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b, REAIKREFHLIN TLRY, NF-«xB. IxBa mRNA Fik/KF-F+H (P<0.05, P<0.01) , RIEFFIL-6., IL-8,
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MicroRNA-144 inhibitor alleviates esophageal mucosal injury in rats with reflux esophagitis through Toll-like
receptor 4/nuclear factor kB signal pathway

WANG Bao-shan, LIU Gang, WANG Wen, LIN Yan-fang, YAO Li-jia*
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[ Abstract ]| Objective To investigate whether microRNA (miRNA)-144 inhibitor can attenuate the injury of
esophageal mucosa in rats with reflux esophagitis (RE) and its possible mechanism. Methods Eighteen male SD rats
were randomly divided into sham group, RE group, and miRNA-144 inhibitor group, with 6 rats in each group. Rats
in the RE group and miRNA-144 inhibitor group were recruited to establish RE animal models by tying the proximal
stomach and constricting proximal pylorus. Rats in the miRNA-144 inhibitor group were administered with miRNA-144
antagomir to inhibit the expression of miRNA-144 in vivo by tail vein injection. The efficacy of miRNA-144 inhibitor
and the mRNA expression of Toll-like receptor 4 (ILR4), nuclear factor kB (NF-xB) and inhibitor of nuclear factor
kB o (/kBa) in esophageal tissues in each group were detected by quantitative polymerase chain reaction (qQPCR). The
contents of interleukin (IL)-6, IL-8 and tumor necrosis factor a (TNF-a) in rat esophageal tissues were determined by
enzyme-linked immunosorbent assay (ELISA). The protein expression of claudin 3 (CLDN3) was detected by Western
blotting, the protein expression of cleaved cysteine aspartic acid specific protease (caspase 3) and Ki-67 was detected by
immunohistochemistry staining, and the apoptosis of esophageal mucosal cells was examined by terminal deoxynucleotidyl
transferase-mediated dUTP-biotin nick end labeling (TUNEL) assay. Results Compared with the sham group, the mRNA
expression levels of 7LR4, NF-kB and IxBa in esophageal tissues of rats in the RE group were significantly increased (P<<
0.05, P<<0.01), the contents of inflammatory factors (IL-6, IL-8 and TNF-a) and the expression of cleaved caspase 3 (an
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apoptosis-related protein) were significantly increased (all #<<0.05 in the former ones and P<<0.01 in the latter one), the

apoptosis of esophageal mucosal cells was increased (P<<0.01), and the expression of CLDN3 protein (an index of esophageal

mucosal barrier) was decreased (P<<0.01). Compared with the RE group, inhibition of miRNA-144 significantly reduced the
mRNA expression levels of 7LR4, NF-kB and IkBa (all P<<0.05) and the contents of inflammatory factors (IL-6, IL-8 and
TNF-0) (all P<<0.05), and then inhibited the apoptosis of mucosal cells in the esophagus of the RE rats (P<<0.05) and elevated

the expression of CLDN3 protein (P<<0.01). Whereas, there was no impact on the proliferation of esophageal mucosal cells by

inhibiting the expression of miRNA-144, and there was no significant difference in the number of Ki-67 positive cells between
the miRNA-144 inhibitor group and RE group (P>0.05). Conclusion miRNA-144 inhibitor can attenuate the injury of

esophageal mucosa in RE rats, and the effect may be mainly through TLR4/NF-«B signal pathway.

