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o R BRACIE TLR4 (335 . 85 5 « 30U B A K BRI il 85 46 7 3 5 I ¥ 6 A 8 BRZE 11 E (immunoglobulin E, IgE)
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Effect of chronic Aspergillus fumigatus exposure on the expression of

Toll-like receptor 4 in the airway of rats with bronchial asthma
Zhang Lingxuan',Li Meng',Song Ge',Gao Fusheng’
(1. School of Clinical Medicine , Shandong Second Medical University ; 2. Department of Respiratory and
Critical Care Medicine , The Affiliated Hospital of Shandong Second Medical University)
[ Abstract]Objective : To investigate the effect of chronic Aspergillus fumigatus(AF) exposure on the expression of Toll-like receptor 4
(TLR4) in the airway of rats with bronchial asthma. Methods : A total of 40 male Wistar rats were randomly divided into control group
(group A) , bronchial asthma group (group B) , bronchial asthma+1-week AF spore inhalation group (group C) , bronchial asthma+2—
week AF spore inhalation group (group D), and bronchial asthma+3-week AF spore inhalation group (group E) , with 8 rats in each
group. The rats in group A were sensitized with ovalbumin (OVA) and challenged with normal saline, and those in group B were sensi-
tized and challenged with OVA to establish a rat model of asthmaj the rats in groups C, D, and E were given nasal inhalation of AF
spores twice a week for 1,2, and 3 weeks, respectively. The serum level of total Igk was measured , as well as the total and differential
counts of inflammatory cells and the levels of interleukin—5(IL-5) , interleukin—13 (IL-13) , interferon—y (IFN-v) , and transforming
growth factor—-B (TGF-B) in bronchoalveolar lavage fluid (BALF) ; lung tissue sections were used for HE, PAS, and Masson staining,
and pathomorphological measurement and analysis were performed ; immunohistochemistry, RT-PCR, and Western blot were used to

measure the expression of TLR4 in the airway of rats. Results: After the inhalation of AF spores for 3 months in rats with bronchial

asthma, there were significant increases in the serum level of total
Igk [ (109.76 + 18.11) ng/mL] , the total number of inflammatory
cells| (5.88 £ 1.04) %X10°] and the counts of lymphocytes[ (227 +
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BERERKFZR 2025 £55 50 £5 12 # (Journal of Chongging Medical University 2025.Vol.50 No.12 )

— 1703 —

and TGF-B[ (105.00 + 15.73) ng/mL] in BALF, the number of inflammatory cells in the airway (76.11 = 9.10) , the percentage of
epithelial cell detachment[ (18.78 +3.11)% ], the degree of goblet cell hyperplasia[ (19.98 +2.42)% |, and the degree of subepithelial
fibrosis[ (30.44 + 5.56)% | (P<0.05). The TLR4/B-actin value was positively correlated with the degree of epithelial cell detachment
(r=0.960, P<0.001) , goblet cell hyperplasia (r=0.944 , P<0.001) , and subepithelial fibrosis (r=0.856, P<0.001) in the airway of rats

with asthma. Conclusion : Chronic AF exposure can upregulate the expression of TLR4 in the airway of rats with bronchial asthma in a

dose—dependent manner, thereby aggravating airway inflammation and airway remodeling.
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L1 Semshdy Mt Wistar KB (I @ 55 g DL SL 56 304
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PR B 22 AR5 0 3 G A T 3 PR AR 3R L RSk 1A BB
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JERYLE BIBEBRAR , B4y B S5 38 S5 TRAT
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NCIDS
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1.2.1 LB shordl 440 HAgRAYIENE Wistar K EUREHL
SYERE) Sl (A8 H) o XL (A A1) K BUEH OVA 3
b B J5 S AR BEER K IR T A o R 2 (B4R < fifi )
OVA 75 T SR & 1) A EE R B M A A S S e
Wi+ A A 1R 2 )8 3R A (C LD E 2]« I I R B
BEJRVGS T 2 YR a5 s R ARl 0 B AR, A3 A
JA 2R3 A HARREER 1 IRMESWAJ 24 h N
EFELIHEAT S5 SL ot .

