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ABSTRACT Objective: To explore the effect and mechanism of up-regulation of miR-133a in the sciatic nerve of rats with diabetic
pathological neuralgia on pain threshold. Methods: NGS sequencing and quantitative PCR were used to analyze the expression of related
miRNAs in the sciatic nerve of diabetic pathological neuralgia rats to predict potential downstream targets. RSC96 cells transfected with
miR-133a-3p were used for in vitro experiments. The effects of miR-133a-3p were verified using micro-western blotting, western blotting
and immunofluorescence analysis. The association between miR-133a-3p and DNP was analyzed using miR-133a-3p antagonist. Results:
miR-133a-3p mimic increased the expression of VEGFR-2, p38aMAPK, TRAF-6 and PIAS3 in RSC96 cells, and decreased the
expression of NFkB p50 and MKP3 (P<<0.05). In normal rats, AAV-miR-133a-3p can induce mechanical allodynia and p-p38 MAPK
activation by intraneural injection into the sciatic nerve (P<<0.05). In DM rats, administration of miR-133a-3p antagonists can reduce
DNP and down-regulate p-p38 phosphorylation(P<<0.05). Conclusion: The overexpression of miR-133a-3p in the sciatic nerve can cause
this pain, and miR-133a-3p may be a useful therapeutic target for patients with neuropathic pain.
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Ko 78 12 /NEDE / B TEER OLIEFE :07:00-19:00 5 SR 15 fE 1] -
19:00-07:00) T , ¥ B4 A A TR R AR S T, B 3R
REWHRUK . AR LT Y AR B s Y B 2
BLosit e

W PR3 (DM 1o K 5 kA4 T 22 (STZ) L) 60 mg/kg A 8 F.
R I 5 B0 A Bk b ol s A8 R BRUET 1ML R RSC96
W A RS TETE A a R A BR AR IFESA 10% (viv) Jif 4
L% 4 mM L- A+ 212 1.5 g/L 2 S F 4.5 /L 5 0 Y
Dulbecco 2 B Eagle 15355, 7 5% (v/v) CO, F By IE S 4
B N
1.2 174

VPG T AL R (LB AR ) R T RO (A
SO B R TR BN o BFA AT A 7E (RO T 1 R 7ES
¥ STZ F1 / sf # 2 N 1F 5 AAV-miR-133a-3p .SB203580,
mir-133a-3p FEH R 1 R B3R A1 2 .53
JiLBE 4 JEANEE 8 JEEA T,
1.3 RT-PCR

i F§ miRNeasy Mini Kit $2BUAL S #2820 201 5 RNA, 3k
H DM FLE X AR A RNA #3% L 647 NGS 7. fiH
qRT-PCR i DM K R AL H 220 41 ) miRNA 33k, Jf
B 3E NGS 45 % . M NGS %5 % o % Y miR-133a-3p,
miR-133b-3p Fl miR-871-3p, i} miRNA Ff 514 255054
TagMan %1 1 TagMan MicroRNA 33 5% 5 #4738 5% 5% Kit,
Tt miRNA FRikKF-o

FESPEZERA 5 9 miR-133a-3p (1Y)F 51 4 : 5-UUUGGUCC-
CCUUCAACCAGCUG-3') . 5| %) miR-133b-3p [ %51y 5'-U-
UUGGUCCCCUUCAACCAGCUA-3' il 5| %) miR871-3p #Y
%1 A 5'-UGACUGGCACCAUACUGGAUAA-3", U6 1EH N B
X e

AT LA 20« O bt AR XT3k, IRMHTRT U6 FIE # Xt
MG TR AL
1.4 miR-133a-3p %L RSCI6 ZHAE

RSC96 4fififd Lk 8x10* A4 it / FL4EFh ) 24 fLAR
miR-133a-3p #l 4 (5'- UUUGGUCCCCUUCAACCAGCUG
-3',5nM)5: A TransIT-X2 s 5458 258, 7F 37°C 5% CO, 3
T 72 h, ARG WEM I T qRT-PCR  micro Western E[l
61 I £ 51 A DN 2 LT WS S R e ML
1.5 Micro-Western &5 F0{& 5t H 5 B R ED T