[ Key words | microRNA-144; reflux esophagitis; Toll-like receptor 4; nuclear factor kB; inflammation; apoptosis
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250 g, ZHUARPE AR 2E R S sl g [ S0
S RRATIES . SYXK (1) 2018-0006]
1.2 X miRNA-144 antagomir H 7475 ¥ 24
FAREBR A AL, SYBR Green PCR IRE 435
& HE A R ARG RAF], PCRIIYIH
o [E 4R R LR 8 B A . IL-6. TNF-o ELISA £
R G [ I3~ KA AR A BRA ], TL-8
ELISA #5350 & [ 1 i 250 A 5 4 AR A R
F) . TUNEL 4 e 3 T A8 X550 &0 | i3 = ok
W R A BR /A Fl . cleaved caspase 3 (Aspl75)
B2 v PRI A 25 8 CST A 7l, Ki-67 £
B PR I 9% [ Abcam 23 B, S bt K LU B
1 3 (claudin 3, CLDN3) £ &4kl [ 3
ThermoFisher Scientific 2y #], GAPDH $it 1& 4 H
i [E] Abcam 2~ H], SR Ak e g 4 g
ik & . DAB BRI A Jbat h 2 S A Y
ARA B A, miRNA 482 BGR7) & H 18 5 Qiagen
N A), T e R R A1 (sodium dodecylsulfate,
SDS) . = ¥ W 5L 2 5 At [ tris(hydroxymethyl)
aminomethane, Tris], H2& MM A4 TAEY TR (-
) BN A PRAT], 30% FXCAUN KB A T
BB R A FRA T
1.3 KA REHBEA g ME R FRIRE2BELIE
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£ miRNA-144 #1011 57076 97 41 ( miRNA-144 4171 i 71
H), B 6 H. ARETH 1% S E 245 40 mg/kg
s R SRR B, BRI AR B ) R BR S AP M P s
[EE TFAM L . RE 211 miRNA-144 JH]712H A B
SRR B S HLIE A a1 BR A S 18 vk RE R
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TRFRIKES 0.9% ST 1| mL, miRNA-144
PHR A RBRAERGH 1, 2. 3 K450 TR
Jik ¥ 5t miRNA-144 antagomir 50D (1 mL) . &K
JE 5 14 RAFEETA KR, EEHL A, WIR
WS R D B, R Imaged #AFPFAG 2
BN b L. B HLWRAE T 0.4% H
FE W E, 24 h NS AR A AT A R0
H-E 4L o S A8 R R B ek AE .
1.4 gPCR # | miRNA-144 % TLR4/NF-«xB i# %
XA R g R B LS R,
H TRIzol & RNA $hi#&i55 & (72 Qiagen A H] )
Nf 4 40 A 2 2L EAT RNA 2L, A5 RNA A4 46
e B s R % 5% PCR IR & (18 Qiagen
2y Hl) A eDNA, B F—20 C IR . U4
% SYBR Green PCR i & #7050 & 7= i i B 45 1F
17 qPCR #/E. PCR JZ i %% f4: 94 C 30s; 95 C
15s, 60 °C 20s, 72 °C 25 s, 1T 40 MG,
SR 27 B A H SRR AR ek i, VAR
Z (#:20puL) : cDNA S8 pL, 2XUltraSYBR B4
Yr1ouL, 5192 L. S1YFSNUTE: TLR4 15|
Y1k 5-CTCACAACTTCAGTGGCTGGATTTA-3,
TG 198 5“GTCTCCACAGCCACCAGATTCTC-3;
NF-kB {51 %} 5-CATGCGTTTCCGTTACAA-
GTG-3', Fii#5I¥H 5-GTGCGTCTTAGTGGTA-
TCTGTGCT-3"; #[HF «B il & [ a (inhibitor of
nuclear factor kB o, IxkBa) FiESI¥ RN 5-TGACC-
ATGGAAGTGATTGGTCAG-3'; R ¥ N 5-GA-
TCACAGCCAAGTGGAGTGGA-3"; B- Il 3 & M
(B-actin) LiF51¥) R 5-GGAGATTACTGCCCT-
GGCTCCTA-3', NiiE514%°% 5-GACTCATCGTAC-
TCCTGCTTGCTG-3'; miRNA-144-3p #5149
5"TACAGTATAGATGATGTACT-3', FiF5|% Mix
# £ o 4 5'-Uni-miRNA qPCR 51 #1; U6 i 5|
YH 5-CTCGCTTCGGCAGCACA-3', Fiifg|¥h
5"AACGCTTCACGAATTTGCGT-3",
1.5 ELISA #ml s p K W -Fag ks B
H1.5~2.0 em R REEHLH, HINEEHHS
WK, B EIEEHLS LIS, AR ELISA &t
G Ul B TR, Bl AR AR 2 450 nm K
DIREAS G B, 38 S FE 5 i 625 B (E FAn v th 41t
HAEEHATIL-6, IL-8, TNF-a &,
1.6 TUNEL &l A8 0 g tm i = oL B