122 ST KBRS R S5 2wl A 5 i,
IR ) 28 BT L mg BPYE 2 H (ovalbumin, OVA)+100 mg
AR+ mL ALK IRE R & B (1%0VA A iR
KT o TR 1 RFIEE 8K, m 4 K RUAYHE I Py
SR mL TR EOH AT TR R o B O BRI R R
VR JEE Bk A8 4 o5 A5 40 1 1 9 200 L SRR, 30 1o R s
4200 who DRSS 15 FRALKE A BRUBCE A 1 il (V) %28 P 25 AL A
(50 cmx30 cmx30 cm) o A KR AL BERK i B EE
HREWABR W . G503 B4 JH 2647 3 7, 4K 30 min,
K83 4.

123 HIF M B TR (SRR A, K
B TR R RE R VD [ BRI B 95 2 1 7F 37 CAYfH IR A BT
KB 7d. B 10 mL# S 0.1% M E R 80 R T 52
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R A AR R AR i R .
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A, 2 B AR B F R . 2% Denis O 591 ik,
BE R AT FH 209% 134730 (5 mL/kg) %F K SR AT 4 B e
fige, R BRUTE SRR IS B HL 2 50 o FH RS T A DA LA
B LA A S0 wL A8 M B TR 8 TR (% 5X10° 4T ) , PR FE
T E A 10 mine B 2K, C~E4L0 A 1.2 .3,
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F24 hJE 1 KRR, B A AR R ER K, R
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HRREH A IR R T 109 FR R R R A 72 h B OK A A
LA S pom YT f, 47 95 AR - 21 (hematoxylin and
eosin, HE) \1d L FR 5 bk (periodic acid schiff, PAS) Fil Masson
=g, RSB L3 WA PBSTR (35 10 mL) , #4742
IS S AT I AV W5, RS 96 7 W W (bronchoalveolar lavage
fluid, BALF)#%3# 1 000 v/min, #.L> 10 min, 35 E T-80 °C
UKFRARTE o

1.2.6  BALF [ 20 ML G S5 4t fg 43 250140 K 4 I D0 0E &
EF 1 mL Hanks 7, BLO. ImL F AN 40 F iR i B
B, 000.1 mLik R, CMS Be 0 )5 F o688 R 40300 4L, 1F
AT

1.2.7  ELISA ¥ 22 it &l i 375 7 5 S 8 8R4 1 E (Immuno-
globulinE, TgE) % # & BALF [ 3§ #1 1L-5 . 1L-13 . TGF-B . &
TFN—y PR BE , 461307 i B A5 4
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I LUREIRE) o BEALAE A2 P AR IS TRAS R K B
20 i, A A B T SR IR AE B . ffi ] Image Pro
Plus 80496 B R IEA T I 25 00 28 R4y o S BT A
B ARTE 200~2 000 pm 78 Bl Y FLAE IR de JE AR 0 K 4220.6 1)
WA . ERBUCHE YY) R, 3T ROR I R A B 980 4 i
B, I bR SRR B AT R IE o SRAE IR 1R A
100 wm b B HERERE R 40T IO E R o BT
Bk L P FE RSN R o R ML AT 6 4 B R A T T, AR
WETR YR AN A R . M S B L B R L KB
D W ] 0 Sy S o S g 1 W o B s O 8
KIERT /R . LB PAS YL@ A I B4 4 X
IR ) T RR LA B R 5 AT R 1) X s T AR, ARG AR

