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MicroRNA 144 negatively regulates Toll-like receptor 2 expression in rat macrophages
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Abstract: Objective To investigate the relationship between miR-144 and Toll-like receptor 2 (TLR2). Methods RT-qPCR was
used to determine the expression of TLR2 and its downstream inflammatory cytokine TNF-a in rat macrophage cell line
NR8383 transfected by a mimic miR-144 or miR-144 inhibitor. The fragments of 3'UTR region of rat TLR2 mRNA including
wild or mutant miR-144 binding site obtained by PCR using rat liver cDNA were ligated to pmirGLO report gene vector
digested with Sacl and Xbal to construct the recombinant vectors of pmir-TLR2-3'UTR and pmir-mutant-TLR2-3'UTR. The
miR-144 targeting TLR2 was further determined by dual luciferase reporter assay and miR-144 mimics. Results TLR2 and
TNF-a in NR8383 cells were decreased after transfection with 100 nmol/L mimic miR-144 for 24 h and increased after
transfection with 100 nmol/L miR-144 inhibitor. PCR and double-enzyme digestion with Sacl and Xbal confirmed successful
insertion of the target fragments. Dual luciferase reporter assay suggested the binding of miR-144 to the 3'UTR of rat TLR2
mRNA. Conclusion miR-144 negatively regulates the expression of TLR2 and its down-stream cytokine TNF-a by targeting
TLR2 in NR8383 cells.
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1 microRNA RT-gPCR3|#1HE%EE

Tab.1 Information of the primers for microRNA RT-qPCR

(Fermentas) , microRNA Ji #% 5% i 71 £ PrimeScript®
miRNA cDNA Synthesis kit, SYBR® PrimeScript™ RT-
PCR Kit 11, Tag DNA AT, Sac 1 Xba 1 BRHEIPERGD]
fifi }2 T, DNA % 2 iff (TaKaRa) , E.Z.N.A.® Fastfilter
Endo-free Plasmid Mini KittOMEGA) , DNA Ei ke
et E (K28 50) B B4 ™2000 (Invitrogen)
F-12K(Sigma-Aldrich) & fi# DMEM(5 1 g/L #ii%#%)
WAARREFRIE K IGA L7% (Hyclone) . HATIRHI Y F IR 7
T RO SR R (5 3 SO AL ke, EZEA
BE I 115 % 58 (SYNGENE) |, 52 I 72 & PCR {X (BIO-
RAD), Bl EZ e i (OLY MPUS) , CO K5 574
(HERA cell 150, Thermo electron).,
1.2 Zmffisdils b

KB W 40 D 22 NR8383 4 fifg 4% 5 x 10°H Ll T 75
FLARH, % 20%06 4 135 (Hyclone) i F-12K B3 3% F
37 CH A 5% CO MBI N ARl & B 155 80%
~90% , FH A [\ ¥ B (10,50, 100 nmol/L) 4 miR-144
mimics Al inhibitor DA AR R A HEXT BR (mNC FTINC)
NG A 2000 7E TG I B F 3 v L YL A, 5 h 5
BbEFe e 24 WG TS 280 .
1.3 RT-gPCR

BT WL 2RI I TRIZoI®R I HEHUE RNA,
MicroRNA 35 KGN : L 2 pg &1 RNA F microRNA
S g 53637 &5 PrimeScript® miRNA cDNA Synthesis
kit 52 % 4 miRNA cDNA, ] SYBR® PrimeScript™
RT-PCR Kit 11317 Realtime-PCR 51l miR144 . U6 1
Fik, mIRNAFFRIRT-gPCR [ 45444 : Cycle 11
Step 1:95 °C 2 min; Cycle 2 %) Step 1:95 °C 15 s, Step
2:60 °C 45 s, 408X, 519FHI AR KR EE DLER 1,
miR-144 (4T U5 |9k I i 6 30) G 1LY Uni-miR
RT-gPCR 5 9.

