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Abstract:

[Background] The mechanisms of silicon dioxide (SiO,)-induced inflammation and cell injury in
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pulmonary macrophages are not fully characterized.

To investigate the potential roles of inhibition of toll-like receptor 4 (TLR4)/nuclear factor-kappa B (NF-kB) signaling in
inflammation and macrophage polarization in mouse Raw264.7 cells in response to SiO, stimulation.

Sixteen 6- to 8-week-old C57BL/6 mice, half male and half female, were intratracheally instilled with 50 pL of SiO, (50 mg-mL™
in saline) or normal saline via oropharyngeal route, and the lungs of mice were harvested at 14 d and 28 d post the first challenge of SiO,.
HE staining of mouse lung was used for histopathological analysis. The expressions of TLR4 signaling-related proteins were detected by
Western blotting (WB) and immunofluorescent (IF) assay, including TLR4, myeloid differentiation factor 88 (Myd88), and TNF receptor
associated factor 6 (TRAF6). Raw264.7 cells were stimulated with SiO, (100 pg-cm?) for 12 h in absence or presence of TLR4 inhibitor
M62812 for 13 h before the culture supernatants and cell lysates were harvested for analysis. The expressions of key components of
TLR4 signaling cascade including TLR4, Myd88, and phosphorylated nuclear factor-kappa B P65 (P-NF-kB P65), P-1NF-kappa-B inhibitor a
(P-1kba), tumor necrosis factor-a (TNF-a), and interleukin 6 (IL-6), M1 phenotype markers inducible nitric oxide synthase (iNOS) and
cluster of differentiation 86 (CD86), as well as M2 phenotype arginase-1 (Arg-1) were accessed by WB and IF. The expressions of
inflammation factors IL-6 and TNF-a in supernatants were determined by enzyme-linked immunosorbent assay (ELISA).

After SiO, intratracheal instillation for 14 d, the HE staining results showed obvious fibrotic nodules in the lung tissues of mice.
The results of WB analysis revealed more abundant TLR4, Myd88, and TRAF6 in the silicosis mouse lung samples than in the controls. The
results of IF assay showed an increased abundance of TLR4 and Myd88 proteins in the lung samples of silicosis mice at 14 d post the silica
challenge, compared to the controls, indicating TLR4 signaling activation. As seen in the in vitro experiment, significant upregulations
after the exposure to 100 pg-cm? SiO, were observed in TLR4 and P-1kba at 6, 12, and 24 h (P <0.05); Myd88 at 12 and 24 h (P < 0.05);
and P-NF-kB P65 at 12 h (P<0.05). The inhibitor significantly suppressed the expressions of TLR4, Myd88, TRAF6, P-NF-kB P65, TNF-a,
and IL-6 in Raw264.7 cells. In addition, the SiO,-induced M1 phenotype marker iNOS was significantly suppressed, but the M2 phenotype
marker Arg-1 was increased in the Raw264.7 cells.

The inhibition of TLR4/NF-kB signaling could result in a reduction of the inflammation response and the transition of M1
toward M2 phenotypes of macrophages in response to SiO, challenge.

silicosis; TLR4/NF-kB signaling; macrophage polarization; inflammation
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BERBYIE T LA B R R R R I R R ELEH AT
R,

Sio,(1K9MNSERO K A 2 um RIRAY Si0,, A SLTe
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HFHEHM BcA EHEERNXFEMEREILTEN
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FIZ Ausbian AF]; DMEM IE7E. BREHE. 58
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M62812 Iy B [ Tocris 28] ; ®¥1 TLRA Z &
{9 B Z=[E Novus Biology /A 8] ; & T P-NF-kB P65
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F Myd8s R EIAM EXE R&D AT, RIT—
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{E5@I&H TLR4/Myd88. P-NF-kB P65. WEER Y HIIZ A
F 1kappaB #1#l1 & B a(P-1NF-kappa-B inhibitor a, P-
1kba) B9FRIX, BE ws FE[E“1.2.3”, Sio, FFZ Al
KASRMIE 160 °C 2 h IERAREFR,

