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Abstract. Objective To investigate the effect of interleukin-13 receptor a2 (sIL-13Ra2) on nasal mucosal remodeling in rats with
allergic rhinitis (AR) and its possible mechanism. Methods Rats were divided into AR model group, sIL-13Ra2 treatment group
and control group by random number table method, 10 rats in each group. After constructing the Wistar rat AR model with ovalbu-
min and aluminum hydroxide in the AR model group and sIL-13Ra2-treated group of rats, 50 wL of phosphate buffer and 50 wL of
sIL-13Ra2 (100 pg) were dripped into the nasal cavity on each side of each rat from the 4 th to the 12th week, respectively, twice
a week.Nasal mucosa tissues of rats were taken 24 h after the end of the last drop, and were stained with hematoxylin-eosin staining

to observe the pathological changes. Reverse Transcription-Polymerase Chain Reaction was used to detect the levels of TGF-B1,
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Smad2, Smad3 and Smad7 mRNA in the nasal mucosa tissues of rats in each group, and Western blot was used to detect the expres-
sion of TGF-B1, Smad2, Smad3 and Smad7 proteins. Results The nasal mucosa of rats in AR model group was swelled, base-
ment membrane thickened, epithelial cells arranged disorderly, interstitial edema, and infiltration of a large number of inflammatory
cells, whereas the above inflammatory changes were significantly reduced in sIL-13Ra2 group rats. The intensity of TGF-B1,
Smad2 and Smad3 mRNA expression in the nasal mucosa of sIL-13Ra2 group rats was significantly lower than that of AR model
group rats ( P<0.001, P<0.001, P<0.001).The intensity of Smad7mRNA expression in the nasal mucosa tissue of sIL-13Ra2 group
was significantly higher than that of AR model group (P<0.001). The protein expression of TGF-B1, Smad2, and Smad3 in the
nasal mucosal tissues of rats in the sIL-13Ra?2 treatment group was significantly lower than that in the AR model group (P<0.05,
P<0.001, P<0.001). The protein expression of Smad7 in the nasal mucosal tissues of rats in the sIL-13Ra?2 treatment group was
significantly higher than that in the AR model group (P<0.01). Conclusion Instillation of IL-13R«a2 into nasal cavity can signifi-
cantly reduce the remodeling of nasal mucosa in AR rats by inhibiting the overexpression of TGF-B1, Smad2 and Smad3 and up-
regulating the expression of Smad7 in nasal mucosa.

Key words: Model animals; Allergic rhinitis; Interleukin 13 receptor a2; Transforming growth factor-B1; Smad; Remodeling
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B JGHT AR RS B U B B (%200 )
AXTIRA; B AR BiBU4 ; C. sIL-13Ra2 AbHZH
Figure 1 Under the light microscope, the pathological findings of the nasal mucosa of the three groups of rats(x200)
A control group; B: AR model group; C: sIL-13Ra2 treatment group

22 FBAKRBHFHEMHEL TGF-p1,Smad2,Smad3  sIL-13Ra2 AL (P<0.001) , 22 53 HA G it 2 &
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AR 4] K B, TGF-B1 mRNA kW BT %HHELL(P<0.001) Fl sIL-13Ra2 &b FH4L ( P<0.001)
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Table 2 Relative intensity of TGF-B1 mRNA, Smad2 mRNA, Smad3 mRNA and Smad7 mRNA expression
in nasal mucosa of rats in each group

b5 X B R b 3L F P
TGF-B1 0.52+0.08 0.83+0.12 0.57+0.07 80.399 <0.001
Smad2 0.36+0.07 0.75+0.11 0.48+0.09 70.106 <0.001
Smad3 0.38+0.04 0.90+0.11 0.54+0.05 79.466 <0.001
Smad7 0.58+0.09 0.36+0.04 0.44+0.07 83.689 <0.001
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Figure 2 The expression of TGF-B1, Smad2, Smad3 and Smad7 proteins in the nasal mucosa tissues of rats in each group
A The comparison of TGF-B1, Smad2, Smad3 and Smad7 protein expression levels in nasal mucosa tissues of rats in
each group; B: Western blotting results of TGF-B1, Smad2, Smad3 and Smad7 in nasal mucosa tissues of rats in each

