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Establishment and evaluation of a house dust mite-specific

subcutaneous immunotherapy mouse model for allergic rhinitis

L1 Jia-ying®, ZHENG Yao-ming®, ZHOU Chun, CHEN Bai-wen, LI Hua-bin, LOU Hong-fei”
(Department of Otorhinolaryngology , Eve and ENT Hospital , Fudan University ,Shanghai 200031, China)

[ Abstract] Objective To establish and evaluate a house dust mite (HDM) -specific subcutaneous
allergen immunotherapy (AIT) mouse model for allergic rhinitis (AR). Methods Thirty female C57
mice were randomly divided into control group, AR group and AIT group, with 10 mice in each group. In
AR group, mice were sensitized with HDM, followed by nasal challenge with HDM. Mice in the AIT
group received HDM sensitization, followed by subcutaneous injection of HDM on the lateral back as
immunotherapy, and then received nasal challenge with HDM. Body weight, nasal symptoms,
inflammation status of nasal and lung tissue, the number of total cells, eosinophils, neutrophils,
lymphocytes and macrophages in bronchoalveolar lavage fluid (BALF) , serum HDM-sIgE, IL-4, IL-5,

IL-6, IL-10 and IFN-7y levels among three groups of mice were measured and compared. Results
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Compared with control group, AR group showed significant weight loss, worsening of nasal scratching and
sneezing symptoms, thickening of nasal mucosa, significant increase in nasal goblet cells and eosinophils,
obvious increase in pulmonary inflammatory cells and goblet cells, and significant increase in total cells,
eosinophils, neutrophils, and lymphocytes in BALF (all P<C0.05). Serum HDM-sIgE, 1L4, IL5, 1L6,
IL10 AND IFN-vy levels were significantly elevated (all P<C0.05). Moreover, compared with AR group,
AIT group showed significant weight gain, relief of AR symptoms, reduction in nasal mucosa thickness,
decrease in nasal goblet cells and eosinophils, significant reduction in pulmonary inflammatory cell
infiltration and goblet cell metaplasia, significant reduction in total cells, eosinophils, neutrophils, and
lymphocytes in BALF, significant decrease in serum IL-4, IL-5, IL-6 and IL-10, and significantly
elevated serum TFN-vy level (all P<<0.05). Establishment of the mouse model for HDM-

specific subcutaneous immunotherapy in AR was successful, it can be used as an efficient, convenient and

Conclusion

feasible animal model to further explore immunotherapy.
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A: Schematic representation of AIT mouse modeling; B-D: Subcutaneous injection process on the lateral back of mice. AIT: Allergen

immunotherapy ; HDM : House dust mite; SCIT : Subcutaneous immunotherapy.
1 AIT/NEFHEERREE

Fig1 Schematic representation of AIT mouse modeling
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A: Weight changes weekly; B-D: Number of sneeze, rubbing and total symptoms. AR: Allergic rhinitis; AIT: Allergen immunotherapy. ns:
Not significant. vs. AR group in the same day, "’ P<<0.05,'¥ P<C0.01,”P<C0.001.
2 AITE % HDM i SH 6 U8 T b & 8 3 i R
Fig2 AIT attenuated HDM-induced body weight loss and AR symptoms in mice
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A': Morphology of nasal mucosa thickness, goblet cell metaplasia and eosinophil infiltration with HE, PAS and EOS staining ( X800) ; B:
Thickness of the nasal mucosa in mice; C: Number of goblet cell in mice; D: Number of eosinophils in nasal mucosa; E: Inflammatory cells
infiltration score in lung; F: Goblet cells metaplastic score in lung.AR: Allergic rhinitis; AIT: Allergen immunotherapy; HE: Hematoxylin-eosin
staining; PAS: Periodic acid-shiff staining; EOS: Eosinophil staining. " P<<0.01, *P<C0.001.

