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Abstract

BACKGROUND: The alteration of miR-146a-3p level is a common event in the pathogenesis of most neurological diseases, and the specific mechanism of miR-
146a-3p regulation of astrocytes has not been studied.

OBIJECTIVE: To verify that miR-146a-3p regulates astrocyte proliferation, migration and apoptosis through insulin-like growth factor 1.

YhREPEBRE, IHEHTT 210023; AT FEER, STHELGT 214071
FT—EH: T &M, F, 199354, THREFMNTA, Rk, InFEHRFEFEFHHAHF AR, T2AF P EHEFAEMG A,
BIEE: 2, 4, QI ZEFER, RGTFEER, LHH4 A48T 214071

https://orcid.org/0000-0003-0639-5827 ( »t & it )

EE B T8 b B AR R B (YB2020042), A H fitA: B, AT AHFZHE AR ET LALE-FHAE (SKUZD19), R E Rar A BRIE;
FAH T T A AR BEALFR B (Q201945), R B §it A BRFE; ST A5 A AR S 52 A F7 4T %] R B (KYCX22_2061), R B i 57 A .

ot 5

SIAARIC: =t Em, THE, 2£, =40, ZEE, TAE, B&, B . miR-146a-3p H RS EHA KA T 1 A XA L
IR mfede g, E A5 Fa A )], P B4 TARHR, 2024, 28(25):4048-4053.

4048 | DERRATIZHAER | 5528% | 55258 | 2024598



PEEATERE @2

Chinese Journal of Tissue Engineering Research  www.CITER.com

HAREE

METHODS: 12 SD rats were divided into a sham operation group and a spinal cord injury group, with six rats in each group. RNA sequencing analysis was
performed on the spinal cord tissues of all groups 2 weeks after surgery to screen out the differential genes (log,FC > 2), and to select spinal cord injury-related
genes (Score > 20) in the Genecards database, and then to predict the target genes of miR-146a-3p by Targetscan. The intersection of three gene sets was
obtained to screen out insulin-like growth factor 1 as one of the important target genes. qPCR, western blot assay and immunohistochemistry were performed
to analyze the expression level of insulin-like growth factor 1 in spinal cord tissues. The primary astrocytes were divided into NC group, NC-mimics group and
miR-146a-3p mimics group. Annexin-V/PI staining was used to detect cell apoptosis. CCK-8 assay was used to detect cell proliferation. Transwell assay was used
to detect cell migration ability.

RESULTS AND CONCLUSION: The expression of miR-146a-3p in the spinal cord tissue of the spinal cord injury group was lower than that of the sham operation

group (P < 0.05). The expression of insulin-like growth factor 1 in the spinal cord tissue of the spinal cord injury group was higher than that of the sham
operation group (P < 0.05). Compared with the NC group and NC-mimics group, the apoptotic rate of astrocytes was increased (P < 0.01); the proliferation
of astrocytes was decreased (P < 0.01) and the number of migration was decreased (P < 0.01) in the miR-146a-3p mimics group. To conclude, the expression
of miR-146a-3p decreased and the expression of insulin-like growth factor 1 increased in spinal cord tissue after spinal cord injury. miR-146a-3p targeted
regulation of insulin-like growth factor 1 in astrocytes, inhibited the proliferation and migration of astrocytes and promoted their apoptosis.
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1.3.1 SEIREY) Wik 1-3 d Bl SD KR 5 H, & 5-
15g; 6 & S SD KB 12 A, {4 i & 180-200 g, 11
HE R, SL58 3PV vl ik 4% 5 2 SCXK 2019-
0002, 1AIFETVLIRE MW 5 B E i F0RT -

1.3.2 SEEEA) e bk ah (2R R )
HIRAF); RIPA 2 (& 8 B A1 R B 40 i1 7 ) (Sigma-
Aldrich); BCA & A Wl =& i 77 & (Beyotime); — PT IGF-1
(Abcam) F1 — #7i GAPDH(Abcam) f] -F- Western blot 5 56