group



INAR R 2= H LR 2441 2025 4F 11 H 8539 4% 25 6 1

Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.39, No.6, 2025 <75 -

3 %W i

AR AE— Bl i M S Js 56 B 4 928 48 R 1 50
T R A B SO R R TS k. WY IR S K
(8 JH LA ZR i FHu I 0 K BRURIRE ] 5 | S 286 2]
SRR R AT L R RIEE Y, AR B Bh L5 1
ARAk K B it 45 E 98 LA [ B R e B A R
TGF-B J& T4 AEK T, e84k K
ForAk, IRl B BAT £F 4 Ak Fbt & D Rg , Horf TGF-B1
MR B Y . TGE-B1 Wil i 5 TGF-B %
I TRRI) 254, I35 TGF-B ZARI( TERI) , {2 fifi
Smad3 #fz 1k, 75 Smad2 .Smad4 ¥ 582 5V
SRR, T B 3 A0 M A% PN, T TR R L
ST, TGF-B1 BE T {2 £F 2k 41 A o3 4 38 5 K i o
Gk AR 2R AR TG K, 3 T e U o i
H P 5 BRI 43006, 00 ) 5 o o4 A 5 ML 412 1 &
AEABIE R TGE-B1 A S FH v R0 48 i
5L S AT R E A AN I T A AR, 5
T 2 40 TR YA TR O

Smads % 1 KW AE N TGE-B1 Z K FF Y,
SEHAF 5L S ML RO 2%, o] DL i R iR AR
eSS A Bl Ry T W f AN NS A== 3 - AW
Merik 2 5\ R RSN TIE AT
TGF-B1/Smad {5538 f#% AH 5 8 (7K 7 (19 828 Be %
A E E AR R B9 B R W TGF-B1 Al
W WA E 55> F Smad2/3 #HT{E 5165 18
TGF-B1 1Y #]# F Smad2/3 #ifizfk N p-Smad2/3,
p-Smad2/3 e 5 18 I e i A 11 B BT AR, 18 58 B
LT AL M B 1 7, B AT AL AR BE ST
AR A5 A 21 K BB 26 B 41 21 TGF-B1, Smad2 Al
Smad3mRNA 7KV I 8 1 ik B T &, 28 H Tt
EARES TR A E WA KA, Smad7 S 41
R At T4 Smad2/3 1w R 1k 2R, 41 46
TGF-B1/Smad 15 53 [ 1Y 38 , A 1) 67 1 3 #4E
R ARHIFSE 22 B BB A sIL-13Ra2 J5 G 36
ZHZrH Smad7mRNA 7KV K 8 11 Rk W i, 42
7 Smad7 FHE B T L 4EAL I R, TL-13 Wi S
ZH USRS S IR b e Bt B e R T 5 | K B 4R
I 30 3P S g T T R 4 I R M A R S
PR 10 LR 5 1, 7 S s 00 5 o 990 vh R 4%
FAETT 2019 4F Meng 5517 & ) —TAF 5 B
FEUARRAR S HE VR P TL-4 A1 IL-13 /K- FT 28 /% AR
BE I RAREAR . HOARBF 8 PR SIL-13Ra2 2T
TGE-B1/Smad {55 i f& 40 ] 1IL-13 B9 4E ] LWL
Xof R BB B I T 9 W Y ), sIL-13Ra2 S IL-13 &5

RNy 32 A AT DL i e g Il IL-13Ral 5
IL-13 Z54  SEm i IL-13 i e 4etbtE i, B
CUUE S & RE Bl 75 A o gk gy | AR 28 Ry R R P
B‘%EF[B-ZS] .

ARHFFELE TR W, AR B2 K RS B I i
FLIC IR | b Bz AN HES 2L, [ K i, I K
TR M3 ; sIL-13Ra2 A BHAH B35 ik R
PENCE B 0 ek 5, A D i e M A MR, A
RT-PCR K Western blotting 0 £%-2H A B & 258 ik 20
21 TGF-B1,Smad2 , Smad3 # Smad7mRNA 7K F- L)
KA H I R IRIE O, I sIL-13Ra2 A 3@ 3 ~
TGF-B1,Smad2 F1 Smad3 #Y i 3 ik, [& o 7 &5
Smad7 ik, B T AR K SBKEM X5
T A AR /N BRI JE P A 9T K BT
— 2, AT AT RE A ALy - OiE 9820 S R AR 21
W TGF-B1 235, B IE T TGF-B1 5 H R i 5214
(g5 4 BEMTFEAR T TGF-B1 (KAL) 2# 3000 ; @il 1
T B R 2P Smad2/3 (it Kk, HI 5 T
Smad2/3 WIEERRALAER , W] T TGF-B1/Smad
FEIE T LB F A 40 Smad7 £k, —
771 Smad7 7] 3# i 5 TGF-B1T B2 1K By 454 7o 4
PERH Smad2/3 BYBE R 1k i 2, T4 T TGF-B1/
Smad {5 5 ¥ T 73— J7 T Smad7 195 335 #E
T TGF-B1/Smad {5 = i i 4 1 5 15 [0l i, it — 25
WA T TGF-B1 AR Y236 1

