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WEEAR LR FRAAE AR fL, #50 TLR4 F1 MUCSB 933k, T &R 2GR 2R TLR4 (3R3L, WA 40531
A5k, MUCSB A9 235 DL K S0 7 B A A8 Ak o BT ARAN A A Y, i ot 0 i Y, ok TLR4 )5, i
MUC5B 23k, LM WLEE NF- k B FIBERR 1L NF- k B(p-NF-« B)A0754k ., 5% (1)TLR4 1 MUCSB fEx ik
B R/ R RIE(P<0.05); (2)FAKTLRA BRE Ik /> MUCSB MSRE R T3R5, DL R fifad fork &
#(P<0.05); (3)LERSN, s TLR4 AT &K p-NF-« B Il MUCSB Y551k (P < 0.05). &5 & 3 TLR4/NF-
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Regulatory Mechanisms of TLR4/NF-k B/ MUC5B
in Allergic Rhinitis
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Rehabilitation University, Qingdao Shandong 266000, China)

[Abstract] Obijective To explore the regulatory mechanism of TLR4/NF~-«k B/MUCSB in allergic rhinitis.
Methods A mouse model of allergic rhinitis was established to observe the changes in pathological characteristics
of the model and to detect the expression of TLR4 and MUCS5B. By reducing the expression of TLR4 by intranasal
administration, the histopathological changes of TLR4, the expression of MUC5B and the concentration of
inflammatory factors were observed. An in vitro cell model was established to detect the expression of MUCSB as well
as to observe the changes of NF—k B and phosphorylated NF-k B (p-NF-k B) after knockdown of TLR4 by cell
transfection. Results (1) TLR4 and MUC5B were highly expressed in a mouse model of allergic rhinitis ( P <
0.05); (2) Lowering the expression of TLR4 could reduce the expression of MUC5B and inflammatory factors, as
well as alleviated allergic rhinitis (P< 0.05); (3) In vitro, knockdown of TLR4 could reduce the expression of p—NF—
k B and MUC5B (P< 0.05). Conclusion  The regulatory mechanism of TLR4/NF- k B/ MUC5B in allergic rhinitis

provides the new ideas for the treatment of allergic rhinitis.
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PR PRI AN . T ANAE . AE K 40 M 45 o i B
I PR WLAE IR B35 5 5 | FTWEIE | 5 S o 45
PRI R S KNG . S5 R . BRERE
FERAED . AR VEN 1 FBHERSRG, SgmBEm
W H 0 i PNV 1o W FIRYT AR Y %
FYrAMe sy . KERY . A =2 PR
G RSB GBI AR T AR IEIR,
(ERIRIT AR RN AR . ik, M &AL
(4 £ BT 2 T IR YT 7 O I .

1E BB H, AR B0 N R BRE A
E(IgE) /ST BB N S, 1R N Thl Fl Th2 4
PEN KA AR MLAL A BEUR N R o Toll FEZ 1K
4(toll-like receptor 4 , TLR4) &1 FifgtE = 54K
PEFNARAT M Ho 328 J g A AR I 2 AR T, e fagee
FH 2 (A 53 b ke B F 2L T /R ] . TLR4 5 H
REEA TR 2 S 20 Th2 MBI, M2 AR 56
GRER ARG KT, B A MR UER] TLR4 £
AR R RIS SR TLR4 Y ELAAE AR FEHL
HlAT SR T BRI IY . A SCEBHRSY T TLR4
FER N FR SN JREEALE], B 7 RIRYT AR $R4E
B )

1 HEET®

1.1 AR/NRIERBEESTSHA

f# A BALB/C /N B ( Cyagen, W [E), &4 6
HUFT5288 . S28 4 N s : (1) control 4 -
IEH R, A R KA (2) AR 4L (]
PRIV AR A AR B, Jrikn R . BHl & 0.5
mg/mL BRYE R A 20 mg/mL: 2 A AR A0 A BRER K,
FESS 0, 7 A 14 I8 i 18 s 7 78 AR /Nl
Bl R 21 K, M 3% B8R & A e/ U
W DL EEEERE 7 d, DA AR B, S2EG
T TR (1) AR: RS E HIES
AR BERY, AESEAT I B0 S 00T 3 h, il AR SR
AKALBE/NER B R s (2) AR+shRNA: #E4T AR
RS ST 3 h, {# ] 20 pL A9 sh-RNA(Santa Cruz
Biotechnology, £[E), it & N4, 25 1Y 7 R %
TLR4 %53k ; (3) AR+sh-TLR4, #F1T AR 575
S HF 3 h, fdi ] 20 pL AY sh-TLR4 ( Santa Cruz
Biotechnology, J¢[E), i i & N 45 25 1 7 XA 4%
TLR4 B ik, SLEM e ~pig FAEYRHHE AR
N E LS S PR DL 2s T (PZ20240112),
1.2 ALAREFKEN