microRNA Primer sequence Annealing temperature (°C)
. Forward: CGGTACAGTATAGATGATGTACT
rno-miR-144 L . 60
Reverse: Uni-miR gqPCR primer
U6 STRNA Forward: CTCGCTTCGGCAGCACA

Reverse: AACGCTTCACGAATTTGCGT

60

L mRNA AN : U5 g s RNA IS 5%
1745 Revertaid™ First Strand cDNA Synthesis Jz % 4
cDNA, iffi it FH SYBR® PrimeScript™ RT-PCR Kit 11
17 Realtime-PCRA5:B-actin . TLR2 . TNF-affJ ik, 5l
W) )5 B FIER R B L2 2, RT-qPCR 4 5210 4544 -
Cycle 11 Step 1:95 °C 3 min;Cycle 2 1 Step 1:95 C
10 s, Step 2.1 /k 30 s, 3L 407FFR, Step 3:72 °C 30 sIf

KD EEE ; Cycle 3 Step 1:55 °C 30 s, T 411F3F,
DO R A th 2.
1.4 MyaAks| pragixot

TE GeneBank H A 4% Rattus norvegicus Toll like re-
ceptor2 mRNA 14741 (5515 :NM_198769) . FIH]
Primer Premier 5.0 #4110 & miR-144 7 A= J2 58748
LELLN I TLR2 mRNA 3'UTR X 45 R K A 15
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2 RT-gPCR3|HEXER
Tab.2 Primers for RT-qPCR of TLR2 and TNF-ao mRNAs

Rat genes  GenBank Accession NO. Primer sequence Product (bp) ~ Annealing temperature (°C)
Forward: 5-CTCCTGTGAACTCCTGTCCTT-3'
TLR2 NM_198769 74 54
Reverse: 5-AGCTGTCTGGCCAGTCAAC-3'
Forward: 5'-TCAGCCTCTTCTCATTCCTGC-3'
TNF-a NM_012675 203 54
Reverse: 5-TTGGTGGTTTGCTACGACGTG-3'
Forward: 5'-CACCC GCGAG TACAA CCTTC-3'
B-actin NM_031144 207 58

Reverse: 5'-CCCAT ACCCA CCATC ACACC-3'

Yy, s i A BRI P DI Sac T RGN &, )P5)
4y : 5-TCCGAGCTCGTTCTCCACCCTGTTTC-3', F
e A BRI U Xbal ORS8N .5
GCCGCTCTAGATATATAACAGTATTCAAG-3', PCR
1=K 186 bp; L7 miR-144 58748 45 407 s 1Y
TLR2 mRNA 3'UTR X453 KRS 149, i |4
A BRI N VI Sac T WD S, J¥51 2k :5'-TCC-
GAGCTCGTTCTCCACCCTGTTTC-3, Fifa| Wi A
FRIEIVEN VIR Xba | AUREYINLAS )75 R :5'-GCTCTA-
GATATTTATATAGCGGCATTCAAGATAAAGCT-
CA-3' OB NI M 2725 I IR ) , R FHEE R e pe e AR
I3 R A miR-144 B A 455 25 19 TLR2 mRNA
3'UTR X i 45 3 R 2 4 (i3 A pmir-TLR2-3'UTR) LA
Fe 5 miR-144 2878 2553 5.1 TLR2 mRNA 3'UTR X
TR FE R 3 A (fa7C 2k - pmir-mutant-TLR2-3'UTR) %)
HLH kL,
1.5 pmir-TLR2-3'UTR % pmir-mutant-TLR2-3'UTR #J
iz

e E3 K FUIT44150~60 mg TRIZol®R 7]
FHRHUT A RNA 2 &, RT-PCRFREL S miR-144 74
Fe GEARZE A 1 TLR2 mRNA 3UTR (49 H 19 A Bt
I 1 pmirGLO ZAR R, $EHUTR e & .
FRAIPE N VI Sac T F1 Xba 1 %} H 1 7 BEPCR F=45 1
pmirGLO kit AU, B V)P~ 28 1%L e bise i
HLPK G, MBS T YT B 12571 F pmirGLO Bk,
FH DNABils sl AR & B o e o

