2025 4 1 /4 o L B AR January, 2025
¥35% S CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 35 No. 1

TRPE, 2, RO, A AE S S B S R S BRI SR R ()], P E AR AR, 2025, 35(1) : 92-110.
Xu D, Li SS, Wang YL, et al. Progress in animal models of pollen-induced allergic rhinitis [ J]. Chin J Comp Med, 2025, 35
(1): 92-110.

doi; 10.3969/].issn.1671-7856. 2025. 01. 010

AER5 15 5 0 2 S £ R sh A R AT 5 o
b L EMM, ERA, HEE

(REPELRE, RE 301617)

[HWE] W ZNEFES Y i B B % (allergic rhinitis, AR) NRRZET T et s R ('seasonal allergic
rhinitis, SAR) , 38 # & A= 76 WA P AL B0 101, 6 2519 30 4F B SAR MR HR T IN T —f52£ . SAR
BRI R 2%, ¥ R ZF R R W FEAER A B R RS AR AR R R R AR RRERES, S
PR AR SRR AILEIFIHE SN BB TR R NGk R B ZE T B AR SCl o B 45 ok B N AP R FEM AT AR sl
RIS 1Y SCHR , RS FR T SRS RUSOR (9 3R A S W i & BCEOORE (B BT 8 A B A2 A Il A 5
A B AFAE Il ) R AP BRAACR I . X EENZE B 7R H T G OE BB 5 AR SR80 K FHOAH G
HSERIF 5T AN AR R PR S R,

[SE$IR]  ZTMhad ok & 48 s i Pk S 4 AR A8 N I s B i A

[FE>ZES] R-33 [ xEktRiIZEE] A [XEHS] 1671-7856 (2025) 01-0092-19

Progress in animal models of pollen-induced allergic rhinitis

XU Dan, LI Shanshan, WANG Yili, GAO Feihong”
(Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China)

[ Abstract] Pollen allergen-induced allergic rhinitis (AR) , also known as seasonal allergic rhinitis ( SAR) ,
typically manifests during the period of pollen dissemination by anemophilous plants. The prevalence of SAR has more
than doubled over the past three decades. The etiology of SAR is multifaceted, involving factors such as pollen
allergens, environmental and climatic conditions, genetic predispositions, and the immunological status of the
individual. Animal models provide a critical tool for elucidating the mechanisms underlying AR and advancing the
development of effective preventive and therapeutic strategies. This review synthesizes the recent pertinent domestic
and international literature on pollen-sensitized AR animal experiments. It systematically delineates the factors
influencing the efficacy of these models, including the selection of animal strains, the production and associated
challenges of sensitizing agents, specifically pollen antigens, the utilization and limitations of adjuvants, the
procedural steps involved in model creation, and the method ologies for evaluating model effectiveness. The insights
provided are intended to offer guidance and support for the development of appropriate animal models of pollen-induced
AR, thereby facilitating both fundamental and applied research in this area.
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Figure 1 Schematic diagram of pollen grain structure
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Table 1 List of animal models of pollen-sensitized AR

EIL7//AEN AER I R RRAI T 15 e WHHER
Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
WL E EHRBORIR B T8 5% =l LB YA BEER K
rf BCEN 4 FASTRIAR BE I : 1. 5 mg/mL 2.0 mg/mL 2.5
mg/mL Fl 3.0 mg/mL, Z/NFUEIEIESS LR (5 H 0.4
mb) B3 d AL LR IET U, T RTERTR Y4 6 Rike % 5k 2 A L
FEIVEIE R 10. 6 me/mL (G TGRS (455010 pL) i oy o L
56 d 1R 1K, i e RIS
B/ N WIFAERS Mix willow pollen protein extract in a suspension containing 5%  Aluminum IE}T*{"JU:] .
Kunming mice ~ Willow pollen aluminum hydroxide in saline, preparing four different hydroxide Behavior seorings
concentrations of solutions: 1.5 mg/mL, 2.0 mg/mL, 2.5 mg/  adjuvant seruazn slgE - levels;
mL, and 3.0 mg/mlL. Administer intraperitoneal injections of nés‘ fucosa
these solutions (0.4 ml/mouse) every 3 d for a total of 7 times. histopathology
Starting 6 d after the last injection, administer intranasal
challenges using a 10. 6 mg/mL solution (10 pl/mouse) daily
for 6 consecutive days.
7 0 23T 43 1V
IgE  IL-18, 1L-18; &
JEREVE W P 1L-6, 1L
B 50 Wl UK REAERS 72 0 I 5 S B RO 3 [RAASTNR . 7658 18, IL-18 7K F;
1.8 Fil 15 K, Tal/NGUIIE AT 200 L BT H. IAES 21 Western blot Il
W FEHE 28 K, A3 RAd 0. 5% 3 J& 1 T i 46 053 2% o7 SRV Tk NLRP3, Caspase-1,
C57BL/6] R (BRGNS 10 wL) B TR SR o P A5 IL-18 B 1L-18
JINER Y R 1 ool Mix 50 pL of ragweed pollen allergen with an equal volume of Freund’s Behavioral  scoring;
Female agweed potien Freund > s adjuvant. Inject 200 pL of the mixture adjuvant serum gk, IL-1B,
C57BL/6] mice intraperitoneally on days 1, 8 and 15. From day 21 to day 28, 1L-18; levels of IL-6,
administer intranasal challenges using a 0.5% concentration of IL-1B, IL-18 in nasal
ragweed pollen allergen solution (10 L per nostril ). lavage fluid; Western
blot  detection  of
NLRP3, Caspase-1,
IL-18, and IL-1B
FINEVEIY; LK F
St IgE. TgGl,
1gG2a; SR BRBEEAAZ AN
1410 g Cry j 154 mg SULIRIRIRI G /N o AR
WAEBIOS AT U VIS B RS SRR O ) e e
N ViZ5i 4 Cryj1 l('ZOO we/ml. PBS). ’ﬁﬁ?L 10 ML,L.,;&? do . Aluminum Behavioral  scoring;
| Mix 10 pg of Cry j 1 with 4 mg of aluminum hydroxide gel. . .
Female Japanese . . hydroxide serum-specific  IgE,
B10.S mice cedar pollen/Cry j 1 Administer subcutaneous II.IJCC'UOHS on.ce a week for 3 weeks. adjuvant 16, 1eG2a;
After a one-week pause, instill Cry j 1 (200 pwg/mL PBS) .
intranasally, 10 pL per nostril, for 5 consecutive days. expression of
monocytes and
eosinophils in nasal
mucosa; EPO activity
in nasal mucosa
FE RV oT MLTE Af
ZIL R IgE
NOx K5 4121
e #5110 pg Cry j 15 4 mg SRMSREERAR & . XT/NEUEF TR iNOS TgA AL K40
C57BL/6] AT TS, ER LS 3, L RJE /MR T RN AR MU bR
N W/ Cry j 1 W ST d, Aluminum Behavioral  scoring;
Male Japanese Mix 10 pg of Cry j 1 with 4 mg of aluminum hydroxide gel.  hydroxide serum neuronal
C57BL/6] cedar pollen/Cry j 1 Administer subcutaneous injections every day for 3 times. After adjuvant hormones, IgE, and
mice a one-week pause, instill intranasally for 7 consecutive days. NOx levels; tracheal

