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Mechanism of IncRNA LINC00943 regulating TLR4/NF-kB pathway against
macrophage activity in Mycobacterium tuberculosis infection
JIN Hui-min, WANG Huan
(The Third Department of Tuberculosiss Infectious Disease Prevention and Control Hospital ,

Heilongjiang Province, Harbin 150500, China)

[ Abstract ] Objective To explore the role of macrophage autophagy induced by
Mycobacterium tuberculosis (TB) infection. Methods Peripheral blood samples were collected
from 15 active TB patients and 15 healthy volunteers respectively. The expression of LINC00943
was detected by real time quantitative reverse transcription polymerase chain reaction (qRT-
PCR). Autophagy was detected by immunofluorescence and transmission electron microscopy.
Expressions of LLC3-1, LC3-1I and Toll-like receptor 4 (TLR4)/ nuclear factor kappa-B
(NF-kB) pathway-related proteins were detected by Western blot. Cell viability was detected by
cell counting kit-8 (CCK-8), and apoptosis was detected by flow cytometry. Results Compared
with the healthy control group, monocyte apoptosis was reduced and autophagy was enhanced in
TB patients. Compared with the monocytes of healthy controls, the expression of LINC00943,
TLR4 and MyD88 in the monocytes of TB patients was significantly upregulated. Overexpression
of LINC00943 induced macrophage autophagy, and LINC00943 regulated macrophage autophagy
by modulating the TLR4/NF-kB pathway. TLR4/NF-¢kB pathway inhibitor treatment could
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reverse the promotion of macrophage autophagy by LINC00943. Conclusion LINC00943 inhibits

macrophage autophagy in tuberculosis by modulating the TLR4/NF-kB pathway., suggesting a

new strategy for treating the occurrence of active TB caused by immune escape from

Mycobacterium tuberculosis.
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0 TEAE b R A A AR T R HEOCEE . R
i, LINC00943 7£ PTB H i /E i 1 R A7 BF 58 4 38
FF H. LINC00943 77 F W 20 My XF Mtb 4 28 1 2
INBEH ATERE . AWUFFEAE TB B & 1 A S0 I8
A~ ¥ 40 M ( peripheral blood mononuclear cell,
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1.1 — %R UfE 202248 1 2023 4E 2 AR
Sk TB B 15 FR R R IR E 15 B9 408 il A
A, FTA ARG SPE TB AR 40 8 i PR A
MRBES X £k R Mtb FHPE RS 3% Rl PCR #4712 Wr .
PARHE: OFF A IRIZIT IR« 450 43 W)
TG 2l il 235 4 AH 532 W s o o B B 5 X A A 1 B
14 B T IR AR (] s AT A B S AR S T ©