FESS 28 TR T i A 1 RSS2 h

Ja %t /NERHEAT IR o FE /N BRI FS 20 3 10 Bkl
5, &R 4% 2R (Beyotime, HE) Fh2 o
TBCHES 15 4 ) S R B, WK A B R A7 A e
ARSI S pm P)R, fEHZRAKE L AT
a5, MERHLSE R
1.3 RIEREFKFERN

BHR Y NN, ST RIPA 28 ik
TSR . HARFRAE 4 °C T L 2500 r/min
B0 10 min, CBEEAMESH . 1L-10, 1L-4. TNF-
o HIIFN-y AR B+ R AL P2 R 9 07 2208 ELISA
B H) & (R&D Systems, £ [E ) 7E450 nm 4Zb M 2 W
JeRE, JEITERE.
1.4 ®REARLKEE

B A 80 R el ] — 2R AT B s Ab B,
FEA W B RS R AT K A B AR AT 6 R R 2% v
bR E o 1 3%H,0, 43 LABH Wit
AALEE, A 5%BSA H A5, i A—3HT MUCSB
( ab77995, Abcam, 1:2000, 3% [ ) 1 TLR4
(ah22048, Abcam, 1:2000, E), f£4 CF
WFE AR N —H1(ab205723, Abcam, 1 : 2000,
EH), EEE FEE 30 min, IIA & IBKAE
e (DAB) 58 €5, i /K 325 W J filt T b MR e 3t o
1.5 SERWStEE PCR(gPCR)

f#i FH Trizol(Sigma, 3% [ ) 42 B4 ZUH1 40 ifg v
B ELRNA, f# H57) & (Takara, HAS)BFRNA K
i S B cDNAL INABIY)E, & PCRY™
WA . TLRAZIYF WM T« 1E M 5-ATGG-
CATGGCTTACACCACC-3", X ] 5'-GAGGCCAA-
TTTTGTCTCCACA-3'GAGGCCAATTTTGTCT-
CCACA,
1.6 HHpAIEFERALE

£ RPMI1640 5 3 5 4% 35 HNEpC 41 it ( A
BRI R A0, Ocricellbio, W), 781 5%
FEAANTE 2 Mm/L B9 L-A 2R . 100 UmL %
. 100 pg/mL BEEE R 10% M. 1ERE N
37 °C, MBEER 5% AT, FRan il A R ik 5]
80% ~ 90% JE 5 B L. [ AE 24 LPS Ab 212
i3 1 he
1.7 ‘RAniE

A0 M3 AP 2] 6 fLAR T, FE RPMI 35 37 2
(Sigma, EE)TWEF IR, FHEBICE, A
OPTI-MEN I &l 195 % 5% %& (Thermo Fisher, 3E[H ),
i FH Invitrogen SEATA0MEFEYY, K5 TLR4 siRNA Fl
Lipofectamine 3000( Thermo Fisher, Z£ FE)R &K
WEGY . Uit qPCR Rl .
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i FH RIPA 28 vh i 24 ft A ML $R BB R (1, 3l
it BCA VA X 8 M B i 17 & o i | SDS-PAGE
SEEN, JEERSF PVDF B E . {fiH 5%BSA %f
M1 h, JEMA—PEE . 24 TBST kKIS, A
THUE . A Tmage J X AT K R (E 9EAT E
3T, PR EAT . MUC5B(ab77995, 1 : 1000,
Abcam, ZE[H), TLR4(SAB5700684, 1 : 500, Merck,
M), B-actin(ab8226, 1: 1000, Abcam, )
1.9 SitFEaE

1 FH GraphPad Prism 9.0 oA ( GraphPad
Software, 32 E) TG M. I K317 2
Mz geitmtr, F R 22555 (ANOVA)
HF 24U LG 0. dF—2 P LR
Tukey's Ki 5, 1 GER LAIIEC = b2 (R+5) %
Ny P<0.05 NZESAGIHHE L.