iNOS,

mast

tissue IgA,
cell

tryptase expression

and
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Zhnin & AER I RRRIAA )5 15 il WHHER
Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
1 9 231 435 1L 3
1510 g Cry 115 4 g SURILERIER A, WML e R
HPEBDE-1 AT TUERT B 153 . BT LRR SDNBUBTERIN o wCIR A MOSR 20
(34] e W BB T d, ‘ : :
IR AR/ Cry j 1 . . . . . Aluminum Behavioral  scoring;
Male BDF-1 Japanese Mix .1(,) Mg Cry j 1 Wlth 4‘ mg_ aluminum hydroxide g(.%l' hydroxide serum IgE levels and
. . . Administer subcutaneous injections every day for 3 consecutive .
mice cedar pollen/Cry j 1 . L adjuvant neuronal hormone
times. After a one-week pause, instill intranasally for 7
consecutive days. levels; tracheal TgA,
MCIR, and
MC5R expression
T B
FES 1 A7 R /N RUEC T TS 0. 1 mL A9 Art al (20 pg/ml g < A U 1 9
HIEEALE AL TR ) o 745 1 JAJS W /IN R T S PR v IgE Al 1gG2a 7K °F;
(53500 g/ mlL BECAERS ALK B HGR (FFL 10 pL) , 7E5E WAL B S o
WEPE BALB/c - BAEH LR 10 d, 1845 4 JASTAUR  FRIEAT 2 UG HETEIUZ . diillvky eyl
N Artemisia On days 1, 4, and 7, administer subcutaneous injections of 0. 1 Behavioral  scoring;
Female annua pollen mL Art al (20 pg/mL artemisia annua pollen extract). Aftera / nasal mucosa
BALB/ ¢ mice one-week pause, instill intranasally (drop nose) with 500 pg/ histopathology ; serum
mL artemisia annua pollen pollen extract (10 wL/nostril) for 10 IgE and IgG2a levels;
consecutive days. At the end of the fourth week, perform two detection of antigen-
more intranasal instillations. specific  lymphocyte
numbers in the spleen
0
5 0 K XN TR IS S KRR (0. 1 mg/200 wL) 58] A (tight junction
AR (1 mg/200 pl) BIR AP T HAR U, 55 7 K, 7 proteins, TJ ) Al
YO /INE A THE I SR AR (0. 1 mg/200 L) DAREER 2 (zonula occludens-1,
VR, IEE 14 KIFUR, 1ELE 4 d X/NRHEAT S RET IR 70-1) 323k ; 4 1 5%
HEtE BALB/ ¢ TR0 1 mer20 L) AR
AN FRASAEH) e R R
Female Ragwee d po]]en n day U, sensitize mice with an intraperitoneal injection of a Alum a djuvant Behavior: scoring ;

BALB/ ¢ mice

W BALB/ ¢
JNERLT
Female

BALB/¢ mice

W BALB/ ¢
JINERL®
Female

BALB/ ¢ mice

HERAER)/ 1Bet v1
Birch pollen/rBet v1

HAE B A S
AERY AT AL
Artemisia
pollen/Mugwort
pollen/ Artemisia

macrosperma pollen

annua

mixture of ragweed pollen (0.1 mg/200 pl.) and alum adjuvant
(1 mg/200 pL).
intraperitoneal injection of ragweed pollen (0.1 mg/200 pL).

On day 7, re-sensitize mice with an

From day 14, instill intranasally with ragweed pollen (0.1 mg/
20 L) for 4 consecutive days.

TES 0,14 F1 28 K, X /INEREAT B N 4T, F R E S 10 pg
Bet v 1 fITEUEALSRALR .

On days 0, 14, and 28, administer subcutaneous injections of 10
pg rBet v 1 plus aluminum hydroxide adjuvant.

TESR T RFIH 14 K 3/ NREAT IR TE S, U TESS | mg/
mL [EAERBREY S 2 me/mL M S SRS AR &4 (&
PABU) 200 L) , DAHEATRERNSE, IS 14 K35 23 K X
ANERHEAT S NETE RGBSR 200 pg LKA T 100 uL
1 mg/ml. P EEAHR, LI AR R

On days 7 and 14, administer intraperitoneal injections of a
mixture of 1 mg/mlL Artemisia pollen extract with 2 mg/mL
aluminum hydroxide adjuvant (total volume of 200 wL) for
primary sensitization. From day 14 to day 23, instill intranasally
with 200 pg Artemisia pollen dissolved in 100 pL of 1 mg/mL
aluminum hydroxide solution daily to induce allergic rhinitis.

