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Mechanism of miR-133a-3p Negatively Regulating NG2
in Myofibroblasts Activation
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Abstract  The aim of this study is to explore miRNA (microRNA) regulation of NG2 (neuron-glial antigen
2, gene name: Cspg4) expression and its molecular mechanism in the process of activating MFs (myofibroblasts).
Mouse BMSCs (bone marrow mesenchymal stromal cells) were transfected with miRNA mimics and induced with
TGFp1 (transforming growth factor f1) to differentiate into MFs. The expression of Cspg4 and MFs activation
markers were measured by qRT-PCR. The binding of Cspg4 and miRNA was detected by dual luciferase reporter
gene assay. MFs activation up-regulated Cspg4 expression in a time-dependent and dose-dependent manner. The
mRNA expression of Cspg4 was positively correlated with MFs activation markers. The mRNA expression of MFs

activation markers were down-regulated after Cspg4 siRNA transfection. In the mouse model of liver injury, the
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miR-133a-3p expression was down-regulated and negatively correlated with Cspg4. miR-133a-3p binded to specific

sites in the Cspg4 3' UTR (3’ untranslated region) for post-transcriptional regulation. TGFp1-induced up-regulation

of Cspg4 and MFs activation markers were inhibited by miR-133a-3p. In conclusion, miR-133a-3p is involved in

the activation of MFs by negatively regulating the expression of NG2.

Keywords
growth factor B1; miR-133a-3p

JHF U 5% 9 A2 9 55 AR A 2 N S {8 R ) K
Wz, FEIEAESZ 3 & Mo g MR 5, 2 KA
i GBS OB, HH i A B JULRCET 24 48 Jfd (myo-
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#1 qRT-PCR3|#F%]
Table 1 Sequences of primers used for qRT-PCR

H A SIS 3
Gene Primer sequence (5'—3")
18S rRNA Forward: GTA ACC CGT TGAACC CCATT
Reverse: CCA TCC AAT CGG TAG TAG CG
Acta? Forward: GCT TAT CTA CGT GCA AGT GAT GAT TT
Reverse: GAAACT TCT TGG CAC CTT CAACA
Collal Forward: AGG GCG AGT GCT GTG CTT T
Reverse: CCC TCG ACT CCT ACATCT TCT GA
Cspg4 Forward: GGG CTG TGC TGT CTG TTG A

Reverse: TGA TTC CCT TCA GGT AAG GCA
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A: TG B IR FITGFB1AL BE 1 H124 )5 Cspg4fImRNA R A5 4; B: FH10 ng/mLAYTGFR1 Ak BHAH M A [7] i 8] Ji5 Cspg4 i 3L R ik 5 1, C D
Cspg4 5MFsiERIE) Acta2 FI Colla ITEmRNAIK - FRIEFIAHIGNE; E: FITGFRLAL B A IR /S NG2(Z0) B e v e J e fiivl . *P<0.05, Hxf i

UL

A: Cspg4 mRNA expression in MFs activated by indicated concentrations of TGFB1 for 24 h; B: Cspg4 mRNA expression in MFs activated by 10 ng/mL

TGFB1 for different time; C, D: the correlation between the mRNA levels of Cspg4 and MFs activation markers Acta2 and Collal; E: immunofluorescent

staining of NG2 (green) in cells treated with TGFB1. *P<0.05 vs control group.

Ell MFs;E{LEIZFNG2IFIERER
Fig.1 The expression of NG2 during MFs activation
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siRNA Ctrl TGFp1 siRNA Ctrl TGFp1 siRNA Ctrl TGFp1

A~C: Y Cspgd siRNAJG, ¥l Cspg4 Acta2F1Collal {1335, *P<0.05, 5siRNAF IR BEZH A L ; #P<0.05, S TGFPIALTZA AL
A-C: Cspgd, Acta2, Collal mRNA expression after Cspg4 siRNA transfection; *P<0.05 vs siRNA negative control group; “P<0.05 vs TGFp1-treated group.
B2 ERCspgdEMFsSELHEINE
Fig.2 MFs activation was inhibited after Cspg4 siRNA transfection
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A-C: Collal, Acta2 and Cspg4 mRNA expression in mouse MCDHF diet model for 3 and 14 days; D: miR-133a-3p expression in mouse MCDHF diet
model for 3 and 14 days; E: the correlation between the RNA levels of Cspg4 and miR-133a-3p in mouse MCDHF diet model; F: miR-29b-5p expres-
sion in mouse MCDHF diet model for 3 and 14 days; G: the correlation between the RNA levels of Cspg4 and miR-29b-5p in mouse MCDHF diet

model; n=9, *P<0.05 vs control group.

