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ABSTRACT Objective: To verify that miR-203 plays a significant role in promoting M2 macrophage polarization through targeting
3'-UTR of TLR4 mRNA and therefore inhibiting TLR4-Myd88-NF- kB signaling. Methods: We speculated the specific binding of
miR-203 and 3'-UTR of TLR4 mRNA by miRanda software. And we constructed plasmid pmirGLO-TLR4 3'-UTR and its mutant plas-
mid pmirGLO-mut-TLR4 3'-UTR based on the sequence of 3'-UTR of TLR4 mRNA. Cell line 293T was co-transfected with plasmids
pmirGLO-TLR4 3'-UTR or pmirGLO-mut-TLR4 3'-UTR and mmu-miR-203-3p mimics or mimic NC. Dual-luciferase reporter assay sys-
tem was used to detect the specific binding of miR-203 and 3'-UTR of TLR4 mRNA. The expressions of M1 macrophage markers (iNOS,
TNF-a, CCL-3, IL-23), M2 macrophage markers (Arg-1, CX3CR1, IL-4, MRC, IL-10 and Ym1) were detected by Real-time PCR. And
the expression of TLR4-Myd88-NF-kB signaling was detected by Real-time PCR and Western blot. The antagonist of TLR4, TAK-242,
was used to further confirmed the role of miR-203 in regulating M2 macrophage polarization and inhibiting the TLR4-Myd88-NF-«B sig-
naling pathway. Results: The Relative luciferase activity was significantly lower in 293T cells co-transfected with pmirGLO-TLR4
3'-UTR plasmid and mmu-miR-203-3p mimics than in 293T cells co-transfected with either pmirGLO-mut-TLR4 3'-UTR plasmid or
mimic NC. Real-time PCR and Western blot revealed that the expressions of M1 macrophage markers (iNOS, TNF-a, CCL-3, IL-23)
were significantly decreased and the expressions of M2 macrophage markers (Arg-1, CX3CR1, IL-4, MRC, IL-10 and Ym1) were signifi-
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cantly increased in mouse macrophage RAW264.7 transfected with mmu-miR-203-3p mimics when compared with control group or

mouse macrophage RAW264.7 transfected with mimic NC, accompanied by downregulation of TLR4-Myd88-NF-«B signaling. And this

phenomenon was abrogated by the inhibiting of TLR4-Myd88-NF-kB signaling pathway in mouse macrophages RAW264.7 treated with

TAK-242. Conclusion: Taken together, miR-203 could promote M2 macrophages polarization through directly targeting 3'-UTR of TLR4
mRNA and therefore inhibiting the TLR4-Myd88-NF-«B signaling pathway.
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MicroRNA (miRNA ) 2 —Ff 14 1 f 55 JE A% RNA , BB
530 T L B AMECXT 5 mRNA (19 3' JE %X (untranslated re-
gion ,UTR)REFHELS &, A 0] mRNA FHFal 2 (2 i R4
SRV FRE IE P IR, B W A A9 Ak IR 52 miRNA ()
P ¥ . A X #k 4R i miR-155, miR-125a-5p, miR-125b-5p,
miR-146a, miR-146b 45 35 HA7 I 75 5 W5 40 4 Ak 1 4 FH 1
miR-203 EHIESE AT LAiE T TGF-B 1 ARG 538 B a2 i AR
YHHETS 5B WLARAE™ W IG T 40 A0 38 5 K o110, 2 5 405G
LD JFEEEE: Z R U B R EF 4EAb o FRA 1343 miRanda 4t
{4 AE TLR4 mRNA 3'-UTR %45 1109-1117 B3 Av & Al
FEAF1E S miR-203 58 4k AN 58 @ B AMBC X (45 & 0 a5 o Tl
TLRA {5538 % B I S 7E F AN Al AL FE v R I E
YER 13, ARHF5E L5 IE miR-203 J& 75 7] L 5 TLR4 mRNA

3-UTR #5454, ] TLR4-Myd88-NF-kB {5 53 % , i/ %
M2 RUE A AR AL
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1.1 ZBAEkK, RAAE

L1l #RE#k  AB L B2 40 293T K/ BLE W 40 fig
RAW264.7 A 5200 = (47, Fl DMEM Fi 52 5 (% 10 % 4
L35 . 100 U/mL FHF 25 E M1 100 mg/mL 5 %) T 5 % CO,,37
CHAM PR