WAL R RS SRS T e, RN
4 um, Bl 2K, 2 I8 TUNEL 40 i 04 72 K6 03
G LI AL BRI T N A K PR e R
20 min, PBS Mk 3 WK A A AL AL =
I 20 min, PBS PRV 3 ¥K; BN 50 L BLFL Y
TUNEL ARG, TRRFUIATRIE, 37 °C e ikt
JEIFE 1 h, PBS YR 1K TR 21T,
ZIRIFE 10 min, PBS LY 3 G #1T DAB (;
FHIRANE Y o A A AT e 0, 688 T ULk AR
O ERFR AR FIESERL . ] H] Image Pro Plus 6.0
A T PR PR AR oA, PR AR s L.
1.7 % A8 FE e E 4P cleaved
caspase 3, Ki-67 49 & ik UK EE LS Bt
TP A, JBE R 4 pm, JBF, BiR; B 60 C
AATHEE R s SRAEERE SRR — i AL
kit T e L Uk g A, TEEEE T UEE cleaved
caspase 3. Ki-67 Jett i, FH Imagel] B4 E1T
PHA 200 B e AT, THART R B (L
1.8 &a ik Ebnggaf CLDN3 & e
ik HEAZRREBUTIA S &, BCA
Pt BE AT E R, B 100 pg A FUIA T G
e S - e 4 i TP 984T SDS-PAGE, J5 b5 25 11 5% Bl
% PVDF i I, FEJE)5 %) PVDF A 5% BAg 415
(TBST EC#il ) # s 1 he TBST VR 3 1K,
B FH B P B A L R B —$ih [CLDN3
—¥H 1 : 500, GAPDH—¥HT 1 : 2000] , 4 CH¥
AR, TBSTYEME3 K, B ALLL 2000 L
R L i 1gG b, FIRFEABET 1 h;
TBST ¥k i 3 Y J& i A ECL . 8 % 8. 5% . ) H
Imagel X443 BT 8 11 5% 1 K, LA CLDN3 5
GAPDH JKFE{E Y HUEAE Sl CLDN3 31k 7K
1.9 %itas® N SPSS 16.0 Bk i1 8dE 7
Br, BIEEAATH RO x5 3R, ZAM L
BOR MR ZE I 200 ( 25 Bk e/ i 2k
ERE) 5 BMEARRTRE ORI PR (R
SR, BRI R, RHZFEARMNIESEL
FEAIRG 5 ( Kruskal-Wallis £ FIKG 56 ) o #6567k i
(a) 4 0.05,

2 &% B

2.1 miRNA-144 ) 7] 46 47 4 K K& F @B P
miRNA-144 ¢ %k &  qPCR K45 H R, S5HF
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AR KA, RE KA HLT miRNA-144
K F (9.96+£1.95 vs 7.49+1.05, P<<0.01) ,
M7 7 5 miRNA-144 31 57 7] 0 41 RE K R & &4
2P miRNA-144 335 (3.114+1.53 vs 9.96+1.95,
P<0.01) .

2.2 miRNA-144 37 4] 7] 7T % % RE X R 69 £ &
TARE WEIAFR, BTEARHAKRREEREOL
HoeE, IR, AL, REARREERMH
B FEIMMPA R, TR 2 R B, Bt
HRER . miRNA-144 il 77 240 K LR A 01 7o 1 72
JE# RE 4852, 15t AR /D, 15975 3R 18 AR UL Il
EHEE . EEAERER, BFEARARREE
AR N 0.97% (0.85%, 1.04% ) ; 5 RE#
A, miRNA-144 $ i 7) 2 K 5S4 5t 97 AR
FLREAR, 222 A G # L [3.58% (3.23%, 4.73% )
vs 8.39% (7.60%, 9.71% ) , P<<0.05] .