P IGF-1(Thermo) I T s A0 SE 00 — UK R £4F 4E R 4 2R
1 (Proteintech) A T % %6 6 5056 AR I ALY (HRP)
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141 ZhWskis %A ST RS R T R B At B2
B2V (1635 SZYYKIFZJH2020111810), ¥4 6 J& % SD K
BUBENL > AR TFARA I, HHe X, AT K
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55 1% L EE 24 (50 mg/ke) BRI, FH T MK BT & 7 F
MR, WiE Te( 55 13 g iEs: ) A E, FHErEEmR
FIHT, € T ALE, FARBEGHE T, B, HIERE
di# (RWD A H] ) i Bl Ty, 7B EMI S A EAR 2 5
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“HlE, MHAOERTPIEE. 20 ENS 14 KT U%
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1.4.2 SN A B2 o SRFARA, FhE
51407 2H 5 BiE 4 23 RNA-Seq I /7 5 I 50 is 1647 SR 2K 00 #r, A
FH DESeq2 1157 ZE 57 2 A, DA log,FC % {E KT 2 H P-adj <
0.05 AbnifEdiik 2 Ak A, 133 BB, NEEER. FH
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1.43 qPCR I A5 &l ZH 2URE A A\ =80 “C UK FE Lt 5 # #%
F15mLE L&Y, I 200 pL Trizol, Fi/NEY J1¥ 4H 21
BURE, FRAEH Ao\ 800 L Trizol JfiR 2], BT UK i E
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Table 1 | Primer sequences

SIY 5 (S s 3 i )

HER

miR-146a-3p-R CTC AAC TGG TGT CGT GGA GTC GGC AAT TCA GTT GAG AAA GAACT
miR-146a-3p-F GCC GAG ACC TGT GAAGTT C
IGF-1-F CAG TTC GTG TGT GGA CCA AG

IGF-1-R TGAGTCTTG GGCATG TCA G
GAPDH-F CTG AGC ACT CTC CCT CACAAT TC
GAPDH-R GTG CAG CGA ACT TTATTG ATG GT

It IGF-1 4B FRE AR F 1.

1.4.4 Western blot £l FH & A3 8 11 g Al R il 400 ] 551 Vi
G RIPA 2 pP i N BEH 2P $2 LS B2 ., ] BCA &
1 ) e B R EE,  H 10% SDS-PAGE 43 5 2H 21 2R
1, % % PVDF 5 I, HH 5% Jii JIg 24 %5 F1 0.1% Tween-20
TE tris ZEpp /K P ZEIRE P 2 h, IMA—$H1 IGF-1 (1 © 1.000)
F GAPDH(1 © 2500) 7 4°C N § il &, B J=7E PBST(0.5%
Tween-20) FIEHE 3 K, K4 BSR40 VDB A R R T A
ZHu(1 D 5000) EEE A 1 h, A ECL & A BT A
FIMEL(ZES, H Image J B (version 1.50; National Institutes
of Health) & & & HRIA K.

1.45 AR K K BUEBE ZH SR A ] IR
AT S 2 AL SEEG AT IN IGF-1 25 T 3RIA, H Olympus CKX53
EI=RTA e Rl

1.4.6 JFAUHBERTEIAAEEL Sw 51 fEm %t
NHUHT A SD K EVEREALZR, HUBRWAT ) A 0.25% JERGTH {k
30 min, MOIABGAFIMLE GRS, Z1kyEM, =& 1200 r/min
B0 5 min, 3 EE, IMANEERS S 10% G4 G 1%
T 7 - BER RN PE DMEM R 7R AL TR S), f#/H 200 H
7 Y It 1, ) P 2 S G B 2 B R A A, $E R T T25 BRI,
WA NS MIEAS, FFREAT IR A 4RI It B e RO
Yeth, BENEBEMERAM. R 90% T4
R, BB 3 AN BUAE KA R At M AT f5 2585
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mimics ZH ( B 4= A IGF1 Jii Bi +mimics B T X} B ). IGF1-
WT+miR-146a-3p mimics 21 ( #72E 8 1GF1 i + miR-146a-3p).
IGF1-MUT+NC-mimics 21 ( 5 4 &Y IGF1 Jii A% +mimics [§] £ X}
HE ) A IGF1-MUT+miR-146a-3p mimics 20 ( 28 A% %Y IGF1 Jii
Ki + miR-146a-3p), B T4 85 IR A0 P85 I 1 . A5 4t Mo b
BEJGW Fr o oR 5L, R PBSIEPE 28, TN 500 pL G I ig
i BE DMEM 5 78 Be 45 FH AR 48 4% e ialR) 3 B B g 4 m
1 ug WT BURL (25 98t 3 B4l & 5= 8 1 B AR Y IGFL Jii b )
B MUT JRE (25 96 3B 75 ik R 1) R AR Y IGFL J5RE )
20 pmol miR-146a-3p mimics B mimics [ 4 % 18 3L 4% g A
A . s hE, AR 2 10% i 4 LI 1 e A
DMEM ¥ 774k 415 97 48 h, WAL I 2Ot R Rk o5 2%
DRI ) G AT e F g v % BT