FH T, DNA 3 4 12 0 D 4440 f5 19 pmirGLO
ZRAARHT H 19 A B (244 DNA: H 19 Bt DNA BE IR
FA 1:3), 251 10 pl AR R 12 SCEHad ., HU%ESE
FEHI5 WA 100 pl DH5aESZ 25400, 43 PBS )
BHPAXT FEFII pmirGLO ok BHAXT AR, HAAREAE G
3T raErE R
1.6 AAPCR.Sac | #2Xba 1 B33 A % DNAR 752 &
20k pmir-TLR2-3'UTR Z pmir-mutant-TLR2- 3'UTR

Mpmir-TLR2-3'UTR Jzpmir-mutant-TLR2-3'UTR
LB V-4 b BEHLPRI 3~5 4~ BHPE m ke, ITA 5 ml &
100 pg/ml 2 N R M LB IR TR Rt R

7,37 CRIZIE R 16 h, fEHE TAEA M, L ml
PRIV 4 CLRAF, TN o AR TR, ¥ REBTRL M i
) 4 B 40 Fokz pmir-TLR2-3'UTR J% pmir-mutant-
TLR2-3'UTR, VU4&HXAY pmirGLO i ki A1 2H 5k
pmir-TLR2-3'UTR A pmir-mutant-TLR2-3'UTR 4 #&
JiR , PCR 4 1 &% miR-144 B /£ J 58 A5 85 5 A 45 1
TLR2mRNA 3'UTR 9 H ¥ J B % 18 20wl SRR
2, HERGIHER IR Sac 1 FlXba 1 XU SEE F24H Tk
pmir-TLR2-3'UTR A& pmir-mutant-TLR2-3'UTR Ji5 ;1%
A e FEL KR I PCR MW U] =91 BA% . W 5
20 JFki pmir-TLR2-3'UTR & pmir-mutant-TLR2-3'UTR
[Epli e Zer/ag=i | o8
1.7 RAFEEF AN

A Y 3Pk R 3 2 E.Z.NLA.TM Endo-free
Plasmid Maxi Kit(Omega Bio-tek) $ Bt & iU
WFEZ AL, HEK-293T 4iifitd#% 5x 10°FLFH T 48 FLAR ,
BT 10% 4 L35 19 DMEM K533 | 735 240 i
A B 151 80%, FEARFi 14 2000 A5 T, 43+l 100 ng
=Pz A& (pmir vector . pmir-TLR2-3'UTR vector, pmir-
mutant-TLR2-3'UTR vector) 5 100 nmol/L miR-144
mimics 3 5% Yt 293T 4l }fd 24 h J5 , 7€ Luminometer
(VICTOR™ 2030 Multilabel Plate Reader, PE, USA) H
K6 10 W ¢ Yt 2% ik 77 £ Dual-Luciferase® Reporter
1000 Assay System (Promega) & illH¢ 2 B 1% M , 4
XN 2R R PR R AT X I i [ G R Y
T PR I 78 K LG R TG M T4 20 A  firefly
luciferase activity/renilla luciferase activity, FL/RL) , A~
[FIZHIR RS AR SO R BRG] T T 5e 0T
1.8 “uitpabs

K H StatView GEiHRIFHEATGETH o0 b, S 2 5
Xof RRZH 2 (] i 25 1 LA BRI 3R 7 2243 1T (One-way
ANOVA, Bonferroni), A P<0.05 A i F 25,

2 R
2.1 B miR-144 % mimics #=inhibitor xF TLR2 %
H TR X AT Rk 6980

254 ik, A 10.50.100 nmol/L miR-144 mimics
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FIEAC(EI1B) . K, Fo AT H] 100 nmol/L 1y
miR144 mimics fYJ5 2 TR

1 10, 50. 100 nmol/L miR144 inhibitor 4t F
NR8383 4iififdJ5 , RT-QPCR 45 5L it/ : 5 INC 41 AH L, 3
ANV B YL 21l miR-144 11 R iA I FRAIR (U6 P 23k
), AL 100 nmol/L B B 3% (K1 1C) . 534k, 3K
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Fig.1 Effect of miR-144 mimics and inhibitor on TLR2 and its target genes in NR8383 cells.