3 AIT B3 HDM i S K/ R S8 S AE 70 3 il 57 i

Fig3 AIT attenuated HDM-induced airway inflammation and mucus secretion in mice
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A': OD value of specific HDM-sIgE in mouse serum; B-F: Concentration of 1L.-4, IL.-5, 1L.-6, 1L.-10, IFN-y in mouse serum. AR: Allergic
rhinitis; AIT: Allergen immunotherapy; ns: Not significant. ‘"P<C0.05,'* P<C0.01,”P<C0.001.
B4 AITHEZ T AR/ M F HDM-sIgE . IL-4  IL-5 . 1L-6IL-10 . IFN-y 7k
Fig4 AIT changed the secretion of HDM-sIgE, IL-4, IL-5, IL-6, IL-10, IFN-y in the serum of AR mice

BALF R IEMMZEETH BALF 41 HE A
HE % 8 J5 75 5 T UL %2 o 08 2 P 67 48 e . o Pk
20 B L 9k B 40 A B (B 5A) o AR 4L/ BALF
SRNIOR SR RN i o NG SR o v AR N1
B E L2 T AIT 4 Mt B4 (F A2 5 R
83.573, 141.786, 50.107, 94.545, P urnr<<0.001,

Pocarr<<0.001, P air=0.001, Py 310<<0.001, Piouiconrol

<L0.001, Peocconror<<0.001, Py conror<<0.001, Py oo <
0.001), 1 5 W40 i To B & 22 % (K 5sB~F) .
i

T

AR AR 3 [ S KAGPEBG Z — , JEH R T
BAF W RSN T UIE M A S 2T



AR, A AR N S A8 S R R S BT BRI T N U Y A S R PR A 161

A
Control
L
L] ‘..
i ®
@ . ¥ . [ ® e
® R e
é L] !% -
‘-J- L ]
O » .,
s B Sl
- ® .
e i
. “als
B C D
80 (1)) 80
200 DNNE) &
= ']
= 100 S40t . £ 40
% £
= 50t 20 . £20}
=] sepe : x :
: 0 ‘:‘ 0 \ ’&] =z 0
& ¥ $ ¥ R
e P &

AIT

Be o b
- LI |
. C 4
.
.,© 3.7
& - a.n
F
ns
= 40 ns_ _ns
Z 30}
(2]
=
= 20 |
h
o
-
=10
g
o3
=z 0

A': Morphology of eosinophils (yellow circle) , neutrophils (green circle) , lymphocytes (red circle) and macrophages (black circle) with HE

staining in BALF; B-F: Number of total cell, eosinophil, neutrophil, lymphocyte and macrophage in BALF. AR: Allergic rhinitis; AIT:

Allergen immunotherapy ; HE : Hematoxylin-eosin staining; ns: Not significant. ‘" P<C0.05,’ P<C0.01,*’P<C0.001.
5 AITH# T AR/NR BALF /4 fE 4 i1 2 i
Fig5 AIT attenuated inflammatory cells infiltration in BALF of AR mice

AR [ HLIE Ab A 97 AL 46 PR 4 ) Bk B2 iR T
R M IR YT RV R . A R g ik i B
J, ol T IR e 4 B 2 R S FH 9 3 e R HR I E
ARAE M 4 43 FE B AT 7 T AN RE B AR AR
7V 1 19K A AR BT 9 B A& SRR A B
ATT A g e — AT BEAR VA AR B9 X X367 7 3, RES
U /0 2 4 A AR B TR AR 9F— 25 & R Rl i, HL
FERIT AL G P B D SR 4E™ . AIT 1
& B F % % iR J7 (subcutaneous immunotherapy,
SCIT) #13 N 3% i J7 (sublingual immunotherapy,
SLIT) I FE K, il o & /055 2L 3 4R IR )7 R,
1 1) AT RE RO KRN, T LR R T AT AR AR RE AR
5T 7 3, TR I 4 BB AN BB 8 IR YT AR

FE I R 52 B R H, HDM-SCIT #il HDM-
SLIT 2 e F 28 I M 6 4 AR RITIE Wi 119 5 5+
PEGBEIR YT Z — , AT LAAT 8035 AR TR Wi 119 1 10
s il R | I B AT g i A ) XU Bl A A
W9 AR FTATT Wy s 2 T 5, B i n H & )32 19 3l
PR OVA BUH R AR /N RUBERL . 55— 7 i, 28
WA AR B8 3 09 2 U5, HDM 308019 AR /b
BRUBSE R b, 5 TR 98 B A ATT 3h 5 Y
& OVA-SCIT Fl OVA-SLIT /) &, Hoif SCIT