2 &R

2.1 MUCS5B #1 TLR4 £ AR /NBRH B RiE
o 71N BB FIE 2 2R e B AR A R AT TSR,

A

Control - AR

HE YL 25 0 WoR, X IBal v, B0kl iR 35 i 4F
EHEFIEE S W AR AR ML BEAL, LAl
MR, SRR RE G I, ULIE 1A, XTZU) A
PEAT 90 I F /KRG, 255 7R, A control 41
AHLE, 7E AR HAREEKFE N, RIMK IL-10, IL-
4 FITNF- o &0, IFN-~ 3/, WL 1B, 7EAK
Urgsr AR BERLJS , 3 i s e gl 2k vk ki T
MUC5B #1 TLR4 1y BH 4 21k . 4528 & B MUC5B
M TLR4 76 AR WP FHE R 3 T X B, 257
HAG %5 X (P<0.05), WHE 1C~1E,
2.2 TLR4 7£ AR HHIEH

J 7 PEAG TLR4 76 AR 9 JE 5 EH, #F sh-
RNA Fil sh-TLR4 #1758 N 4525 . R qPCR £l
ARIAH P TLR4 K1k, 5 AR 441 AR+shRNA
ZHAHLL, sh-TLR4 417 A9 & i 2w b, Bl T
FEMERLE), TLR4 7F sh—-TRL4 ZHh R, VLK 24,
Wt HE 42 6 3F Al TLR4 X &0k 5 45 215 BT 245
HI54 . AR F1 AR+sh—RNA ZHr, BURG R 454 &
w, ML, FEBE, HEIIEELSE; W
£ TLR4 TEZ G, WEG %M, 4EMEm
U /N, UL 2B, il ELISA U2 T 44U 1)
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Fig.1 Expression of MUC5B, TLR4 and inflammatory factors in an AR mouse model
A: HE Z @60 SkE R IR 4k, B: IFN-~y, IL-4, IL-10 1 TNF- o 7EZHZUHNERIE; C: MUCSB 7EA i IA MR
D: TLR4 A ZUh R FAYES; E: MUCSB Al TLR4 B PRS2 50 15 "P<0.05, “P<0.01,
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Fik, JLELER LI TLR4 28 FHZ )5, p-NF-
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FEURSNE L NF- k B 3 87 MUCSB ik, I
K 3C,

1 2 3 4 1 NCI-H292
MUCS5B = e s e 596 kDa 2 NCI-H292+1PS
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1 2 3 4
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Fig.3 TLR4 regulates MUCSB expression through NF-kB
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AR & | PSSR, 0 T R Y A
SR RN G . HAGRYT S 2 T,
. SNPUA NG, SN EESE T AR
S BYREAR FO R AR 0 B i, (H— 28 i 5 R 422
Z e RPN T IR R . AR Z2H0H R
JERPAEG, BE A E X RBE VIR a7 ik,
i an . 3k RO R S5 A 9T 1k (allergen immu—
notherapy, AIT)", [RL, & B Z 5005 0K
BIT TR EER . AR K S5 e N 2B
PP Z A TLR4 78 AR BA7 2R
RIF SRR TR 1A

AR BIBLHISE A, ¥5 S 2 Fh 4 92 8 i R0 A A
R B Rl o 9 4n, 38151k T 48 Bl (Treg) 20 AT
B 40 . A 20K 40 I ( dendritic cells, DC)4¢, H
o DC FE S92 028 R G EE R S B R T IR, 7R
AR A R T S 8. Toll £ 32 {4 (toll-like
receptor, TLR) AJ 7E G4 18 £ 45 56 K Hou 5 3 fi Al
T SR T I R B E S Y. TLR By SR
P DI RE 230G DC G, DA BORS I SE 2 1Y
RAE R AL 2 HFSE U] TLR4 )2 45
A AE BRI 6 DC, W 20 i 45 f 28 240 Jf e 013
TLR4 25 5 35 50 05 AH S B 19 & A= HLR Gk Bk 92
W UM O o AR A, 78 AR /N RABERL
TLR4 5 3 & Rk 1R (P < 0.05), X FI 1 T
T REEA SRR LS R —3, 7£ AR 855 TLR4
(1 mRNA 3k i A AU 2 45 R 3 1 T
HH(P<0.05)M4, FEH SB(mucoprotein, MUCS5B)
RAERHEAN EERIZ—, EFFIIER T
& B R R E . BIE W] MUCSB 75 B2 B
(‘asthma) A1 12 14 FH 2€ P il 55 ( chronic obstructive
pulmonary disease, COPD)HHZRIEIS), FE1E 1 & 52
2, MUCSB ZZ 2| SAE R, ATk mte
7E 1 BN R IATE 2 Hr, MUCSB Bk AR
M oCHE LN Z — 7, FEEF MR, KITE
AR 1 MUC5B (P <0.05),