SRR
Aluminum
hydroxide
adjuvant

SRR
Aluminum
hydroxide
adjuvant

tight junction proteins
and zonula occludens-
1 expression;
paracellular
permeability

testing

it CD4" AR 5H ; 1L
TR IE 1B, 1261,

1gG2a /K

Spleen  CD4"  cell
proliferation; serum-
specific Igk, IgGl,

and IgG2a levels

TR o) BRI
TLR4 ,MyD88 Fl NF-
kB p65 FiAIKF-

Behavioral  scoring;
nasal mucosa TLR4,
MyD88, and NF-kB
p65 expression levels
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EIL//ANEN AER I WAy 1 e WHHER

Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
MIERFRE IgE K
(slgk) FLEL IgE Fiik
K- (ulgk ) 5 T v 4
N S Uk

E5 0.7, SN T VES, BRI g W H G TR M A 4
FESS 0.7 14 K b/ INFUIEAT BT, BGES 10 wg A T PR R A
FERPEIRY)S 2 mg EEAMIIR G, TE5 21 K25 24 T 45 it 41 20 31

2 c , o WU FH 6.7 ) AR, K, BIR 2 EEAERAST LA
itk BALB/ KGR 1% MR R ZALHOE, R 1R, ik SRR JES
NG MFATEN: 20 min, Aluminum Serum-specific ~ IgE
Female Cedar pollen On days 0, 7, and 14, administer subcutaneous injections of 10 hydroxide levels ( slgE ) and
BALB/ ¢ mice g juniper pollen extract mixed with 2 mg aluminum hydroxide.  adjuvant total Igk  antibody

From day 21 to day 24, aerosolize 1% juniper pollen extract levels (tlgE) ; splenic

once daily for 20 min each time. T-cell  proliferation
test; eosinophil count
in nasal wash fluid;
lung tissue
histomorphology

Yo v = R 1t R = gu 7 ?;BI n I Cl

505 0 JERIS 14 5 X/ NEFHIIEETERS 50 g AT HAE A

WHEBWINE F AR (2.5 mg/0.5 mL) RS, R4 H@’gﬁﬁﬁﬁfﬂj W Fi

o 28,2930 F1 35 K/ INGGIEA T 5 IHE T , BT TE 100 pg H » Ny o
WRIEBALBC  pemien  ASREMERMUIA (B R 20 ) i i
sV o2 ML . L Aluminum Serum-specific  IgGl

Japanese On days O and 14, administer intraperitoneal injections of a . . .
Male BALB/¢ . . . hydroxide levels; detection of
. cedar pollen mixture of 50 pg Japanese cedar pollen extract with aluminum i . ast ells
e hydroxide adjuvant (2.5 mg/0.5 mL). On days 28, 29, 30, """ s il ce h’i
and 35, instill intranasally with 100 pg Japanese cedar pollen eo;lln(t)p lb" s ane
extract (20 pL per mouse). goble cets "
nasal mucosa
550.10.20 K, /)N ERUIE s T 0 DA SR B0 ( RAB AL R R L

\ 130 TE PBS VARG B R A AL 130 © EARR - , - s
HEbE BALB c o ”ﬁ?; P T, S 100 e L B sopeampon) it ek 250t et
N BHAEH s ) ST S Aluminum il

. On days 0, 10, and 20, administer intraperitoneal injections for . .
Male BALB/¢ Ailanthus pollen . o . hydroxide Detection of serum

. basic sensitization (130 pg Ailanthus pollen extract adsorbed Jruvant IeF: bindine sites
fmiee onto 130 pg aluminum hydroxide diluted in PBS, total volume of aquvat &% biicig sties

200 pL) ; on days 10 and 20, inject without adjuvant.
) . e L AT VAN B
b AR B 55 0 K NUBIBEFERIIRI1EBY (100 g S5 o e
FLHTSERE 1 mg+200 L PBS) 55 7 K, NEIERS A  H 1 e
HH(100 pg+200 wL PBS) ;4 14~17 K /NRENFESIKFAE D%Mﬁ*ﬁ;ﬂ@ﬁﬂ
CIE UM | mg/20 L PBS) . 2 AR HUBNEUES 1 LS L AT
JEVRISE 2 J8 (55 0~5 %) M (5 7~ 12 ) B PO E IR (SIeE )+ £4 4 mRNA
WY (1 mg200 L. PBS) 055 3 JAI(H5 14~ 17 RARSERPRIREIR 0 (EE)s
BALB/c EER) AR K
} ) JREAEK ° . . . L Aluminum Behavioral  scoring;
7INER Acute AR model: On day 0, administer intraperitoneal injection . .

. Ragweed pollen . . hydroxide serum cytokine levels
Wild-type of ragweed pollen (100 pg + 1 mg aluminum hydroxide gel + Tuvant L4 1.5, and
BALB/¢ mice 200 pL PBS); on day 7, administer intraperitoneal injection of B })L | 3‘._ ’ rb o an ‘

ragweed pollen (100 pg + 200 L. PBS); from day 14 to day _ ’ h.lr?unhl e ) ‘?l
17, instill intranasally with ragweed pollen (1 mg/20 wL PBS (folbllfl()p ‘1 ° 1n< nfl;d‘
per mouse ). Chronic AR model; Mice receive intranasal ;eEb'l wlmnz_blljeg)l L
instillations of ragweed pollen (1 mg + 200 wL PBS) on days 0 & | evels s gRN A,
~5 and 7~12; continue intranasal instillations on days 14~17. nasa . m
expression levels
e T AP
AR HAER I (0. 02 g AERERIT+0. 02 me ALY e
Mk B10. S 2 L/ L) B SR 2 BT d, TP RIT e i e @( I'E‘E;“*
IR AR RAREN | U, BRI 15 K, o
o o Aluminum Behavioral  scoring;
Female Japanese Instill intranasally with Japanese cedar pollen extract (0.02 pg hydroxid . .
B10.S cedar pollen pollen protein + 0.02 mg aluminum hydroxide/2 pl/nostril ), 3 0x1te amway :'ESIS anee
mice twice daily for 7 consecutive days. Pause for one week; then aquvatt fHeasUiremety;  seruti-

instill intranasally once weekly until the 15th stimulation.