Sham RE

miRNA-144 inhibitor

Bl 1 #% miRNA-144 RiEHE RE X R REEREIRG
Fig1 miRNA-144 inhibition attenuates the injury of
esophageal mucosa in RE rats
A: Gross observation of esophageal mucosa (arrows indicate
esophageal mucosa injury); B: Pathological changes of esophageal
mucosa detected by hematoxylin-eosin staining (100 X).

miRNA: MicroRNA; RE: Reflux esophagitis.

H-E Je 0458 ([ 1B) B, HERAKRE
FHL LR HHES ) R g, Bk b R B R AT
D2 A0, AR DL R AE AR iR 1E M RE; RE 4H
BB R B HZUA] WA LR A b e 4 AT it
HavE . WRIR R (4~5 )24000) , A

FHIET )2 9 0E A1 M2 1 45 RE 19 3R ;. miRNA-144
I AR R L4 RE 4%

2.3 miRNA-144 #74) #] 5 RE X &4k 11 TLR4/NF-xB
155 @3 %  qQPCRAGMZE R (F 2) &R,
S5BFARLAMLL, REARREEHL T TLRY,
NF-kB, IkBo mRNA Fik /KT ( P<0.05, P<
0.01) ; 5 RE#ZIM I, miRNA-144 #4520 K B
B AL ) TLR4, NF-kB. IxBa mRNA 723k 7K
SEH IR (P )<<0.05) .

E Sham
CIRE
= miRNA-144 inhibitor

Relative expression of mRNA

TLR4 NF-«xB IkBa
2 BEAXRAEEBEHLA T TLRY/NF-kB 5 S5EK%
HEEEERIE

Fig2 Expression of genes related to TLR4/NF-kB signaling
pathway in esophagus tissues of rats in each group
'P<<0.05, "P<<0.01. n=6, x*s. TLR4: Toll-like receptor 4;
NF-kB: Nuclear factor kB; IxBo: Inhibitor of nuclear factor kB «o;

RE: Reflux esophagitis; miRNA: MicroRNA.

2.4 miRNA-144 #7#) 7 3F RE K R 2 F A8 X%
mie R F 420 %m ELISARIIZER (£ 1) &
R, SIEFARANE, REHKREEHLPIL-6,
IL-8, TNF-a B&EI I (P34<<0.05) ; 5 REAH
I, miRNA-144 i1 4 K BB 4121 IL-6.,
IL-8, TNF-a & & FFE (P14<0.05)

®1 SHEHXRAEALRH IL-6. IL-8. TNF-a =
Tab 1 Contents of IL-6, IL-8 and TNF-a in esophageal
tissues of rats in each group

(pg * mL ™), n=6,x+s

Group IL-6 1L-8 TNF-a
Sham 74.10£13.20 26.07£5.19 55.9746.32
RE 99.84410.43" 43.86110.14" 84.95+15.86
miRNA-144  86.99+5.42" 32.15+5.65" 67.96+5.19°

inhibitor

"P<<0.05 vs sham group; “P<<0.05 vs RE group. IL:
Interleukin; TNF-a: Tumor necrosis factor a; RE: Reflux
esophagitis; miRNA: MicroRNA.

2.5 7% miRNA-144 % ix *F RE X R £ % £ 12
4 B . A9 % em  TUNEL 40 M I3 1 46
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g (KI3A) Bon, SEFARALE, REAAR
AR I T /KT (P<<0.01) , i
miRNA-144 F 5 0] [FIK RE K RS B A0 iE
K (P<0.05) o R ri s R iR, 7
T-AHSEHE 1 cleaved caspase 3 FHME SO & o7 T4 ot

KA. 5 RE M, miRNA-144 411 51 Al 41 i
KB EE AL cleaved caspase 3 Feik iyt (P<
0.01, K 3B) , %5 TUNEL #1455 —%(; RE4
KREEHL Ki-67 BHPELN S miRNA-144 1)
AR 22 R IEge T E L (P>0.05, E13C) .