KAREREN 3 ugmL™ B9 TLR4
IHIF Me2812 /) B EREZRAR Raw264.7 #F TLR4
HIZRIK, 7 Raw264.7 ABEFZFET Si0, A7 1 h I TLR4
HEIF M62812 FHTFRAME, FHON Sio, HEIRIE 12 h,
M62812 BIYERSBY 8] 13 h, Si0, BIZEETIE)A 12 ho

FRLERARIANZGENELEY, PE)RE
Si0, Xz TLR4 #MNHIFI4h IR AY Raw264.7 BN S EH,
XA WB JEHN TLR4. Myd88. TRAF6. P-NF-kB P65 LL
K R EEF TNF-a F1 IL-6 IE B RIA, wB EES B
[“1.2.3%

A IF /R Raw264.7 ZHRE P-NF-kB P65 Y
RXER, BELIEA/NE Raw264.7 BT ETR
DN N ESRBEARPEELR, 02%R "
FEXERBEGERAERDEN s%FPMERFS 1h,
—EEER, PBS HiE—fE, S—HBEKNZE
= NEE 2h, /[T Leica TCS SP2A0BS R £
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£ B-Alsh&E B (B-actin) WREXKF, ws EAEA T ER
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TMME, ZMHIZE M. ARG K. B E &
RETE, RETNEMETEF(BRERETR) . HE £
BER: S0, RIBMESE 14 KB T HENREND,
RIAFARIEE, BN, 280 B K
MEMZEEL, B WA MET, ERRASEE
EhokAAEEL, YRR B PRI A AT LI B B E g 0
(B 1o
2.2 FHR/NERATEL R TR (SEHEXERRAT L
WB ERER, SHIBEKALLE, RERE T
Si0, 55 14 KIGhyFiv\ERAfi4E4R 0 TLR4. Myd88. TRAF6
EAXRAKFHEEEIM(P<0.05) (B 2A. E 2B), IF
ERET, SHEEHKALR, W/ EMARS
TLR4(£%£8) F1 Myd88(£1ta) S EFHEIZIN(E 20),

D BN T PR 4
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(] BIEATRAEL A B D5 AEIREKARM Si0, Ho 1. 2. 3 RT
FREBAIEE.
1 SiO, E&R/ERFALREI LT (HE £8)

Figure 1 SiO, induces silicotic nodules in lungs of mice (HE

staining)
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43 KA 510,48

soumillc N 50
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0.01, ***: P <0.001)(n=4); C: IF ¥/ R AL TIRA(LR )
0 Myd8s(£I ) EHMRIE.

2 BWENEETALST TLRA (5558885
Figure 2 SiO, dynamically activates TLR4 signaling in lungs of
silicosis mice

2.3 /iR Raw264.7 MR LR Si0, = /5 TLR4A/NF-kB
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WB &R E R, SXERALL, /N Raw264.7 4
EET Sio, 6 h 5 TLR4 REMEXBERIFT T Mydss
HIRIABAEIE, 12 h RiAE=, 24, 48 hCSREIEE
K. SXTERLAMELL, BEET Si0, 12 h BY/\ER Raw264.7
AR P-NF-xB P65 FIE B RIAKFEHEIE M, 12 h
RiEkiezm. SXRAMELL, BEF sio,6h B/ E
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CE] A: wa 13 sio, 38 Raw264.7 4R EIAT[E] 2 TLR4. Myd88. P-
NF-kB P65. P-1kba & F 7K F ; B : Raw264.7 40 i /< [ B j&) &=
TLR4. Myd88. P-NF-kB P65, P-1kba BEHIEFEENH(*: P <0.05,
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B 3 Si0, ¥l i Raw264.7 41 TLR4/NF-«kB @RES
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Figure 3 SiO, dynamically activates TLR4/NF-kB signaling in
Raw264.7 cells

