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ki TLR4 1 F ik ki .miR-451a mimic A1 TLR4 3 FTiEFHL, L & 2H miR-451a. TLR4 [ F KK 4005 J1 S M 12
K, HR MTBEYEAEH M miR-451a K P B F MR TFEH (1 =22. 706, P<C0. 01) , TLR4 mRNA /K 3% & T
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TLR4 mRNA /K 5 K F MTB &Y 4 (1 =35. 844, P<C0.01), miR-451a 5 TLR4 mRNA ik /K5 G40 56 (- {65
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The study of miR-451a regulating the expression of TLR4 signaling pathway in Mycobacterium tuberculo-
sis infection and participating in the pathogenesis of pulmonary tuberculosis

CAO Jian', ZHANG Yuan-mei', HUANG Hong-mei’, YANG Yong-zhen' (1. Neijiang City First
People’s Hospital s Department of Respiratory and Critical Care Medicine , Neijiang s Sichuan 641000, China ; 2. De-
partment of Pulmonary Diseases s Neijiang Municipal Hospital of Traditional Chinese Medicine) ™

Objective To explore the mechanism that microRNA-451a(miR-451a) regulates the expression of Toll-
like receptor 4 (TLR4) in Mycobacterium tuberculosis (MTB) infection and participates in the pathogenesis of tuberculo-
sis.  Methods From April 2020 to April 2021, 82 patients with active tuberculosis Cactive pulmonary tuberculosis
group) ,40 patients with MTB infection but no onset of tuberculosis symptoms(MTB infection group),and 40 healthy
subjects(healthy group) were collected. The expression levels of miR-451a and TLR4 was analyzed by RT-qPCR. In-
vitro cell culture experiments,the target relationship between miR-451a and TLLR4 was verified by dual luciferase report.
Human macrophages U937 were divided into 4 groups: control group, miR-451a group, TLR4 group and miR-451a +
TLR4 group,and NC plasmids, miR-451a mimic overexpression plasmids, TLR4 mimic overexpression plasmids, miR-
451a mimic + TLR4 overexpression plasmids were transfected,the expression levels of miR-451a and TLR4,cell viability
and apoptosis rate in each group was compared. Results The level of miR-451a in the serum of patients with MTB in-
fection was significantly lower than that of the healthy group(r=22.706,P<C0. 01) ,while the level of TLR4 mRNA was
significantly higher than that of the healthy group(z=36.914,P<C0.01). The level of miR-451a in the active tuberculosis
group was significantly higher than that of the MTB infection group(z =24, 146.,P<0. 01) ., while the level of TLR4 mR-
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NA was significantly lower than that of the MTB infection group(z=235. 844, P <C0.01). The expression levels of miR-
451a and TLR4 mRNA were negatively correlated (r=0. 462, P<C0.01;r=0.511,P<C0. 05). The miR-451a level and
apoptosis rate of the miR-451a group were significantly higher than those of the control group(z=53. 805,P<C0.01;¢=
61.388,P<C0.01),and the cell viability was significantly lower than those of the control group (F =4, 366, P < 0. 01).
The cell viability, TLR4 mRNA and protein levels of the TLLR4 group were significantly higher than those of the control
group(F =6.328,P<C0. 01;t,gna =63. 884, P rna <<0. 0157 prorein = 43. 5715 P pin <<0. 01) , and the apoptosis rate was sig-
nificantly lower than that of the control group(z =33,797,P<C0.01). The cell viability, TLR4 mRNA and protein levels
of miR-451a+ TLR4 group were significantly higher than miR-451a group and significantly lower than TLR4 group(F =
4.742,P<<0.013F=5.291,P<0. 013 tpus =53. 297+ P s <<0. 015t =51, 4504 P o <<0. 01 5 tyun = 64. 649+ P s

<C0. 015 torein = 43. 5563 P s <<0. 01) sand the apoptosis rate was significantly lower than that in the miR-451a group and

protein protein

significantly higher than that in the TLR4 group (¢ =36. 037,P<C0. 01;¢=46.459,P<0.01).

Conclusion miR-451a

can promote the onset of tuberculosis by targeting to inhibit TLR4.