A LA 0 i N B V8 AR S B R VR S L T SLIT B
TR OVA R T & T, 8 /E M= &7,
Shahgordi %" 88 1138 , /N2 0~14 K OV A I 5L
i, 21~24 KBk ,28~88 K OVA [ T %A
JT7,90~91 KK & MR G , 5 PBSIAYT LA LL,
5 pg OVA T g i )7 4/ BUL S & 1gE B i B
AR, S 15 9 VO VAR 00 Y 50 W T A 4 i K A1
BRI R A W W 4F B U] OVA BT SR 97
Ao M HDM % 5 P 5 52 16 97 3 Y5 R AR G 4 i
b, AWK BALB/c M B4 HDM JE i 2
3WE , 1250 ug HDM #E47 3 U H #8 SCIT , 1 H
25 ug HDM #1473 IR & B ik, 45 1 8.7 SCIT fig
W G st AR /N BRI S B IR, U0 A S5 286 M40 40 A
JE A6 M40 L3R L (H SCIT oK BE B 5 B AR /)N B
I HDM-sIgE , i & 5% 75 1 275 49 K, 1 45 J# 4]
K7 8RN ) OV A 2818 B 4 15 3 ot
78 TS 38 0.7 .14 REUE, 21~24 K B 5%
% ,25~55 K HOIATT , 56~62 K &b il & , By
LIt e2 Ko AWFGTE ISR AT THRfL . 7
0.7 14 RIFFATESG , Jedr 21~29 K47 T g
BT, FEAE 29~35 REFT 8 %

AR FTEE R, XA A L, AR 4170 Rk



162

HHAR(ESE) 202643 H,53(2)

T A, R HORE IR T S, R L R 2 R W
BN, A AR AR A0 A Ak A 0 R R 20 R T T G
B, I3 1L-4 . 1L-5 . 1L-6 . IL.-10 #l HDM-sIgE &
F Tt BALF W S 4 i g R Mok 4 il L btk 40
JEL b L B R G 2 R AR SRS, R
4 5 K HDM #4752 30 97 5, AR dH /N BLER 5
T W L RS Y S k2> S S R i S 2 2 B 3 2
W B B35 BALF £ 28 58 P 200 g 25 i W sl /b, ik
FASBIF 5 Hh 1 ATT J7 S8 0] A AR/ BRACE 1 R

26 5 OR T AR A/ B B A 0] I A
EFBE M ATT 45 AR 410 Fo A B B, (B 5 0
M T2 5, U] AR BER NN H AIT AI6971E R .
FRATHE I AR 41705 B BT T B 0 T Rl LA I B
F14) W55 WEE R 458 SR R — TS e T/ R, 5 —
1 /N BROAE B T R K . AR 41 /0N BR5 266 B 3
SRR 4 Bt b 2E v R MR 20 IR i M R il 2
L) i 3 B AN S A A T TR R AE 4N A s T
O 40 AL A B R BALF vh 48 5E 40 i I8 B 35
B, 3 1L-4  1L-5 . 1L-6 . 1L-10 B & F+ & , IFN-y
BB T HED HDM IO WGE J R S, RAE T R
5 2 20 B B RIRRCRR 4 R R A e L e 4 SR
O R ML O AR R A3 W T O A B K A R P
JL I, R it 22 Pl S0 A 5T R AH L DR, BT
L AT T B R GE D R B A, A5 A8 N R
Yy 5 0 HE R, SGE SE AW N . i ATT 41 5B
i & 5 AF 22 BLALHE , I IFN-y B & T+ &5, IL-4
IL-5.1L-6 IL-10 K T B, B W] ATT 9845 1 445
BRI B0 R AR R SR o el S R S 4 2 B 2 1Y
TR BN IR A o M R E R TR T
hAFEE —BhE, X 56— <38, 6] — %0 7 1 HE
A—E . Thi 40877 42 IFN-y, Th2 46 il 7 /= 1L-4
FIL-5, Th1 F1 Th2 40 i 22 8] () S 8 76 3 80h: 5 00
R G EEAEH . ARZ —FP 2l The 6 )<
N7 5| ) ak B R R, AR IR A R A Bt 5 AL
R H B Th1/Th2 S s 2k fiy= . AR SCE 45 R K,
AR 41/ Bl 7 A The 40 ff R F K S T+ & L i Thi
40 oK T R BAK, 3X 5 AR 9 R g HL R
Th1/Th2 & i #1i¢ — 8. AIT 41 Th1/Th2 41 ffg 2%
i A5 2 3%, SR T Z A5 BE T X 5 iR T IR
PRIFF 45— 3™ TL-6 2 G0 28 I B4 5 S 8 3 [A)
F L BRI Tht &Rz, [ B2 i The e pi™ . i B 1