1.4.8 ZHfsEsE AT K2 3 ARUHEBE A TR T 40 M 5 NC 4.
NC-mimics ZH 1 miR-146a-3p mimics 2H, 54 %% Y i 7 358 B
N\ 20 pmol miR-146a-3p mimics B mimics [J] 2 %5} [ 4% 4
5 h, KB YL IV B R R B 41 DA AR FL 1x10° AN 41 il
FEREFD T 96 FLANMIRE =R, & RFA 73 4 10% Jig 4= i 1
b DMEM J295 5L, TN 37 CAllfuszsspa b %95, %
FRIHES TR, NN 100 L 2 443 43 3 10% Jit 4 I35 (1) & b
DMEM ;77 R4 J5 0, 24, 48, 72 h BALANA 95 pL
JC I35 =ik DMEM 1% 97 540 5 uL CCK-8, 37 CHEHE 2 h, fif
FHRGFRACI 52 450 nm YK A 195 6 5 48

1.4.9 i TR K ER 3 AR B A TR IS 4H i 43 Dy NC
2. NC-mimics 21 1 miR-146a-3p mimics 2H, 4 %% 4L ik 7]
i\ 20 pmol miR-146a-3p mimics BY, mimics B {4 % 1#
LS h, W LUt 06 E R R 5 41 LA AR L 1x10° A4l
i AT 24 FLEEFRARC, TN 37 C 4l i B IR AR vh
77 48 h: MM 0.25% [l ( A~ 7 EDTA) JH AL USC SR 40 ffw: PBS
TEVEANE 2 Ik, PSS G MmPEEaE 1k AL S REER
YA, LRI N 1x10° LYy HY 100 pL 4R, I
5 pL Annexin V-FITC f11 5 uL Propidium lodide, J&%J; FEi&.
WEJE [ M 15-20 min; IS5 &R A 500 pL, WAL, st
8 i SOMLEE AN o

1.4.10 ZHMITF L K E 3 AU AR T IR 4 i 73 NC
4. NC-mimics ZH Fil miR-146a-3p mimics 21, R #f #% 44 i 71
LA M 20 pmol miR-146a-3p mimics B¢ mimics [ 14 % 1
BEYe s h, OB R Y hp 65 B R YR T A0 e LA 5x10" / LI B
JEE AN &5 I3 (1) /5 B DMEM 35 77 BE 482 F0 T~ 24 FLAR Transwell
FZ, FEIN 500 L AR R 4 F 10% I A LT 1) R
DMEM 5 72 &, T 37 ‘CH; 7% 48 h, #[% A IT 7% 1 48 e,
5% JX 1% =5 [E 52 10 min, H] 0.5% 45 5 % 4L {5, Olympus
CKX53 5] & i i 1 e

1.5 EZMRIEF OFHEBEH L+ miR-146a-3p [1KRIA;
Q@ MM 7 M AEYE B0 gs H: 3 gPCR. Western
blot Fl 4 28 2H 4k A8 5 B8 2H 21 IGF-1 Rk AR 4k; @R
Z B 15 S2 IR B8 4F miR-146a-3p 5 IGF-1 L[ K & B K



HAREE

PEERTERAR @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

HEBEEERRANEMET S, ©FHEEE R4
3oL X AUEHE R IR A0 TR B .
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2 Z58 Results
2.1 miR-146a-3p £ H MR B 6 &L qPCREERTER: 5
BT ARAAEL, FBER2H miR-146a-3p F ik /KT T 1%
(P<0.05), WLE 1.
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8510 E1 | H8ERLGIE S BE ST miR
5 146a-3p BRI BTN
EE 05 Figure 1 | Changes in miR-146a-3p

expression in the spinal cord tissue after

BFA4 s Spinal cord injury
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a9 ¥e kB FIH TargetScan %4f Tl miR-146a-3p [F11F; 7E 4L
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Figure 2 | Possible target genes of miR-
146a-3p in the spinal cord injury model
List3 predicted by drawing Venn diagram
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2.3 HMBE IGF-1 49 RA  qPCR R EIR: SRTFARA
FHEE, FREHII4 IGF-1 Rk /K83 ET+ (P <0.05), WA
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IGF-1 EAREERE J (P<0.05), W.E 3B, fEdibss
Rion SRFARUML, ShEmGA IGF-1 EERRE R LT,
JLIE 3C,
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Pl miR-146a-3p [¥) 5’ 3 F1 IGF-1 (1] 3’ 3 42 7F H AN F 4, W
B 4A. XU JC R B A B A I 45 SRR, 5 NC 4LH L,
miR-146a-3p mimics & 2 #1] T IGF1-WT it 5 4 F IR e &R
figi% % (P < 0.01), W.[El 4B, Xf IGF1-MUT #4254 TP &
it 375 1 TG S 2