GG N Mycobacterium tuberculosis ;pulmonary tuberculosis; microRNA-451a; Toll-like receptor 4

i1 45 %% 20 BOFF B (Moycobacterium tuberculosis
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ANFE g4 U937 Mg F K[ ATCC 2 #l596 4L,
24 fLAH ZUE TR T 26 [ BT 4 W) s RPMI 1640 15 5%
FEFBUAA I T Gibeo 3£ [ 24 A miR-451a By ZE LW
(mimic) , TLR4 ja 2% 3k ki LA B AH R BA 4 Xt BB (nega-
tive control, NC) g T v [E 7 35 /A 5] ; Lipofeclamine®
2000 W T2 [H Invitrogen 24 ) ; ZAF K 7] & A1 Renilla
WRICE M T Beyotime HE 28 A 5 28 56 K flf 1071 65 1
T EE Promega /A1) ; Trizol i3 W T /1 [E Aidlab 2%
] ; Trizol 1 mirNeasy/RNeasy Mini 1257 &5 M) - £ [
QIAGEN GmbH A #];SYBR Premix Ex Taq™ {5l
& T HA TaKaRa 28w s ELISA 050 & 08 T v [E 38
ZRNELGYUR PO E SRR E T G Zhi
2 1 000 i Bt , #ab6721) W T 32 E Abcam 2\ Al ; fil§ IR
A4 Z I T 26 E EMD Millipore; ECL i 83 77 &
W F 25 E Thermo Fisher 2% &) ; i 721 5] & ( Annexin
V-FITC #l PD W T rf B 0 2 ) . i =X 40 i A0 T

Becton FEE/AF] .
3 AHiE
3.1 ARAKRE CREBFSINAIM S ml, —80 CLRAF

SIS
3.2 RT-qPCR i J§ TRIzol & 7 M 41 J& ifiL o 2 B
B RNA, f#i | Nanodrop 2000 #47%E . # H mir-
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Neasy/RNeasy Mini i& 7] & 43 # miR/mRNA, fifi /]
SYBR Premix Ex Taq™ #47 RT-qPCR JZ % :95 “C2
min,58 ‘C 20 5,72 °C 20 s, 3L 40 MR, LI U6 5
GAPDH H N &, % H 2% % i B miR-451a K&
TLR4 mRNA BT £k a,
3.3 RREEHBIREAN miR-451a 5 TLR4 #) 32
%% %  miR-451a 5 TLR4 1583 45 & 07 4 58 i
Starbase 53], M4 H TG )F 5 % TLR4 mRNA 37
v %) 3 B 5 X 38§ (3 7-untranslated region,3’-UTR)
BT pGL4 580 F M 2K 1 4 BF A2 B (wi-) TLR4, |
FHZAR R A 2 78 M (mut-) TLR4, #{E R
Yl ik, A3k 1 pg B wt-/mut-TLR4 1 50 nmol/L
) miR-451a mimic/NC FURLHE % 110" 4~ U937 4
ffl. 36 h 5 MRHE Renilla 7155 & 4140 i b 58 % 2 B 05
Pk,
3.4 mianmAe g U937 411 3% £ RPMI
1640 KR B = E S A 10X 54 1ME . 0. 1 mg/
ml §F R M 100 U/ml FHR, KA 5%CO, K
FEA T F 37 °C M 95 LM BE R R SR . U937 iMoo
4 4. %R . miR-451a 41, TLR4 41 fil miR-451a+
TLR4 4., 43 5% %% miR-451a mimic F1/8¢ TLR4 i
Fik TR K 42 B miR-451a /8 TLR4 /K., X R
YL SF RN NC Wk, 47 6 FLAR 8% 5%, 24
AN 3k B 60203 & BEJS BN Opti (100 pl) F1 Lipo-
fectamineTM 2000 (5 pD Jf-BEF Smin /E AL A,
JIMA Opti(100 pD) F K (20 ng/yl)ﬂ#g@ﬁ 5 min fE
JidF B, ¥ A5 BIRAIFFEE 20 min, 16 h 5 H#
e B ok An i
3.5 Western blot #&m TLR4 & & 48 3+ & & K F
JH PBS Pk 25 240 A % 52 W, 40 M 24 % )5 4 °C .12 000
r/min(E AR 3 ecm) B0 5 min, IWE B H AT
8% SDS-PAGE HLIK/r i, JF 4 H L R B MR 4T 4 R
B =R R R A S YA A 5 R B 2 hin A
TLRA Hifk 4 °C PWHE S EEIMAZIEIRT
WEE 1 h, YRS 6 4k 2% & 60 B A, T Quan-
tum One /44 M1 K BE 315 A AH X T GAPDH #)
Fh R IFE TLRA 2 F A X 25K,
3.6 CCK-8#mampeiEn  HL100 pl 400517 Wik
Iz 96 FLAL LM F 48 h A1 72 h ¥R BN 10 pl
) CCK-8 s B B AL I E 2 h, HEFARL
00 25 LA W BE (A s ) ME
3.7 AX@mBARewmie A TR 1 X PBS
PRI B IETE 100 pl gEE M TIN5 wl Annex-
in V-FITC A1 10 pl PL R T TREEDEE 10~15
min; MIA 400 pl 856 . 76 1 h P i 2040 il
ASCRG 000 248 L 0 T