[El3 MCDHF /)R HmiR-133a-3p5 Cspg4HIRNATRIL £ 2 A HH%
Fig.3 The negative correlation between the RNA levels of miR-133a-3p and Cspg4 in MCDHF mice
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The specific binding site of miR-133a-3p and Cspg4 detected by dual luciferase reporter gene assay; *P<0.05 vs Cspg4-WT group.
El4 miR-133a-3p5Cspg4 3' UTREVEERL SES
Fig.4 miR-133a-3p bound to specific sites of Cspg4 3' UTR
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A5 miR-133a-3p FRTENG22 5 HURRET 4E 40 % AL RO WL BIF 5T 1577

A BT

NG2H 1B 4i R TH br E A T % 8 FE e 28
A2 U617, e b 28 2R G R ) 2 9% IR 4N
BT 20 M, DA R I A2 ) L ) 48 B R ) 70 5 T 40 e
%o WHILRE, NG2IE(@ R IR ER A 2Rz
I3, A R — P il A A T AR SRR /B
(S RS R )R Bl R TH AR £, 18
P AR = R BRI KRERIE, 5
HLURAAE B DL K iR 2 i 1 B A% AR 22 255 DT A
KT8, X SR AL S R — 5, 76 MFsig 1L 44
AMERIR | Cspgd 3R IE 2 I H 1 B [a) A7) & 4K
HER BT, $RRNG27E MFs G4 th & 3545
HEEEM. WA, NG25 I FHEM>x. EREN
A, FRIANG2 8 40 vT PLSE T80 51 5 9
Y1 i Sk 2H 2R A RE R AR K, RTRE A TN R 4 Y
GEAE 10200, A g ot AR G RE R, PN B 4 R AN R
Y B 2 R R A AR A )2 OR3E, Cspg4 ) i
FIE WA A L5 A RR il J8 7 7% 11) B B[R 3R 121,
FENF AR 4Eb AR A L8 3T 2, NG2 RIS T i 2
5 M H ARG, HA L SO 4, AR
i — PR %

AR, miIRNAYE K572 KE, fE
W 50 0o He 2 50 75 L Ra 25 RN R A 45 13,
fE MFsiti b Ja , AT B NG2 ) Ris 324k, A
IRV — W I 7 R B AFAE W] LA ] Cspg4 1)
miRNA, i EYME B e S8E FE ke T
N BR RN HLAFE 2 55 55 i miR-133a-3p, J Hif i sz
U5 AIE W L AT DL TGFB1 AT S 10 Cspgd R ik 1
o, B4 E B8 [ MFs & AR 1) A cta 2 A1 Co-
lal. TESERTIHT R, miR-133a-3p7E £ Flp # 4=
e N R A AE - miR-133a-3pid 2k # AT
e AE K AR 2, IR M T, 7 T2 e
ob R SE AT ] 22, miR-133a-3p iy i o] LI
() 70 5 1 4 Jf Sk 5L 1 40 b PR 78 2 o0 JULASE B8 HR 1)
T ROR, (kI AR R MEI AN T bt
VLT 4 A6 AT FR 470 IE D BE B3 7E A S 58 MFsid
1k AR MR imiR-133a-3p Al LLEE 5] Cspg4, MM
FOH MFsHE AL, 8 25 4 A0 AH O 3 R 3Rk B PR A .
A AE AR K E | miR-133a-3p& 75 Af DLl i #
7] Cspg 44l MFEs & A, AT 302> 4 i 71 366 5 1)
Gy uh, CABLIRAR FF AT a0 2 1K FRATT R — 20 75 2
TRE MR 0] 7

gk BT, AW E T NG2LE & SPMFsiE AL
BEAY by SR A T, IR T miR-133a-3pt #3E [A]
Cspgd AR 1EFH, UL ILIELE /R L] . AT
FLEE FONIRIT RF AT A 34t T o8 ) ik, B
(R BRI R E

SEHK (References)

[1]  XIAO J, WANG F, WONG N K, et al. Global liver disease bur-
dens and research trends: analysis from a Chinese perspective [J].
J Hepatol, 2019, 71(1): 212-21.

2] HALDAR D, HENDERSON N C, HIRSCHFIELD G, et al.
Mesenchymal stromal cells and liver fibrosis: a complicated rela-
tionship [J]. FASEB J, 2016, 30(12): 3905-28.

[3]  YANGL, YUE S, YANG L, et al. Sphingosine kinase/sphingo-
sine 1-phosphate (SI1P)/S1P receptor axis is involved in liver
fibrosis-associated angiogenesis [J]. J Hepatol, 2013, 59(1): 114-
23.

