUGT-WT) B 58
AR (TUG1-MUT) , 43515 miR-137 mimic 5 miR-
137 NC S g =g hpp 28 o, 16 4 20 28Ot R g
AHXS I E
1.3.2 SCHe -2 KAk B

223wk R Longa £ A7 48 N7 Jay kb 14 fiv e
IR FRURSETRY HE Jas vE BF 2. 5% I3 B L 22 AR RR e K B,
R U RN 5 T AR b T B SR A KIS A 1] 1)
¥Rz Wk, Z% % H 348 8l Bk (external carotid artery,
ECA) M8 8 ik ( common carotidartery , CCA ) ,
IOk A 2k 4t 4L , o ik e e P 250N 31 ik (internal
carotidartery ,ICA) , 5 CCA 433 4 mm Ab8Y—/N[O
Ja A —REAN 0.24 mm #2210 ICA, #2428
Ui BRAES 2 h R IR AL . Longa 73 403X KB
HEFT PR 2 T B BB PT- 43, 1 ~ 3 43l ol & B T 1 A5
RS T 60 L, K L ML 43 Sk B R 4 (model
group) .si-NC £H (si-NC group) .si-TUG1 2 (si-TUGI

group) .si-TUG1+anti-miR-NC £ (si-TUG1 +anti-miR-
NC group) ,si-TUG1+anti-miR-137 #H (si-TUG1 +anti-
miR-137 group) , B4l 12 2, 5 12 H KRBT AL
( sham operation group) ,{¥43% CCA .ECA ICA,

si-NC 4H si-TUG1 4 .si-TUG1 +anti-miR-NC 41 |
si-TUG1+ anti-miR-137 2 4% 21 43 | £ Bregma /5 3
mm LI 2.2 mm IR 2.5 mm {F 4 10 pL si-
NC.10 pL si-TUGI , si-TUG1 HI anti-miR-NC £ 10
pL .si-TUG1 F1 anti-miR-137 % 10 pL, T AR 41
REFRILH AR R RO VEST 10 pL A= FEER K. 5d 1,5
16 KA T FHEHR
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R [, T4 -80°C UKFETRAT
1.3.4 RT-qPCR £l 5 X TUG1 ,miR-137 /K-
15 {0

-80°C VKAELHZ, TRIzol P4 HUE RNA | 3054 5%
A —8E cDNA, BT B RSP 51, TUGL (F.
5’ -TACGTCCCGTGCCTCCTGAT-3" \R:5’ -AGGGCT
GTGCTGAATCTGGG-3" ), miR-137 (F: 5’ -GCGCGC
TTATTGCTTAAGAATAC-3"  R: 5’ -GTGCAGGGTCC
GAGGT-3") ., RWAKZ :2x Mix 10 pL,cDNA 1 pL,
F/R(¥ 4 10 pmol/L) % 0.5 uL, #+ ddH,0 % 20
Lo S A4 :94°C .60 s;95°C 30 s, (TUGI:59°C |
40 s, miR-137:59°C .35 s) ,45 MR, 274915
TUG1 .miR-137 AX}Fi5 K-,
1.3.5  TTC Y€k i i 5T 17 Bl

S T - 20°C VKAR VKR 15 min J5 @R A7)
R B NHL Y R 5 B ke BT 2% TTC i 37°C
TH IR REEIE 30 min, 372 TTC, BT 4%
Z R EEF 4°C [HE 24 h, FA )5 H Image pro # {4
HEAT AT AL B TR IR SEAR R, A SEAR AR = 4>
AR FEAR T 4 A X 100%
1.3.6 HE QL@ Sl o0&

ZRWEEDEENESHEY N (R 6
pm) , IIARG YD L REER IR S0 eI Y AR
FREL I KA IR
1.3.7 JERPEEAMEMETIES

1.3.6 U], VR KO BE B I | A TR
56°C 1Y) 1% H 28 i 5 e f8 60 min, 28 28 18 /K RV
95% &, P Ak B8 B0FD , S AR T 5% pR 48 0T
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1.3.8 R RPEENIE ( Western blot) SZ56 46 I i
X JAK1 ,STAT1 BCL2 .BAX caspase3 & H /K-
-80°CHUF HAHL IS E N, FEEN,
MRS 5% T i W Ry & R B AT 2 by % A — 4L
JAK1 STAT1 ,BCL2 ,BAX , caspase3 . GAPDH , 4°C %
BB IMAZYL, EIRIFE 2 h; BERSUR T R 58
RS E =T .
1.4 SitEHE
THEEE D B bR E 22 (o xs) 3R, SE it
At GraphPad 8. 0 XJEHE AT 40 HT , 22 20 W] L AeA T
PR ZE Ty 22 0 A, 4L 1A) G R EL 35 AT SNK-q ., P<
0.05 ZRAGZITFEL,
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2.1 WMEAXAEMET miR-137 5 TUG1 B3 [
miR-137 5 TUG1 f£7E B AN 25 & 7 A5, i &