#% MiR-133a-3p R4 YL ) RSCI6 AHififi Al DM K FR(STZ
HEN)E 8 JH) WAL E IR G U B A B E B H TR A

RIPA %% 2% s (pH 7.4,50 mM Tris, 150 mM NaCl, 1 mM
EDTA .0.1% 1 — 42344 . 1% NP-40 F1 0.5%J A IHfR4N ) rhzd
fif o %1 Bio-Rad £ 1 o Aar U350 G e 3 1 vk B . iEAT
Micro-Western FESIIIE . 1E 5 2P0 IR AL IS (E
3 B OC B miR-133a-3p K H A K I8 J5 I A
miR-133a-3p BAUPEGL ) RSCI6 A, S48 )5 SR & 1
JRERTE AN Micro-Western FEFI%HE . & DM K FLAL B i
Z4H 21 vp miR-133a-3p 0 8E 1R IE K,

XA G BN, # 20 pg BV T 10%
(WV) T ZRERERIR A - RGBT 21 R W W &
Sl K UE IR e e v PR 1k p38 MAPK B SE T
p38 MAPK % 8 f 4 NFkB p50., % #1504 VEGFR-2 ., %
Z Mt PIAS3 52 FifEhi MKP-3 /NER B e 4T TRAF6, 5§,
/N ST RTINS UG S BUR i S AL AR Y L
FHUNR 1gG BULFEPIR 186G ZHURN . BRI SR B H]
ECL Z& F1FiERsa A0 nl il Ak, 8 H 8- WLshER A1 R et
RIS 1E B X HAZE A4 25 1 Ko 26 1 Rk i AT R ek
1.6 TAAV ik HFEALNEENE

T HEE miR-133a-3p Rk EAK, LT 519575 K
FUILFIZH DNA Ht PCR #73#% pre-miR-133a-3p Fy B¢, fif7rdt
[KI2H B P 3 78 S0 Clal F1 EcoR T BRGIPEN si 4 38 R Be (1E 1]
5-AAAATCGATATTTAACAAATGGTACACTAG-3', % I :
5-TTTGAATTCTTTGA TTGCAGTCTGTAAGG-3'), PCR =4
VaREAEHMRAHOCHEE 8 T (rAAVS, &7 eGFP Juif ) gk,
¥zt rAAV miR-133a-3p LTk, ¥ rAAV-miR-133a-3p (&}
rAAV) kL pHelper Bt Al pXX8 Fih % e 2] AR 293
Aiffrh ., fdiH CsCl LB 4lifh AAV-miR-133a-3p (& AAV )5
B, JFRBUR T DNA, T LU T 22 L R 41 (ve/mL ) iff
A0 4, i FH 52 SYBR Green PCR 2 w546 eGFP /K-
1.7 AAV-miR-133a-3p fR HH A E K B e T

JTA SRR AR B4 R ek /O, R T X Zh kAT JC b B
fE. EFARBREE TS NS KB 8 ) i
((LES PBS), BFARA (LAHMHEN AAV T4 ).
AAV-miR-133a-3p 5120 (AAVmIR-133a-3p 452587 1 h 815
N 5 1 pmol/kgSB203580) 41 Fl miR-133a-3p 4% #i 7 20
(AAV-miR-133a-3p #5251 1 /INEE A 5 $h 28 9 v 41 400 nM
miR-133a-3p #5507 ). WAb, AFEHZ R Z AL T P 2 i 42
N miR-133a-3p FEHUF S P2 DM K (STZ 43245 2
Ji) o fESHE /O, BREF T, RERALBIZ . 7 WA T, PBS,
AAV 55 K (5x10° ve/mL ) 5;. AAV-miR-133a-3p %5 7 2k {4
(5x10° vg/mL )P 2 ISR sRAL BRI L . 4R INRAEFAR
AP 1R B TR BB 3 RULBAREES 1A 6 2 JRAES 3 ik,
1.8 ek