specific IgE  levels

(slgk)
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EIL//ANEN AER I WAy 1 e WHHER
Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
& J
ML R 5 P Ik
s St Y NSO IeE N ?: 5 ‘4:-
5 0 T 14 5, S/ BUBIREEE A8 AL H (1000 e LT O I
PNU/200 pL) S5EEMEMEH (5 RN 1 mg) RS HILL &ﬁé&%%%ﬁj
Hp: FERIBE, 5 1 AR EHS 21,23 F 25 T/ AT 5 I
BALB/c I WOR S T/INRCCHAEA R (B /N 200 PNU/20 pL) . SUSRURERAHD e e
[44] igﬁ*ﬁ/An vl .. . . . . E4 ﬁfiﬂflu
INER M ! vollen/ On days 0 and 14, administer intraperitoneal injections of a  Aluminum S ific TeE
Male ugwort potte mixture of mugwort pollen extract (1000 PNU/200 pL) with  hydroxide crumespectic 8%,
Art vl . . . . . . total IgE antibodies,
BALB/¢ aluminum hydroxide adjuvant (1 mg/mouse ) for primary adjuvant .
. L . Lo specific IgG, IgGl,
mice sensitization. After a one-week pause, instill intranasally on and TeCas )
days 21, 23, and 25 with mugwort pollen extract (200 PNU/20 and lgbea;  ear
L/m ) allergic edema test;
pl/mouse ). cytokine levels; lung
tissue histomorphology
5 5% ¥ <L WLy
TESS O KIFUR, 7ELE 7 d TR IR B AL N T HAMER (sRaw ) ; 17 0 % 3F
PRI 3 WL(0. 3 mg LM E AT 0.3 mg HEALH) . Eir it el 4 S uR
LG B 14 TIP3 08— I B R A SR T/ 3 mg SR (PCA) 5 IfLTE y1
TEPERE A H AR TRMER, 1525 30 JH., SRR A IgE ST
[45] THNAERD . ~ . . .
JKER Starting on day 0, Cedar pollen extract 3 pL (0.3 mg pollen  Aluminum Specific airway
Japanese L . . . . . .
Male Hartley cedar vollen protein dissolved in 0. 3 mg aluminum hydroxide ) was given  hydroxide resistance ( sRaw ) ;
guinea pigs P intranasal twice a day for 7 consecutive days. After a one-week  adjuvant behavioral  scoring;
pause, starting from day 14, administer via inhaler 3 mg of passive cutaneous

TEPERE AR
JRERL HAERAMER
Male Hartley Japanese

guinea pigs cedar pollen

HEVERG R ;

gﬁ;ﬁ* HAT AR
Japanese

Ma}le Hafﬂey cedar pollen

guinea pigs

cedar pollen once weekly for 30 weeks.

TEEE O KITHh 1582 7 d BRI AR AL N 45 T S AR B
FEIH) 3 WL(0.3 mg AEREIHIAT 0.3 mg HEALH) . B
LJESG B 14 FTTIR 88 1l ARS8 T/ NS A
e (3 mg/ L) #5513 JH.,

Starting on day 0, Cedar pollen extract 3 pl (0.3 mg pollen
protein dissolved in 0. 3 mg aluminum hydroxide ) was given
intranasal twice a day for 7 consecutive days. After a one-week
pause, starting from day 14, administer via inhaler 3 mg of
cedar pollen once weekly for 13 weeks.

TEEE O KIThh, JE52 7 d BRI AR AL N 45 TS AR B
FEIH) 3 WL(0. 3 mg AEREIHIAT 0.3 mg FEAALH) . HiF
1S SR 14 KIFIR B 100, 3l AR 25T/ 3. 6
mg THAERY, $72E 48 .,

Starting on day 0, Cedar pollen extract 3 pl (0.3 mg pollen
protein dissolved in 0. 3 mg aluminum hydroxide ) was given
intranasal twice a day for 7 consecutive days. After a one-week
pause, starting from day 14, administer via inhaler 3.6 mg of
cedar pollen once weekly for 48 weeks.

AR
Aluminum
hydroxide

adjuvant

A
il
Aluminum
hydroxide
adjuvant

anaphylaxis (PCA);
serum vyl and IgE
antibody levels

TR A S
SUHREL ) (sRaw) ; 5
JEREBEW T TXB2 p-
I AL AR

Behavioral

specific

scoring;

airway
resistance ( sRaw ) ;
TXB2, p-LT, and
histamine levels in

nasal lavage fluid

o 5 1 I B
(sRaw ) ; 17 79 % 1F
35 ML A S P IgR
FTgGL LT3 53
TE VRO B 20
B S v P AL
Ji A iR 1 =
I o 5 T 2
P2

Specific airway
resistance ( sRaw ) ;
behavioral  scoring;
serum-specific ~ IgE
and IgGl

levels;

antibody
blood
cell count in nasal
fluid ;
histamine and

white
lavage

cysteinyl  leukotriene
content  in  nasal
fluid;
tissue histomorphology

lavage lung
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Rl
EIL//ANEN AER I WAy 1 e WHHER
Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
TERR O RFFIR, TELE 7 d BRI SALE NG THER
PEHCH 3 WL(0.3 mg AERIEFIT 0.3 mg SAIH) . HiE AR I 45 B
LR  NEE 14 KIFG B8 1 Ui AR 4 T/ 3.6 TEAAUI G 1 T4
PR R AR mg TRMEHRT F525E 11 4, SUEAMLERIA) S gk IR
J L Ja anze Starting on day 0, Cedar pollen extract 3 pL (0.3 mg pollen  Aluminum Airflow resistance
Male Hartley (-el()lar Aolllen protein dissolved in 0. 3 mg aluminum hydroxide ) was given hydroxide measurement;  nasal
guinea pigs edar potie intranasal twice a day for 7 consecutive days. After a one-week  adjuvant airway volume
pause, starting from day 14, administer via inhaler 3.6 mg of measurement; serum-
cedar pollen once weekly for 11 weeks. specific IgE levels
RS 24 h A S RIEIETE SRR I (200 pg) (0. 9%
BHERK (0.5 mL) SR AMEER (30 mg) FIRAY) ., EWIFE
AELAE R A RS 1R, HBIRIAF) 16 A, 16 RS, % S B
(9.5~ N e S e P
[49] L. . .. . . . %L%Vﬂﬁ%jﬁuﬂ l-'ﬁ'*/\()\ui
14.5 kg) ST Within 24 hours of birth, administer intraperitoneal injections of . . .

JKEAERS . . Aluminum Airflow resistance
Adult Beagle a mixture of ragweed extract (200 pg) , 0.9% saline (0.5 mL), .