1A, 5 miR-137 NC+TUG1 WT #H },, miR-137 mimic

+TUG1 WT %G 2K il A6 76 M TR (P<0.05) , UL

Kl 1B,

2.2 RABEHK TUGI miR-137 K F
H5EFARYHM L, BRI si-NC 4, si-TUGT +

anti-miR-137 41 & X TUG1 /K FEFFiE (P<0.05),

TUGI MUT 5’ ACCACUGCCCCAGACUCGUUAUU 3’

TUG1 WT 5’ ACCACUGCCCCAGAC%({:({A?.AILI'#U 3
miR-137 3’ GAUGCGCAUAAGAAUUCGUUAUU 5’

B

o s
#
o

T T T T
miR-137B A8 3 FiAmiR-137+TUG] miR-137BIHER I 5 ik miR-137+TUGL
+TUG BF A7) B +TUGL A FEER

miR-137NC+TUG]  miR-137mimic+TUG1 miR -137NC+TUGI miR -137 mimic +TUG1
wi wr MUT MUT

TE:A:miR-137 55 TUGL WYZ5 &AL, 206G OBl RE 2 45 5 07 285
B BOL R BEHIX G M A LS, 15 miR-137 NC+TUGI WT X
#,%P<0.05,
1 WFOEFEEFSE miR-137 5 TUGT AL A
FFR (x+s,n=6)
Note. A, Binding site of miR-137 with TUGI. Red base is the
binding site. B, Comparison of relative luciferase activity.
Compared with the miR-137 NC+TUG1 WT,*P<0. 05.
Figure 1 Dual luciferase identification of the

targeting relationship between miR-137 and TUG1

miR-137 7K [#A (P<0. 05) ;73 5l SR A si-NC
A, si-TUGT 4 . si-TUG1 +anti-miR-NC 2H 1 & [X.
TUG1 7K F-F&MK (P<0.05) , miR-137 /K-F-Fh & (P<
0.05) ,si-TUGI +anti-miR-137 4 & X TUG1 /K F
FEAIK (P<0.05) ;43515 si-TUGL 41, si-TUG1 +anti-
miR-NC 2H #H [t, si-TUG1 + anti-miR-137 4H i & [X.
TUG1 7KF- T (P<0.05) , miR-137 7K F-FEAK (P<
0.05), VLI 2A 2B,
2.3 HHEMELER

H5F AR, A L] si-NC 4, si-TUG1
2 . si-TUG1 +anti-miR-NC 21 si-TUG1 + anti-miR-137
ZH AR FEARFR T 25 (P<0. 05) 543 B SRR 4H si-NC
HA I, si-TUGL 4 .si-TUG1 +anti-miR-NC 20 i 5€
EFUTF I (P<0.05) ;28 5915 si-TUGL 4 . si-TUGL +
anti-miR-NC 4 #H [t , si-TUG1 +anti-miR-137 21 ik #f
AR TFE (P<0.05) . LK 3A 3B,
2.4 FHHBESXMWET HE FEEFR

AR A b 2 o0 R L S 8 HES 3R 5 R IR
b7, AR A A 3% AT AT UL B A | si-NC 2 )2 Ik 3R
L, M2 TR Ik D | ] B AR R 43 B 8 ST
% [ 45 B0 e %A R SR B4 si-TUGT 4 | si-
TUG1 +anti-miR-NC 2 #1200 A T n  # &o0
BB K & ; si-TUGI +anti-miR-137 A AHE T si-
TUG1 41 ,si-TUG1 +anti-miR-NC £H ¥ £ 0 /8] B 28 K |
B, WK 4,
2.5 ZEABSRWATRERRKEERER

F AL LT HES % 5 HE0E WETie
IR e 2 BRI 2 si-NC M 2 e HES ZX5L L ) B
K ANERE AZABRIAN W, JE RARECE I ) 5 si-TUG
4 si-TUG1 +anti-miR-NC 2 # 2 50 54 Frik & |
Je RAR B 19 £, i-TUG1 +anti-miR-137 4L AHE T
si-TUG1 # si-TUGI +anti-miR-NC 4 # £ S0 25 %
WirHE, WK S5,
2.6 ®{HAHFLDKX JAKI, STATI, BCL2, BAX,
caspase3 EHFXKIAFMR

