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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//REN AER I IRAI T 15 e WHER

Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
FHIRIER E FHRBORIR B T8 A 5% = LB YA BEER K
B 4 RO FEIE R A 1. 5 mg/mL 2.0 mg/mL 2.5
mg/mL Fl 3.0 mg/mL, %/NFIEIETES FARB R (FH 0.4
mb) B3 d HAL LR IET 0, AT RTERTR 9SS 6 Rike % A5 B 53
JHHCEE A 10.6 me/mL FOYEFRRGIET TR SRR (F5:5010 L) 3 T BB
456 d R 1K, ARIIA i

[EAUIN W AERY Mix willow pollen protein extract in a suspension containing 5%  Aluminum B ? ti();xl S

Kunming mice ~ Willow pollen aluminum hydroxide in saline, preparing four different hydroxide ¢ aV10rI F S(ionrigj
concentrations of solutions: 1.5 mg/mL, 2.0 mg/mL, 2.5 mg/  adjuvant seruazn 8 evess
mL, and 3.0 mg/mlL. Administer intraperitoneal injections of Ea%t rr:}l]l(‘lo =
these solutions (0.4 ml/mouse) every 3 d for a total of 7 times. 1siopathology
Starting 6 d after the last injection, administer intranasal
challenges using a 10. 6 mg/mlL solution (10 pl/mouse) daily
for 6 consecutive days.

7 9 % 08 435 13
IgE  IL-18, 1L-18; &
JEHEBEW  1L-6,11-
B 50 L UK REAERS 72 0 IR 5 S B R 3 RAASTNR . 7658 1B, IL-18 7k
1.8 il 15 K, Tal/NGUIIEE A1 T 200 L TR0 IAES 21 Western  blot 4 1l

WM KL 28 K, BERAF 0. 5% 1R i 1Y R B AL A 28 107 JF 9 ik NLRP3, Caspase-1,

C57BL/6] R (BRGNS 10 wL) B TR SRR o P ERAesH IL-18 % 1L-18

NG Raswee dﬂ ollen Mix 50 pL of ragweed pollen allergen with an equal volume of Freund’s Behavioral ~ scoring;

Female gweed p Freund > s adjuvant. Inject 200 pL of the mixture adjuvant serum Igk, IL-1B,

J &

C57BL/6] mice intraperitoneally on days 1, 8 and 15. From day 21 to day 28, IL-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,
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FIN=EVEoY; LTE R
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1gG2a; B IR EAA% AN
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2] o , 1(200 pg/mL PBS) , BREAL 10 pL, %55 d. , , ,
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. . . expression of
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mucosa; EPO activity
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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, IgkE, and

mice a one-week pause, instill intranasally for 7 consecutive days. NOx levels; tracheal

iNOS,

mast

tissue IgA,
cell
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Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
118 22 V1 1
. fe s N M/ y: éé m—
610 g Cry J 115 4 mg SURILRBEBAR S AP i
; TS, RS LRGSR 3 WK, BE 1 JEE R/ T R - ’ ™
G A RS G5O, K B R AT g RAT O
[34] WA . {E{I,ﬁ_:‘/*7 ds . . .
IR R/ Cry j 1 . . . . . Aluminum Behavioral  scoring;
Mix 10 pg Cry j 1 with 4 mg aluminum hydroxide gel. .
Male BDF-1 Japanese .. S . hydroxide serum Igk 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
onsecutive d levels; tracheal IgA,
consecutive days. MCIR, and
MCS5R expression
TR o) B
TESE 147 R /NEB RS 0.1 mL ) Art al(20 pg/mL 95 B 2 R O I v
MBS AR ) o BT 1 JAJS W/ INRUHEA T S R v IgE 1 1gG2a 7K
(iM£8)500 pg/mL HYEALEAERYFRIBUB (FHAL 10 pL) ,iZELE I TR S A i 1
HMEPE BALB/ ¢ BRAEEER) 10 do 75 4 SRS FRIAT 2 SR NTETEIOR . 2R A I
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
Fih oy B
550 K 0N TR IS I ST R AEAS (0. 1 mg/200 pl) 55 P M (tight junction
WUAFI(1 mg/200 L) IR G TIARE, 57 X, proteins, TJ ) Al
YO /INER A THE SR AR (0. 1 mg/200 L) DARE5RE (zonula occludens-1,
T L CATE S YN S 20-1) %k L5
G ARSI
INE W) ABOImg D). D i
On day 0, sensitize mice with an intraperitoneal injection of a . Behavioral  scoring;
Female Ragweed pollen . . Alum adjuvant . .
BALB/ ¢ mic mixture of ragweed pollen (0.1 mg/200 pl.) and alum adjuvant tight junction proteins
¢ mee (1 mg/200 pL). On day 7, re-sensitize mice with an and zonula occludens-
intraperitoneal injection of ragweed pollen (0.1 mg/200 uL). 1 expression;;
p ] gweed p /200 . p ;
From day 14, instill intranasally with ragweed pollen (0.1 mg/ paracellular
20 L) for 4 consecutive days. permeability
testing
it CD4" AR 5H ; 1L
: - s NN s THRF S 1gE IgG1
HEPE BALB/ ¢ TEHS 0,14 11 28 K, XI/NBURAT B TVEAT, BUGEAL 10 g SURASI] | o) Oy
JNERLT MR AEHRs/1Bet v 1Bet v 1 JINEEALERAAT], Aluminum Sgl CD4* 1
Female Birch pollen/rBet v1 On days 0, 14, and 28, administer subcutaneous injections of 10 hydroxide P f?n . ] ce
BALB/ ¢ mice pg rBet v 1 plus aluminum hydroxide adjuvant. adjuvant pro 1.erdt10n; serum-
specific Igk, IgGl,
and IgG2a levels
TESRS 7 KA 14 K b/ NHEAT IR TR, S0 AT 1 me/
mL [EAERBREY S 2 me/mL A SRS AR &4 (&
g g e AU 200 L) DA THERIRCAL, MSH 14 REEE 23 K% P "
s ety g HOUTI00 ko TR JO5 1808 FEREIT A B
Ry ok BUEATENTEE, B ESERETE 200 pe ALK T 100 pL TLRA. My DS 1 NF-
HEPE BALB/ ¢ oo 1 mg/ml. P EEACHR, LI AL R SR N e
4 [38] Artemisia annua T . L ! kB p65 FeikKF-
JINER On days 7 and 14, administer intraperitoneal injections of a  Aluminum . .
pollen/Mugwort . . . . . Behavioral  scoring;
Female ollen/ Artemisia mixture of 1 mg/ml Artemisia pollen extract with 2 mg/mL  hydroxide nasal mucosa TLRA
BALB/c mice D¢ o aluminum hydroxide adjuvant (total volume of 200 wL) for adjuvant ) o ’

macrosperma pollen

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.