Sham RE miRNA-144 inhibitor . “
) 8 T 1T 1
LN [ gt P 82 T
€ o e X \ “>) =] 6
,“\ ln.'.;\..‘. /: 4 ‘\ ‘Eg
ey, HRE N IV L bl z o
wely u'u',‘u"n» % \:"’":\\“‘" ‘tl‘e a" .l} S £ ,‘- CHI ‘o ‘. ‘\,‘.\l %8 4 —|_
»,”.,;“, . L . G o N, b anaseis /' e Wig, ! 1\{‘,‘.\ s, S
Fel v el TG N g T ZE2
W - T Vi e D 24 £ A i . =
> {.l ‘/ g ~;FW .:~ o' E 0 ,—_I_—l A
3 N Sham RE  miRNA-144 inhibitor
Sham RE miRNA-144 inhibitor
on
[
2 15¢
2~
S¢e Hk #k
8 g 10 T 1T 1
52
Z®
=& 5t
& & -
<3
N e B
& Sham RE  miRNA-144 inhibitor
Sham RE miRNA-144 inhibitor
- v NG LI =~ 15
£\ % IE —
: i 5 10
i Z 2
\ B TN e g <E 5
* , VOt F A - ,7', <8 0 — Ie
: : . Sham RE  miRNA-144 inhibitor
B 3 #PH miRNA-144 RiEXT RE X R R EFEA AT 5EEMFm
Fig3 Effect of inhibition of miRNA-144 on apoptosis and proliferation of esophageal mucosal cells in RE rats

A: Terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling (TUNEL) assay (400 X); B: Expression of

cleaved caspase 3 detected by immunohistochemistry staining (Upper: 100X ; Lower: 400 X); C: Expression of Ki-67 detected by
immunohistochemistry staining (400X ). "P<<0.05, "P<<0.01. n=6, x+s. miRNA: MicroRNA; RE: Reflux esophagitis.

2.6 miRNA-144 #74) #) 33 RE kX R A& 250 £ &
By a6 a8 1T BRI VA RS I 45 R R,
5BF AL A, RE4IKREE 444 CLDN3
238 > (0.1740.05 vs 0.52+0.06, P<
0.01) ; 5 REZLIHE, miRNA-144 14570 20 K B
45 4141 CLDN3 & 1 1 £k THE (0.34£0.07
vs 0.17£0.05, P<<0.01) .

303 i

BB R ( gastroesophageal reflux disease,

GERD) N BN EYRRARE R, ik
BaPEN T RAE T S EALN 3. B S HE L
BT, HERA B R ERR R A
R, SRS R BB s, ik —2p
KRR GEEERARETESREE, BragEs
AR A AR . R SR BT A 7 it mT Ryl
K GERD £ 17 e 45 3 . GERD (1) B A= H AL
A, FALNIEL. NS, BESEUR. BER
I s 2 — B AR 5 (3R IR L, BPER
R RSP ZMH, 5 5k 40%
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¥) GERD S #IAYT I, i el L5 24
FEYT GERD FAAE— & B R BRTE, i FH R B G
ST RIS T