[4] ZHANG Z, WANG F S. Stem cell therapies for liver failure and
cirrhosis [J]. J Hepatol, 2013, 59(1): 183-5.

[5] RUSSO F P, ALISON M R, BIGGER B W, et al. The bone mar-
row functionally contributes to liver fibrosis [J]. Gastroenterol-
ogy, 2006, 130(6): 1807-21.

[6] LI C, KONG Y, WANG H, et al. Homing of bone marrow mesen-
chymal stem cells mediated by sphingosine 1-phosphate contrib-
utes to liver fibrosis [J]. J Hepatol, 2009, 50(6): 1174-83.

[7] WANG L, YANG L, TIAN L, et al. Cannabinoid receptor 1 me-
diates homing of bone marrow-derived mesenchymal stem cells
triggered by chronic liver injury [J]. J Cell Physiol, 2017, 232(1):
110-21.

[8] YANG L, DONG C, YANG J, et al. MicroRNA-26b-5p inhibits
mouse liver fibrogenesis and angiogenesis by targeting PDGF
receptor-beta [J]. Mol Ther Nucleic Acids, 2019, 16: 206-17.

[9] FINOCCHIARO G, PELLEGATTA S. NG2/CSPG4 in glioblas-
toma: about flexibility [J]. Neuro Oncol, 2019, 21(6): 697-8.

[10] YOU W K, YOTSUMOTO F, SAKIMURA K, et al. NG2 pro-
teoglycan promotes tumor vascularization via integrin-dependent
effects on pericyte function [J]. Angiogenesis, 2014, 17(1): 61-
76.

[11] LOPEZ-MILLAN B, SANCHEZ-MARTINEZ D, ROCA-HO H,
et al. NG2 antigen is a therapeutic target for MLL-rearranged B-
cell acute lymphoblastic leukemia [J]. Leukemia, 2019, 33(7):
1557-69.

[12] SARDONE F, SANTI S, TAGLIAVINI F, et al. Collagen VI-
NG2 axis in human tendon fibroblasts under conditions mimick-
ing injury response [J]. Matrix Biol, 2016, 55: 90-105.

[13] WANG X, HE Y, MACKOWIAK B, et al. MicroRNAs as regula-
tors, biomarkers and therapeutic targets in liver diseases [J]. Gut,
2021, 70(4): 784-95.

[14] &, BB, ZERKAR, 5. AE0RS TR 8 1 1R o A T IR T
. ARZEEJINY, WU X X, LI Q J, et al. Prevalence of nonal-
coholic fatty liver disease [J]. People’s Military Surgeon), 2021,
64(5): 425-8.

[15] ROEHLEN N, CROUCHET E, BAUMERT T F. Liver fibrosis:
mechanistic concepts and therapeutic perspectives [J]. Cells,



1578

BRI -

[16]

[17]

[18]

[19]

[20]

2020, 9(4): 875.

AMPOFO E, SCHMITT B M, MENGER M D, et al. The regula-
tory mechanisms of NG2/CSPG4 expression [J]. Cell Mol Biol
Lett, 2017, 22: 4.

STALLCUP W B. The NG2 proteoglycan in pericyte biology [J].
Adv Exp Med Biol, 2018, 1109: 5-19.

AL-MAYHANI M T, GRENFELL R, NARITA M, et al. NG2 ex-
pression in glioblastoma identifies an actively proliferating popu-
lation with an aggressive molecular signature [J]. Neuro Oncol,
2011, 13(8): 830-45.

STALLCUP U O W B. Early contribution of pericytes to angio-
genic sprouting and tube formation [J]. Angiogenesis, 2003, 6(3):
241-9.

VIRGINTINO D, GIROLAMO F, ERREDE M, et al. An in-
timate interplay between precocious, migrating pericytes and

(21]

[22]

(23]

endothelial cells governs human fetal brain angiogenesis [J]. An-
giogenesis, 2007, 10(1): 35-45.

SILVER D J, SIEBZEHNRUBL F A, SCHILDTS M J, et al.
Chondroitin sulfate proteoglycans potently inhibit invasion and
serve as a central organizer of the brain tumor microenvironment
[J]. J Neurosci, 2013, 33(39): 15603-17.

HAN S, DING X, WANG 8, et al. miR-133a-3p regulates hepa-
tocellular carcinoma progression through targeting COROI1C [J].
Cancer Manag Res, 2020, 12: 8685-93.

ZHU W, SUN L, ZHAO P, et al. Macrophage migration inhibi-
tory factor facilitates the therapeutic efficacy of mesenchymal
stem cells derived exosomes in acute myocardial infarction
through upregulating miR-133a-3p [J]. J Nanobiotechnology,
2021, 19(1): 61.