MyD88, and NF-kB
p65 expression levels
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Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
MIERRE IgE K
(slgk) FLEL IgE Fifk
K- (ulgk ) 5 T v 4
NELE B s S Uk
TSR 07,14 K /NRHEAT B2 T EEST, S0 10 g M4 T TR A 2
FERHEIRYIS 2 mg SAAMIRRIIRGY) . TESS 21 KEH 24 T8 il 41 2095 #2
MitE BALB/ ¢ KR 1% MR S 580k, R 1 B SRR B
NG fFATEN: 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
St ” S v R - 5 7 ?;BI IgG1
ES 0 FATS 14 X/ NUHTITEN 50 g FARSTAAE A
KRB IS SE AT (2.5 mg/0.5 mL) IR, 7656 H@,Dgﬁz?ﬁ*jfﬂj W Fi

. 28.29.30 F1 35 K/ INGGIEA T 5 IE T , B UTETE 100 pg H . Ny o
MEPALM S pkemien  ATREMERILIENEH 20 ul) i s
sV o2 ML . L Aluminum Serum-specific  IgG1

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 - 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, /NI 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 e ”ﬁ?; O T, S 100 e L B sopeampon) ot ek 250t et
N ALK el ) TR L Aluminum bl

. 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 aquva &% bicig sties

200 nL) ; on days 10 and 20, inject without adjuvant.
) . e LAY (7 2
b AR .55 0 K NEUBIBEFE RO 1EBY (100 g S5 o e
FLERBEIE 1 mg+200 pl. PBS) 265 7 K, /N RIS IR A2 4k TL13 KT £ 40 o
HH(100 pg+200 wL PBS) ;4 14~ 17 K /NRENFESHIKFAE D%Mﬁ*ﬁ;ﬂ@ﬁﬂ
UM | mg/20 L PBS) . i AR HUB.NEUES 1 LR L A
JEVRISE 2 J81 (55 0~5 %) M (5 7~ 12 ) B PO E IR (SIeE )+ B4 4 mRNA
WY (1 mg#200 pL. PBS) 15553 JH (5 14~ 17 RASEEMEN o o) 0
BALB/c B QRN KIBKFE
(1] KEAEN ; S . 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 LS gRN A,
~5 and 7~12; continue intranasal instillations on days 14~17. nasa . m
expression levels
e N AP
AR ERYI 0. 02 g ZERYE1+0.02 me S AILRY s e
M B10. S 2 L/ L) BIE, R 2 W BT d. R | E‘f%:c( I'E‘E; .
N AASHER o fSREh | Y, EFI 15 %, LECRIRET RS
Female Japanese Instill intranasally with Japanese cedar pollen extract (0.02 pg b gimrillm ) chavior S(?Oimg’
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 adjuvan [CAsHTEMEIt; - serum-

instill intranasally once weekly until the 15th stimulation.

specific IgE  levels

(slgk)
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EIL//ANEN AER I WAy 1 il WHHHER
Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
I35 7 5 PE IgE &
s St " bz ey IeE N ?: 5 ‘4:-
5 0 T 14 5, S/ BUBIRSEE A8 A6 H (1000 e LT O I
PNU/200 pL) S5EEMEMEH (5 RN 1 mg) RS HILL &ﬁé&%%%ﬁj
Hep: FERIBE, 5 1 AR AEHS 21,23 F 25 TN/ AT 5 I e
BALB/c I WO S T/INRCCHAEA IR (5 UL 200 PNU/20 pL) . SUSRRERAH) e e
[44] igﬁ*ﬁ/An vl .. . . . . E4 ﬁfiﬂflu
JINER M ! vollen/ On days 0 and 14, administer intraperitoneal injections of a  Aluminum S -
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 lgvea; e
L/m ) allergic edema test;
pL/mouse ). cytokine levels; lung
tissue histomorphology
5 5% ¥ Sl WLy
TESS O KIFUR, 7ELE 7 d FER IR B S AL B N8 T HAMER (sRaw ) ; 17 =7 3F
FEIUH) 3 WL(0. 3 mg LM E IR T 0.3 mg HEALH) . Eir Ll i 4 S uR
1 SR 14 KITHR B — I B RA R TR 3 mg JRE(PCA) 5 LT y1
TEPERE R H A A 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

HEPERE AR
JRER HAERAMERY
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 152 7 d BERPIER AL N 45 T S AR B
FEIH) 3 WL(0.3 mg AEREIHIAT 0.3 mg HEALH) . HiF
LJESG  NEE 14 FTTIR 808 1kl ARS8 T/ NS
AER (3 me/ L) #5252 13 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.

TSR O KITHR 25 7 d BRI ESALE NS THIER
FEIH) 3 WL(0.3 mg AERE AT 0.3 mg HEAALH) . HiF
1S SR 14 KIFIG B 100, 3l AR 25T/ 3.6
mg FAMERY  1F4E 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
51
Aluminum
hydroxide
adjuvant

anaphylaxis (PCA);
serum vyl and IgE
antibody levels

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

Behavioral

specific

scoring;

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

nasal lavage fluid

o 5 1 R B
(sRaw ) ; 17 79 % 3F
35 ML R S P IgR
FTgGL HUATRN-5 53
FE VR WO B 20
B S e A
Jiz A B iR 1 =
I o 5 T2 20 1
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 WHHHER
Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
TES 0 KIVIR L T d BRI AR ILA N A T H N
PEHUH 3 WL(0.3 mg AERIEFIT 0.3 mg SAIH) . HiE AR I 4 5 B
LG NS 14 KIT8R, R308 10l AR T/ 3.6 TEAFAD & ; 1
PR R AR mg TRMEHRT 1525 11 4, A S 1gE K
J L Ja anze Starting on day 0, Cedar pollen extract 3 pL (0.3 mg pollen  Aluminum Airflow resistance
Male Hartley (-eI()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%
FHERIK (0.5 mL) SEAAREERE (30 mg) MIRAY., M
AELAE R HE RS 1R, HBIRIAF) 16 A, 16 RSl % S B
(9.5~ U YN EN7F TN T uk= R R RS
[49] L. . .. . . . ék%k’ﬂﬁ‘f‘nﬁuﬂ l-'ﬁ'*/\()\ui
14.5 kg) TR IER Within 24 hours of birth, administer intraperitoneal injections of Alumi Airfl istanc
Adult Beagle el a mixture of ragweed extract (200 pg) , 0.9% saline (0.5 mL), L HHow resianee
Ragweed pollen . . R hydroxide measurement;  nasal
dogs (9.5~ and aluminum hydroxide gel (30 mg). Repeat this injection Jruvant o !
14.5 kg) every two weeks until the dogs reach 16 weeks of age. After 16 adyuvan amway volme
. . . . measurement
weeks of age, induce nasal allergic reactions via aerosol
inhalation.
F1 R o3 AN I
CD4" CD25" 4l 1 Lt
RN S K AL R BE o~ ng) T H "
PRI ST IR REAE R B2 IR (45 1100 pg) 5 L) il 50 A 1fi e Thl/
(BER S mg) ITRT P LA RERISCR, RER 1 U, 3445 70 o, i Th2/Th17 40 il (K F
. T A B A SO mRNA K-
é KEAER Administer intraperitoneal injections of a mixture of ragweed — HABHAH] Behavioral ~ scoring;
OYT]mOH 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 SCETERY A vl \ N Gl
B  SCEER AN L g e st o, PRICIER b g kop
New Zealand Mugyort pollen/ Stimulate the rabbits every 4 weeks to induce allergic reactions Freund”s Specific IgE levels
White rabbits rArt v1 Y & © adjuvant P &

3 EMEE AR ERHBESE

3.1 EMES AR #ELE

ACA 1 U AR SO R IR T A B, DAAR AR
FRUERIBUREDI T, — R A= T2 8
BN UNE RS Z bR, B OREIEEE N iR,
FIHA RN R B A ks 22 b, SRJ5 HEAT
Bt IR LA L PR A, L@ i 0. 45 pm F10. 22
pwm B LABR A, PR O Sk i — 2 T
AhER B I TR AR R T AR AR i
O AR B 5 23 B 1 0 R T o

It R G456 R A ML R R T BT R 5 &
PRI MR PERE R, DL SOz o i) AR B

Jit o KRGS BN | o A4 T 176 1
ARG AKERIR T . OB R
W BIA PR SRR RO b 4 5
o 5 HARA HLIF A L, S5 RETS 7R B Y /K
P3E AR 25 B S U T ER 2 e A e
A BT IR RE R B K AL 3R, J2 H AT et
VR SR P 1 R M BRI
ARE RIS, AT A R B B A6 $ BOH 1)
RS, AR Tt i S R AL 25
T B O A AE Ry B 7K P T AT AR iR
N EYIT % . AR RO e S Uiy
PURTEPER MR 5 i 2 ol 45 IR 6
G vheER /K IR IR 2 B 2 P, e AT PDRE S B 4
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Kyt SRR A pH (EARFF e