Ragweed pollen . . R hydroxide measurement;  nasal
dogs (9.5~ and aluminum hydroxide gel (30 mg). Repeat this injection adruvant airwa volume
14.5 kg) every two weeks until the dogs reach 16 weeks of age. After 16 ! Y

. . . . measurement
weeks of age, induce nasal allergic reactions via aerosol
inhalation.
F1a2 553 AR
CD4" CD25" 4l 1 Lt
PRI ST IR AL 2 IR (45 1 100 pg) 5 L) il 40 A 1 Thl/
(BERL S mg) IYIRHILISERNSCE, RER 1 0,422 70 A, i Th2/Th17 40 i [ F
. R A S W S 1 mRNA K-
é KBRS Administer intraperitoneal injections of a mixture of ragweed — HABHAH] Behavioral  scoring;
orflmo‘n Ragweed pollen pollen extract (100 pg per animal) and alum adjuvant (5 mg  Alum adjuvant  proportion of
marmosets per animal ) for primary sensitization, once a week for 70 peripheral blood
consecutive weeks. Thereafter, instill intranasally to induce CD4" CD25" cells;
allergic reactions. Th1/Th2/Th17
cytokine mRNA levels
in peripheral blood
B RS SCEERY A vl ; NI Gl
B T SRR A VL g g st JRECIERL e 1o Ar
New Zealand Mugyort pollen/ Stimulate the rabbits every 4 weeks to induce allergic reactions Freund”s Specific IgE levels
White rabbits rArt vl v & © adjuvant P &

3 EMEE AR ERHBESE

3.1 EMES AR #EE

AEA 1 U AR SO R IR T A B, DAAR AR
PRUERIBUREDI T, — R A= T2 8
PN UNNE RS bR, B OREIEEE N iR,
FIHA RN 5 i B A ks 22 b, SRJG EAT
Bt I LA L PR A, L@ L 0. 45 pm F10. 22
pm I IR LABR R, PR B S i — P R T
AR R AT R T AR T
O AR B 5 3 B 1 0 R T o

it R G456 R A ML R R TE BT AR 5 &
PRI MR PERE R, DL Sz o i) AR B

Jit o RGBT 356 P
SRR ERIR T . LB R
B AP SRR RO b 4 %
P 5 HARA HUF AR L, 05 RETS 7R HAR Y /K
P3E AR 25 5 e S U TER 2 e A e
A BT UM RE R B K AL 3R, J2 H Al et
VRS SR P 7 R e BRI
ARE IRV RSL, AT A R B B A6 $ BOH 1
B S, AR T i S R AL 25
B O A A8 Ry B KPR T AR iR
AW BY T . ARG O AR S Uy
PURTEPER MR 5 i P 22 vl A5 IR 6
G vheER /K IR IR 2 B 2 v, e AT PR S B 46
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Kyt R R A pH (EARFF e

AN A 20 AR A o B S 4% Bl W A
Hr AR R FERE 21 20 4R B A6k SRR Y
U RS FAEES T EREERE . TEA
FHE MLk T IR TAREA KR
MAER AL AR SAER B YA L, AR F A
ARG RN, 5 TR, A
1M, AR BYVEFHFLH 32 3 Z2 0 KL 3R B9 52 e, 49 4%
SRR B S AR A SC B IR B A BT | AR K
AN N R WG e aE RS TS g4, I,
TE 2 AL PR I 2075 T B3 B PR 5K
3.2 TEMYEIEL AR MR

PeRl AR e Ve S e G 0 0] | Gl R S ARy bt
Ji— BB EAE P Z BT BN SR N . 1 H]
P70 B SR B B X B (4 S35 S AT
SEmbtRR R HET, 7R B B R S R A
rh i i AR R 2 AR A SR 2R (o AR B LA
) LT LA T S B S R A A S i ER AT
SRS, PIE I FE 2T Re 2T D e R
ARG FI RSP, SR, EATZ B A
FESE o I TR A Y AR R BT R R B 2%
5y FBUR R IAE N S 55, b, (36
ICAE I B o BB, B e 2 3L ks
A Reik B HIROR . R, SRR R AR )
B Ay 5 A7 570 1) (58 B R AR T 58, DR L4 A T
M

H HT BRI 5T e R W, 45 40 300 5 A 1) A4 B
BESTHIBE TN AT LA 3 FhAIL R i Ao A —
LIPS G IR DA B3 o F = RN =
FRTEVR N 19 A= ) B R PR AR ) T B — A 1 22 1Y
U AT foss 22 G iR R,
ZLIEDRPUIR I T o S AL S ROk AT i
PURFAL PR IE 2 i J5 3% 26 FUR B 1 i 4
S22 fifl (antigen presenting cells, APCs) 715 , AT
PSR A S S, X — i B B T4
PR R A A B R 5 W RGN
SIFLIALBE 2 = AL K SR 4R g
T 5R APCs BOFRSEFIE R T Th2 Ssie i
%o Ay 2 SRR AR T A A
AR WA T ENTRY S RETE M TG o 1 %
PR B8 SN

A A HERE TR A SRR AR
ROV ABAfRE, — SRS, (A A AR
WA AR e/ IR IE R B rh ™ A R A 2
700 e Ak B R B Sh AR R | SRR AR
K N R 1~5 mg, AL BER T
BN RE0.1~0.3 mL™ L [ A4
AIREZS X AR A A IR RICR 7 A= 52w {H LA
HRARGE B R E M AERE, HHWCA
fif I TCAR 77 B S BT 5T, 0 B D075 5 Hh i i R AE
BRI (2935727
3.3 TEMEISE AR EEF)ITTE

HATC &R0 AR BIR K SEI05 B 0] Lo
PR . (1) 2o f R SE Al BB (2) s R &
i R R B R i sh ) I R R R T R
Ja P A R S B o R BR A AR AR R B U
sCEAE N, XA RE G E TS LT
T R T B S N AR S B RS e 1
LA EEARTE , S DN TRV LU I 1 B RN B R T
T BT S AR T ik R AR g T R
iP5 e RAETT) 320G, S B B B B2 3
YUK 2 5 TN R R 1) ) — 3k e 3 ek 5 3
FRORE R 200 0 R0 2 1A r 240 i 3 T () L A4 S 1k 5
G A O N B R TR B
21|t 2 0 S B S AR R R 2 LA
[B) LA R BT RE S AR SE g TR B A9
UNEREV S CINYSI B IH € dnE i a4 A
4 JERBF AR SE R, 7558 2 5 BUUS 1Y — Bt
[EPSCan 1R ) il /R as TP (i &) &
PR AT AU S 5 R U I AT AR J LR 3|
JUEAREE,