DR L 1 e A AR Ol P G (DX el P T AR A T AR T )
IR o HEH Masson = (6 e A Y] F, Wi bl JE R
20 pm X A B 4 e 350 43 110 TR LA B S DX Sk g B TR,
JEZTF A AR B FH PR e (9 TR S B TR LE R R
1.2.9 KEUHZI A TLR4 Gy H 4k g e o 3R LS ik
I AT 00 ST 56 0 1 1 53 A S IR AR AR TR EAT IR S
Bo ERHY R AE 62 CCHEA TS 1S b R AT EE RS
FE 2B HEAT IS R K A, PBS whidk . BT A B T 95 O
TR NPT B S P15 52 20 min. PBS #hVEJE A 3% (15 &
LS F 15 min, i FH BSA T 37 CHH 30 min, JILA—$T0?
B4 CT I, PBS MPkJE A KR B30 T, 20 min Ji5 0%
B . I 1:1 000 %145 DAB LA HEA T 800, (5 5 A
REY . ®IG A BATHE QAT IOK , Z 2R,
PER RS F o M BB . PBS 40—, W e A TG 45
Ho T RAEE NSRS GE b R 40 B 5 A e kR B
B AU, 280 5 PP SO o T I AR ik R 200 15 SR AR A
15, BEPLIE IS ALY AT I & o fifT ] Image J K00 422 FH
AR 5 1) BREUGE E (integrated optical density,10D) o
1.2.10  KEUHZHZI TLR4 mRNA K 4% A B 20 23 76 e
AP TS UFES J5 A Trizol #2HL mRNA , £84) B3 42415 2
mRNA M5, B mRNA A A, 2830558 5% 4 1l cDNA L i
A=20 CUKF &1 i FH RT-PCR #4611l TLR4mRNA 235
T, WS GADPH, B34 B3 1 7 411, TLR4 _Ri#5]
Y1 5'-TGGTCAGTGTGCTTGTGGTA-3', Fiif514) 5 -AGCTC
GTTTCTCACCCAGTC-3",GADPH L5141 5'-TTGGGTCAA
CTTCTCAGCACG-3", FifE514) 5'~AGGACAGGGGCTCCAT
TTAGAC-3', ¥H ) BE293 bp. #IBULHBECE ERHAR,
JEUEATY R, YRGS RAR CUfE, R 27 R
TLR4 mRNA ik /K¥.
1.2.11  KEMGZEL TLR4 Western blot K {8 3% I BCA
AR B BRI 20 288 1, 4 IR AR P b o il Ze i IE AR AR
B, TR AR 1 B, R B O 4 mg/mL A . il
2 109 Ve 4 e A R (L TR 28 AR S bm sk s g 21 2 1 5
WA RS RE 1o 285 F ORR 7 RS P14 28 1 T e 75 38
FREF AE RS b, A8 5% Foi g 2 i A 730 1 h, 457 SR I AV
kK 8 TLR4 — 4 (Proteintech) 78 4 °C F W5 & 3 % , 1
TBST ¥ 3 K, MARYNR P S T E 2 h, A
AL W . Z )5 8T Image J 3R AEX B A T4k
B W G IR BE VR 4L 2 8 bit, BIE 2k, VARE 52 R X L O
Sy HT ELBR 255 10 43 - A G R (L
13 %it¥75 %

et AT A SPSS27 F2 )%, T TR A B + AR
(x+5) IR F R . i1 Graphpad Prism 4K {35 iR AE A
K F Photoshop #R P #E 47 8 - 4 S HEM . 22 4] HL R
FHERR 27 22 00 W47 Gevt2¢ o0, AL 180 9 LL B8R A S-
N-K 656 , A 54 23 % FH Pearson 7387 , 46 46 7K 1 «=0.05 .
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R2 HHEKXRMESIGE /KT (ng/mL,x +5,n=8)

