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[ Abstract] Airway remodeling is one of the most complicated pathological characteristics of chronic asthma. The
establishment of an animal model of bronchial asthma with airway remodeling characteristics has great significance to
evaluate treatment efficacy and to elucidate the pathological mechanisms of chronic asthma. Based on the analysis and
comparison of published asthma animal models, the method ology of feasible animal models of airway remodeling for
bronchial asthma was summarized in the current review.
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Table 1 Airway remodeling model of asthma with different allerge

NIRRT

Different ways of

HHE  OVA /HDM

Stimulation method Sensibiligen (neg)

Adjuvant

S E]

Stimulate time

0 20 pg OVA 5 2.25mg FAKERNY 2000l AT
M8 20 pg OVA in 2.25 mg/200 uL Al(OH),

I
OVA
- 19%0VA (w/v) 1)
TR TE+ 0
E S 20 pg OVA/2 mlL AI(OH);/Mg(OH),
Intraperitoneal IINEEN

injection(ip)+ OVA
sol inhalati :
acrosor iaation - 1% OVA in saline! 7

long time

1 mg OVA T8 100 mg SR T 1.5 mL A=

20 pg OVA I T 2 mL A AL SRR G

5507 14 KIS

Do, 7, 14 ip

55 21 RIThh  BKEEAE 30 min 8 J]

Form D21 30 min each time, aerosol inhalation,

eight weeks inhalation

550,717 IR0
Do, 7, 17ip

5524 ~ 26 K, BFRZEAL 20 min, Z 5, B 1
WS 1T A
Aerosol inhalation, D24 ~ 26,20 min, aerosol

once a week, 17 weeks

i1 ~ 8 KIEEEST

A Tmg K DI ~ 8i
ORI 1 mg OVA in 100 mg AI(OH); in 1.5 mL saline P
OVA
c3 = SN/ d i
B (18] HhE 2 d 46, BK 30 min, 8 JH
OVA (0.1 mg/mL.) Once every two days 30 min a time eight weeks
- »s 25 mg OVA ¥ 175 mg EEMARIRI 55 14.18.22 26 RIEMETEGT
gﬂvff‘EH ™2 25 mg/mL OVA and 175 mg Al(OH), Dl4, 18, 22, 26 ip
5532 ~ 38 RKAEHKZAL 30 min
_ [19]
\ 1%OVA(w/v) D32 ~ 38, 30 min a time
TR : VA SR e
OVA - 00 pg OVA I TESALAR 55 1,14 KIEIEHT
P& 100 pg OVA in AI(OH), D1, 14ip
5519.21.23.25 27 FARKZEAL 30 min
" - 1% OVA(w/v) ) D19, 21, 23, 25, 27 30 min a time
UEEA aerosol inhalation
OVA 0 10 pg OVA T 1.5 mg 1200 L A BERK 21,14 21 KI5
H& 10 ug OVA in 1.5 mg AI(OH), in 200 pL saline D1, 14, 21 ip
- 926 27 33 34 47 48 R334k, BHK 20 min

OVA (1% w/v in saline) 2!

D26, 27, 33, 34, 47, 48 20 min once time
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ng mg 3
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S A . N
N ol B HDM 5% RS S K5
erosol mhatation HDM Mg HDM aerosol inhalation!* Five times a week, five weeks
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Table 2 Pathological characteristics related to airway remodeling in asthma models
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M+ Luo ZgL16] +++ +++ - +++ +++ +++ +++ +++
FARM
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JELIEE +ig 5 10 An Z130] e+ e+ +4+ +4+ e+ - +4+ -
Intraperitoneal
injection + nasal Boldrini-Leite
inhalation short time EHE B et e et et e e B
WM+ 5 1) Yao 25(32] e+ e+ +++ - +++ - +++ +++
Intraperitoneal
injection + nasal e 53]
inhalation short time Debeuf % et - - Tt it - tt -
S
Transtracheal . frel 34
L McAlinden 25134 +++ ++ +++ - - - +++ -
injection+ nasal
inhalation
TERIFTE R g o AL A R v, B B v B 3] (8): 959-967.
E@%%*ﬁﬂ , E%ﬁgﬁﬁ%ﬂ}gﬁ%ﬁ E‘J&ﬁ , @?ﬁgﬂ g/[:{ [ 5] Zosky GR, Sly PD. Animal models of asthma [J]. Clin Exp

B IR ORI AL A S 33X 867 125 O W Wiy F 5
2GR K AR 1 S 5 R 2 HR B 2 TT Aok
WP AL, a0 oy F X HOR (BCARZ 4K (M
N o FEBT R H AR A B T 2 M B L 1
VPR 15 S YRR AR S B L 1 2

£ % 3 #k(References)

[ 1] Han RT, Kim S, Choi K, et al. Asthma-like airway inflammation
and responses in a rat model of atopic dermatitis induced by
neonatal capsaicin treatment [ J]. J Asthma Allergy, 2017, 10.
181-189.