AN A 20 AR A o B S 4R Bl W A
Hr AR R FE L 21 20 4R B AERy SRR Y
U R FAEES T EREERE . TEA
FHED ALk TR TAREA KR
MAE R L AR SAER B AT L, AR F A
ARG B2, 5 TR, A
1M, AR BYVEFHFLH 32 3 Z2 0 KL 3R B9 52 e, A0 45
SRR B S AR A SC B IR B A BT | AR
AN N R WG S aE RS g 45, I,
TE 2 AE PRI | 20075 B3k B PR 52
3.2 TEMYEIEL AR MR A

Perl AR e Ve S e G 0 0] | Gl R S AR bt
Ji— B BAEAE PR Z BT BN SR N . 1 H]
P70 B RSB B X B (4 S35 JE PR AT
SEmbtRR R HET, 7R B B R S R A
rh i i AR R 2 S AR A SR 2R (o AR B LA
F) LT LA A B S R A A R S i R AT
SRS, PIE ) F 2T Re 2T B s Rl
AR IR XSG, SR, EAT]Z R A
FESE I TR A Y JRRE R BT R SR B 2%
5 FBUR IR IAE TN S W5, seah, (36
ICAE Iy R o BB, B e 2 3L ks
A Reak B ROR . R, &R BR AR 5
B Ay 5 A7 550 1) 158 B R AR 58, DR L4 A T
M

H HT AR5 i e R W, 48 40 300 5 | S F) 4 B
BESTBIBE TN AT LA 3 FhAIL R i Ao S —
LIPS G IR DA B g ok = R = W
FRTEVR N A9 A ) B R PR SAIR) T B — A 1 22 1Y
U , AT o 22 G R R, B
ZEIEORPUIR I AT I . 5 AL S ROk AT i
PURFEAL BRI IE 2 i J5 3% 26 JURL B 1 i 4
S22 fifd (antigen presenting cells, APCs ) 715, AT
PSR A S R, X — i B B T4
PR R A A B S D) W RGN
SIFLIALBE 5 = AL K SRR g
LI APCs BYFH S5 M KT Th Sy
%o Ay 2 SRR RIS T A 4
AR WA T ENTRY S RETE M NG o 1 %
PR B8 S

A A HERE A SR REAR
ROV ABAfRE, — SRS, (A A A
WA AR A/ IR IE R B rh ™ A R A 2
70 e Ak B R B Sh AR R | SRR AR
K RN R 1~5 mg, AL BER T
BN REY0.1~0.3 mL™ L [ A4
AIREZS X AR A A IR RICR 7 A= 52w {H A
HRARGE B R E M AERE, HHWCA
fif I ICAR 77 B S BT T, 0 B D075 5 Hh i i R AE
R (2935727
3.3 TEMEIE AR EEIF)ITTE

HATC &R0 AR BIRY 1K) S2E05 B ] Lo
PR (1) 2o S R SE Al i (2) s R
i B R B T i sh ) I R R R T b iR
Ja P A W R S B o R BR AL AR AL R B U
sCEASE N, XA RE G EE TS LT
T R P al S N L AR S B R e
LA EEARTE , S DN TR LU R I e B R0 B R T
T BT (S AR T ik R AR A TR
P e RAETT) 320G, S B B B B2 3
WU 2 5 TN R R 1) ) — 3k i 3 ek 5 3
FROAE R 200 0 R0 2 1A r 240 i 35 T () A4 R S 1k 5
G AR O N B R TR B
21|t BB 0 0 S B S AR R R 2 LA R
B) LA BT RE S AR SE g TR B A9 A
YNGR EV S GV B I C dGE i N4 A
4 JERBF R SE R, 7558 4 5 BURUS 1) — Bt
B Can 1R ) |l /iR as 0 (i &) &
PR AT AU S 5 AR R I AT AR J LR 3|
JUEAREE,

TEFA IR 0L AR B AR R A | )
P A RS E A R R, SRS
IR RS AT B bR A 5, R SR
U BURIE 2 5 S8 Th2 RS RAE U, 2R
1M, AR DA BIFE H A3 1 o AN ] S 780 1 iV
X SR e X T R R 28 R
BEAY AT L 3k 4 i a0 B B s ) 45 2
1o SR A 2 M R E R TR (1 5 A e R 3 AN /N T
10 JH, SR, BRTIS A G— 09 hn AL ) A i
FIUAF R B BT s o Sk X0 21 R0 <0 R E
B
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4 EEFNMER

FERYEH AR SR RID-Afr 38 5L T sl
P4 SNE (A ARFAE B A DG AR BERAE AR I R A T 2R
FIRr (WL 1) o X — o R AL 4 G
& e, AT e E o VAL s P a0 sk
SRRSO BT U G e A I ey S A7
PRI 1 it sl W 1A N ) S 28 BN b, 4141
o FUE S 00 70 B W RE SR HEAT SC 4R i AN 20 235 3 1
DL B ; BT, B R BRIESE B B0 1%
ARG AR 5G40 i A - AR k2P e A kb 78 |
RPPAG SR NITTE I — 2T IA &R, R
W Z SPFRAT A HDFE T A DAl S bR e e P4t
DB e AR ROCR B RS, X FE 255 A RE A% B
YRS b B WeAE Ry 5 S ) S B RE ARALE
4.1 1THETS

13 R0 o3 et — PR U )5 30 min
WHEFT, MG Ry BUBAR R S W) i AR FIGE
ARGRRIE TR S AT L S TR I S 26 FT I
AR 2 e ] AR, G ™ o A B ] UMk T
ERAE MR s i i T LTSGR G A
LR KA EAR A KBS FLZT 15 mm , FfORHF
60 s, L s iofs (19 JBE 1 o 20 A ) 5 | R O £ ) B
ERERAERRT, 2B ERBHICAR (whole
body plethysmography , WBP ) J& 1Ak 547 & Z€ () —
i FHEAR 3@ WBP gk P 3514 A2 AL T AR
VPG SR FE R AR G A B S
4.2 MiEFFEHEKERD

AR B AR SRR 30 75 20 Sy it
Fraziin B9 irAs , DLl 2 A AE 2 B P BN
T BV N Tk Al sl Bz ki s
( passive cutaneous anaphylaxis, PCA ) A9 £ il
PCA K2 —FpaEH R J7 2 EARSE DU S
[F) 2 R B [F] 2R B S Y LH U & s | 0 )R
SRS G SIS E I E N W] 521 RIS
1M, 547 PCA MY Fe 2 5 2 Y, Hegh 2R ml g
BN ZR AR, Eid PCA 8 Pk m)
TP T GRL SO A T E i, BERE IgE
PO K B, X P 5 e B Wi Bt . 7E T U5 i
BB AERAE A i SR AR NG 2 ik — &
GG N, BT, AEB 4 S IgE 2 5L

KUNMIZE G X — 45 Gt BRG] ki By i b
TR B0 L e b 0 5 I3 P AE R R SR TR Y
WERE | A T VAR AN AR X A6 93 3t 48 s 1 ) 32 R
PR

FE IS O S A A5 9, Th AT Th2 7Y 248
PR 1) 5 40 6 T3 SO0 /0 R T 1 57
5T 2R W], Th2 A A T Be 8 A U i 1eG1 ik
(46 1, T Th 20 700 = 2295 5 1G2a Piik
A PRI H A L P TgG2a Fil TgG
JKFIZEAL, AT LATE 4245 78 Thl 5 Th2 4 i 22 [A]
PEEHLE A TR AR SR A O ik B A
LIS ST AR S T T N A, SRS e
PEM o FNAR RS SR B2 T H . #£ AR 2
SEgeH REE AC K B RE R TgE IgG1 Fl [gG2a 7K
SEAEFE L 1gE KPR R R A Uil T
4.3 BEFEALREBERSEEN