SBFARLAM L, B si-NC 4 . si-TUGL +
anti-miR-137 4176 5 [X. BCL2 & 4 K P&, JAKL |
STAT1 .BAX . caspase3 & [17KFF+ 5 (P<0.05) , si-
TUGI 4, si-TUGI + anti-miR-NC 4H 7 I [X. JAKI ,
STAT1 ,caspase3 5 [ /KFF+ 5= (P<0. 05) ;435 5 4%
M2 si-NC ZHAH [, si-TUG1 4H . si-TUG1 +anti-miR-
NC 4 5 X BCL2 & (K FFt &, JAKL, STATI
BAX caspase3 £ 1 7K F AL (P<0.05) ,si-TUGL +
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FFAA A si-NC4L s-TUGIA  si-TUGl+anti-  si-TUG +anti-
Sham operation  Model group ~ si-NC group ~ si-TUG1 group ~ miR-NC41 miR-1374
group si-TUGI+anti-  si-TUGI +anti-
miR-NC group ~ miR-137 group

WAL ZT TUGL KB g Hh2H 41
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23 *8 &
EH I
£
DB Qs #1
23 # #
iz
R
0.0 T T T T T T
BFERE Bopa siNCH STUGIE  si-TUGI+anti-  si-TUGI+anti-
Sham operation  Model group  si-NC group  si-TUGI group  miR-NCL miR-13741
group Si-TUGlfanti- si-TUG1 +anti-
miR-NC group  miR-137 group

miR-137 B7KF, SIRTARA L E,*P<0. 05; SHHILH L4, "P<0.05; 5 si-NC 4 L

#,%P<0.05;5 si-TUG1 4 %5, T P<0. 05; 5 si-TUG1 +anti-miR-NC 41 FL &%, *P<0. 05,
B2 #5IX TUGL . miR-137 /K- (x+s,n=6)
Note. A, TUGI level in the hippocampus. B, miR-137 level in the hippocampus. Compared with sham operation group ,* P<0. 05. Compared
with model group, *P<0. 05. Compared with si-NC group, ¥ P<0. 05. Compared with si-TUG1 group, " P<0. 05. Compared with si-TUG1+anti-
miR-NC group, * P<0. 05.
Figure 2 TUGI and miR-137 level in the hippocampus

BFAL B si-NC#AL si-TUG14 si-TUG1+anti- si-TUGI +anti-
Sham operation Model group si-NC group si-TUG1 group miR-NCZ1 miR-13741
group si-TUG1+anti- si-TUG1+anti-
miR-NC group miR-137 group
B
40 =
30 = —# #1
g3 I
f‘g 5 20
S &
WS
10 H& #&
0 T T T T T T
AL B si-NCA si-TUGIZL  si-TUGI+anti-  si-TUG1+anti-
Sham operation ~ Model group  si-NC group si-TUGT group miR-NCH. miR-1374
group si-TUG1+anti- si-TUG1+anti-
miR-NC group miR-137 group

AU TTC e R i B APER B 70t ST AR, * P<0.05; SHEAEIA AR, "P<0.05; 5 i-NC 4l I %, “P<
0.05; 5 si-TUGI ZH 5L, TP<0. 05; 5 si-TUGI +anti-miR-NC 2H [L#5, ¥P<0. 05,

3 KEUNAIEART (x2s,n=6)
Note. A, Photographs of brain sections with TTC staining. B, Percentage of infarct volume. Compared with sham operation group,* P<0. 05.
Compared with model group, *P<0.05. Compared with si-NC group,*P<0. 05. Compared with si-TUG1 group,”P<0.05. Compared with si-
TUG1 +anti-miR-NC group, * P<0. 05.

Figure 3 Volume of cerebral infarction in rats

X BCL2 # H 7K *F % %, JAK1, STATI, BAX,
caspase3 % /K FEF+ 5 (P<0.05), WIK 6A 6B,
6C .6D,

anti-miR-137 20 & [X. JAK1  STATI . caspase3 5 H
KRR (P<0.05) ;43 5 5 si-TUGL 41, si-TUG1 +
anti-miR-NC ZH # It , si-TUG1 +anti-miR-137 44 &
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Figure 4 Neuron morphology in the hippocampus of rats (HE staining)
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5 KEFSXMETES(EREEM)
Figure 5 Neuronal morphology in the hippocampus of rats ( Nissl staining)
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