1.1.2 FRH#E 8T miRanda #4 7I 7E TLR4 mRNA
3-UTR {25 1109-1117 B34 8 7] BEAE7E 5 miR-203 554
AT T AN LS A . LILBETA L&A 5 miR-203
TEAE B AN ALY 63 MIRELITH K B SR B L) K& 5848
ARVH ML R B, A H MR B 5" il 3 s B A T
Sacl F1 Xhol WA~ FRH$ M N YIEEA 2 (W3R 1), SEEE ]
B M (pmirGLO AW [ 35 [ Promaga /A H] . -5 AU
Wil E R B, A 5EReE] pmirGLO M6 B IR 42
AR PO R R A 3 PR A A28 A (pmirGLO-TLR4
3-UTR) J H:Ze A5 I 8 & (pmirGLO-mut-TLR4 3'-UTR), JFikif4
T I E WA R 52, mmu-miR-203-3p mimics & mimic
NC ZEHE 16 i A 71 3T 5 A A, mmu-miR-203-3p mimics
B % %1 K 1F 1] - 5'-GUGAAAUGUUUAGGACCACUAG-3'; Jz
[ : 5“CUAGUGGUCCUAAACAUUUCAC-3',

*1 BRERFT

Table 1 Sequences of target gene

Sequence name

Sequence fragment(5'-3')

TLR4 3'-UTR(Forward)

CCAGTCAGCATGAACACT-

GAATATATAATGTCATTTCACAGTGTGTGTTGTGTGTGTTGTGTATC

TLR4 3'-UTR(Reverse)

TCGAGATACACAACACACACAACACA-

CACTGTGAAATGACATTATATATTCAGTGTTCATGCTGACTGGAGCT

TLR4-mut-3'-UTR(Forward)

CCAGTCAGCATGAACACT-

GAATATATAATGTGTAAAGTCAGTGTGTGTTGTGTGTGTTGTGTATC

TLR4-mut-3'-UTR(Reverse)

TCGAGATACACAACACACACAACACA-

CACTGACTTTACACATTATATATTCAGTGTTCATGCTGACTGGAGCT

1.2 {5188

DMEM #7573 (3€ [F Hyclone 2 &]); i 4 Ifil 1% (35 [ Hy-
clone 2\ 7)); HHE R R (LIF R = RAWH AN F]);0.25 %k
FIR( LI = RAYIBOR AR PCR 5 1ML A TAEY TR
£ BR 2 #]); Lipofectamine™ 3000 (3 [# Invitrogen 2\ 7 ); OP-

TI-MEM Hi3RJE (5 [ Invitrogen /3 7]); 26 2R A K& P A I
X7 & E1910 (3%[E Promaga /A H]); SYBR Premix Ex Tag ™ II
(FHEY THROE)E B/ F)); PrimeScript RT reagent Kit i3 %%
RS (FEAY TROGE)A RA D) ; & RNA $2 B0 Tri-
zol (£ Invitrogen /A 7]); RIPA 40T 24 W (15 5 KA )
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HARF R 7] ); Anti-TLR4 Hip {& (35 E Abcam /3 #] ); An-
ti-Myd88 Hi (3¢ [ CST /A #l); Anti- NF-«B #7435 CST 2%
]); Anti- p-NF-«B #if& (2£E CST /A #)); Anti- GAPDH #i {4
(32 CST A ) s (IR B3 2 0 Hl 3K30 AU (%[ Sigma 23 /]);
PEEE i PCR AL GEEN A RGA ) B (EH
Bio-Rad /A1) ; Z 3 GEfiEHR X (35 [E Thermo Fisher /A #)),

1.3 i

13,1 FRbrgesf  BigRfirh 293T 4N B a5 70 % iy, i
0.25 Yol B AL AN I T T4k, LA 24 FLARC B, 342 1% 10%well Y
YA RE K A e 3 24 FLANM RS SRR L, B H & 10 %R
A ILTE AN EPUE RS FRESR IR . X T REALANM, B 25 wL OP-
TI-MEM 1 #5465 B 1 L Lipofectamine™ 3000 Jf- 75 4312,
it 50 wL OPTI-MEM #5354 B¢ 1 wg pmirGLO-TLR4 3'-UTR
kil pmirGLO- mut-TLR4 3'-UTR fFoki & 2 L P3000™ i 5
I FEIHRA]  TERE OB Lipofectamine™ 3000 257, fin
AFRER) DNA (1:1 i) B ER A5 TR IS 5 min, LA
DNA- [ERAE AWM. 37 CRFE 40 2~4 KJgabr
B YL