Y S FERE A 2 RE AT TR TeE AR Y
TSN B SR T 2H AU B AR AR AR, n AR R A
A, T LA 3] o et RSt % A 43 , 1 B2 204 %%
PEAR IR, S8 M AR 325 bk B AR e R T
20 L P A0 2B, TR B T T R
KB A2 R b R % H 2 T
AN L B N BT B | e B 20 23 98 PR 9 A8 e HEAH
I BRARAE SN T E . IL Ak, AE R S —Fh L
R BUR BR T 5 | & SR A, H i Fls P
J 2= T IFIGE , 7] RE S| — FR B S A R
W KA, BRI, S SRS B il 2E 4 1 o FHR
BB AF T2 S EE S XK B & R R SR
WEATIR AN, A B T FRA 58 4l 38 g JH o) o
A1 2R 255 149 5 W) S A S AIL TR, DA T Sy A G 92 5
(13 B AR YT S BEER IR AR
4.4 ZHAEEFHEN

Br_EIR P 5 BR A1, 8 AT LA T 40 i R A
WARIA U R, IFST I , B s T R B v 4
it PR B R JBOAN A W) 928 2 N, 348 W] i B 2%
R A M N R R A S X R ekAR
A3 K e e e ) 08 T R R PR R R A e A
NI | 7 () S8 B P R Il R 7 A= G g o
IR SR B R A S YRR R 2 RV R
i L (type 2 innate lymphoid cells TLC2s) F1 Th2 2]
HLFT A, AL 30 e 15 2 0 e I g 5K
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PR, 3K LEARR A S TR (19 G 05 200 B R 6% B8 Tl 22 A
it & 1 PR, DT A b 38 At S e i, i
LR MRS, 51 & T 5 2 B 5 A I PR AE AR
V0 K3 I A0 B R A I Ty ik R AR R AR AR R
A& B AR B A I 0 e 55 A 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 (R 32 B A0 46
LA,
4.4.1 Th2 4iHy

AR 5 ThO # Jf 1] Th2 2 Jfd 4 70 4k Aok &=
Th2 AUAHHE B9 BETCA 5G ., Th2 4 ML 62 8 53
LMY T, EEALEE 1L-4 10-5 1L-10 A1 1L-13
SRS PP BN SRR T R BRSO i R
i 20 M IR | 15 R AR SRR 9 RE . PRI
FRE I L 3 PR 1 22 2R 7K T DAAT R0 B Th2 4 g
PTG RS (HARE RN, IL-25( AR IL-17E)
Rl Th2 A0 A W AN R -, Bl
5 IL-17RA/B WIAHEAE L, BB #5450 I 4 0
A A F 19 ERIK A0 NFkB STAT6 . GATA3
FINFATC1, X —3d B2 Th2 1042 40 i %4 3K
WS AW AL, e &AL HE Th2 40 7 (e 2
IL-4 IL-5 Fl TL-13 %) f ki a1
4.4.2 1LC2s

ILC2s #£ AR 1Y i 3% | v & ¥ 4% 0 1
FHS S M SR AN AR 42 o 5 B S, - R 4
R Z R 5, A6 o R R R AE s M
SEN ML T TL-25  TL-33 F0 by i 35 S5 bk 00 A4 ik
% (thymic stromal lymphopoietin, TSLP ) {9434, i#F
M G ILC2s JF 8 #F 2 A B 28 41 it (type 2
dendritic cells,DC2) B R, F4IE ) 1LC2s 3 b
LR AR R - (40 TL-25 I0-33 M1 IL-9) , B4
SRR 22 | 5 S R RN RN R AR A, 2F
T A s v

Horp  TL-33 VB —Fp B4 M IR 7, 224
HAUR BT R L, il At 55 ST2 2 k25 4ok
i G 9% 20 M 0% 3, A G O R AR E . L 4D,
11-33 I BEIAIE Th2 20 i | W8 Bl M4k 200 i | W R 1
L2 M2 E 20 R S AR 2, = 5 5] 2 R
H 1 g S R B SR E ) R

TSLP & —Fh 142 Th2 Sni ¥, 32 i
S D EANNE R . BN RERE B S AR A0, id
I b SR R R YRR b B A 5T
RV Rl e B SR B B B, TR
FEB Je/NEUBER i TSLP 02635 5.2 |-, %]
LA o B g R 9 R TR R A DG HEVE
I, AN TSLP (1 2hKP-F Hi AR (19 2 b
HAEEZEL,
4.4.3 Th17 4

Th17 ZHHEE—2 T 4B AL (Th 204) , £
ZLATTIN U TL-17 , 75 22 b A SR HiL A v 42
YRR VR, 3 S RE B A AR AE S b AN 4 58 )
FRBRE , X SR R SRR I AR . i B R
iE S AR B B TL-17 A A — A e 48 R 1, i
HEJRE ) IO )RR AL, 1 2 B 1 AR
I A TL-17 B3R KF-XF T 1 i Th17 4 %k
RS HAEEE L,
4.5 FRREIREXBEIERGN

H T ARZ W 5E 2 VAl S BB b B e e 1 43
Pt o SR A Sy W W52 S S 1% I 0 e, G
SEREE H G R BT IE () fil RN SR .
WREHE— RO EIR A T8, X R R O I
It 7P S R IR RE R SR (£ 2) . B
S5 H AN oceludin AT claudin, 4845 F 240
it 15 J57 5 2 BB Y O SR I A3 > H 3R TR K P B AR
A, b e s P 3 a7 1 T R I, 5 B0 e A St
TR A A A o T AL PR A S hE Sy 2
BT, 2 40 i DA - B2k B R R RT RE AR A B
RS2 B o BE RIS 5 B0, IR IRAE A T o
(tumor necrosis factor-o, TNF-o) Fl A/ E -6
(interleukin-6,1L-6) 540 il R ¥, H o 76 o St &
HRFNHAy T W T8 g b T, R WA AE I Y
RAETNE o WA a7V —FiE 5401 Bk
W5 | % A e 2 43 3 9o, 5 B TR B b i S AR
(RS B FRIA W ATRES | Rt 2 iE ™ S EUR b
NREBR R i — 2D . SRE R X SR bR A2y
TR VTG RV S Bh M B 5 B 40 £ B 3
T AT B T HES 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

A6l 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 FE 25 1

Occludin

HHHEA

Claudins
L7+
Junctional adhesion molecules

E-45Zh % H

E-cadherin

JEASFEE 9

Proto-cadherin 9

HA#FE-4
TL-4

N E-5
IL-5

FI/r % -6
IL-6

HAE-9
IL-9

HAEFE-12
IL-12

HAFE-10
1L-10

FAE-13
IL-13

FAE-17
IL-17

FAr#-18
IL-18

YRS R IS S TR B AR TR 0l 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.
VRS B S T A A TR R e | Sl B TR0 T RIS
Regulating the permeability and selectivity of tight junctions, affecting the transport of ions
and molecules.
SR B R E T, 2 S R A R R AR
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.
A 2 5 YRR I LR B DIRE AT AT SN, (5 IR S A 2 A A R SRR M
R 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.
Sk Th2 A0Sk, 380 Tgk S-S Y S AE SN , W1 REIE i OAs B 4 B 1 K T s i &
B BERSEREE
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 HE RS R MR 2 Y IS SRR , 25 B BB S SORE , S8 B e B T RE 2 401
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 SAE A 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 e P R A A 0 S R AL, VT EE 5 75 SO E O ) e 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, W40 L 1 e B DIRE
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 4044k , 3wl BE Ml B2 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 , 7R B T 445 1 5 B B Y 52 B PE A D 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, T R L R b B R AE A M A SR R
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 i 175 S JOAE (W1 e Bl b J DR
Facilitating inflammatory mediator release, possibly impairing the epithelial barrier indirectly by

inducing inflammation.