sIL-13Ra2 X AR &% B 20 418 ¥ 094 FH AT
EZ )T, 5T TGF-B1/Smad 15 518 % , AWF5T
K SIL-13Ra2 7] DL 1 '~ 8 TGF-B1, Smad2
Smad3 7F AR K S Zh R4 40 i ik, A T v
Smad7 Fik MM T AR 5 %b B2 21 5 8RR AE i
I, A SIL-13Ra2 3497 AR H2 4L T 38 (19 3 i
2%

SE LAk

[1] Ojiaku CA, Yoo EJ, Panettieri RA Jr. Transforming
growth factor B1 function in airway remodeling and hy-
perresponsiveness. the missing link? [J]. Am J Respir
Cell Mol Biol, 2017, 56(4) . 432-442. doi;10.1165/rc-
mb.2016-0307TR

[2] Zhao R, Li N, Xu JC, et al. Quantitative single-molecule
study of TGF-B/Smad signaling[ J]. Acta Biochim Bio-
phys Sin, 2018, 50 (1) 51-59. doi; 10. 1093/abbs/
gmx121

[3] Zhang YE. Mechanistic insight into contextual TGF-B sig-
naling[J]. Curr Opin Cell Biol, 2018, 51 1-7. doi: 10.
1016/j.ceb.2017.10.001



IR KB SR AR 241 2025 45 11 H 45 39 45 45 6 1)

<76 - Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.39, No.6, 2025

[4] BaiJ, Xi Q. Crosstalk between TGF-@ signaling and epig-

enome [ J]. Acta Biochim Biophys Sin ( Shanghai),
2018, 50(1): 60-67. doi; 10.1093/abbs/gmx122

[5] T8, 2, REH, & Al IL-13 21K o2 X HR

[6

[7

(8

[9

]

]

[

[}

/N ARAE AR [T]. AR A (T
M), 2010, 4 (5): 324-328

WAN Qi, WU Shuo,SONG Ailing, et al.Effect of soluble
interleukin-13 receptora2 on inflammatory airway of asth-
matic mouse [ J]. Chinese Journal of Asthma ( Electronic
Edition) , 2010, 4 (5) . 324-328

AT, REENE. IL-13 Re2 fENTNREZ KA 55 S
BT HE R [ T]. o [ LA B %K, 2014, 30(8):
1513-1518. doi:10.3969/j.issn.1000-4718.2014.08.031
JIN Qi, XIONG Lixia. IL-13Ra2 as a functional receptor
mediates signal transduction [ J ]. Chinese Journal of
Pathophysiology, 2014, 30 (8). 1513-1518. doi: 10.
3969/j.issn.1000-4718.2014.08.031

AROCKE, W SRR M A8 S R L 4 S A
RLT]. AR BRI SRR RS, 2006, 41(1) ; 48-
53. doi;10.3760/].issn: 1673-0860.2006.01.014

SHE Wenyu, DONG Zhen. Nasal mucosa remodeling in
guinea pig model of allergic rhinitis[ J]. Chinese Journal
of Otorhinolaryngology Head and Neck Surgery, 2006, 41
(1) 48-53. doi;10.3760/j.issn; 1673-0860.2006.01.014
AR, BREEAR, DAk, 4. INK {5 5 &2 8% 1 P-INK
A P-c-Jun 752428 A 5 58 K R S 36 S 20 4 o 9 v A A
[Tl PR - S o o Sk T80 B 24 3, 2015, 29(23)
2057-2059. doi;10.13201/j.issn.1001-1781.2015.23.011
LI Qin, CHEN Yanlin, MA Yanyi, et al. Role of P-JNK
and P-c-Jun of JNK transduction pathway on the nasal mu-
cosa remodeling in allergic rhinitis rats [ J]. Journal of
Clinical Otorhinolaryngology Head and Neck Surgery,
2015, 29 (23) . 2057-2059. doi: 10. 13201/j. issn. 1001-
1781.2015.23.011