2 & R 4151 L7 24 T AT
. A4 13.57 +3.67"
2.1 B4R R BALF WV ¥ & fa o3+ SR 4 K 3+ 4 , )
s L B 26.54 + 3.14
C.DE 21 L BALF 241 2450 ik O 0 i tl :
M HBGHEATHERS B, o E L B &, 2 R CH 46.24£5.68"
Giila i X (¥ P<0.001), WFE1, D4l 74.98 +9.93"
1 SAKRBALF homf AR i B A R R BRI v 10976+ 18.11°
(x10°%,x +5,n=8) FAd 77.750
25 53 WO rEERR P <0.001
A4l 1.64 £0.32" 0.44+0.17"  0.01£0.01" T :a, 5 BALHEL, P<0.05;b, 5 E41H 4%, P<0.05
B4l 2.46+0.42" 0.88 +0.40" 0.17 £ 0.06" )
(oF: | 3.50 + 0.55™ 1.37 £ 0.49" 0.40 +0.09" 2.4 MR IRIDF G A F 0T 0
D4 4.43 072 1.83+033"  0.97£0.12" 241 KRESGERIEBREM L MMpisfEE ¢ D.E4H
E4H 5.88 + 1.04° 2.7 +0.37° 1.49 £ 0.43" TR S A T PR B I8 ] LR e R T A A4 B R 288 AN Bl 72
FAi 38.011 24.137 52.265 W, 508 R I AL W TR R 41 AR RN 28 5 20 At
Pif <0001 <0001 <0001 ORI 5 85 SO b BB 5 A LR T 22 SRAT B R

¥ :a, 5 BALHAL, P<0.05;b, 5 E41 4L, P<0.05

22 BAK R diE P gk kP
C.D.E 4 K B i op & Ik K g A7 v Th e, b E
2 Ik /KB & F BT, 2 R A S it 2 L (P<0.001) .
22,
23 AWK ABALF L& mia B FK-F
L Dy K B A il B3 98 T 3 5 US , BALF E3E h IL-5,
IL-13 . TGF-B 7K VB W 3, Z 5 A S il 2= & L (¥ pr<
0.001) , T} IFN=~ 7K - A W A M 25 )5 22 57 Bge 2= 2 X
(P=0.654). W33,

(¥1P<0.001), WE4,El1,

242 FHKEAE DR AERE £ BAHKR
9 PAS Yo (O HIBUR T A 4, WG K R BR T B TS,
AE bR PAS e 0 T FR AT MR R E 4 Y (0 PRl R
(P<0.001), WLKE2,%5,

243 FHRKRAE FERESHETIARE C.D.E
41K BACHE F R Masson e 68 1 AR BEAT MRS K, HE 41
oo AU K, 2R A G E X (P<0.001) . LA
3,%5,

%3 REKRBALF £ IL-5.1L-13. TGF-B.IFN—y 7k F (ng/mL,x + s ,n=8)

415 1L-5 1-13 TGF-B IFN—y
Al 9.81 +2.98" 16.08 + 3.55 23.49 +2.99* 22.05 + 6.57"
B4l 18.05 + 4.75 30.24 + 6.55 35.25 £ 6.63" 34.91+7.84
c4l 28.79 + 6.67" 46.81 + 8.04™ 54.07 + 4.87" 34.09 +5.23
D4 40.30 £ 5.97" 74.92 + 13.54" 79.85 +9.92* 37.39 + 6.88
E4H 54.08 + 9.26" 118.63 +20.51° 105.00 + 15.73" 36.72 +7.68
FAH 47.006 68.507 78.072 4.963
P{E <0.001 <0.001 <0.001 0.003

W a, 5B, P<0.05;b, 5 E4 A, P<0.05

R4 BEXRKE R RIERS MRS K ELLE (x £5,n=8)

415 JAEAMN (FF 100 pum FEJFE) WE TR P R 240 L (e mm BEJC ) JBE7E L e BE S AR (%)
Al 10.75 + 3.42* 0.02 +0.01" 0.00 + 0.00™

B4l 20.95 +5.31" 0.56 +0.15" 2.24 +0.40"

c4l 29.88 + 6.86" 1.07 +0.47 5.55+1.53"

D41 5211+ 11.61% 2.22 +0.64" 10.63 +2.31"

£4l 76.11 £9.10" 3.75 £ 0.63" 18.78 +3.11°

FA 67.773 63.364 96.223

PA <0.001 <0.001 <0.001

T :a, 5 BAH I, P<0.05;b, 5 E4 A, P<0.05
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x5 BAARKMSE LK PASEEERLLE Masson &AM ER L E (x £5,n=8)