miR-133a-3p KAL) YL 1 RSC6 4 i 7 U L 25 2% % A
RS, WEE 72h 5 B EBE A E 4% 2 R P EEDEE 30 min,
SRIGH IxPBS Pa¥ 3 k. HaE3 A S THEABEZEY
NF«B . VEGFR-2 . p-p38 . TRAF6 PIAS3 il MKP3 fi] — i 7&
4 CFIEE 24 h, WWEP/INR /% 1gG Alexa Fluor 488 {15 —
PO TS PG, Ta)E RO e g ph 2
JE £ AAV-miR-133a-3p (5 AAV) Jig # . Bl & i
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AAV-miR-133a-3p {E A AAV BEESTH R R AL 2,
15 4%Z RPWEDEE , IFAE 30 Yo(w/v)RERFH LA ZHZUEH
10 pm JEYTFr BEAT S e (0, E N i eGFP 5.

L9 FitZE 34

2.1 STZ % SHMERF A BB HREE VUL 5 5 1 0 5
R R T

M STZ 432505 2 JE TP, STZ 5 S A B K LR BT
SEHLARSE 0 4 TR (A, — L8 STZ 42505 8 i, I

JeA S A4l ] SPSS18.0, Z5 3R L (- H{H+SEM) KR, TIN5 [l R[]0 BRI v AR L (ELR A 8 Tl J i Ik A
LT 2T TITAY , P<0.05 g4k B RA Guitar i X (P<0.05), (£ 1),
2 HR
= 1 BREST STZ I3, RO AAR AN RIR 91T 0 I Rz B B e 3 72
Table 1 Time course of behavioral responses of the hindpaw to mechanical and thermal stimulation after intravenous STZ
Mechanical stimulus Thermal stimulus
Groups
Day 0 Week2 Week 4 Week 8 Day 0 Week2 Week 4 Week 8
Control group ~ 39.12+0.37 36.03+0.14 35.00+0.16 35.09+0.12 15.96+0.32 15.19+0.30 17.78+0.26 14.53+0.21
DM group 38.46+0.32 24.76+0.58 23.17+0.25 22.43+0.29 16.28+0.45 12.01+£0.43 13.57+0.52 14.68+0.35
t 0.535 1.488 1.756 1.792 -0.037 1.358 0.639 -0.125
P 0.768 0.023 0.004 0.002 0.572 0.036 0.084 0.533

2.2 PERAARRASHEZHH miRNA Fikig

S THEST miRNA Rk 19284k, i NGS 4T DM X
B (STZ 4525)5 8 J) FNIE H b BB A LA A8 - 40 2 v A AR X
miRNA £iE, 7€ miRNA FikiEd, i T DM KA E L

rh AT RE IR ALY PO AR miRNA

B F X DM K R AR H #0229 qRT-PCR 4347, miR-133a-3p
H1 miR-133b-3p FkH I, miR-871-3p Fik A%, 5 NGS 4
— B, RAR AR LS miR-133a-3p HAT#E— 2L 00HT. (R 2)

2 i#32 NGS #ill DNP X R FHEZ 1 miRNA HZ£ REH
Table 2 Multiples of miRNA differences in the sciatic nerves of DNP rats were determined by NGS

miRNA Differential multiple P
miR-133b-3p 10.50 + 3.39 0.003
miR-208b-3p 8.92 +0.49 0.008
miR-133a-3p 533+134 0.002
miR-871-3p 0.02 = 0.00 0.000

2.3 miR-133a-3p 7£ RSC96 4 Bl fhifE 4= p Tl SR 5L
AN, 5IE% XA, DM K LA B #il 22 b p38

MAPK Hil VEGFR-2 ik 3 Fi, 1ii MKP3 3% T il] (P<
0.05), (£3).

% 3STZ %5 DM XRABMEHHERRILKF

Table 3 STZ induced expression levels of target proteins in the sciatic nerves in DM rats

Groups MKP3 p-p38 PIAS NF-«B VEGFR-2 TRAF-6
Control group 0.74+0.09 1.53+0.10 1.23+0.11 0.62+0.04 1.04+0.15 0.62+0.18
DM group 0.35+0.02 3.87+0.24 1.40+0.13 0.91+0.05 3.87+0.28 0.64+0.15
t 2.357 2.308 1.153 1.580 2.318 1.112
P 0.009 0.006 0.071 0.035 0.001 0.926
2.4 MEHZES AAV-miR-133a-3p IFRIEFE X RIS TEAE 3 K, Wiseiti B p38 MAPK 417 ] 51 SB203580 il