BRI | FH AL 200 45 G5 5 A0 M ) A FE 57, B AR S5 17, T S 1 Bz o o Py 2 4

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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Detection name

X g b B2 BT RE RS

Effect on the nasal epithelial barrier function

M E-25
IL-25
HA2-33
1L-33
i AR 3R JE AR L A R

Thymic stromal lymphopoietin

TR -y
INF-y

iR AL T -
TNF-a

HAE-1B
IL-1B

PRI E - 1(C-C 37
B TR 2)
Monocyte chemoattractant protein-1

(C-C motif chemokine ligand 2)

VRO IR R T 40 M3 5k R 43
KEafLHF (C-C Z7 ik
T HCH 5)

Regulated on activation, normal
T-cell expressed and secreted
(C-C motif chemokine ligand 5)

C-C P itafb N F Rk 11

C-C motif chemokine ligand 11

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

I IR 20T i S A 2 - 1 ( C-C 5
AR TR 3) /5 200 i 560 2K
F-1(C-C RPN 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 S 38 B R B ( C-X3-C Motif
LR TR 1)

Fragment of tumor-lysis kinine

(C-X3-C motif chemokine ligand 1)

225 Th2 40MLEIE Ak, W] REE T (i i TL-5 1 TL-13 A7 A TS b Bz i s
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 i SR AE A 5 14 R (B 5 o b Bz B B DI
By activating Th2 cells and mast cells, epithelial barrier function may indirectly through the release
of inflammatory mediators.
TG Th A0 FITR SR NN , 7T RE I 58S A A BRI M B2 B B g
By activating Th2 cells and DCs, possibly affecting epithelial barrier function indirectly through the

release of inflammatory mediators.
T Th JRE2E , T REE Sk R B S e R R TR L B R BRI RE
Inhibition of Th2 responses, possibly by regulating epithelial barrier function by affecting tight junction
proteins.
FURSRAESUN, AT A BUR % BRI R KK R NI b B R
Initike an inflammatory response, which may lead to a decreased level of tight junction protein
expression and thereby damage the epithelial barrier.
IL-1B J&— i KA 02 5 A R 7, RS A 30E 580 A0 BT 07 A, JF T RESE ) L J e R i a2 44

IL-1B is a powerful pro-inflammatory cytokine that promotes the production of inflammatory mediators

A=A
Hess

and may affect the permeability of the epithelial barrier.

ARSI | A% 2 M A5 S B AR ML B SR ST, ) S AE 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| Z2Fh e Bs 4UH, (045 T 1A  MERR R A RN B WEAN AR5 , & 7T fE il ad 02 5 1 Lo 4 i 1Y
SEEE NG JERE SLRL, [A142 20 S 1 B

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

the nasal epithelial barrier.

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

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

T R I P G A P S TR 5 b B R I RE

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

AT R e P A, 200 A I PR P A A58 1) SR T A ) S S 7, R AT L ¢
FFEIIEE

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

eosinophils, and subsequently affect nasal epithelial barrier function.

T R 1o A G 2 P S T R L B BRI RE

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




106 W LA R 4R 2025 4 1 45 35 %45 1 ) Chin J Comp Med, January 2025, Vol. 35,No. 1

5 45iE

ARSCRGEHL G TR I e S AR K B P
RIS, DHE TR MARIRECR AN 3R L5 30 %)
i A EUET RN AE A B A0 R B A7 e TR A
FR AR A A TR AR A0 A 0 R 8l
Py ity ZR IR TS ECR, e R, K 2B
FEHEFE BALB/ ¢ /N R LB i) L LB A (B
SEZNBIE /N, BRI B A 2 FEWTFE P
SEG RN H AR A B 4 M S B H
AERTDUR YR e 00 & o R BT, 51 21
shy A AR R H AL A G — 1
WP ZAE S5 T A SCHREERD b AR 40 B
PS50 s A0 5 36 A B B A aed e A 5
i, IR E B ACR A5 A BT AT ARG SR
BRI P A ML 2 (HOR T T FSE
AERT DR BRI IT . BRI p v
FAXS HURRGE— A7 1T 23 T A 25 FiIE IR 1490 % o
FEHE T HEAT AL, T 2T SR I A 3
i, A RIS S PR R i S JE RS (Y B 5 7 20
Z 1 SEge St AL , 58 S8 BUAE DT RO [ st
A5 — 7 I (6] BE P X T A B0 BRI IR AT % W
TIPS AE LA 1T

SRR TR T T BT 2, A AR
Foy EECREIS TR e AT — o Bl T B A% o€ 4 R B
AR Y FTA HLTUGEAR  F 58 5 A b Bt — P 58 3%
BRI VST AR ST 4+ i LA K 5
& U TE BT A B AL 5 bR AL B 5T
BORE AR EtE AR RUMLI T T4 AL 5w 5
(9 SCH , TR A B o S B A A L ] 42 1 e 5
LB HER

S E Lk

[ 1] BOUSQUET J, ANTO ] M, BACHERT C, et al. Allergic
thinitis [ J]. Nat Rev Dis Primers, 2020, 6(1): 95.

[2] TRINCIANTI C, TOSCA M A, CIPRANDI G. Updates in
the diagnosis and practical management of allergic rhinitis
[J]. Expert Rev Clin Pharmacol, 2023, 16(7) : 669-676.

[3] "ERGWEELBSIMIERER N BRI, P RE
o H RIS SR 2 o 22 BB 4L v [ AR R S
RIZWIANGYT R S (2022 4F E1TRR) [J]. hAeH S
M SR AAMRF A, 2022, 57(2) : 106-129.
SUBSPECIALTY GROUP OF RHINOLOGY, EDITORIAL

[4]

[6]

[7]

(1]

[12]

[13]

[14]

BOARD OF CHINESE JOURNAL OF OTOLARYNGOLOGY
HEAD AND NECK SURGERY, SUBSPECIALTY GROUP
OF RHINOLOGY, SOCIETY OF
OTORHINOLARYNGOLOGY  HEAD AND  NECK
SURGERY, CHINESE MEDICAL ASSOCIATION. Chinese
Guidelines for diagnosis and treatment of allergic rhinitis
(2022, revised edition) [J]. Chin J Otolaryngology Head
Neck Surg, 2022, 57(2): 106—129.

BOUSQUET J, SCHUNEMANN H J, SAMOLINSKI B, et
al. Allergic rhinitis and its impact on asthma ( ARIA):
achievements in 10 years and future needs [ J]. J Allergy
Clin Immunol, 2012, 130(5) . 1049-1062.
KRSMANOVIC L., ARSOVIC N, BOKONJIC D, et al. The
impact of cytokines on health-related quality of life in
adolescents with allergic rhinitis [ J]. Biomedicines, 2024,
12(2) . 428.

SCHAFER T, HOELSCHER B, ADAM H, et al. Hay fever
and predictive value of prick test and specific IgE
antibodies: a prospective study in children [ J]. Pediatr
Allergy Immunol, 2003, 14(2) . 120-129.

LAKE I R, JONES N R, AGNEW M, et al. Climate change
and future pollen allergy in Europe [ J]. Environ Health
Perspect, 2017, 125(3) : 385-391.

ASAM C, HOFER H, WOLF M, et al. Tree pollen
allergens-an update from a molecular perspective [ J].
Allergy, 2015, 70(10) : 1201-1211.

BOUSQUET J, ONORATO G L, OLIVER G, et al. Google
trends and pollen concentrations in allergy and airway
diseases in France [ J]. Allergy, 2019, 74(10): 1910-
1919.

ANNESI-MAESANO I, CECCHI L, BIAGIONI B, et al. Is
exposure to pollen a risk factor for moderate and severe
asthma exacerbations? [ J]. Allergy, 2023, 78(8) . 2121-
2147.