A, B: After transient transfection with different doses (10, 50, 100 nmol/L) of miR-144 mimics
for 24 h, the expression of miR-144 (A, the results was normalized by mNC with U6 as the
housekeeping gene), TLR2, and its downstream proinflammatory cytokine TNF-a (B, the
results was normalized by mNC with B-actin as the housekeeping gene) were detected in
NR8383 cells. C, D: After transient transfection with different doses (10, 50, 100 nmol/L) of
miR-144 inhibitors for 24 h, the expression of miR-144 (C, the results was normalized by mNC
with U6 as the housekeeping gene), TLR2, and its downstream proinflammatory cytokine
TNF-a (D, the results was normalized by iNC with {-actin as the housekeeping gene) were

detected in NR8383 cells. The data were expressed as Mean+SEM. *P<0.05, **P<0.01.

2.2 pmir-TLR2-3'UTR #= pmir-mutant-TLR2-3'UTR £
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9T BRI miR-144 5 TLR2 4 ) )G 22, Fefi Ty
T miR-144 B A4} 58 A8 45 4 A 55 TLR2 mRNA
SUTR XA EEF A, PRkl S N EHR M LB
M b Pk d 2l TR A BHAE ek VA LB 3G R 3
FEPUTR I E R, DARHE pmir-TLR2-3'UTR HE4H it
HE AR, A 2 pmir-TLR2-3'UTR # 44< fir i 51
Yol AT PCRY 1S, 1965 R B SRS FL VARSI PCR 7™

Yy, 455 7R 7E 100 bp 1250 bp 22 [1] (& 2A) A — 45
B ENS B R BEr R /INH— 2 IR ERY
pmirGLO Buki A5t , FHA4 # pmir-TLR2-3'UTR #i &
FITHB 14T PCRY 1Y, 1% B bHsEie e vk Al PCR
FEY), S5 R R ToAR A S5AT . X A pmir-TLR2-
SUTREA R & Hi R B

BRI VIR Sac 1 1 Xba 1 XUEGY] pmir-TLR2-
SUTR ELLJTTRE , 16BN HEREME FL K ] L FT I, 2 2% Bi
2, Hor 1437 F DNA marker FF 7 it 7000~8000 bp
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28], 55— T 100~250 bp ZJa], X435 5 pmirGLO
Joi A (7350 bp) & H 1 7 Bz (186 bp) iy K /INH— 2L
(K 2A) ; 8K pmirGLO Jikr FH B il Pk VI Sac T Fl
Xba | BEGFYIIG 7 1% BifRpEe e vk 5 - R 145%
#7057 T DNAmarker i %) 7000~8000 bp Z [a], 1% H 5
pmirGLO it (7350 bp) iR/ IMH—E (K 2A) . X4t
BEHH pmir-TLR2-3'UTR HA ki Z84d Sac | F1Xba 1 B
fitg U] 5 o] ARSI B R B XA %) pmir-TLR2-
3UTR A R 17 , I FH DNAssist2.2 F 4
JPE 5 M GenBank H1#5 D1 1) TLR2 mRNA 3UTRJF
IHFATHERT, pmir-TLR2-3'UTR B4 ki i A Bt 5
GenBank 1 TLR2MRNA 3'UTR ¥4 5244,

H PCR FiI g U 1) J5 1% % € pmir-mutant-TLR2-
SUTREZHEA, 25 R ILK 2B, K42 pmir-mutant-
TLR2-3'UTR &4 itk i1 7T , I H DNASssist2.2 %
P I 25 5 5 WA GenBank H#% D1 ) TLR2 mRNA
3'UTR JF 4647 LEXT , pmir-mutant-TLR2-3'UTR 41
ki AR Bt S GenBank H TLR2 mRNA 3UTR ¥
GG 3 MREA ], AR AR TRA T T SR 1