TEFA ALY 0L AR B AR iR A | )
W A REE E AR, SRS
IR ST AT B LR A R, B ST
A BURIE 25 S8 Th2 GRS RAE R, 2R
1M, AR DA WIFE HAsE 3 1 o AN ] 6 700 1 i/
XL BB AR (R 5], X Tk B SOl 2R SO
BEAY AT L 3k 4 i a0 A B B st ) 45 2
Ao SR A 2 M R E R TR (1 K & ek R 3 AN /N T
10 JH, SR, BRTIAEA G— 09 hn fEAL I )4 i
FIUAF R B VT s 14 Sk X 20 2 R0 M 0 R E
IR
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4 BB

FERY L AR YRR P-4 38 5L T sh )
A SNE (A ARFAE B A DG AR BEAE AR I R A T 2R
FIRr (WL 1) o X — o R AL 4 G
e, I AT N E o VAL S W a3 sk
SR RS A BT LU o e A I ey S A7
TRBY ISR 1t sl 1A N ) S 28 BN b, 41241
o BUE S 00 70 B W RE SR HEAT SC AR i AN 2H 235 3 1
DL B ; BT , B [R BIESE B B0 1%
ARSI AR S A0 i A - AR k2P e A kb 78 |
U SR AR NI R e T R 1 2 NP 5
W Z SPFRATTAHDFE T 3 A DAl S R e e P4t
DB AR ROCR B BEFE , SXFE I 255 P Al RE A%
YRS b B ARy 5 S ) S BUS REARFALE
4.1 1THETS

13 07330 At — PR IUR )5 30 min
WHEFT . FEEEMEEAERy BUBAR R B W) i AR FIE
ARRRIE R S ATWEME L S TR I G 26 FT I
AR 2 e ] PR, G ™ o A B ] UMk T
BRI s i i T LI SEE R G A
LR KA EAR AR FLZT 15 mm IR
60 s, L s iofs (19 JBE 1 o 70 A ) 5 | R O £ ) B
ERERAERRT, 2B ERBEICAR (whole
body plethysmography , WBP ) J&: 1At 547 & 2€ () —
i FHEAR 3@ WBP U ik P 3513 A2 AL T AR
VAL SR ZERIAR G A BB
4.2 MiEFFEHEKERD

AR B AR SRR i 75 20 Sy ik
Fraziin B9 iPAs , DLl 2 A AE 2 B BN
VAN BB S Tk gl slid j kA f0s
( passive cutaneous anaphylaxis, PCA ) A9 £ il
PCA K52 —Fp R R I 2 EARSEDUIE S
[F) 2 BB [FI 2R B S R LH U & s | 0 )R
RS RIS, A S BB ST A T 7 R
1M, 64T PCA MY i Fe 2 5 A Y, Heg 2R ml g
BN Z R R AR, 8 PCA % iR i
FE PR T GRL SO A T E i, BERE IgE
PO K B, X P 5 B B i gl Bt . 7E 1 U5
BB AERIAE R i SR AR NG 2k — &
GG N, BT, 4B 4 S IgE 2 5T

KUNMIZE G X — 45 Gt IR 51 ki Bl G4 b
TR &0 LR e b 0 5 I3 R AE R R SR TR Y
WERE | A T VAR AN AR X A6 93 3t A8 s 1 ) 32 BB
SEFhR

FE IS O S A 5 9, Th AT Th2 7Y 24
PR 1) 5 5 4 6 P B0 5/ 0 R 1 57
5T R W], Th2 A A T Be 8 A U i 1eG1 ik
()6 7, T Th 20 6 -0 £ 22955 5 1G2a Piik
AR R PRI S AR LT R 1gG2a FT 1gG1
JKFIAEAL AT DATE 245 78 Thl 5 Th2 4 i 22 [A]
PEAHLE A AR AR SR A O ik B A
LIS ST AR 2] T T N, SR AT e
PEN of FNANBRASSJR T B T . #£ AR 2
SEge v REE ACK B RE SR TgE IgG1 Fl [gG2a 7K
SEAEFE LA 1gE K AR R A Ul T
4.3 BEFEALRKREBERSERN

Y SRR 2 RE T TR TeE A Y
TN B SR 2H 4L B AR AR AL, n SRR R A
24, AT LA 3] G et RSt % A 43 , 1] B2 404 %%
PR IR | S8 M AR 325 bk EL AR e R T
20 L s P P A0 2 A, T B T T R
KB A2 R bR % H 2 T
T AN L R L BT 5| i B 20 23 98 P9 A8 e HEAH
I BRARAE SN TE  BLAh, AE R S —Fh I
R R B T 5| & SR A, H i FRlA P
J 2= T IFIGE , 7] RE S| — FR 51 A R
W KA, BRI, S SRS B il 2H 4 1 o FHER
BB AF T2 S EE S X AER B & R R SR
WRIEATIR AN, A Bl T FRA B8 4l 341 i JH o) o
AW 2R 255 149 52 W) S A S BIL TR, DA T Sk A G 92 5
(815 B AR YT S BE RIS
4.4 ZHAEEFHEN

S SRy S I = v N A D B i NS e
MARIAL U R, IFST I , B s R 1 v 40
it PR B R JBOAN A W] 928 2 N7, 348 W] i B 2%
R AR M N R R A S X R ekAR
A 3 K e B M ) 08 T R R R R R A e A
NI b 7 () S8 B P R Il R 7 A= S g o
IR SR B R A S YRR R 2 RV R
4H e (type 2 innate lymphoid cells TLC2s) F1 Th2 2]
HLFT A, AL T 30 e 15 5 2 A4 38 I g 5K
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PRAY 32K LEARR A S TR (19 G 5 240 B FE 6% R ik 22 A A
i & 1 PR, DT A b 38 At S e i, i
LR MRS, 51 & T 5 2 B 5 A I PR AE AR
V6 K3 A0 B R A I Ty ik R AR PR AR AR R
AT JE B AR B A I 0 e 1 B R I ik
OB R I 7 vE A I UK I | ELISA | ELISpot |
Luminex %5, ¥5 M 31 A0 40 fitd S 20 i [ 32 B A0 46
LA,