PR R R 0L Mtb; @ BT A TB B E ¥ k2
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1.2 5B fREsE  #H Hypaque Ficoll(GE
Healthcare Biosciences AB,Sweden) % 0> &8 54 DL 43
2 PBMC, A& i 5 4% 240 M 1 il 9 40 e R THP-1
W A 3% = 20 f 855 52 Py i b o . PBMC I THP-1
0 M #AE B A 10 %0 B 4 1 (Hy Clone) ) RPMI-
1640 ¥ 2 % (Hy Clone, China) 1135 3% . ¥ PBMC
M THP-1 4y 4k oF 50 8 40 8 fir 4= B W 40 i
(monocyte derived macrophages, MDM )/ THP-1
fif A B W 40 e ( THP-1 Derived Macrophages
TDM). 2% Daigneault " [y )y vkt 4r. 1
MACS 5 240 Jf 43 25 3500 & 11 Fit MACS 43 3%
(Miltenyi Biotec) M fif 43 25 () PBMC & £ %
Y H, T3 4l B 98% . A T K PBMC 431k
MDM, # 2 10° 4~ PBMC #M7E&4A 2 mmol/L
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ZEFEREA 10% A AB I [ First Link (UK)
LTD]. & F 24 fLA . 24 h )5, B3R 0 BE 40,
B 5 BE A1 L /E RPMI % 3%, RPMI FR 404 10 % 31
AEFEAY FBS.5% CO,,37 “C,14 d WA HRELA N
2> 10° MDMs/mL, THP-1 41l & fE #h 7¢ 10%
FCS 1 2 mmol/L L-#%Z Btk RPMI-1640 1Rt
PR FRLE 2 10° 400/ mL. FH 100 nmol/L 44 &
D3 (Sigma-Aldrich) 43 46 THP-1 4 i (2 X 10° /mL) ,
A 75 nmol/L H Wil & #1 il 7) Baf-Al(Med Chem
Express) 4 # MDM & TDM 24 h, DL % &
DMSO &b 2 1) 4 i 7 b X 1
1.3 MY H37Rv AR A 55 4155 579
WORE ot CUSA) A= HE 4R 7K (NS) #il Sauton” s
Defined Broth ( Teknova, USA) #f7 4 ¥, H37Rv
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THP-1 4HMIE A, & THP-1 = W40 i A& 2F 4 45
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LINC00943 ), LINC00943 it % ik # & (oe
LINC00943) Lk F XF 1 i B 1 %5 B T Ribobio
(China), f# J] Lipofectamine 2000 i #| &

3]

(Thermo Fisher Scientific, USA) , 3 #% 35 12 77 & #
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PromeScript RT Kit(Takara Biotechnology Ltd.)
B i cDNA, 18 iQ SYBR Green Supermix
kit ( BIO-RAD) 7 ABI 7300 {¥ #% ( Applied
Biosystem) _F i# 7 qRT-PCR. LA GAPDH fg &
IncRNA A2 1] 2722 Jr il € H iy 2 F i
FIXf#ik. qRT-PCR 31¥FFI L% 1.

% 1 oRT-PCR 5| #1 /% 5|
Table 1 qRT-PCR primer sequences
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LINC00943
GAPDH

5-ACTAGGATTGGGGTGGGGTT-3'
5"-GAAGGTGAAGGTCGGAGTC-3'

5'-CCTGTCCAGCATCCACACTT-3'
5'-GAAGATGGTGATGGGATTTC-3'

16 EHFERRENLED: (Western blot) M F#2
B LL K Western Blot ¥ 5 ) 4 3¢ 25 B 2 % Jiang
Sk AT, P EEA RN LC3 T,
LC3-1I \GAPDH,TLR4 ,MyD88(Abcam) . —#i 1l
Hi % IgG(Thermo Fisher Scientific, USA),

1.7 403t %4 8(cell counting kit-8, CCK-8)
FEARRE L 2107 A0 /L 1) %5 A 3] 96 £L Ak
LI E 0 ha24 h,48 h,72 h, JIA 10 L. CCK-8
W (Sigma, USA) , 4k S22 4000 4 he AR A
FE 450 nm ZRAG I KL

1.8 % 0 7 2 BE (transmission electron
1 40 M AT e 2R 1 AL B O
PL1X 10" A2 B /AL A9 %5 B2 32 A 7E Nunc Lab-Tek
= F P (USA) | 76 1 mL &4 104 FBS (5
FeH P RESR 48 h, X F TEM, K ab 3 53 (1% 40 i vk
WO 2,520 L ZWETE 0.1 mol/L B AR #h 28 vh i
(pH 7.0 [5E 2 h, SR S5 7EAR A B 22 vh il b 126
ML E 2 h, 7E S BETPIBK, IR A AE Epon
812 vh, VIR 4% SRR shmt AAT B IR AT G 5, 7E
HLF 5 B AR RO F s

1.9 it KA 40 2 BB g
20 min, Jf J§ 0.1% Triton X-100 (Sigma) & 1k
10 min, #RJ5HI 5 %0 i TE H L = 1 BH BT 40 Al . 4%
WS LC3B Sk 7E =R T W F 8 R &,
R J5, H Alexa Fluor 488 #5ic A 1l 2 $T f Bt K

microscope, TEM)

(Abcam)#E 1 h, DAPI(Invitrogen) 4 {02 L% .
SR BB S . (i Leica LAS AF Lite 4k
PEHEAT B 2 . B A0 M) GFP-1LC3 B i 20 AE
10 N EE & X7 PEAG .