XU H, OHGAMI N, SAKASHITA M, et al. Intranasal
levels of lead as an exacerbation factor for allergic rhinitis in
humans and mice [J]. J Allergy Clin Immunol, 2021, 148
(1): 139-147.

XING Y H, GARY W. Environmental influences and
allergic diseases in the asia-pacific region; what will happen
in next 30 years? [ J].
2022, 14(01): 21-39.
TIMERMAN D, BARRETT S C H. The biomechanics of

J Allergy Asthma Immunol Res,

pollen release; new perspectives on the evolution of wind
pollination in angiosperms [ J]. Biol Rev Camb Philos Soc,
2021, 96(5) : 2146-2163.

PASCHALIDOU A K, PSISTAKI K
CHARALAMPOPOULOS A, et al. Identifying patterns of

s

airborne pollen distribution using a synoptic climatology



W AT BE A4 2025 46 1 A48 35 5% 1 9] Chin J Comp Med, January 2025, Vol. 35,No. 1 107

[16]

[17]

[18]

[20]

[21]

[22]

(23]

[25]

[26]

[27]

approach [J]. Sci Total Environ, 2020, 714, 136625.

LIU Z G, SONG J J, KONG X L. A study on pollen
allergens in China [J]. Biomed Environ Sci, 2010, 23(4) .
319-322.

CAMACHO M, REINHARD K J. Confusing a pollen grain
with a parasite egg: an appraisal of “ paleoparasitological
evidence of pinworm ( Enterobius vermicularis) infection in a
female adolescent residing in ancient Tehran” [ J]. Korean J
Parasitol, 2019, 57(6) : 621-625.

AKDIS C A. Does the epithelial barrier hypothesis explain
the increase in allergy, autoimmunity and other chronic
conditions? [ J]. Nat Rev Immunol, 2021, 21(11). 739-
751.

PUREVSUREN L, MILENA S, YU-KYOUNG H,
Epithelial

et al.

Barrier  Theory: the role of exposome,
microbiome, and barrier function in allergic diseases [ J].
Allergy Asthma Immunol Res, 2023, 14(6) . 705-724.
MAOLIN YANG, LIWEI SUN, DONGDONG ZHU, et al.
Recent advances in understanding the effects of
Tlymphocytes on mucosal barrier function in allergic rhinitis
[J]. Front Immunol, 2023, 9. 1224129.

AGLAS L, GILLES S, BAUER R, et al. Context matters :
TH2 polarization resulting from pollen composition and not
from protein-intrinsic allergenicity [ J]. J Allergy Clin
Immunol, 2018, 142(3) ;. 984-987.

HOPKINS G V, COCHRANE S, ONION D, et al. The role
of lipids in allergic sensitization: a systematic review [ J].
Front Mol Biosci, 2022, 9. 832330.

GILLES S, MARIANI V, BRYCE M, et al. Pollen allergens
do not come alone: pollen associated lipid mediators
(PALMS) shift the human immune systems towards a T( H)
2-dominated response [ J]. Allergy Asthma Clin Immunol,
2009, 5(1): 3.

OTEROS J, BARTUSEL E, ALESSANDRINI F, et al.
Artemisia pollen is the main vector for airborne endotoxin
[J]. J Allergy Clin Immunol, 2019, 143(1) . 369-377.
GILLES S, FEKETE A, ZHANG X, et al. Pollen
metabolome analysis reveals adenosine as a major regulator of
dendritic cell-primed T(H) cell responses [ J]. J Allergy
Clin Immunol, 2011, 127(2) . 454-461.

WIMMER M, ALESSANDRINI F, GILLES S, et al. Pollen-
derived adenosine is a necessary cofactor for ragweed allergy
[J]. Allergy, 2015, 70(8) : 944-954.

0’ GRADY S M, KITA H. ATP functions as a primary
alarmin in allergen-induced type 2 immunity [J]. Am J
Physiol Cell Physiol, 2023, 325(5) . C1369-C1386.
PR R TR, SF. A AT YR AR AR R B R
DLRIBFTE R [T]. EES WO E, 2024, 41(1) : 103
-109.

(28]

[29]

[31]

[32]

[34]

[35]

LU Q, WU Y, ZHANG Q H, et al. Research progress on
effects of air pollution on pollinosis and its mechanisms [J].
J Environ Occup Med, 2024, 41(1): 103-109.
STAWOSKA I, MYSZKOWSKA D, OLIWA J, et al. Air
pollution in the places of betula pendula growth and
development changes the physicochemical properties and the
main allergen content of its pollen [ J]. PLoS One, 2023,
18(1) : €0279826.

WAYNE P, FOSTER S, CONNOLLY J, et al. Production
of allergenic pollen by ragweed ( Ambrosia artemisiifolia L. )
is increased in CO,-enriched atmospheres [J]. Ann Allergy
Asthma Immunol, 2002, 88(3) . 279-282.

BIRH, FFFE, SEIE, 55 RRRPEBUEORIA ST MR AL
IR S S R TR [J]. ERIWEE,
2020, 37(4) . 10-14.
LUO Z L, XUAN R, SHEN L L, et al. Specific
desensitization therapy forallergic rhinitis caused by willow
pollen [J]. Lab Anim Sci, 2020, 37(4): 10-14.
ARG, EIEIE. B EAIE] NLRP3 S5 /IMACTE Ak B
R R [T]. R, 2022, 38(14) : 1711
-1715.

ZHAO ] J, BAO H Y. Trametes suaveolens fruiting body
extract alleviates allergic rhinitis by suppressing of NLRP3
inflammasome activation [ J]. Chin J Immunol, 2022, 38
(14) . 1711-1715.

TSUNEMATSU M, YAMAJI T, KOZUTSUMI D, et al.
Effect of Cry-consensus peptide, a novel recombinant peptide
for immunotherapy of Japanese cedar pollinosis, on an
experimental allergic rthinitis model in B10. S mice [J].
Allergol Int, 2007, 56(4) : 465-472.

HIRAMOTO K, KOBAYASHI H, ORITA K, et al
Inducible nitric oxide synthase plays important roles in
allergic reactions of pollinosis in mice sensitized with pollen
allergy [J]. J Clin Biochem Nutr, 2013, 52(1) . 17-21.
HIRAMOTO K, HASHIMOTO M, ORITA K, et al. Alpha-
melanocyte-stimulating hormone plays an important role in
the onset of pollinosis in a pollen allergy mouse model [ J].
Int Arch Allergy Immunol, 2010, 153(1) . 13-18.
JAIREL, g, i, 5. BAEE TR I iU U S
WAL SRE RIS [J]. PARRUEY SR 2,
2022, 42(5): 351-359.

ZHOU C Y, ZHANG Y, YANG L, et al. Study on
optimization and stability of Artemisia annua pollen-induced
allergic thinitis model in mice [ J]. Chin J Microbiol
Immunol, 2022, 42(5) : 351-359.

FUKUOKA A, MATSUSHITA K, MORIKAWA T, et al.
Diesel exhaust particles exacerbate allergic rhinitis in mice
by disrupting the nasal epithelial barrier [ J]. Clin Exp
Allergy, 2016, 46(1) . 142-152.



108

o B BEE 2ads 2025 4E 1 A5 35 #4245 1] Chin J Comp Med, January 2025, Vol. 35,No. 1

[37]

[38]

[39]

[41]

[42]

[43]

[45]

[46]

[47]

[48]

AKINFENWA O, HUANG H J, LINHART B, et al.
Preventive administration of non-allergenic bet v 1 peptides
reduces allergic sensitization to major birch pollen allergen,
bet v 1 [J]. Front Immunol, 2021, 12 744544.

ZHANG J, GAO L, YU D, et al. Three Artemisia pollens
trigger the onset of allergic rhinitis via TLR4/MyD88
signaling pathway [ J]. Mol Biol Rep, 2024, 51(1): 319.
PORDEL S, HAGHNAVAZ N, REZAEE M, et al. An
epicutaneous therapeutic pollen-allergen extract delivery
system in an allergic rhinitis mouse model; based on allergen
loading on DC-specific aptamers conjugated nanogolds [ J].
Immunol Res, 2024, 72(3) . 460-475.