4.4.1 Th2 4}

AR 5 ThO # Jf 1] Th2 2 Jfd 4 70 4k A1k &=
Th2 RUAHHE B9 BETCA 5G ., Th2 4 ML 62 8 53
LMY T, EEALEE 1L-4 10-5 1L-10 A1 1L-13
BB PP B IR SRR T R BRSO s R
i 20 M IR | 175 R AR SRR 9RE . DRI
FEIU L 3 PR 1 22 2R 7K T LAAT R0 B Th 4 g
FTEAE RS (HARE R, IL-25( MK IL-17E)
Je—Fh el Th2 A=A W AN IR R -, Bl
5 IL-17RA/B WIAHEAEH , BBH#E A 50800 I 4 0
A A F 19 ERIA 40 NFkB STAT6 . GATA3
FINFATC1, X —3d B2 Th2 1042 40 i %A 3K
WS R AL, e &AL BE Th2 40 7 (e 2
IL-4 IL-5 Fl TL-13 %) f ka1
4.4.2 1LC2s

ILC2s #£ AR 1Y i 3% | i & ¥ 1% 0 1
FAS S M SR AN AR 42 o 5 B S, - R 4
R R, A6 o R R R AE s o
SEAN ML T TL-25  TL-33 Fh by i 35 J3 bk 00 A4 ik
% (thymic stromal lymphopoietin, TSLP ) {9434 , i#F
M 16 ILC2s JF 2 7F 2 A B 28 41 it (type 2
dendritic cells,DC2) B R, F4IE ) 1LC2s 3 b
LR A0 R - (40 TL-25 \I0-33 F1IL-9) , B4
SRR 2 | 5 S R RN RN R AR A, 2F
T A s o

Horp TL-33 VB —Fp oA e IR 7, 224
HAUR BT R, il At 55 ST2 2 k25 4ok
5 G 3% 20 MO 0% 3, 9 G O R AR E . L Ab,
11-33 I BEIAIE Th2 2 i | W8 Bl 4k 20 i | W R 1
L2 M2 E g2 R S AR 2, = 5 5] 2 R
1 g S R B SE ) R

TSLP J&—FhE 22 {2 Th2 N A ¥, FEEH
S FEANN R . BN BERE B S AR A0, id
I b SR R R YRR b B R 5T
RV el e o B SR B B B, TR
VEBL Je/NGUBER i TSLP 02635 582 |-, %0
AR AT B0 7 5 E I 45 T R R OCEEE
I, AN TSLP (1 2hK-F-FHi AR (19 2 bIL ]
HAEEZEL
4.4.3 Th17 4

Th17 ZHHEE—2 T 4B AL (Th 200E) , £
ZLATTII U TL-17 , 75 22 b A SRR HiL A v 42
YR VR, T S RE A AR AE S by AN 4 58 )y
PG PE | I R R G FI A B A AR TE S R
iE S AR B B TL-17 A A — A e 48 1, i
TSR0 5 (A TR, 394 o 0 R 1 A
I A TL-17 B3R KF-XF T 1 Th17 4 %k
HNFRBHAEEE L,
4.5 FREREIEEXBEIERGN

H T AR 2058 23 PPAh S R I b e 5 Bt iy 4
Pt o SR AT Sy W W2 S S (1% I 0 e, G
SEREE H O FR B I IE (1) fl RN SR,
WREHE— ROV R A T8, X R R O I
et 7P S R IR RE R 2R (£ 2) . B
S5 H AN oceludin A claudin, 4845 240
it [B] J57 5% T BB Y O SR I A3 >4 H 3R TR K P B AR
B, b e e s P 3 a7 1 T R I, S B0 I A St
TR A A A o T A PR A S hE Sy HA
FENE R, R 4 A PR %) 2k BE BT AT RE 4 78 S
RS2 B o BE R 5 B0, R SRAE A F o
(tumor necrosis factor-or, TNF-o0) FIH i/ E -6
(interleukin-6,1L-6) 540 il R ¥, H o 76 o St &
RFNHA T W T8 s b T, 3R B AE I
RAIETNE o WA A 7 —FiE 5501 BE
W5 | G2 200 B Z= A3 0 o, 355 BT B AR Ji A
(RIS B FRIA AT RE S | Rt 2™ | S EU b
BBt — PP LR R X SR AR Ay
TARAY A VA LA S B 5 4 s e
T AT B THES ARG T RN B R LA
SR A 5 T AR R B
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Table 2 Key components affecting the nasal epithelial barrier function

A6 44 ik

Detection name

Xb B b 1 it B D) RE A R

Effect on the nasal epithelial barrier function

B EEEN-1
Zonula occludens-1
P ZE 25 1

Occludin

HHHEA

Claudins
L7+
Junctional adhesion molecules

E-45Z5 % H

E-cadherin

JEAS R 9

Proto-cadherin 9

HA#FE-4
TL-4

N E-5
IL-5

EFHES
IL-6

HATE-9
IL-9

HAE-12
IL-12

HAFE-10
1L.-10

FAE-13
IL-13

FAE-17
IL-17

FAr#-18
IL-18

YRS R IS S IR B AR TR 4l B

Maintain the structural integrity of the tight junctions and regulate the permeability of ions and solutes.

25 BRI AL, 477 5 240 ) B e
Involved in the formation of tight junctions and regulating permeability across intercellular spaces.
VRIS B S T A TR R e | Sl B TR0 T RIS
Regulating the permeability and selectivity of tight junctions, affecting the transport of ions
and molecules.
N BRSNS 5 R A AT R A
Affect the stability of tight junctions and participate in the migration process of immune cells.
PRI B2 240 L ) RO B, ) 5 L e B g 4 P B G
Maintaining adhesion between epithelial cells is essential for maintaining epithelial barrier integrity.
T 2 G YRR I LR B DIRE AT AT SN, (5 IR S A 2 A A R SRR M
T 1 e e
It affects the nasal mucosal epithelial barrier by participating in maintaining the normal epithelial
barrier function, regulating the inflammatory response, and affecting the migration of immune cells.
Pk Th2 A0Sk, 380 Tgk S-S Y S AE SN, T REIE i AR B 4 B 1 Rk T s i &
B BER SEREE
Promoting Th2 cell differentiation and increasing the IgE-mediated inflammatory responses may

affect the integrity of the epithelial barrier by altering tight junction protein expression.