HlEEE

AAV-miR-133a-3p W B4 25 = K5 , U 0 4 TR (E
I R = B (P<<0.05) . 4RTf, AAV-miR-133a-3p J%7F
25 25 40 R R ZH 22 Ta) e R ) S R T i 3 25 5% (P>0.05),
(£4),
2.5 miR-133a-3p §9_EiAEIN T &L FHEZ F p-p38 MAPK 7K F
HEHETHEEEBNEZE

miR-133a-3p P50 R E W T AAV-miR-133a-3p {8 15
SHUAEE S H R (P<0.05), (£ 5).

2 miR-133a-3p FEHTH (400 nM )3 1 Ak B i 22 3 25 14 7
ST — U DU S N Sk 2 8 s, OF BRI R 2
L+ R (P<0.05), (£6),

3 3t
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Table 4 Administration of AAV-miR-133a-3p into the sciatic nerve induced an abnormal mechanical pain in normal rats

Groups Day 0 Day 1 Day 3 Week 1 Week 2 Week 3
Control group 13.92+0.26 12.85+0.24 12.87+0.28 12.84+0.27 14.39+0.24 13.18+0.34
The sham surgery
13.65+0.25 11.53+0.26 11.08+0.31 11.16+0.33 11.52+0.30 11.34+0.28
group
AAV133a-3p
13.84+0.30 12.08+0.29 11.06+0.21* 10.99+0.28* 13.86+0.34* 12.95+0.33*
group

Note: The difference was statistically compared with D 0 was significant, *P <0.01.

% 5 p38 MAPK #I#I5#0 miR-133a-3p MFEHF B ERENMIER B 1EER
Table 5 The antagonists of the p38 MAPK inhibitors and of miR-133a-3p significantly reduced mechanical abnormal pain

Groups Day 0 Day 1 Day 3
Control group 30.95+0.40 31.08+0.34 30.16+0.26
Sham surgery group 31.27+0.33 30.43+0.29 27.18+0.43
AAV-miR-133a-3p group 30.74+0.30 30.18+0.35 19.12+0.48%**
Inhibitorst AAV-miR-133a-3p group 31.04+0.39 28.42+0.34 26.55+0.29
Antagonist+AAV-miR-133a-3p group 30.46+0.32 30.73+0.23 28.95+0.32

Note: The difference was statistically compared with D 0 was significant, *P <0.01.

6 miR-133a-3p FEIAFIRT STZ L8245 K BRAUR RIS 48 B 5 KL 5400

Table 6 Effects of m i R-133a-3p antagonists on the paw retraction response following mechanical stimulation of STZ administration in rats

After administration of STZ

After the miR-133a-3p antagonist

Groups
Day 1 Day 7 Day 14 Day 15 Day 1 Day 2 Day 3 Day 6 Day 12
DM group  38.69+0.15 26.64+0.18  22.74+0.13  18.83+0.09  17.63+0.21  17.18+0.13  14.92+0.21  15.87+0.31  20.51+0.33
M-+antagonist
38.72+0.17 19.92+0.12  18.76+0.12  18.82+0.11  20.85+0.20  27.14+0.19  28.64+0.25  34.19+0.37  33.25+0.35
group
t 0.286 -0.780 -0.942 -0.014 1.569 1.796 1.932 2.112 1.811
P 0.843 0.537 0.429 0.903 0.009 0.007 0.004 0.001 0.018

WFSE 7 « o IUHE J 75 = 10U P B P Y miR-133a 383K
IR T W DIReRERS, FREAL T DM KB =858 S T fkk
Ff Al 1 3 PR 25 R DY A P R /K T8 R T, miR-133b 33 3%
SRTDT A0AEE E ITOE T A T AR PR e A I e AR
A T2, JR4E miR-133a/miR-133b 544 FR 9% 22 (8]
IR R AR 5, (R e = DG THE DR 1 229 28 (DN) 1) B8l TR
AWFFEARGT T miR-133a-3p 52 Y AT BECIHK .