3.8 sitFam  ffi ] SPSS 19. 0 #AFG I 2E 00T .
TR P B SRR (o £ 5) ok, S LK
KH F K5, 41 18] 2 i 18] 5 e 45 R ) 85 42 0 O 22 4
Br; i@ i Pearson #5496 4> HT miR-451a mRNA
Al TLR4 mRNA A, P<<0.05 RINERHE
S-S

& R

1 miR-451a 1 TLR4 7Ef 45 #Z 0 MTB B b (9 3k
KR

MTB & 4e 4 8 & 17 o miR-451a 7K °F & %
TFdEH (1 =22. 706, P<C0. 01), TLR4 mRNA /K
B TR (1 =236. 914, P<C0. 01), I 2P it 45
ALK miR-451a /K 3 & T MTB R 4] (¢ =
24.146,P<C0.01), TLR4 mRNA /K¥ & ZFK T MTB
JEYL ] (+ =35.844,P<C0.01)(F 1), 7 MTB
2H R P Bl 25 4% 4 . miR-451a Il TLR4 mRNA #
KA B AR Gr {54302 0. 462 1 0. 511, P <<
0.05 1% P<C0.01),

% 1 miR-451a 7 TLR4 7ERGZ5 40 MIB B3 i B 545 & (v )
Table 1 The expression characteristics of miR-451a and TLR4
in tuberculosis and MTB infection

251

Group n miR-451a TLR4 mRNA

{EE S A4l 40 1.0040. 15 1.00+0.13
MTB J& % 41 40 0.42+0.06 3.7940. 46
1% Bl I 45 A% 21 82 0.8740.11 1.62+0. 21

2 WMKAEERESWIE miR-451a 5 TLR4 RIEE [ %
%

miR-451a 5 TLRA M8 25 G0 s a8 1 FrR .
Xof HEZEL A I A4 i v ¢ S 2 S 1 Sl (1. 00£0. 07D,
TLR4 425 (0. 9940, 11), B Y Mut-TLR4 Fl
miR-451a mimic J5 , W54 A 9 FF 6 28 6 2 S 1
(0. 34 0. 03) 8 F FFEAK Ctae = 54. 810, Ly =
36. 056, P<C0.01),miR-451a 5 TLR4 ¥ [a 454,

Target: 5' caauuugaacacuUGACGGUUg 3'

J L H
miRNA : 3' uugagucauuaccAUUGCCAAa 5'

1 miR-451a 5 TLR4 mRNA §) 3" S EBIE XM E S LA
Fig. 1 The binding site of miR-451a and the 3untranslated region
of TLR4 mRNA

3 EE4AAE miR-451a 0 TLR4 B9 RIEKF
BULA Il miR-451a F1 TLR4 Ay 3k WA 2 Fi3
2. 4 M H miR-451a Al TLR4 MR IK K iR 2%
SAEGHFE (P P<<0.01), miR-451a A miR-
451a K- 3 F X IR 4] (¢ =53, 805, P <C0. 01),
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TLR4 4119 TLR4 mRNA F1ZE 1K F 2 3% & T % 1]
2 (t,rna = 63. 884, 14, = 43. 571, ¥ P <C0. 01),
miR-451a+ TLR4 4% TLR4 mRNA 1 H /K F
T miR-451a 4. H W E LT TLR4 4 (£ pnn 8
A3 53,297 F1 64, 649, gy, 1H 4T 5K 51. 450 F
43,556, P<<0.01),

%2 HREMMT miR-451a F1 TLR4 B FEKTFE (x £5)
Table 2 The expression levels of miR-451a and TLR4
in each group of cells after transfection