AR AT A ST UE L, miRNA-144 7] 3 i

YA Nrf2 76 2 2 0 2R 5200 RE FOPRHERE ™
Nrf2 VA 315 20 B B S8 A I 0 Hi 5 SR A 7,
A B 9E 3R W1 3 5 NF-«B 17 = #% 2 18] B A W 7E
Y A8 Bk e d5 BT AE A, H Nrf2 5 NF-«xB #] 3t [W] 74
P — SRR L [ S M R A A 1 (heme
oxygenase 1, HO-1) . 2RVt 2 IR % 42 i
fEIFFE ( glutamate-cysteine ligase catalytic subunit,
GCLC) . GHEM5HF o2 (G protein 02, Ga2)
1 IL-8 % ] (0% i . TLRA/NF-kB 1 —
ZMAE I, TS S AN E T 5 R R R R &
RN o HEARIE, Nof2 SRR /N BRI
T 45347 i G Bl 30 B NF-xB 5 4 B 28 i S o B i 1
It TR PRSI 4N R RS L Nef2 BT A
o7 VR FH AT U042 NF-B 3 8% A1 5 14 2 A 1y 24
=" A7 &I, 7€ GERD #EfH1, NF-«B
A Nef2 A[ 253045 (A8 SRR e NF-«B il 2
5 GERD ##9 K R i & 8 ZEEH £, T NF-«xB
T SIS AL B T AIR SER SRE B, 3 A 7R
KR EEF AR T, a8 # B 02
By [z, 3 NF-«B i@ #% 0] 5 5 GERD K LAY
BRI T, M R R A e .
53R W], GERD & A R Y S AL ARG
A~ 4% 4 %0 (reactive oxygen species, ROS) .
1% P & (reactive nitrogen species, RNS) | ¥} 4
& T (cyclooxygenase, COX) . — &tk & & [

(nitric oxide synthase, NOS) . #f i & 1k ¥ Wi
( myeloperoxidase, MPO ) Fllk4 175K F( hypoxia
inducible factor, HIF ) A9 3 15 /K °F i 2 4 i,
NF-«B 3 fi ] 9 ik S 40 A WM SC IR s, ik
— AR HE RIAE B IL-6, IL-8., IL-1B. #fLHF
FRE S W, INE SRS, ERiBR
R ARSI RY, SRFARGMIL,
RE 2l K U 45 21 41 rf TLR4/NF-«B 38 3805 5 11
T 7 miRNA-144 3% % a] #) ] TLR4/NF-«B 3 f#% {5
fbo SIFARAMIE, REARREEHLT R
JEA R IL-6., IL-8, TNF-a &7, AT HIZCE
H cleaved caspase 3 & TUNEL 2l Jfg 8 1= 45 I &5
S IR EEAR G A 0 S SN PT 5 R A T, XS

Fang 25" P T 45 R — 8 BABEE LB, @it
] RE K FAKN miRNA-144 Fikf5, HEHHH
T SAEAT B TR, B R AR T KR
ik, R W miRNA-144 #1017 7T 58 38 £ #1111 TLR4/
NF-kB i A 808D S REA 1) 433, 0l 200 e o
T, fiEi#F RE R EEFEB AL .

AT L AEMET G, B4 (tight junction,
T1) AL Ry R A K, X5 TI
ORISR B AR OG0T L T b il A5 b ML A
F) B B B 4548 . CLDN J2& T fie 32 2 A0 4 B B 47,
AR b 2 BRI RE b b R B 2 | R
B R BRI RE R sE R L B AR
REAEAF I R, B4 )8 & H,0, i 5 09 A AL 3 nT
XTI S5 AT RE B e Y L fE1E 1 RE B
BRI, Oguro 25/ 5iF 52 CLDN3 335 (198 /0 & [T
B RE MU FR AR 2 —o ABFSE &3, RE 41K R
BEHLSUH CLDN3 AR RSB TRFARL, &£
W B R B R A2 45 5 1T miRNA-144 15 550 2 K
REEHL T CLDN3 ME M RiAm T REA, #£
7~ miRNA- 144 1] 5510 7] 38 o PR 40 248 B L R e
BETIREIE M S/ RE B b RE . ik, AL
BE— A UE S S AR T M A
JBEXTAYY RE BB EAER

Zi L TIR, AHFIY 45 R 7R miRNA-144 #1 i
FI AT fE 38 o 0 il TLR4/NF-xB 15 5 i, A %080
RIEA 53U, NI AN T, ol B A At
ifie, dEMiZfE RE KR EEH0. AMFRER RN
miRNA-144 f#| 5657 RE $24L T4 ik, 30
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