1.10 WX A % Annexin V-FITC/PI 4
M8 T4 00 3 7 & ( ThermoFisher, USA) , ¥ B8 T
FIULEH B EAT . (A7 B UL 7R 45 A S b ih B TR S
I AE B 45 F R PT AT Annexin V Yt 5, st
M i1 {2 (BD Biosciences, USA) F T 43t 44 (4 41 Jitd .

111 itk W SPSS 17.0 G854 43 #r
s, THEERR R ¢ K R R 20
Ml SNK-¢ K636, P<<0.05 NESFAGIT¥E X,

2 & S

2.1 LINC00943 7 TB % P4 40 i v s %6 0k
5 fele BRE X6 BB ZH AH L L TB AR A Y SRR 40 B 0 T ok 2
(P<<0.05, 1A, 2 2) M A W5 (B 1B), qRT-
PCR Z5 5 R 8, 5 (g X B0 S 4 i 4 Lt , TB A&
F R A0 LINC00943 By %3k B % FH(P<
0.05,%% 3), SRR IRA A A AH L, TB &
PR AR R TLR4 Al MyDS88 0 2% ik & I 3% ()&
10, TB &3 0y H A% 40 e b LINC00943 £ ik |
P, IFH TB B 0 SR 40 8 3 T 0 S d 55 .
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Figure 1  Highly expressed LINC00943 in monocytes of TB
patients
R2 BEABELRARMBATEILR
Table 2 Comparison of monocyte apoptosis rates among
the patients in each group

(n=3,x+s,%)

20 51 P AN A TR

HC 4.7440.37

TB 2.884+0.24

t 8 16.334

P <0.001
Control Baf-Al

LC3B
LC3B

DAPT
DAPT

Merge
Merge

Control

®3 HABERZMAMET LINC0943 HIFK X
Table 3 Expression of LINC00943 in monocytes of

patients in each group

(n=3,x *5)
el LINC00943
HC 1.004£0.11
TB 5.244-0.35
(N 44.760
P {8 <<0.001

22 3FEIKLINCO0943 IEFEWEMMANE AT
fie LINC00943 X EL I 248 J 9 T F [ W Y 52 ), 15
SEAF T B WA ) Bal-Al B AiF T E W R0 A8
fb. 25T, Bal-A1 W F WA T A WL R
(K 2A), #HH sh-NC/sh-LINC00943 Hl oe-NC/
0e-LINC00943 43 7l % Y& ] H37Rv & 4L i) THP-1
YL, qRT-PCR £5 2R 7R L i 38 LINC00943 ##
BT THP-1 48 Mg th LINC00943 ) 2% ik, 1fij il 1%
LINC00943 &3 F ¥ 7 THP-1 40 g LINC00943
Ik (P<C0.05), WL 4, CCK-8 45 £ Wit %
ik LINC00943 42 @& 7 THP-1 40 B 3% J7 ;5 1w A%
LINC00943 F&AK T THP-1 403 J3 (P<<0.05), i,
5, W5 T LINC00943 7E Bal-Al 43 F 19 Ih
fie, 45 R, LINC00943 By F ¥ W 3 b 1 B g
0 B R A RS TR T e A0 M b Y 8
BRI B, X 5 Baf-Al MER 251, 1 LINC00943
R VR B SN T A e P W R R R O
T T B WA R ATE B X B Bal-Al 2L
(E2B), TEM MM 45 it — L 8BE T
LINC00943 i 3% ik B fI 1Y D 6E (&l 2C) . bbb,
5 BCAH AH G, I LINC00943 1Y E W 40 i rp
LC3-11/LC3-1 By e A W 2 B %, 1 o % ik
LINC00943 Yy E W 48 ffd o LC3-11 /LC3- 1 ) b fE
THE (K 2Dy, whFik LINC00943 /& 3 7 F ek 41 ity
RSN