5

Group miR-451a TLR4 mRNA TLRL &1

Xt B4 1.0040.07 1.0040.09 1.0040.08
miR-451a 41 4,1240. 36° 0.25+0.03° 0.2340.02°
TLR4 41 0.8440.09" 5.2440.41° 2.9440. 27"
miR-451a+TLR4 4l 3.9740.29%"°  0.9740.08"°  0.98=+0.09"°

Tt SXRLL IR P<0.05;" 5 miR-451a 4l HL#, P <C0. 05;° 5 TLR4
A, P<0.05,

Note:* Compared with the control group, P <<0. 05;" Compared with mir-
451a group, P<C0.05;° Compared with TLR4 group,P <C0. 05.

\,ﬁ \‘U"é&
& P @
F & ¢

TLR4

2 Western blot il ¥ £ [F 4 M th TLR4 ZA K RIE
Fig. 2 Western blot detection of the expression level of TLR4
protein in each group of cells after transfection

4 miR-451a 0 TLR4 i B I 28 B i& 51 69 2200

3 Won .4 ARG BE RE ) LA 2E R G
H X (F=7.273,P<C0.01), miR-451a 4 i 17t fig
BERT X B (F=4.366,P<0.01); TLR4 4 1y 14
B BE 7 W T X R4 (F = 6. 328, P<C0. 01) ; miR-
451a+TLRA 41 /) 34 58 fE 77 W 2 % T miR-451a 41 A
LT TLR4 40 (F {49k 4. 742 F1 5. 291,34 P
<0.01),

* 3 miR-451a F1 TLR4 X 5 B R ARE B9 B0 (x £5) Ay 18)
Table 3 The effect of miR-451a and TLR4 on the viability
of macrophages (A,;, value)

Bl

Group 18 h 7Zh
X AL 0.64+0.05 1.1340.09
miR-451a 41 0.5240. 05" 0.90+0. 08"
TLR4 4 0.78=40.07" 1.364+0.12°
miR-451a+ TLR4 41 0.62=40.06"" 1.092+0. 10"

Tt HaHIEAL A, P <0, 05;" 5 miR-451a 4l B, P<C0. 05;°
5 TLR4 #IL# . P<<0. 05,

Note:* Compared with the control groups P << 0. 05;” Compared
with mir-451a group, P <C0. 05;° Compared with TLR4 group, P <<
0. 05.

5 miR-451a 71 TLR4 X+ 5 W 28 B T B9 2 1R

KI3ME 4 R4 AMBEHATREKERASR
e L (F=6.683,P<C0.01), miR-451a 41 Ay T
K EE T R4 (1 =61. 388, P<C0.01); TLR4 41
FIPR TR KT X 4L (¢ =33, 797, P <C0. 01);
miR-451a+ TLR4 40 P8 1778 B F (X T miR-451a 41
H W3 F TLR4 4 (¢ {64318 36. 037 F1 46. 459,
¥ P<<0.01),

% 4 miR-451a 1 TLR4 3% 5 B 48 B 8 T B9 % 1
Table 4 Effects of miR-451a and TLR4 on macrophage apoptosis

Eigi] iR P)
Group Apoptosis rate
Xof 2] 6.95+0.52

miR-451a 24 18.41+1. 06"
TLR4 4 3.6340. 34"

miR-451a+ TLR4 £ 10. 5640, 88"
T S . P<<0.05;" 5 miR-451a 41 4. P<<0. 05;°
5 TLR4 4 H %, P<C0. 05,
Note:" Compared with the control groups P < 0. 05;"
with mir-451a group, P <<0. 05;° Compared with TLR4 group, P <<
0. 05.

compared

0
0

&0 . & 0 & 11
0
10

= & 1
0 ? 1w ﬁ
iy s o 10 - s T e - R e
e For e 1 i e i b
Annexmn V Annexin ¥ Annexin V Annexin v
it miR-451af] TLR4#] miR—451as TLR44L

3 ERAMAEN miR-451a F1 TLR4 3 5 K& 40 AR T B9 %00
Fig.3 Flow cytometry to detect the effects of miR-451a
and TLR4 on the apoptosis of macrophages