TR, ZEERIY, BREM, . HATMAE S 13 240
78 IO e A R BRI AR L G B 20 7 1 Ky TR 13
W[ T, v A g Sk S A B 2% A, 2012, 47(8)
638-641. doi;10.3760/cma.j.issn.1673-0860.2012.08.006
LI Qin, LI Yufen, CHEN Yanlin, et al. Effect of com-
bined use of sIL-5Ra and sIL-13Ra2 on VCAM-1 and
IFN-v in allergic rhinitis rats[ J]. Chinese Journal of Oto-
rhinolaryngology Head and Neck Surgery, 2012, 47(8):
638-641. doi:10.3760/cma.j.issn.1673-0860.2012.08.006

[10] 225k, e, WE, 55, AR 13 20k a2 X728

JE P AR B B B S P AR AR R T AR LT ] b
ARG M Sk A RE 2%, 2018, 53(10) : 745-750.
doi ;10.3760/cma.j.issn.1673-0860.2018.10.006

LI Qin, QIN Guizhen, GU Xiao, et al. Effects of sIL-
13Ro a2 on the nasal mucosa goblet cell apoptosis of

allergic thinitis of rats[ J ]. Chinese Journal of Otorhino-

[13]

—
—
9}

[}

[17]

[18]

laryngology Head and Neck Surgery, 2018, 53 (10) .
745-750. doi: 10. 3760/ cma. j. issn. 1673-0860. 2018. 10.
006

SR, XU HE. bR P S R e S B AR
PERELT]. I R H- 5 ofe Sk B4R, 2010, 24(15)
717-720. doi: 10.3969/j.issn.1001-1781.2010.15.017

LIU Jianguo, LIU Yuehui. Research progress on patho-
logical morphology of inflammatory mucosal remodeling
in upper and lower respiratory tract[ J]. Journal of Clini-
cal Otorhinolaryngology Head and Neck Surgery, 2010,
24(15): 717-720. doi: 10.3969/j.issn. 1001-1781.2010.
15.017

sk, Fass, M, % S -SRERFIEY
WEFEHERE[ ] . [EIBR G Sk 34 RL AL A, 2016, 40
(2): 75-79. doi: 10.3760/cma. . issn. 1673-4106.2016.
02.003

ZHANG Min, WANG lJianting, WU Dawei, et al. Re-
view of mucosa remodeling in chronic rhinosinusitis[ J ].
International Journal of Otolaryngology-Head and Neck
Surgery, 2016, 40(2) : 75-79. doi:10.3760/cma.j.issn.
1673-4106.2016.02.003

El Nashar EM, Alghamdi MA, Alasmari WA, et al.
Autophagy promotes the survival of adipose mesenchy-
mal stem/stromal cells and enhances their therapeutic
effects in cisplatin-induced liver injury via modulating
TGF-B1/smad and PI3K/AKT signaling pathways [ J].
Cells, 2021, 10(9) : 2475. doi:10.3390/cells10092475
Postma DS, Timens W. Remodeling in asthma and chro-
nic obstructive pulmonary disease[ J ]. Proc Am Thorac
Soc, 2006, 3(5): 434-439. doi: 10.1513/pats.200601-
006AW

Lapperre TS, Willems LN, Timens W, et al. Small air-
ways dysfunction and neutrophilic inflammation in bron-
chial biopsies and BAL in COPD[ J]. Chest, 2007, 131
(1): 53-59. doi:10.1378/chest.06-0796

Wang X, Chu J, Wen CJ, et al. Functional characteriza-
tion of TRAPI-like protein involved in modulating
fibrotic processes mediated by TGF-3/Smad signaling in
hypertrophic scar fibroblasts[ J]. Exp Cell Res, 2015,
332(2): 202-211. doi:10.1016/j.yexcr.2015.01.015
A, E TR, SOHA. AT B g I 28 AE AL ) AR
HERELT]. RS M ALk, 2017, 40(11) : 810-
812. doi;10.3760/cma.j.issn.1001-0939.2017.11.005
HUANG Mao, JI Ningfei, WU Chaojie. New progress
in the mechanism of airway inflammation in severe asth-
ma[ J]. Chinese Journal of Tuberculosis and Respiratory
Diseases, 2017, 40(11) : 810-812. doi: 10.3760/cma.j.
issn.1001-0939.2017.11.005

HE, #a4, 2RK%, 5. =5 w5 k
BRI 28 i P2 v TGF-B1/Smad {5 53 #% 1 5% i



INAR R 2= H LR 2441 2025 4F 11 H 8539 4% 25 6 1
Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.39, No.6, 2025 <77 -

[19]