B JOE A2 R MG B T miRNA K8 5L
Tl RIS H AR A SR, HRSE (4 TR IWHIE 2 N wh 230 5 40
S%f9 DN, miRNA 5 £ 57 i1 28 i 88 R0 S Ak A 35 D9 A 1A
REEED S {2 = AW (R EE L 2 SN I L PRI e B S AL O
DRG FIEBE7 A 41 /e (SDH) ' Y miRNA kI8, 4. A1 ¢
WFoE B AMEYE R B B Wi 3 T R T sz fipp
Z&h miR-21 /) L3, AR miR-21 5 B EAN AN A0 f=
Z2EAYIFHIER 2, {0 SNL 53 i E 5RE 45 B miR-195 LI
il /1N 5T 240 L 1 SR O B AR R A B PR 7 IL-18 \ TNF-o 1
iNOS fy3R3AP7, A5 & B : p38 MAPK A AN E DM KR
B A ph e T B U, I L 7E R A1 B e miR-133a-3p [
RSCO6 4w rp -t i 2 138, 3 A H S N AE T - 7R A B M 2 85 TR

it R o TNF-o 3010 T 1B A7 PE 4 4 49 p38 MAPK {5 5 1%
5 B8 T p38 MAPK 45 (s 542, 73 A, RAEHE T 40
JitL I 24 R T A7 B84 28 1 5 R [ 4H P p-p38
MAPK 7K, R, #ii] miR-133a-3p i s i p-p38
MAPK F=AE a] ek /b 5 25 HE 41 IR & A 18 P S 5 S A 2 v
i A ARSI AHL S AAV-miR-133a-3p Jj5 8 14 47 54
B RS MIE R 235 [P, I FLIEH] p38 MAPK 4751
Pz SB203580 1k miR-133a-3p MFEHTHI T LIS R

T AN L RE i B A 2 oe e, 5 A BERSR
IR BB AL U R AR, RS s R 2 T3
15 25 B X 240 B ) B ek W3 TR e 335 o 3% P S D i 4
NADH #£3 F1 DNA HI LAk 9784k, M350 DN B, o0 i
miR-133a i FA 0 HI AN AME 59817 8 (ERKOBE R fb . 4R
Wi, ASHFSE % I AE A0 b miR-133a (30 6345 T T 32
AT MKP JEHIN T p-p38 MAPK S{RGAY/KT-5 3X 46280 7E
B PRI A B P2 P AR B L . MKP G40 & FUASBGL , AT I
ERK1/2,p38 Fl INK {55 # i1 / 9% (LR k). MKP
K 2s WE 5L MAPK 3% P . 78 miR-133a-3p 4 4L i) S HEAH A
o ARAFSE & B0 p-p38 MAPK ik i 3% 1i# , MKP-3 &3 i,
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s ZEHE— P 9 T AR B 5 miR-133a-3p J& 753 i 9 17 p-38
MAPK® {775 P4 58 o 3 5 MIKP 3 2 42 W DR o 41 e 28 11
F<ifi (DNP).,

SDH #il DRG H1 p-p38 MAPK 21k i) 34 fii 2= 5 o et 22 11k
PR . TEANRTIERAMEEE IR b, w5 A 0 K1 21 m
p-p38 MAPK HYIAP, ABFSE K BUFF miR-133a-3p #E{LI) 54 5L
BT A P 22155 5 p-p38 MAPK Kik. ShHMIL p-p38
MAPK /K-¥-This , A B T A M 2R , )k T MAPK 4> &
PBERR AL AT DRG H Nav-1.7 (3R, @l p-p38 #7519
Nav-1.6 FEAIR 7ML in, TR nE TIOR8 IRRER K2 A
ML YRR . I, TEHT p38 MAPK il il 5] SB203580 &
miR-133a-3p 3] T LA R 25 FE A . SR 1T, miR-133a-3p
TR AR T S HESNM p38 MAPK A1k, i U]
RSN | 2001, 5 20

B AT K B miR-133a-3p 7o A B i £ R 4% A
M, S p-p38 MAPK {55 18 (2 HE AR 22 PP O R T
EA5 4 A2, miR-133a-3p ] G2 A M M I A 1
AHRATTHE R
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