sh-LINC00943

on-LINC00943  on-LINC00943+Baf-Al
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Table 4 Expression of LINC00943 in monocytes of

patients in each group

(n=3,x *+s)
21 51 Mrna 33k
sh-NC 4 1.0040.12
sh-LLINC00943 2 0.35+£0.04 "
0e-NC 4 1.0040.11
0e-LINC00943 4H 2.32£0.19%
F 127.923
P {H <<0.001

* PfH<C0.05 5 sh-NC Atk # P {H<<0.05 5 0e-NC 4 L&
(SNK-q K55

2.3 LINCO00943 i# i3 ¥ 5 TLR4/NF-«B il }§ X

Control

LC3B

100 ym

DAPT

Merge

on-LINC00943+DMSO

on-LINC00943

B 2 EFR3IE LINC00943 5 S B It 40 A (5
A LC3B i 3235 BAG I LINC00943 19235 5 C. 46 I 41
MG S DAGI LC3B MRk

Figure 2 Overexpression LINC00943 inducing macrophage

autophagy

Mith BYL ) B W20 i [ W R 52 LINC00943 ]
fiE 38 5 98 1 TLR4/NF-«B 3 & 5% Wi Mtb B 1y =
M 240 L 1 I . 3 ek 9 S Ol R 3 B R A i 4 R 3k
W], LINCO00943 ik 33K b 2538 I 1 B W5 4t i 1 s st
PR 15 T A WEAR TR B, 1 F — 25 3R in TLR4/
NF-«B i #% 0 & 5 CHY-11109) W W 55 T
LINC00943 33 &3k X H Wit 25 19 0 5 A1 B W R T 1
A JEVE T (B 3A R B) . U4, 5% BRATAH LE 5 oe-
LINC00943+ DMSO 41 () LC3-11 /LC3-1 H A &
FHEIN L 0e-LINC00943 + HY-11109 44 LC3-11 /
LC3- T {2 & BB 30,

on-LINC00943+HY-11109
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Control

on-LINC00943+DMSO

on-LINC00943+HY-11109

x5 HETHP-1 HHEN
Table S THP-1 cell viability in each group

(n=3,7 *5)

i 0h 24 h 48 h 72 h
sh-NC # 0.2340.03  0.3940.04  0.6540.07  0.9240.09
sh-LINC00943 4 0.2140.03  0.3140.03* 0.4240.04* 0.5340.05*
0e-NC # 0.2240.03  0.4140.,04  0.5940.07  0.9640.08
0e-LINC00943 41 0.24+0.03  0.55+0.06% 0.83+0.09% 1.33+0,13%

F 0.556 15.532 17.623 37.861

P1H 0.659 0.001 <0.001 <0.001

* P{H<C0.05 5 sh-NC 4l b4 # P {1<C0.05 5 0e-NC 4l L&
(SNK-¢ #5)

3 i it

TBEM A Fiw Wit fmz —. B
00 A WELE TB &9 AL Hx Mib /978 BR 2 & ¢
SR, SR, IncRNA 7E P8 45 Mtb J& Y 5 B I 41
O E R R R (N I Wi S o L B Ny 0 e T
LINC00943/TLR4/NF-«B #7E15 5 Mth B B 1%
2 L 19w R VR AL