M1 M2 1 2 3

bp

250
100

B2 pmir-TLR2-3' UTREAHAEIRTHAIEE

Fig.2 Identification of the constructs pmir-TLR2-3'UTR and
pmir-mutant-TLR2-3'UTR by PCR and Sacl and Xbal double
digestion. A: Identification of pmir-TLR2-3'UTR. M1 and M2
are markers for 1 kb and 250 bp, respectively; Lane 1: PCR
product; Lanes 2, 3: Double digestion product of pmirGLO
vector and pmir-TLR2-3'UTR, respectively; B: Identification of
pmir-mutant-TLR2-3'UTR. M1, M2: Markers for 1 kb and 250
bp, respectively. Lane 1: PCR product; Lanes 2, 3: Double
digestion products of pmirGLO vector and pmir-mutant-
TLR2-3'UTR, respectively.

2.3 MiR-144 i@ T 5 TLR2 mRNA 3'UTR X ey 2 4
Y TLR2 89 &k

T ESE miR-144 J& 15 5 TLR2 ()55, &A1
PEE bR HEAT T A AR S8 AR R 2 78 T T
AR pmir-TLR2-3'UTR vector Al pmir-mutant-TLR2-
3'UTR, 7EI§ K14 2000 4~F T, /1 100 nmol/L miR-144
mimics & mNC 434155 100 ng =Fhz A (2 Ak Ll B

PRI EE ) Te4E L HEK 293T 41fiti 24 h, 45530,
5 mNC41AH ., 7F miR-144 mimics/EH R ,293T 4 ity
ey pmir-TLR2-3'UTR A5 AHXT 9 R B 6 M
AKX, T pmir-vector A1 pmir-mutant-TLR2-3'UTR 2H
(R 2R G ME U 36 X miR-144 mimics PR
S, AN, BIME7E miR44 mimics Rk AL gL iy
YEFIF , 525 244 pmir-vector Fl12€75 & pmir-mutant-
TLR2-3'UTRAIFALL, BFA [ pmir-TLR2-3'UTR 4H 4%
YLir) 293T HHHRLAHXT 202 BRG0P L, (RS
MNC e b (1) 3 21 [B] 9 5 2 B M AT W i 22 5= (&
3). XLBEEFLUE miR-144 7] DL B 0 M 2545 TR
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Fig.3 Identification of the relation between
MiR-144 and 3'-UTR of rat TLR2 mRNA. *P<
0.05, **P<0.01.
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AR, ok 4 22 A i B 1IESE miRNAs 25 TLR

SIS IES . H A miR-105 A1 miR-19 BER Y
I A Jo 20 NI X 2T 24 240 B o B 400 B TLR2 1%
FHEP I, A B ARG AR S IR RS S AR
HER B AERRLH TLR2 1915 2235 1] BB 5 F- 48 miRNAS
FIFEIRME A 5. BRI, TLR2 A TLR4 1YF sl
L K TNF-ar] D175 S FAAZ 20 i miR-132 A1 miR-9 (19 3¢
3K, IR miR-132 1 miR-9 AT AEE 1 45 TLR2 A1/
o TF s TNF-a AT 2 NASH i & 2 22 Fefi T i
A BeE B A, T T — RS A EE S TLR2
mRNA 3'UTR [X. 45 & £ miRNAs, 7E Rif 11 48 1 Y
miRNAs Fi 5256 1 (VA miR-144 75 E IS S 1 E3
KEIHEE AAF BRI 82 IRk, 4 TLR2 1]
e miR-144 (UHR L . miR-144 WAl & —Fh s Il
NI A 1) mIRNAFRE ™, AT LT 4n i Ak
B AE 2 BRI, T PR miR-144 1T LIGE i
BN 17 e Nt 7/ DN 7 7 A Y == AN T |
HI JCSCHRBIE & 5 TLR2 YRR 35 5 R, I FRAT ]
W —F LRI A ITERDER

A SCHRAEE TR SAE MR T R AR 8 R AR )

55 20 L P20 240 2 R 0 R e (AR A DG 1) A X
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