Th2 R4 K2 FE S 2R T 5 32 B, Th2 & i iw
7 P S B T I T TL-6 B 2 R . TL-10 42— Ff
ELAT G2 U8 1 DI RE A0 IR - AT I PRI 5 IE S
SCIT # SLIT {697 10 4~ J i J 1L-10 /9 6 8 1
Tk ABAEIG YT 124 H )5 IL-10 B9 L T # s E >,
TEA S8 f AR 21 I35 TL-10 Fh i, 1 ATT 41 1 3%
IL- 108 AR TR FRAT % 58T g 2 Wk
(149 A5 IO T3R8 AR /DN BRUHE A B 928 R R A %
IL-10 74 1 ATT 2H /)N BRTE OB W RE B, AT RE 2 48
2207 T TL-10 43 WA 19 i 06 A T TL-10 W B B IR IR By
B, BARHLEI A ff E— 20 SCg R W] . AR BESE AR
BF AR, AIT 41/ R il 7% HDM-sIgE A F B it
BOAZER LG FE IR 5 IG RSB AR
A A AITIRYT )5 I HDM-sIgE 28 fh#a #— % .
— I RCT WF 58 45 31 W7, SCIT 36 97 8 & 1 1L 7
HDM-sIgE 723897 1 4F N FR 2L Tt &, 1 4R 5 B W T
B 2~34E N RS AT T IF T RE ™ . 53 A I IR A
FARIE , sIgE 7E AIT #3097 W1 01 I+ B S 4218
R, B sIgE B 55 588 I DR AE AR % e T I
FHICAE , sIGE AE 2 W AR P48 45, 51N BEAE b T
GPEIRITIT AU AE b , A G LE W 4 bR S W TR AR 5
He R 2 S R 1 HDM-sIgE 78 AR /) B
Fhim ARAE SCIT Ja AR BH B T R, 54 SCE R,

A58 7 i HDM 5 1k J2 T S8R 7 AR
/0N BRUBE Y 7 200 R G, B A 1T B0 7 S g 2 Rl IR 3R
5 HDM 28 A AR 38 Ml R S22 b ATT 36
7 ARRL, LA A DUAE: 9 3l 1 B A0 4 o 1 s A S O
Ak — B B 5E ATT WAL, 5388 A %08 ATT
Il PR AR 9 o

EEREER 45 IWEESEM,
AR, BOHE BT R SRS L AR Sh W
WO BT, B ShER. A K
Wb FHR BXWMFAEIT. 24 % LH
Wit e 3 S RHEIT

M RAER A EE AR i

[1] WISE SK, DAMASK C, ROLAND LT, e/ al.
International consensus statement on allergy and rhinology :

allergic rhinitis-2023 [ J].Int Forum Allergy Rhinol, 2023,



AR, A AR N S A8 S R R S BT BRI T N U Y A S R PR A 163

[8]

[10]

[11]

[12]

[13]

[14]

[16]

13(4):293-859.

ZHANG Y, ZHANG L. Increasing prevalence of allergic
rhinitis in Chinal J].Allergy Asthma Immunol Res,2019,11
(2):156-169.

LI X, XU X, LI7J,er al.Direct and indirect costs of allergic
and non-allergic rhinitis to adults in Beijing, China[J].Clin
Transl Allergy,2022,12(4):e12148.

GREINER AN, HELLINGS PW, ROTIROTI G, et al.
Allergic rhinitis[ J].Lancer,2011,378(9809) :2112-2222.
PAVON-ROMERO GF, PARRA-VARGAS MI,
RAMIREZ-JIMENEZ F, e al. Allergen immunotherapy :
current and future trends[ J].Cells,2022,11(2) :212.
LAYHADI JA, LALIOTI A, PALMER E, et al
Mechanisms and predictive biomarkers of allergen
immunotherapy in the clinic [J].J Allergy Clin Immunol
Pract,2024,12(1) :59-66.

ZHU Y, YU J,ZHU X, et al. Experimental observation of
the effect of immunotherapy on CD4+ T cells and Th1/
Th2 cytokines in mice with allergic rhinitis [J]. Sci Rep,
2023,13(1):5273.

BIR 2 BOE R R L A RGBT TR ST I TR T/
FRUS  PE B R  SE IR F AT (T]. F B S0k 4 &, 2015,31
(6):785-789.

EU L AR AR R P B R B IR Hh R 4 R
R 19 L AL (2024, db 50 [T]. F B 580
PRS2 & ,2024,30(4) 1 1-11.