TLR4 75 21 458 45 v A LA A0 40 11 %
FE 20 MR TR D RE S . I T SRE AH GBI
o, 0 TLR4 A 2 1 R RLAIRYT ikt
AR, EF @SR ENGLMIT, K
ik TLR4 Y335, I TLR4 J5, /ML AR BOELY
R E RIS B2 . IAh, MUCSB YRIA IS
it PR (R BE SRR . S, A CFE R TLR4
Z 5 AR W RIS FE AR S 25 314 1

e, ARBHFERYLUEB AT T AR KE P
TLR4, AT 89 BEAIL R 4 RE 2V 1 L O¢
TRz 2 [ R T AR WA YT VE g Ui B,
X K2y Wi R E MUCSB 363k, DI 2% fff
7922, AR HE— B UEB, 1) TLR4 M 4%
MUCSB ik iR Y7 )7 2 A iy

TLR4 7] 38 i3 ig 2 B¥% (lipopolysaccharide , LPS)
PG 2, AW LPS HE ST AR A1 i g AR A
LPS i % TLR4 i, HNEpC ZiJfi b, TLR4 A %
KHEIN, TERYL T SiTLR4 Z )5, TLR4 FIAREAE .
RS, 2£FKM T MUCSB 74 b g 33k, AN
/NEARBEAL—F, S5 FEM], @i TLR4 1 3R
k4 T3 MUCSB KRB FEML . A T#F— P85
TLR4 Xf MUCSB i JH#EHLH] , e f A vh R 5
T TLR4 W{5-5 i . #%%% 5k IH -+ kappaB (nuclear
factor kappa-B , NF-« B) J2& 1 i 75 fe e Bk 85
BN FRRWE R T, 25205 5@ B0REE,
BN Ry 2 LR R R AT 5@ B Y. NF-x B %
18 I 2 B H A E 1 (interleukin 1, 1L-1),
fidryei BRFE H 7 o (tumor necrosis factor « , TNFa )
FITLR B3#076 . NF-« B #TE 5 215 S RIE
PRl R e A iy 7= A, NI | & 989 S i . NF-
k B 7E Z R 2B G v D A R 25
1] an = B P FL R 98 (triple—negative breast cancer,
TNBC), JT 40 (hepatocellular carcinoma, HCC)
FAPEBEZR H M (acute myeloid leukemia, AML,) 267
AREZIAE R LM, 78 HNEpC 40l , 41K TLR4
B FikJE, BElR1k NF-« B(p-NF-«k B) FIMUC5B
1R IR W Z D . X BEBIFEAR SN, TLR4 i it
NF-« B % MUCSB 3Rk, FIZEH MRS
—3, fE 1BOCTIRT AR 2R, &1
NF-« B RIS, 7ER B A% MUCSB
1 2R 38 T 22 M ARP7 . TEAM B2 24T AR 521 (1)
WFFEH, SCEEIESE TLR4/NF- k B XF AR K FLEREE
HAUR B I EH Y, T AR ' IncRNA
MY, NF-x BG5S IEN 25 AmME
s 20 LA AL B e 2 Y AR SEtE— 2L S BT NF-
k BIGYT AR A7 AR AL T B4R

2% LTk, TLR4 il MUCSB 7E AR HH &L
ik, TLR4 T M BERSZE M AR LLKFEAR AR /)N
FUBLRY A B RAE R - bk, FE 40 o & 30
TLR4 7] i NF-«k B J##% MUCSB (I3 ik. £H
B FRUER,, TLR4/NF-k B/MUCSB 7E AR H 2 F
I T IR AR, %5 5 E B T RE N AR 1)
TRIT SRR U
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