2H 51 PAS Yt A b B2 4 AR (%) Masson e (6 FHME T F/FE AR 20 pom XI5 A AR

A 439 +0.92" 3.30 £0.61"

B4l 822+ 1.17" 10.78 £ 2.57"

okl 11.60 = 3.06™ 17.87 +3.13%

D41 14.20 + 3.05" 22.60 + 3.89"

E4 19.98 +2.42° 30.44 = 5.56"

FiH 39.368 52.383

PAH <0.001 <0.001
E:a, 5 BALEE, P<0.05:b, 5 EALILEL, P<0.05
2.5 AR R TLR4 mRNA ¢ &k 5

Real—time PCR %% 5 /7% , 48 1 5 Al 05 00 ik Ak 42 T
W Wi K B TLR4 mRNA 9335 0 WA 3 JH I JCH B (P< e .
0.001). UKl 4, iz ab l
26 AKX RAE LK TLRA# A% fg 3
LS R o, BA KBS E b h i & =

TLR4 %35 , il A 41K LA S0 1 ik % LT i TLR4 %% E 2- X
A5 BERGR ZE I 1,23 JAI A i 85 AR 8 I, TLR4 9 05 53 = b
FlE ARG N, E 45 A dUAH 22 oA il L (P< 1 -
0.001). W5,
27 HZAXRAAE LK TLRY Ak 0=

Western blot & I {2 7~ WA KH ih 8% J5 TLR4 2% 3k &2 H 4R
S M A AR R 2 SRS TLR4 Rk W W 7k 286 3 A S
TR EE(P<0.001), HLE 6,36,
2.8 FEARElaGAE A A

£ 20 R 19 TLR4/B—actin {8 5 5058 b Bz 30405 1B 74 12 Jir
SEIEAA % (7.=0.960, P<0.001) , 558 PAS 42 {6 16 AU H 43 1L
IEAH 2 (7=0.944, P<0.001) , 5518 Masson Y4t [H L TH A A
43 L IEAH K (r=0.856, P<0.001) . 4541 K B TLR4 Area% (5

T
A4l B4l c4l D4l E4l

1 :a, 5 BAHH, P<0.05;b, 5 E4H K, P<0.05

E4 &EAKXRMAZRTLR4 mRNAKRE

B b B 5 T v AR B 5 AL A1 5% (7=0.696, P<0.001) , 55
i PAS YL £0 1 AR 43 U 1EAH 56 (,=0.772, P<0.001) , 53 1A
Masson 4 (@ [P TR AR 1 43 b IEAH 5% (7=0.796 , P<0.001) ,
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1 2 3 4 5
TLR4 - — —
B —actin — — p— —

T 1~k A4 B4L.C4L D4 B4
B 6 Western blot#:ill& A X RATALR TLR4 IR E

%6 Western blot#&ill & H KX R S8 _E B4R TLR4 RiEKTE

(x +s,n=8)

2H 51 TLR4/B-actin
AY 0.04 +0.02*
B#H 0.18 +0.06"
CH 0.37 + 0.02"
D 0.74 +0.11"
B4 1.06 + 0.03"
F{E 110.544
PE <0.001

¥ :a, 5 B4 IR, P<0.05;b, 5 B4 AL, P<0.05

3 3t it

SO W W e — A H L P P T P T o,
KA RIEAL T A4F LT a3 . RN G P K &
o ML) 0 A B LR 3 ) 2 g A o R e Al
BT R BN E AR E . T EE
WA & SN IRES  #A ZRhad BE,  an i A8k
ARV RE BN . AR, AN I R RS
W7 Wi e Ak 22 TR 1R 56 R 7 AR TR EE I 2% . 1P 200
TR 2F B | BREE b B0 B 60 VR B A 1 in 5 32
A AE I Wi (14 0 B 25 DR

23S RVE 2 BR AR RS AT S o U 5 | R W g
B UL AT R TR AR 0 A RN I R AR, it
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