Mtb & —F S E R BURAE" . Mtb
AT L o 22 A G 95 30k 3 AL 7] 3k I I 4 L ) R R
FERWIZF A FEMEAIR AN R £ I 4 R
BH L I L I A 25 A v R R A
Franco ZM" 3R ,SMAD #5M: E3 Z E&E L& #
1 ( Smad ubiquitin regulatory factor 1,
SMURF D) # il A\ E Wi 48 g b i) Mtb & il , If 5 Jifi
Sl A% HB 3 Tl B 2 TR AH OG , R W] SMURF1 J2 Mitb
PEPEVE B W AN 18 3 B A 25 A0 R L BT AW 1. Hu
A0S % I, Tbratinib 38 57 S W 400 A ) s 30 4 40

s
-1 ., D S =3 LINC00943 T TLRA/NF-KB i B T Mt B ) B I 4 B B

W B 5% M

LC3-11
- O 3B s BRI G AG H A C R L3 T L LCa- T 9
i
GAPDH
G eaaaE .

macrophages by regulating TLR4/NF-kB pathway

Effect of LINC00943 on autophagy in Mtb-infected

ALY Mtb 44,

LncRNAs 722 52 M AW &, iR Z 5
PG 12 W B 75 I AE TR T T, Ok R
Z ) IncRNAs #iiE 7 TB hild F £ X EEWNAE
. LiZPURF5e kB, TB B Mg h GASS %3k
IKF-BEAR, T 7E Mitb B Je 40 il b, GASS 3K T
A BB A 7 45 W M miR-18a-5p i 2 40 M 1% 7 A A&
JEJ I . Jianfang 587 & BLZE Mtb J& 4L () PBMC
i LINCO00870 & 3 3% Jin, LINC00870 s 3 5 #1ll il
T Mtb g i) PBMC H Thi 4 i 40 g K 7, [ At
e 7 Th2 /- di M+, AR g Rz,
LINC00943 7 H37Rv J& YL iy THP-1 40 il rp 75 3%
ik 1k Gk LINC00943 ] LU B MR i [ W, %6
B AF 5% & B LINC00943 £ 5 % 9% i#F &,
LINC00943 i 14 has-miR-101-3p {& 7 & J 40 iy 4
B RIARYT SRR . /N BE A GE i 8 15 SK-N-SH 41
Jiil o LINC00943/miR-142-5p/#%; ¥ iz & 11 T
alpha 4 (Karyopherin Subunit Alpha 4, KPNA4)/
NF-«B i} Jd 5 MPP+ i S o' . A
WEFE 1 4% 72 LINC00943 76 TB g/ L 2R
LINC00943 7] fgJ2& TB i3 77 B9 7E 0 14,

TLR4/NF-«B 15 5 il #% 5 % i g % V)M G .
— IS RIE , cir_0001204 1 iF TLR4/nf-xB {55
A [ P 1 Mt JER UL 1) 0 40 it 1Y) 8 E R . Liu
ZED2U M S, microRNA-502-3p 38 1 #8 / Rho #H %
W 1(Rho-associated protein kinase 1, ROCK1)#
i TLR4/NF-xB {5 5 i #9815 R AE I, {2 #F Mtb
1 LG A0 B A AF 05 %2, AWFSE b, i TLR4/
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NF-

kB 15 5 1% 30 i 7 &b B UE 52 . TLR4/NF-«B i

B A BT DL LINC00943 % Mtb Jak 4% 1 W 41
M mE R AE BEME ., B Z, LINC00943/TLR4/

NF-

e B AT LA e W 20 i P Mt B 7 3% 3, X AT

AEN TB 2t — A Aird rih 7 LA .

£i LTIk  Mb G HA% 40 I b LINC00943

ik FR ., LINC00943 i i+ TLR4/NF-«B 155
T [ A5 5 3 I A AN M b R SRR L
A T Pt Mtb 46 K % % 198 AL i, LINC00943/
TLR4/NF-«B 4% W 2 7] Ge A B T - K W AE R TB
BFEIRTT T WA i
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