1.3.2 microRNA Fie B0 293T 400 5% RAW264.7 41
MR IA 70 Y% ey, fdi] 0.25 %lEREN AL 4 I %, Ll 24
FLAR g, e 1% 10%/well {48 i 2% B2, 4% 200 M 32 59 24 L 20
MREFEAR b S 10 %G 40 Mg, AN SPid B R AR,
Xof FAfLAH L, B 25 WL OPTI-MEM 15 3% R F 1 wL Lipofec-
tamine™ 3000 - 7431 4) , Mt 25 WL OPTI-MEM #% 55 3685 B¢ 1
pg mmu-miR-203-3p mimics 5 # mimic NC 3 780 2], 7E 5

% C Wi B i Lipofectamine™ 3000 ol 7/, fin A i B
mmu-miR-203-3p mimics 1 # mimic NC (1:1 FLf)), #2518 5]
JEFEIRIFH 5min, A RNA- [EEAE G E A, 37
CIFE MM 2~4 KI5 Hrk g ani.
1.4 WHAEHBBEEERRS

iRl 7 o N TR i 4= W) L 0l N e ]
e 96 UG Fe g 2~3 R, SRR IHM ISR 329, FH 100
wL PBS ¥t 13, 258 FACK A7 & 9 5% PLB Rl 1%
PLB, fiff FHATHCEN 5 R, Bl 0 50 L #i BE4rAY 1x PLB, $2)R
FRSEME N 15 min, PEAT 2% A FHEABEGHY 96 FLARIRAR
AL N 24 5S¢ U A EIE W 10 pL, A 100 wL FieiR
I LAR 11,2 s Je VB, BRFLE I 100 WL 58 1R 4 19
Stop&Glo Reagent, # 11 2 s J& , FRUCIECHE o AR A9 7 2k
B E MY F(Firely Luciferase) K 1 15 5 3 2 B M (4
R(Renilla Luciferase), 71445 1 AH X FECZE BfEMA CT=F/R,
1.5 Real-time PCR

Trizol ¥4 HU 40 Y & RNA, JI 48 &b 23 5% 0% B8 I 5
0D260/280 4y 1.8~2.0, JFSLHAREFF A RN ZER . LLE RNA
SR, L) Oligo d(T)18 5| Wittt & BUEE — 46 cDNA, Fi4¥
S M1 R E WEZ ) markers  (iNOS, TNF-o, CCL-3,
1L-23),M2 % 5 I 4i ffg markers (Arg-1, CX3CR1, IL-4, MRC,
IL-10, Ym-1), S#/751IL3& 2. PCR R 5440 94 CHIAL
4 min, 94 ‘CASE 455,55 CHE P 30s,72 CaEff 30 s, HPEER
30 IR, BeJa 72 CHEMf 5 min, fHFH 2* « Tk

x2 5|97

Table 2 Sequences of primers

Sequence name

Forward primer(5'-3")

Reverse primer(5'-3")

iNOS GGAATCTTGGAGCGAGTTGT GCAGCCTCTTGTCTTTGACC
TNFa ACGGCATGGATCTCAAAGAC AGATAGCAAATCGGCTGACG
IL-23 CAGCAGCTCTCTCGGAATCT TGGATACGGGGCACATTATT
CCL-3 GCCCTTGCTGTTCTTCTCTG GATGAATTGGCGTGGAATCT
Arg-1 GCAGAGGTCCAGAAGAATGG AGCATCCACCCAAATGACAC
CX3CR1 TCCCTTCCCATCTGCTCAG ACAATGTCGCCCAAATAACAGG
IL-4 TCTGTAGGGCTTCCAAGGTG ATCGAAAAGCCCGAAAGAGT
IL-10 CCAAGCCTTATCGGAAATGA TCCTGAGGGTCTTCAGCTTC
Yml TTCTTGTCACAGGTCTGG CCTTAGCCCAACTGGTATAGT
MRC GGAGGCTGATTACGAGCAGT CATAGGAAACGGGAGAACCA
TLR4 CCTGATGACATTCCTTCT AGCCACCAGATTCTCTAA
Myd88 GCCAGAGTGGAAAGCAGTGT TATCGTTGGGGCAGTAGCAG
NF-«B TAACAGCAGGACCCAAGGAC AGCCCCTAATACACGCCTCT
GAPDH ATCATCCCTGCATCCACT ATCCACGACGGACACATT