[20]

[21]

(22]

(23]

[24]

[J]. PEFPFEELS S, 2017, 37(10) ; 1226-1232.
doi:10.7661/j.cjim.20170714.185

TIAN Yan, CUI Hongsheng, LI Changan, et al. Effect
of three stage sequential therapy on TGF-f31/smad signa-
ling pathway in asthma model rats in the process of ster-
oid withdrawal[ J]. Chinese Journal of Integrated Tradi-
tional and Western Medicine, 2017, 37 (10). 1226-
1232. doi:10.7661/j.cjim.20170714.185

Ye ZM, Hu YB. TGF-B1:. gentlemanly orchestrator in
idiopathic pulmonary fibrosis ( Review) [ J]. Int J Mol
Med, 2021, 48. 132. doi;10.3892/ijmm.2021.4965
Lessard SJ, MacDonald TL, Pathak P, et al. JNK regu-
lates muscle remodeling via myostatin/SMAD inhibition
[J]. Nat Commun, 2018, 9(1): 3030. doi: 10.1038/
s41467-018-05439-3

Hu HH, Chen DQ, Wang YN, et al. New insights into
TGF-B/Smad signaling in tissue fibrosis[ J]. Chem Biol
Interact, 2018, 292. 76-83. doi:10.1016/j.cbi.2018.07.
008

Ma TT, Meng XM. TGF-B/smad and renal fibrosis[ J].
Adv Exp Med Biol, 2019, 1165: 347-364. doi: 10.
1007/978-981-13-8871-2_16

Dubois A, Deruytter N, Adams B, et al. Regulation of
Th2
bystander activation of CD8+ T lymphocytes in early life
[J]. J Immunol, 2010, 185 (2). 884-891. doi: 10.
4049/jimmunol.0903287

RREDT, SRTF, KRR, % siRNA T4 IL-13Ra2 %
RN il EF A4 TGF-B ik 152 m [ 1], R
BA Iz 2015, 31(10) ; 1915. doi; 10.3969/j.issn.
1000-4718.2015.10.377

YU Qunfang, CAI Zhenyu, ZHU Jun, et al. Effect of
siRNA interfering with IL-13Ra 2 expression on TGF-(3

responses and allergic inflammation through

[26]

[27]

(28]

expression in human lung fibroblasts[ J ]. Chinese Journal
of Pathophysiology, 2015, 31(10) : 1915. doi: 10.3969/
j-1ssn.1000-4718.2015.10.377

fIGeRk, A/NE. A ER 13 20K o2 IRt T].
SCHIRIREE2:, 2009, 10(1) ; 136-138. doi: 10.3969/j.
issn.1009-8194.2009.01.077

HE Xiaolu, SHI Xiaoyu. Research progress of interleu-
kin-13 receptor a2 [ J].
2009, 10(1) . 136-138. doi: 10.3969/j.issn. 1009-8194.
2009.01.077

FHEM, Ea0, FRIE, . RITSEE T TWEAK/
Fnl14 Fll TGF-B1/Smads 15 518 I &/ OVA i 51
ANRAGERAE[ Y] 25 B A AR, 2019, 35(8)
1149-1154. doi: 10.3969/j.issn.1001-1978.2019.08.022
WANG ( ChongZhong) ( Yang ), JIANG Jingzhi, LI
Junfeng, et al. Effects of cryptotanshinone on airway
inflammation models in asthmatic mice through TWEAK/
Fnl14 and TGF-B1/Smads signaling pathways|[ J]. Chinese
Pharmacological Bulletin, 2019, 35 (8). 1149-1154.
doi:10.3969/j.issn.1001-1978.2019.08.022

RE, AFiHE. TH2 40M0 518 2 AV E RS R IR
SR R L BT R [ 3], 1l AR R H i IR
274k, 2023, 37(5) : 156-161

ZHU Yu, ZHU Xinhua. Research progress on the role of

TH2 cytokines in Type2 chronic rhinosinusitis with nasal

Practical Clinical Medicine,

polyps[J]. Journal of Otolaryngology and Ophthalmology
of Shandong University, 2023, 37(5): 156-161. doi.
10.6040/j.issn.1673-3770.0.2022.258
Meng Q, Li P, Li Y, et al. Broncho-vaxom alleviates
persistent allergic rhinitis in patients by improving Thl/
Th2 cytokine balance of nasal mucosa [ J]. Rhinology,
2019, 57(6) : 451-459. doi:10.4193/Rhin19.161
(458 . ZE45)