Wi

MTB & i 1 PP 0 38 12 A ML IE 5 B0 A8 , K
ZHUE LT 18 R RE S TUIHE R R &M MTB,
PABG @ e it — A5 5% . {3 MTB nf sk 15 3 i R
W, B ET 6T MTB B (AL AT A T 4800,

I 4 2 — v O B 1) i T I 0 4 i, 3 s i
AR DG A A 20U A2 A U AR 0 TR L LA Bl e
Y e KA BE B L AR, MTB AT B 51 R g
LAY BE T, T S 30 MTB (5 K H %5 it 45 4% 1)
Je AP AR i A A Hp A A0 Y BL AT AN
THAE . miR AR 0 W 58 P, L AT e 3
P I 25 & mRNA, JE 175 5 mRNA 1 B i o 5 0
BB, miR-451a J&—FhoEr & BRI It 45 A% A4 2
FHIE R miR, B9 50 7 il 45 A% f8 5 1 il 36 3 ok Wk
miR-451a B 7K F FEAR . Lin &5 B 8F 58 8%,
miR-451a FKIK 7KV B AR G 40 1 F 06 240 A v s 25 4% 43
BT BT 1 G928 S L 5 AT SRR B . oA T f# miR-451a
T Jili 45 4% v B SR G LA, AR RIS ISR T A Bl L3 sl
il 25 %% 3 MUTB JER e (H A A I DR R A 35 1 It 335
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R HEAT AN, 25 5L 5 R MTB & U {H R & 9 5 35 41 &
M A miR-451a 7K P & 3541 T i e 2, 15 2 3% 2 1)
Jili 25 ¥ J8 3 1 miR-451a U & 35 & F MTB S H ok
K . NE— B miR-451a 16 il 45 %% & % b
FIVE A B ST 4 8 T miR-451a 3 26 35 1Y 5 W 40 g
R, 25 3 5 OR 1 3k miR-451a BE 35 30 4 B v 40
JiL ) S84 A A P PR T, miR-451a REAE U8 55 B Wk 40 i
TR 2 Uk 200 it %ok 30 S 2 190 S 8 B R s HL LA i ik
MM TR . AT SRR, MTB &Y 5
HUR B4 092 R 5 05 50 . miR-451a 7K - 19 B A 23 30 )
I 24 B R T O B v W A LI A T 3 B B 4 A
B miR-451a ZKF By T i 23 10 1 W 48 i 3 95
WA PR T, DTS B A T B MTB 1% fig 7 %
%, 51 M 45 A% 90

Ry i — 4 43 A Bl 45 A% R E miR-451a I 5 W 40
it Xy BE RN 5| RS I 2 R K g i WL, A B ST AR T T
TLR4 A FEIKKF, TLR4 & A5 B v g ny
R, ARG MTB 78 4 19 2 R A, 3505
T T U7 Myd88/NF-«B %5 5 5 3l 4, fi #F F I 41 iy
A BTE L I B LR B i R L Ak, TLRA B3
2 8 IS AR 2 2 20 15 I 40 %) $5 7 O B LR
AT AR 38 6T 95 S A4 (0 3 B . {2 aF TLR4 9 £ 3k
A g R 4 A ) BL R BR ) MTB A A7 3% . A
WFEE 45 A R s MTB 8% Y {0 R & 9 18 2% A0 A it b i
TLR4 mRNA 3Rk /K-t 2 8 T g e 3, (02 76 3h )
Jili 45 4% B 2% (9 TLR4 mRNA /K F 0 i &K T MTB
YR TG R R 1 % . Ak, miR-451a 5 TLR4
mRNA 7K fAH G, #2278 miR-451a 5 TLR4
mRNA 745 453 %3k TLR4 A{H 2 3k B 0 40 i
T A0 ) G A0 08 T L 38 2 28 % miR-451a Xf TLR4
BB R AE R, O BT miR-451a X W5 41 f 6 410
HIE . R miR-451a AY B AR 2 42 #F W 40 g op
TLR4 A 93K MU 5 06 40 R3S 7, 300 AL
BPERGE, 1Y miR-451a JH 5, TLR4 A3k 52 5
BEL o LA 14 B0 52 8 g o g 300 ) o AT 52 ) MTB (19 37
W 5 SN 25 2206 1 K2

2 iR, miR-451a ] 3@ o #8  #9| TLR4 i #F
i 235 4% 19 % W » 3% 1 miR-451a W] A B K VA T Bl 45 %
R T BRI T B AR
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