1.6 Western blot

JUTRYS PBS WEIRANM 3 U5 I AN 2L, 42 A i
L, BCA IE IR AW, EAT AL UK B2 e, SO g/L fit
NEYPR =LA 2 h J5 TBST B 3 YR (10 min/ 1), I35 BUEH] 4
BRI NPT B0, P ZOCIONL, %o i 852 8 11 2%

1 Image] # MK BE(EL, 5N S HEATROG K Gtit 204
L7 SitZ5Hh

{1 GraphPad Prism 6 FEATGLHH =200 Hr , FIMER FH I Kt
brifi2E(Meant SD)FR7R . MR B FEBCR FHARSZFEAS ¢ 4G
%, *P<0.05 BAT G125 S Y22 535 #P>0.05 ARA ST

)
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B LMES, mimics 5 , HAHX2¢ AR BT s CT & 1.806+ 0.1550, 1
) E ¥ 4L 7 pmirGLO-TLR4 3'-UTR Jii 7 & mimic NC,pmirGLO-
mut-TLR4 3'-UTR Ji %7 }2 mmu-miR-203-3p mimics ,pmirGLO-
2.1 WEAEREREEERRS mut-TLR4 3'-UTR JFoki % mimic NC fIAHXT 26 Z /s CT
NB b Bz 40 293T %% U ok pmirGLO-TLR4 3-UTR 43513 2.996+ 0.2287.2.751+ 0.1820.2.554+ 0.1987, ] L5
, pmirGLO-mut-TLR4 3-UTR & mmu-miR-203-3p mimics &  Hfi£AAf 1,293 T 40 L4524 T pmirGLO-TLR4 3'-UTR JF i
mimic NC Ji5, 7£ZIAEEEHR_ AT JOR 526 E M % mmu-miR-203-3p mimics J5§ HAR 966 Z EE L CT B8
T S MR IR ERE P, CT, 45 R, 293T 41 BRAI%, His kB4 25 X (P<0.05, L% 3).
fifn 4 %% 44 pmirGLO-TLR4 3'-UTR Jii ki & mmu-miR-203-3p

R3 WHAEBEREEERS

Table 3 Dual-luciferase reporter assay system

Group N A CT(Meant SD) P value

pmirGLO-TLR4 3'-UTR+miR-203-3p mimics 1.806 = 0.1550

pmirGLO-TLR4 3'-UTR-+mimic NC 2.996 + 0.2287 0.0015*

pmirGLO-mut-TLR4 3'-UTR+miR-203-3p mimics 2.751+ 0.1820

AN &N N D

pmirGLO-mut-TLR4 3'-UTR+mimic NC 2.554+ 0.1987 0.4816*

2.2 mmu-miR-203-3p FS/N R E LA RAW264.7 [[) M2 B IL-10, YmI,MRC 250 A5, 2% B BA G575 L (P<0.

B I 4Rtk L 05), TiFEH T mimic NC i)/ BB BN -5 %) BREHAH L, M1
/B M4 i RAW264.7 %5 Yt mmu-miR-203-3p mimics, M2 %I 5 40 g markers 235K WHI 25 5 (P>0.05), &%

mimic NC Ji ,Real-time PCR £ & B %% %% mmu-miR-203-3p  mmu-miR-203-3p mimics 7] PAiF55/)N FUE VEZH L RAW264.7 [n]

mimics 5 ¥4 Yt mimic NC & X A AL, /N E S0 M2 BB wEA0Ha Ak, 3000 5 ) M1 29 B g 20 i Ak (DL 1,

RAW264.7 M1 % 5 4 i markers iNOS, TNF-o,CCL-3,1L-23  [§]2),

Feas U g R P, M2 B 40 ifl markers Arg-1,CX3CR1,1L-4,

iNOS ! TNF-a 5 ccL3 IL-23
3 3 2 3 3
3. 3 g- 3
2 < 2 .
2 # g # 2 g’ #
E E E # E
7 ? ©
3 1 w 1 > - 1 * o 1 *
£ . E g 3
o
; ; - :
o N o 5 o o
) R > R Y S > R © > R
& F & & e s\“\\ -2 & ,,6‘-’:5 & & q's;: 3
Y & s & & & & 6-‘\6‘ & @& é\é‘