R HERE R MR 0 Y IS S AN , 25 B BB S SRE , S8 B e B T B2 451
Promote the proliferation and survival of eosinophils, and participate in the inflammatory response
of the nasal mucosa, leading to an impaired epithelial barrier function.

B LSRR B A AT R BB b R DR BRI RE , S B B AR AT
By promoting the production of inflammatory mediators, it may indirectly impair the epithelial barrier
function, leading to the barrier dysfunction.

T A fE A P R A A 0 S R AL, VT 8 5 75 SO E O ) He it 3 b B R
By promoting the recruitment and activation of neutrophils, it may damage the epithelial barrier
indirectly by inducing an inflammatory response.

A REE I Th2 BiE 2 5 RAES R, [l 20 L 1 5 B IIRE
May participate in inflammatory processes through the Th2 response and indirectly affect epithelial

barrier function.
IL-12 2 550 AN B35k, 4 D202 0 Thl 044k , 3wl BE M1 R2 A b I i R T BE

IL-12 is involved in the activation of immune cells, especially in promoting the differentiation of

Thl cells, which may indirectly affect the epithelial barrier function.

BAYRIEM, 7T B T 445 b 5 B B ) 52 B PRI 589 SR

Have anti-inflammatory effects and may help to maintain the epithelial barrier integrity and reduce

inflammatory responses.
T 3 A R TR I AR, TR L R b B R AE A M A SRR
By changing the expression of tight junction proteins, it may directly affect the epithelial
permeability and integrity of the barrier.
PRk S RE AT BTRERL , T RETE 3 175 S SO AE (W1 e Bl b J DR
Facilitating inflammatory mediator release, possibly impairing the epithelial barrier indirectly by

inducing inflammation.

BRI | F AL 20 6 45 G 5 AT M ) A R S7 , B A S5 17, T S 1 Bz o o Py 2 44

Ability to attract immune cells such as neutrophils to sites of inflammation, exacerbating the

inflammatory response and thus affecting the integrity of the epithelial barrier.
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gR2

X g b B2 BT RE RS

Effect on the nasal epithelial barrier function

25 Th2 40 B354k , 7T RER A2 3 TL-5 F TL-13 B LR TS 1 Je s

K 24 7

Detection name

FIr 2 -25 . . o . ) I . .

1L.25 Involved in the activation of Th2 cells, possibly affecting the epithelial barrier by promoting the
production of IL-5 and IL-13.

- TG Th A0 FTIE R AN, FT AESE ik S0 AE A 5 4 R (B 5 o b Bz B B DI

IL/;3 By activating Th2 cells and mast cells, epithelial barrier function may indirectly through the release
of inflammatory mediators.
I A 2 2 TG Th A0 AR SR NN , 7T RE T 58S i BRI M B2 B BRI g
IR 2 0T AR

By activating Th2 cells and DCs, possibly affecting epithelial barrier function indirectly through the

Thymic stromal lymphopoietin . .
release of inflammatory mediators.

T Th JE2E , T REE Sk R B S e R TR L B R BT RE
Inhibition of Th2 responses, possibly by regulating epithelial barrier function by affecting tight junction

TR -y
INF-y

proteins.

GIRAAEINL , AT RE - 50 5K VAR 1 BRI b B2 o e

Initike an inflammatory response, which may lead to a decreased level of tight junction protein

JH SRR FE A T~

TNF-o . - .
expression and thereby damage the epithelial barrier.
-1 IL-1B R —FRPiR KR 28 AL R T, REAS AR E AR A BT i 7 A, I 7T RERZ ML 1 i B ) Tl 1
IIL/I\B IL-1B is a powerful pro-inflammatory cytokine that promotes the production of inflammatory mediators

and may affect the permeability of the epithelial barrier.

PR B E - 1(C-C 37
R TR 2)
Monocyte chemoattractant protein-1
(C-C motif chemokine ligand 2)
PO IE R T 40 RA AT
BB T (C-C HEFF itk
N RCtER 5)

Regulated on activation, normal

RS | A 20 M A5 S B AR M A S0 S7 , ) A 2 17, S T S e B 1 B B BT i
It can attract immune cells such as monocytes to the inflammatory sites, exacerbate the inflammatory

response,, and then affect the nasal epithelial barrier function.

RENEIR 5| Z2FP e 4UH (045 T 1A MR IR AN AR AN B VAN AR5 , & 7T fE il ad 02 5 1 e 4 i 1Y
SEEE NG JERE SLRL, [A14Z A0 S 1 2 BR R
Ability to attract a variety of immune cells, including T cells, eosinophils, and macrophages, it may

aggravate the inflammatory response by promoting the recruitment of these cells, indirectly affecting
T-cell expressed and secreted

(C-C motif chemokine ligand 5)
C-C P B TRk 1

C-C motif chemokine ligand 11

the nasal epithelial barrier.

T RE S S | I R PR R AN A A3 2 S BUR R R R

Probably causing damage to the nasal epithelial barrier by attracting more eosinophils.

TR FE 10(C-X-C 27
B TR 10)
Interferon gamma-inducible protein 10
(C-X-C motif chemokine ligand 10)

I T i S A 2 P - 1 ( C-C 5
AR TR 3) /5 200 i 560 2K
F-1(C-C PRGN TRk 4)
Macrophage inflammatory protein-1
alpha( C-C motif chemokine ligand 3)/
macrophage inflammatory protein-1
beta( C-C motif chemokine ligand 4)

iy 2 R S8 B R B ( C-X3-C Motif

T R I T G A P S B TR b B BRI RE

May affect the nasal epithelial barrier function by regulating the recruitment of immune cells.

AT R e P A, 20N A I PR P A A58 P SR T A S S 7, R TAT S L ¢
FFETIEE

May exacerbate the inflammatory response by promoting the recruitment of monocytes,

eosinophils, and subsequently affect nasal epithelial barrier function.

FALHE TR 1)

Fragment of tumor-lysis kinine
(C-X3-C motif chemokine ligand 1)

T R I A T G A P S 1T R b B BRI RE

May affect the nasal epithelial barrier function by regulating the recruitment of immune cells.
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