2.5 miR-146a-3p Hrm A M E IR mppig . £4. AT
TR R IR A REE LR 40 200 BRI,
JB2 5 2T 24 W W 2 T BH VR 4 i % > 95%, WL 5A. it U4t
ARSI 2 B miR-146a-3p £ B 0 12 i3k 6 il A2 0 1 o 40 P )

(P<0.001) , VL& 5B, [FAIFE, CCK-8 K4k 1 miR-146a-
3p o> WS A BE AR IR L4 g 5 (48 h, P<0.01; 72h,
P <0.001), J.[& 5C. Transwell 4% /R miR-146a-3p £ i %
A B8 2R R A L e ) (P<0.01), UL[E 5D,

IGF-1 mRNA ({1 % ik & >
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o
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IGF-1 w— —

BFARA HHIDA

IGF-1 F A ¥ A0 ik
o o

WFARLL  AFEEA 4L
By & A g PCR Ky I &6iZH 21 IGF-1 mRNA £ik; B Jy Western blot
KA SELLL0 1IGF-1 B 13R1E; C s 2L I B HE41 414 IGF-1 (1)
%3k (x200)., °P<0.05, °P<0.01,
3 | BEEALPRSEHEKET 11GF-1) BFRIEER

Figure 3 | Expression of insulin-like growth factor 1 in spinal cord tissue

A

miR-146a-3p:  3’-UUUCUUGACUUGAAGUGUCCA-5’

[T

IGF1 WT:  5’-GGCAGUGUUUGCAACUCACAGGC-3’

IGF1 MUT: 5’-GGCAGUGUUUGCAACGACACUUC-

B s _a B0 IGF1-WT+NC-mimics

a [ IGF1-WT+miR-146a-3p mimics

= 1 IGF1-MUT+NC-mimics
% 1.0 [J IGF1-MUT+miR-146a-3p mimics
:'Lz
E 05
=z

0
e B AN miR-146a-3p [1) 5 i Al IGFL 1) 3’ v £ 72 HLANT 515 B A
miR-146a-3p mimic X} B A5 Y 1 98 A5 B IGFL WL 5% 6 2% v M i e il
IGF-1: RS REFAEKRE T 1. °P<0.01,
4 | RN REFIRE LI

Figure 4 | Dual luciferase reporter assay
3 i Discussion

miR-146a 7K - 038 52 K 2 HUH 28 22 48 952 03 i L] v
() WA, Toie N U PE miR-146a (1) 238 W 484k, 4
T 39 0 miR-146a 7K ~F- #B 23 1 4% K 2 HU 442 & G i 1 i
2", miR-146a 8 i1 — L2 B I S5 41 s 53 mRNA, i ik
o 2 T 40 L ) R TR SR 4 B Ak . 4] miR-146a AT B I
BV R A S Rgsh g B . B IR R0 A )
miR-146a-3p 5 7K@ T8 & 1 4 AH B AR 3 o 1S 1 S5 19 i 4
&5 P, BRI, BUA BT IEHE R WA miR-146a-3p 1T A
TERE A i AR ML . Rk, /E&HED miR-146a-3p i
— % mRNA KA R DhRE. N 1 RiEix — ik
JEHA € miR-146a-3p Xt & ThREVK K 520, JE i RNA-Seq
WP 977 3 R R 00 1 22 e 2R IR, 9 45 45 Genecards 4J(
P 2 R & miR-146a-3p I 45 B T X 0 48 A (1 B 4 L 1,
E 6.
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miR-146a-3p mimics

10.650% 0.201% sas | o3oen | foeasw | oad9%

Annexin V 0
NC NC-  miR-146a-
c mimics  3p mimics
~ 25 ., EENC
Eyo — [ NC-mimics
o [ miR-146a-3p mimics

NC-mimics

NC NC-
mimics  3p mimics

miR-146a-

Bl B A S A R R 4 I 0 2 4 BV 2R 1 S e O Bt (72
J R, HN R OEEE, x200); B Jy miR-146a-3p X 15 A2
T S AR ML T2 82 C 2y miR-146a-3p Xof i A2 1 11 5 400 it 344 4 1)
SN D2y miR-146a-3p X B I 5T 4 i % (¥ 520 (x100) . °P < 0.01,
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