2.4 1% TLR4 J5 Raw264.7 ZAR S TLR4A/NF-kB & E&
KBEAREIMRERFRIRIE

WB £ R KA, SXTERLAAELL, Sio, 5 12 h BBE
FIAT/INE Raw264.7 ABREAH TIR4 REMEXERFE
=S % F Myd88. TRAF6. P-NF-kB P65. TNF-a # IL-6
RIZRIA(P<0.05) 0 HTE Si0, R3Z Z HIA N TLRA 3N
7 M62812 BY, /)N Raw264.7 4l ffi F7 TLR4. Myd88.
P-NF-kB P65. TNF-a # IL-6 B9 _E AR IF55(P<0.05)
(&l 4A~E] 4B, E] sA~E 5B), IF £RE /R, 5 sio, &
FALLER, sio, M TLR4 NHIF M62812 RIBHI P-NF-
kB P65 BY 4R B 1% PH M B 43 tb T & (P<0.05) (& 4C.
4D) o

ELISA Z5RER, S¥TERLAMELL, /B Raw264.7 48
iz sio, M IBFAMIBAR LBFP R EAME T
TNF-a 1 1L-6 B9 73 A8 AN (P <0.05), M 7E TLR4 N
I M62812 FHIF T, EFRIAKTIK Sio, REHEE
BE{E(P<0.05) (B 5C)o
2.5 P TLR4 3% Sio, IEFHY Raw264.7 IR M1
RRFTRBEZWL

WB £5RKRAA, SXTERLAALL, Sio, 5 12 h BHE

AT /IR Raw264.7 AR M1 REATEY INOS
0 cD86 BIFRIA(P<0.05), /NE] Raw264.7 4L siO,
SFeEEH TLRA 417 M62812 ThEIRIK/S iNOS B9 8
MR Si0, FFLHPATIRE5(P <0.05), [AIRY, Si0, F&E
BEE T T /B Raw264.7 AfEH M2 RE Arg-1 #Y
RiIK, Sio, Z23=E A TLRA HDHIF M62812 T EIR LAY
Arg-1 FIFRIAER Sio, 2540 LiE(P<0.05) (Bl 6),

PBS S0, SI0,+M62812
— ‘ Lt -
e ]
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P-NF-kB P65 2 EH7KF; B: 1 Raw264.7 4R TLR4 FRIX/F TLRA.
Myd88. TRAF6. P-NF-kB P65 I BIFEE DM (*: P <0.05, ***:
P <0.001) (n=3); C: RRRILIMINE] Raw264.7 4BFf TLR4 [T P-
NF-kB P65 BY R IXIE (AR R =25 um) ; D: K Image J 2.1.0 54
XF P-NF-kB P65 1Z PR & B RNAMIHITEE D, FAMEHARE S
L=z BRMELRBER /AR R EE(*: P <0.05, **: P <0.01)(n=3),
4 %) TLR4 Fok10%) TLR4/NF-kB (5 SBKRIES
Figure 4 TLR4 inhibitor inhibits silica-induced TLR4/NF-kB

Sio, Si0,+
M62812

1

signaling
PBS sio, SO+
™2 Mme2812 oy prepee
o X
‘ .- - —— TNF-o i 3
S - ‘IL-6 2
— o
i

— W= GAPDH

TNF-a IL-6
D PBS =Si0, = Si0,+M62812

250 e
200

150

100 P

——
50

0

REIRE/(ngL) [0

TNF-a IL-6
O PBS E=Si0, ®=Si0,+M62812
CEI A wB R3] Raw264.7 4R TLR4 IR TNF-o l IL-6 EER
JBIKIE; B: D Raw264.7 4HAE TLRA RIX/G TNF-a. IL-6 BEHBIHF
EEPF(**: P <0.01, ***: P <0.001) (n=3); C: ELISA ¥ NN
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MIEE(*: P <0.05)(n=5),
5 0% TLR4 B LURER Si0, B SM/\E Raw264.7 4HkE
B R E R L
Figure 5 Reduction of inflammation in response to SiO, challenge
by inhibition of TLR4 in Raw264.7 cells
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