HOANG MP, SAMUTHPONGTORN J, CHITSUT-
HIPAKORN W, ez al. Allergen-specific immunotherapy for
local allergic rhinitis: a systematic review and meta-analysis
[J].Rhinology,2022,60(1):11-19.

BOUSQUET J, KHALTAEV N, CRUZ AA, et al.
Allergic rhinitis and its impact on asthma (ARIA) 2008
update  (in with  the World Health
Organization, GA (2) LEN and AllerGen) [J]. Allergy,
2008,63(Suppl 86) : 8-160.

NAKAGOME K, NAGATA M. Allergen immunotherapy
in asthmal J].Allergol Int,2024,73(4) : 487-493.
MASCARELL L,SAINT-LU N,MOUSSU H, et a/.Oral

macrophage-like cells play a key role in tolerance induction

collaboration

following sublingual immunotherapy of asthmatic mice[J].
Mucosal Immunol,2011,4(6) :638-647.

XU J, TANG Y, SHEN C, ez al.Melastoma dodecandrum
polysaccharide alleviates allergic rhinitis in mice through
modulating NLRP3 and 11.-17 axis[ J].Int Immunopharmacol ,
2025,161:115054.

ZHENG Y, XIE Y, L1 J, er al. CMPK2 promotes NLRP3
inflammasome activation via mtDNA-STING pathway in
house dust mite-induced allergic rhinitis [J]. Clin Transl
Med,2025,15(1) :e70180.

XU R e A, A Bk, R G R R e T

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

TAHRPEWRIF A [T]. F B &) ez Sk 3 s, 2019, 26

(9):491-494.
CHANG YS, KIM YK, KIM SH, et al. Murine
subcutaneous immunotherapy models with beneficial

immunological and physiological effects [J]. Asia Pac
Allergy,2013,3(1):50-58.
KESHAVARZ SHAHBAZ S, VARASTEH AR,
KOUSHKI K, e a/.Sublingual dendritic cells targeting by
aptamer: possible approach for improvement of sublingual
immunotherapy efficacy [J].Int Immunopharmacol, 2020,
85:106603.
SHAHGORDI S, SANKIAN M, YAZDANI Y, et al.
Immune responses modulation by curcumin and allergen
encapsulated into PLGA nanoparticles in mice model of
rhinitis allergic through sublingual immunotherapy [J]. Int
Immunopharmacol,2020,84:106525.
CRETICOS PS, GUNAYDIN FE, NOLTE H, ez al.
Allergen immunotherapy: the evidence supporting the
efficacy and safety of subcutaneous immunotherapy and
sublingual forms of immunotherapy for allergic rhinitis/
conjunctivitis and asthma [J]. J Allergy Clin Immunol
Pract,2024,12(6) : 1415-1427.
DONG F, TAN J,ZHENG Y. Chlorogenic acid alleviates
allergic inflammatory responses through regulating Th1/
Th2 balance in ovalbumin-induced allergic rhinitis mice[J].
Med Sci Monit,2020,26:€923358.
SCADDING GK, SCADDING GW. Innate and adaptive
immunity: ILC2 and Th2 cells in upper and lower airway
allergic diseases[J].J Allergy Clin Immunol Pract,2021,9
(5):1851-1857.
LI CW, LU HG, CHEN DH, ez al.In vivo and in vitro
studies of Th17 response to specific immunotherapy in
house dust mite-induced allergic rhinitis patients [J]. PLoS
One,2014,9(3):€91950.
SCHULTEN V, TRIPPLE V, AASBJERG K, ez al.
Distinct modulation of allergic T cell responses by
subcutaneous ws.sublingual allergen-specific immunotherapy
[J].Clin Exp Allergy,2016,46(3) :439-448.
SCADDING GW,CALDERON MA,SHAMIJI MH, et al.
Effect of 2 years of treatment with sublingual grass pollen
immunotherapy on nasal response to allergen challenge at 3
years among patients with moderate to severe seasonal
allergic rhinitis: the GRASS randomized clinical trial [J].
JAMA ,2017,317(6) :615-625.
BREITENEDER H, PENG YQ, AGACHE 1, et al.
Biomarkers for diagnosis and prediction of therapy
responses in allergic diseases and asthmal J].Allergy, 2020,
75(12) :3039-3068.

CHCAR H 391 :2025-06-295 i - 5K 75 0 )