YOSHINO S, MIZUTANI N. Intranasal exposure to
monoclonal antibody Fab fragments to Japanese cedar pollen
Cry jl suppresses Japanese cedar pollen-induced allergic
thinitis [ J]. Br J Pharmacol, 2016, 173 (10). 1629 -
1638.

MOUSAVI F, KARDAR G A, POURPAK Z. IgE-mediated
allergic responses associated to Ailanthus altissima pollen
using an animal model [J]. Allergol Immunopathol, 2019,
47(3); 272-276.

AKASAKI S, MATSUSHITA K, KATO Y, et al. Murine
allergic rhinitis and nasal Th2 activation are mediated via
TSLP- and IL-33-signaling pathways [ J]. Int Immunol,
2016, 28(2) : 65-76.

OGITA-NAKANISHI H, NABE T, MIZUTANI N, et al.
Absence of nasal blockage in a Japanese cedar pollen-
induced allergic rhinitis model mouse [ J]. Allergol Int,
2009, 58(2) . 171-178.

TABYNOV K, BABAYEVA M, NURPEISOV T, et al.
Evaluation of a novel adjuvanted vaccine for ultrashort
regimen therapy of artemisia pollen-induced allergic
bronchial asthma in a mouse model [ J]. Front Immunol,
2022, 13. 828690.

NABE T, MIZUTANI N, SHIMIZU K, et al. Development
of pollen-induced allergic rhinitis with early and late phase
nasal blockage in guinea pigs [J]. Inflamm Res, 1998, 47
(9) ; 369-374.

YAMASAKI M, MIZUTANI N, SASAKI K, et al
Involvement of thromboxane A2 and peptide leukotrienes in
early and late phase nasal blockage in a guinea pig model of
allergic rhinitis [ J]. Inflamm Res, 2001, 50(9). 466—
473.

TSUNEMINE S, ISA'Y, OHNO H, et al. Longitudinal study
of effects of oral dosage of Bifidobacterium bifidum G9-1 on
Japanese cedar pollen-induced allergic nasal symptoms in
guinea pigs [ J]. Microbiol Immunol, 2015, 59(11) ; 690—
699.

MIZUTANI N, NABE T, SHIMAZU M, et al. Effect of

[49]

[50]

[51]

[52]

[54]

[55]

[56]

[57]

[60]

Ganoderma lucidum on pollen-induced biphasic nasal
blockage in a guinea pig model of allergic rhinitis [ J].
Phytother Res, 2012, 26(3): 325-332.

TINIAKOV R L, TINIAKOVA O P, MCLEOD R L, et al.
Canine model of nasal congestion and allergic rhinitis [ J]. J
Appl Physiol, 2003, 94(5) : 1821-1828.

KAMETANI Y, YAMADA Y, TAKABAYASHI S, et al.
The response of common marmoset immunity against cedar
pollen extract [ J]. Biosci Trends, 2018, 12(1): 94-101.
HIMLY M, JAHN-SCHMID B, DEDIC A, et al. Artv 1,
the major allergen of mugwort pollen, is a modular
glycoprotein with a defensin-like and a hydroxyproline-rich
domain [J]. FASEB J, 2003, 17(1): 106-108.

HUANG M, SHAO H, ZHANG X, et al. Comparison of
cow’ s milk allergy models highlighted higher humoral and
Th2 immune responses in BALB/¢ than C3H/HeNCrl mice
[J]. Food Chem Toxicol, 2024, 184 114315.

KRR, B2, T/, . 08 Sah PR i3t e
[J]. BIEILShP %A, 2022, 30(3) : 23-31.

SONG T Y, XIAO L, WANG T,

et al. Progress in

experimental models on pollen allergenicity [ J ].
Heilongjiang ] Anim Reprod, 2022, 30(3) . 23-31.
BYRNE A B, GARCIA A G, BRAHAMIAN J M, et al. A
murine model of dengue virus infection in suckling C57BL/6
and BALB/c mice [J]. Anim Model Exp Med, 2021, 4
(1): 16-26.

KINGETSU I, OHNO N, HAYASHI N, et al. Common
antigenicity between Japanese cedar ( Cryptomeria japonica )
pollen and Japanese cypress ( Chamaecyparis obtusa )
pollen, 1. H-2 complex affects cross responsiveness to Cry j
1 and Cha o 1 at the T- and B-cell level in mice [ J].
Immunology, 2000, 99(4) : 625-629.

SONE T, DAIRIKI K, MORIKUBO K, et al. Identification
of human T cell epitopes in Japanese cypress pollen allergen,
Cha o 1, elucidates the intrinsic mechanism of cross-
allergenicity between Cha o 1 and Cry j 1, the major allergen
of Japanese cedar pollen, at the T cell level [J]. Clin Exp
Allergy, 2005, 35(5) : 664-671.

DATTA A, MOITRA S, HAZRA I, et al. Specific allergen
immunotherapy attenuates allergic airway inflammation in a
rat model of Alstonia scholaris pollen induced airway allergy
[J]. Int Tmmunopharmacol, 2016, 30 111-120.
KUCHAREWICZ 1, BODZENTA-LUKASZYK A, BUCZKO
W. Experimental asthma in rats [ J]. Pharmacol Rep,
2008, 60(6) . 783-788.

KALLOS P, KALLOS L. Experimental asthma in guinea
pigs revisited [J]. Int Arch Allergy Appl Immunol, 1984,
73(1) . 77-85.

KAR M, BAYAR MULUK N, BAFAQEEH S A, et al.



W AT BE A4 2025 46 1 A48 35 5% 1 9] Chin J Comp Med, January 2025, Vol. 35,No. 1 109

[61]

[62]

[63]

[65]

[66]

[69]

[71]

[72]

Consensus on the methodology for experimental studies in
allergic rhinitis [ J]. Int J Pediatr Otorhinolaryngol, 2019,
121 68-71.

LI D, WEI'Y, WANG J, et al. Anim models of eosinophilic
esophagitis, review and perspectives [ J]. Anim Model Exp
Med, 2024, 7(2): 127-135.

HELM R M, GAUERKE M B, BAER H, et al. Production
and testing of an international reference standard of short
ragweed pollen extract [ J]. J Allergy Clin Immunol, 1984,
73(6) : 790-800.

BASHIR M E H, LUI J H, PALNIVELU R, et al. Pollen
lipidomics: lipid profiling exposes a notable diversity in 22
allergenic pollen and potential biomarkers of the allergic
immune response [ J]. PLoS One, 2013, 8(2): e57566.
ZHAO L, FU W, GAO B, et al. Variation in IgE binding
potencies of seven Artemisia species depending on content of
major allergens [ J]. Clin Transl Allergy, 2020, 10(1):
50.

MANSOURITORGHABEH  H
VARASTEH A, et al.

,  JABBARI-AZAD F,
Common solvents for making
extraction of allergenic proteins from plants’ pollens for prick
tests and related factors; a technical review [ J]. Electron
Physician, 2017, 9(5) : 4440-4446.

RADAUER C, BREITENEDER H. Pollen allergens are
restricted to few protein families and show distinct patterns of
species distribution [ J]. J Allergy Clin Tmmunol, 2006,
117(1) : 141-147.

JENSEN-JAROLIM E. Aluminium in allergies and allergen
immunotherapy [J]. World Allergy Organ J, 2015, 8(1):
7.

LIN Y J, ZIMMERMANN J, SCHULKE S. Novel adjuvants
in allergen-specific immunotherapy: where do we stand?
[J]. Front Immunol, 2024, 15. 1348305.