Pedro GB, Aun MV, Takejima P, et al. United airway disease:

current perspectives [ J]. J Asthma Allergy, 2016, 9. 93-100.

(2]

Kroegel C, Wirtz H. History of guidelines for the diagnosis and
management of asthma: from opinion to control [ J]. Drugs,
2009, 69(9) : 1189-1204.

Shinagawa K, Kojima M. Mouse model of airway remodeling:

strain differences [ J]. Am J Respir Crit Care Med, 2003, 168

[7]

[10]

[11]

Allergy, 2007, 37(7) . 973-988.

Kumar RK, Foster PS. Modeling allergic asthma in mice: pitfalls
and opportunities [ J]. Am J Respir Cell Mol Biol, 2002, 27
(3): 267-272.

Fulkerson PC, Rothenberg ME, Hogan SP. Building a better
mouse model ; experimental models of chronic asthma [ J]. Clin
Exp Allergy, 2005, 35(10) . 1251-1253.

Shapiro SD. The use of transgenic mice for modeling airways
disease [ J]. Pulm Pharmacol Ther, 2008, 21(5) ;: 699-701.
Pabst R. Animal models for asthma: controversial aspects and
unsolved problems [ J]. Pathobiology, 2002, 70(5) ; 252-254.
ZEEH, AL, WAL S BRI BT C5TBL/6 /)N BRIEE i S E 4
SERSIRAITTE (1], AR PBELS &4k, 2007, 2(8) ; 451
-453.

Li YC, Zhao YH. Experimental study on the effect of total
flavonoids of paulownia flower on airway inflammation in C57BL/
6 mice with asthma [ J] World J Integr Tradit Western Med,
2007, 2(8) . 451-453.

Melgert BN, Postma DS, Kuipers I, et al. Female mice are more



i E S IR S AA 4R 2022 4 2 A5 30 555 1 Acta Lab Anim Sci Sin, February 2022, Vol. 30, No. 1

123

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

susceptible to the development of allergic airway inflammation than
male mice [J]. Clin Exp Allergy, 2005, 35(11) ; 1496-1503.

Zhao H, Moarbes V, Gaudreault V, et al. Sex differences in IL—
33-induced STAT6-dependent type 2 airway inflammation [ J].
Front Immunol, 2019, 10, 859.

FAFHE, TG, ATIE, 4. ORI P AR A i e i 3 A T
W5 BN TEHE I [ ], HONh BE 25K 2E 4, 2016,
33(1) . 71-74.

Tuo HY, Wang ZW, Ren Y, et al. Methods and evaluation of
ovalbumin in replicating asthma animal models [ J] J Gansu Univ
Chin Med, 2016, 33(1): 71-74.

TR FEEAL, X/NE, SR TR W 1 i KB Clara
YA B BRI [J]. PRSI A, 2002,
25(9): 26-29.

Luo FM, Wang ZL, Liu XJ, et al. Effect of glucocorticoids on
the expression of secreted protein in Clara cells of asthmatic rats.
[J]. Chin J Tubere Respir Dis, 2002, 25(9) : 26-29.
Pretolani M, Vargaftig BB. Role of eosinophil mobilization and
activation in  experimental  airway  inflammation  and
bronchopulmonary hyperreactivity [ J]. Ann N Y Acad Sci,
1996, 796: 72-81.

Luo J, Zhang L, Zhang X, et al. Protective effects and active
ingredients of Salvia miltiorrhiza Bunge extracts on airway
responsiveness, inflammation and remodeling in mice with
ovalbumin-induced allergic asthma [ J]. Phytomedicine, 2019,
52. 168-177.

Flanagan TW, Sebastian MN, Battaglia DM, et al. 5-HT2
receptor activation alleviates airway inflammation and structural
remodeling in a chronic mouse asthma model [ J]. Life Sci,
2019, 236: 116790.

Huang Y, Wang L, Jia XX, et al. Vitamin D alleviates airway
remodeling in asthma by down-regulating the activity of Wnt/-
catenin signaling pathway [ J]. Int Immunopharmacol, 2019,
68. 88-94.

Deng L, Ma P, Wu Y, et al. High and low temperatures
aggravate airway inflammation of asthma: Evidence in a mouse
model [ J]. Environ Pollut, 2020, 256 113433.

Sharma P, Yi R, Nayak AP, et al. Bitter taste receptor agonists
mitigate features of allergic asthma in mice [J]. Sci Rep, 2017,
7. 46166.