B | /IREMEMAR RAW264.7 £t mmu-miR-203-3p mimics & mimic NC f§ M1 B B BEZARE markers B3 Rk ( 3 ERAH T HEIEH 1)
Fig.1 The relative mRNA expressions of M1 markers in RAW264.7 cells transfected with mmu-miR-203-3p mimics or mimic NC (The value of control

was set at 1)

23 mmu-miR-203-3p # % /N B E M 48 B RAW264.7  MydS8-NF-«B {Z 5@ TR M2 85 M40 RARAL
TLR4-Myd88-NF-kB 15 51 AR % 43 % I mmu-miR-203-3p mimics , TAK-242 & mmu-miR-
/N B EL W5 4 i RAW264.7 %5 4t mmu-miR-203-3p mimics ~ 203-3p mimics+TAK-242 4b B /N B B 1% 20 it RAW264.7, Re-
J% mimic NC J5 ,Real-time PCR J Western blot ¥ illj H: TLR4,  al-time PCR }; Western blot £l TLR4,Myd88,NF-kB mRNA
Myd88,NF-kB mRNA J% TLR4,Myd88,NF-xB fil p-NF-kB % % TLR4,Myd88,NF-kB I p-NF-«B % (4 /{05 ik, &M 5%}
FBRRERE, RILGHYLT mimic NC XHRAMLL, 0T W4, %% T mmu-miR-203-3p mimics & {ifi Ff TAK-242
mmu-miR-203-3p mimics /s B [ 1 41 il o TLR4,Myd88, &b #E (9 /v B 5 15 40 g *f TLR4,Myd88,NF-kB mRNA J
NF-kB mRNA }; TLR4,Myd88,NF-kB Fl p-NF-«xB & 4 Jfi )  TLR4,Myd88,NF-«B Fl p-NF-«kB 7 [ Jfi fY ¢ ik 1 i 2 P& A%
FIRRFEE, HEFAAGI R (P<0.05), M4 T  (P<0.05), [FIWHAEA M1 B g4 i markers iNOS, TNF-a,
mimic NC /] B W 400 5 6 IRATMTEL . 3% TLR4, Myd88,  CCL-3,IL-23 3% ik F ¥ ,M2 % [ 1§ 40 i markers Arg-1,
NF-kB mRNA & TLR4,Myd88,NF-xkB #l p-NF-«kB % [1 i) ~ CX3CR1,IL-4,IL-10, Ym] ,MRC ik B, H2: R AAH 512
FIR AR B 25 (P>0.05), #&/8k mmu-miR-203-3p mimics il & X (P<0.05), i %F ¥ ¢ mmu-miR-203-3p mimics 5
5 ST TLRA-Myd88-NF-kB {3 Bl P43k (WLIE3 ) . mmu-miR-203-3p mimics+TAK-242 4b B39/ LS W4 A L
2.4 TAK-242 ) #] mmu-miR-203-3p mimics 1} & By TLR4- H TLR4,Myd88,NF-kB mRNA }; TLR4,Myd88,NF-xB Al
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p-NF-«B H H B RIEAR I 225 (P>0.05), HM4lZ ]
M1 M2 RIS AR markers #Y3RIKIRA UL 2. 22 57 (P>0.05),

TLR4-Myd88-NF-«B {5 =it j# T~ 6 ke M2 5 I 4 g 1 A ( L

e 7n TAK-242 #) il 7 mmu-miR-203-3p mimics ff /i 5 1)
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Fig.2 The relative mRNA expressions of M2 markers in RAW264.7 cells transfected with mmu-miR-203-3p mimics or mimic NC (The value of control
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Fig. 3 The relative expression of TLR4-Myd88-NF-«B signaling pathway in RAW264.7 cells transfected with mmu-miR-203-3p mimics or mimic NC (A:

the relative expressions of TLR4, Myd88, NF-kB, p-NF-«B protein; B: the relative expressions of TLR4, Myd88, NF-kB mRNA, the value of control was

setat 1)
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