ZHANG T, HE P, GUO D ], et al. Research progress of
aluminum phosphate adjuvants andtheir action mechanisms
[J]. Pharmaceutics, 2023, 15(6) : 15061756.

XI L, FAN E, ZHAO Y, et al. Role of aluminum adjuvant
in producing an allergic thinitis animal model [ J]. Genet
Mol Res, 2014, 13(3) . 5173-5181.

ek, 0, XU, . ORI A SR TE AR N S A
SRR AR (7], v [ R 2 SCHR (B e A e
Bl2¥), 2018, 33(4) . 323-327.

GAO H J, LI X R, LIU Y, et al. The application of
aluminum hydroxide on animal model of allergic rhinitis
[J]. Chin Med Dig Otorhinolaryngol, 2018, 33(4) . 323-
327.

LIU B, ZHANG L, LIU J, et al. A prophylactic effect of an
oligodeoxynucleotide containing a cytidine-guanosine motif

against Japanese cedar pollen-induced T-helper type 2

[73]

[74]

[75]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

allergic response [J]. J Asthma, 2011, 48(9) : 974-978.
SPACOVA I, PETROVA M 1, FREMAU A, et al
Intranasal administration of probiotic Lactobacillus rhamnosus
GG prevents birch pollen-induced allergic asthma in a
murine model [ J]. Allergy, 2019, 74(1) . 100-110.
MOTTA A C, DORMANS J A, PELTRE G, et al.
Intratracheal instillation of cytoplasmic granules from Phleum
pratense pollen induces IgE- and cell-mediated responses in
the Brown Norway rat [ J]. Int Arch Allergy Immunol,
2004, 135(1): 24-29.

LEHTO M, WOLFF H, LEINO R, et al. A novel
timothy-induced allergic

Allergy, 2018, 73(8):

glycocluster molecule prevents
airway inflammation in mice [J].
1700-1706.

TEAR, SCHE, BRI A R X AR R S S /N R
RERISZIR (1], IR R SRS BN, 2014, 28
(11): 780-784.

LIN L, YAN W H, ZHAO X. Influence of aluminum
hydroxide adjuvant on a murine model of allergic rhinitis
[J]. J Clin Otorhinolaryngol Head Neck Surg, 2014, 28
(11) . 780-784.

NAMIMATSU A, YAMAURA S, GO K, et al. A new
method of the measurement of nasal secretion in guinea pigs
[J]. Int Arch Allergy Appl Immunol, 1991, 95(1): 29-
34.

WAGNER J G, HARKEMA J R. Rodent models of allergic
rhinitis; relevance to human pathophysiology [ J]. Curr
Allergy Asthma Rep, 2007, 7(2) . 134-140.

EEY AN 2 = NI S LA S VA B VA o & I 7 i
) e ()], BEoERToi e, 2010, 39(4) : 124-
125, 101.

MENG Z Y, ZHAO Z G, DU H B, et al. Methodological
progress in establishing animal model of atopic dermatitis
[J]. J Med Res, 2010, 39(4): 124-125, 101.

SKONER D P. Allergic rhinitis; definition, epidemiology,
pathophysiology, detection, and diagnosis [ J]. J Allergy
Clin Immunol, 2001, 108( 1 Suppl) : S2-S8.

NGUYEN T V, PIAO C H, FAN Y ], et al. Artemisia
gmelinii extract alleviates allergic airway inflammation via
balancing TH1/TH2 homeostasis and inhibiting mast cell
degranulation [ J]. Int J Mol Sci, 2022, 23(23) : 15377.
WAV, KT, ZFRME, 5. BE/NRI M AR
TH 1gG1 Fl 1gG2a KM RIBTE [J]. Hh D A= B
A5, 2011, 27(1); 171-174.

HUANG Q L, SONG N, LI D J, et al. Effect of Scutellaria
baicalensis Georgi on serum levels of IgG1l and IgG2a in
mouse model of periodontitis [ J]. Chin J Pathophysiol,
2011, 27(1): 171-174.

HELLINGS P W, CEUPPENS J L. Mouse models of global



110

o B BEE 2ads 2025 4E 1 A5 35 #4245 1] Chin J Comp Med, January 2025, Vol. 35,No. 1

[84]

[85]

[88]

[89]

airway allergy: what have we learned and what should we do
next? [J]. Allergy, 2004, 59(9) . 914-919.

LONDON N R Jr, THARAKAN A, RAMANATHAN M Jr.
The role of innate immunity and aeroallergens in chronic
rhinosinusitis [ J]. Adv Otorhinolaryngol, 2016, 79. 69—
77.

NUR HUSNA S M, SHUKRI N M, MOHD ASHARI N S, et
al. IL-4/1L-13 axis as therapeutic targets in allergic rhinitis
and asthma [J]. Peer], 2022, 10: el3444.

AN, BERLL, SRR, 5F. BRI OCE TR N
PRGSO NRBEP RIAFIY (V] ATLR G E B2
fiz, 2023, 45(2) : 237-241.

ZHENG S C, QU S H, ZHANG S ], et al. Expression of
tight junction proteins in mice with allergic rhinitis [J]. J
Youjiang Med Univ Natl, 2023, 45(2) . 237-241.
VTR, ML, FHE, L IRRRARIE R AR R 5 R R
LB S SRR L 1L-25 1L-32 EOS ik 4 &
BWHME [1]. WHLEE%, 2021, 27(9) : 1517-1522.
HAN J N, XU Y H, JIANG X, et al. An analysis of
allergen spectrum and expression of IL-25 IL-32 EOS in
adenoid tissue in children with adenoid hypertrophy and
allergic rhinitis and the diagnostic value [ J]. Hebei Med,
2021, 27(9) ; 1517-1522.

BooL, SR, FEAE. TR A A0 0 T 5T 3 R
[J]. RS —BER R (IR BEER ¥R R,
2022, 43(9) : 666-673.

XU X Y, JING X L, TANG H. Research progress of type Il
innate lymphocytes [ J ]. J Shandong First Med Univ
Shandong Acad Med Sci, 2022, 43(9) . 666-673.

TKER, MR, ERE, A B bk 5 48 (SAR) S L

[90]

[91]

[94]

HLEIAB IR AR AT R [J]. P REEZ ST, 2023, 25
(9): 891-897.

ZHANG W, CHU X Y, WANG T, et al. Research progress
on pathological mechanism and intervention strategies of
seasonal allergic rhinitis (SAR) [J]. Chin J Med Guide,
2023, 25(9): 891-897.

BERNI CANANI R, CAMINATI M, CARUCCI L, et al.
Skin, gut, and lung barrier; physiological interface and
target of intervention for preventing and treating allergic
diseases [ J]. Allergy, 2024, 79(6) : 1485-1500.

PIAO C H, SONG C H, LEE E J, et al. Saikosaponin A
ameliorates nasal inflammation by suppressing IL-6/ROR-yv/
STAT3/1L-17/NF-kB  pathway in OVA-induced allergic
rhinitis [J]. Chem Biol Interact, 2020, 315; 108874.

FE R, 28, WPk, AR AT garid B as g /s
USRI LRI SE (1], R SLR 3P4k, 2020, 28
(3): 330-337.

BAIMT, L1 Y, HU Z L. Comparison of mouse models of
allergic conjunctivitis under different conditions [ J]. Acta
Lab Anim Sei Sin, 2020, 28(3) : 330-337.
BERGOUGNAN C, DITTLEIN D C, HUMMER E, et al.
Physical and immunological barrier of human primary nasal
epithelial cells from non-allergic and allergic donors [ J].
World Allergy Organ J, 2020, 13(3): 100109.

XU C, SU W. Hyperforin modulates MAPK/CCLI11
signaling to reduce the inflammatory response of nasal
mucosal epithelial cells caused by allergic rhinitis by

targeting BCL6 [J]. Exp Ther Med, 2023, 26(6) : 579.

(%5 B #3)2024-09-02