Prabhala P, Wright DB, Robbe P, et al. Laminin a4 contributes
to airway remodeling and inflammation in asthma [ J]. Am J
Physiol Lung Cell Mol Physiol, 2019, 317(6) : L768-L777.
Cheng Q, Shang Y, Huang W, et al. p300 mediates the histone
acetylation of ORMDL3 to affect airway inflammation and
remodeling in asthma [ ] ]. 2019,

76: 105885.

Ge Y, Cheng R, Sun S, et al. Fangxiao Formula alleviates

Int Immunopharmacol ,

airway inflammation and remodeling in rats with asthma via
suppression of transforming growth factor-B/Smad3 signaling
pathway [ J]. Biomed Pharmacother, 2019, 119 109429.

Anatriello E, Cunha M, Nogueira J, et al. Oral feeding of
Lactobacillus bulgaricus N45. 10 inhibits the lung inflammation
and airway remodeling in murine allergic asthma; Relevance to

the Th1/Th2 cytokines and STAT6/T-bet [ J]. Cell Immunol,

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

2019, 341: 103928.

Shao Y, Chong L, Lin P, et al. MicroRNA-133a alleviates
airway through PI3K/AKT/mTOR
signaling pathway by targeting IGF1R [J]. J Cell Physiol, 2019,
234(4) ; 4068-4080.

Pu Y, Liu Y, Liao S, et al. Azithromycin ameliorates OVA-

remodeling in asthtama

induced airway remodeling in BALB/c¢ mice via suppression of
epithelial-to-mesenchymal transition [ J]. Int Immunopharmacol ,
2018, 58: 87-93.

Balkrishna A, Solleti SK, Singh H,

formulation, Divya-Swasari-Ras, alleviates chronic inflammation

et al. Calcio-herbal
and suppresses airway remodelling in mouse model of allergic
asthma by modulating pro-inflammatory cytokine response [ J].
Biomed Pharmacother, 2020, 126. 110063.

Yang G, Volk A, Petley T, et al. Anti-IL-13 monoclonal
antibody inhibits airway hyperresponsiveness, inflammation and
airway remodeling [ J]. Cytokine, 2004, 28(6) : 224-232.
Chen YF, Huang G, Wang YM, et al. Exchange protein directly
activated by cAMP ( Epac) protects against airway inflammation
and airway remodeling in asthmatic mice [ J]. Respir Res, 2019,
20(1): 285.

An G, Wang W, Zhang X, et al. Combined blockade of IL-25,
IL-33 and TSLP
inflammation and remodelling in a murine model of asthma [ J].
Respirology, 2019, 25(6) : 603-612.

Boldrini-Leite LM, Michelotto PV Jr, de Moura SAB, et al. Lung

mediates amplified inhibition of airway

tissue damage associated with allergic asthma in BALB/c¢ mice
could be controlled with a single injection of mesenchymal stem
cells from human bone marrow up to 14 d after transplantation
[J]. Cell Transplant, 2020, 29: 963689720913254.

Yao L, Wang S, Wei P, et al. Huangqi-Fangfeng protects against
allergic airway remodeling through inhibiting epithelial-
mesenchymal transition process in mice via regulating epithelial
derived TGF-B1 [J]. Phytomedicine, 2019, 64. 153076.
Debeuf N, Zhakupova A, Steiner R, et al. The ORMDL3 asthma
susceptibility gene regulates systemic ceramide levels without
altering key asthma features in mice [ J]. J Allergy Clin
Immunol, 2019, 144(6) . 1648-1659.

McAlinden KD, Deshpande DA, Ghavami S, et al. Autophagy
activation in asthma airways remodeling [ J]. Am J Respir Cell
Mol Biol, 2019, 60(5) : 541-553.
Foster PS, Ming Y, Matthei KI,
inflammatory and epithelial responses in a murine model of
chronic asthma [ J]. Lab Invest, 2000, 80(5) : 655-662.
Kung TT, Jones H, Adams GK 3rd, et al. Characterization of a
murine model of allergic pulmonary inflammation [ J]. Int Arch
Allergy Immunol, 1994, 105(1) . 83-90.

Holgate ST, Davies DE, Puddicombe S, et al. Mechanisms of airway
epithelial damage: epithelial-mesenchymal
pathogenesis of asthma [J]. Eur Respir J Suppl, 2003, 44; 24s—29s.

Leong KP, Huston DP. Understanding the pathogenesis of

et al. Dissociation of

interactions in  the

allergic asthma using mouse models [ J]. Ann Allergy Asthma

Immunol, 2001, 87(2) : 96-109.

[YFmEHHI] 2021-07-19



