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 Introduction 

 Allergic rhinitis (AR) is characterized by antigen-in-
duced nasal symptoms, such as sneezing, rhinorrhea and 
nasal blockage. It has been reported that immunoglobulin 
E (IgE) plays an important role in these nasal responses 
 [1, 2] . Following the capture of antigens by IgE, mast cells 
degranulate and release chemical mediators including 
histamine. Histamine induces sneezing and rhinorrhea 
by stimulating sensory nerve terminals in the nasal mu-
cosa. Moreover, several chemical mediators accelerate 
plasma leakage from blood vessels and cause nasal block-
age  [1, 2] .

  Many kinds of inflammatory cells other than mast cells 
are also observed in the nasal mucosa of AR patients. It 
has been reported that eosinophils, in particular, contrib-
ute to the nasal symptoms by releasing chemical media-
tors such as cysteinyl leukotrienes  [3] . However, the role 
of IgE/mast cell-mediated responses in the accumulation 
of inflammatory cells including eosinophils into the nasal 
mucosa has not been fully elucidated. It could be, at least 
in part, due to the fact that both IgE/mast cell- and Th2 
cell-mediated responses are developed in allergic inflam-
mation models using antigen-immunized mice. There-
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  Background:    Immunoglobulin E (IgE) is important for the 
development of allergic rhinitis (AR), though the contribu-
tion of IgE to the infiltration of eosinophils in the nasal mu-
cosa has not been fully elucidated. In this study, antigen-in-
duced sneezing and nasal eosinophil accumulation were 
comparatively investigated in anti-ovalbumin (OVA)-IgE 
transgenic (Tg) and wild-type (WT) mice.  Methods:  Tg and 
OVA-immunized WT mice were intranasally challenged with 
OVA. Antigen-specific serum IgE level, sneezing and infiltra-
tion of eosinophil into the nasal cavity were then examined. 
 Results:    The level of serum OVA-specific IgE in Tg mice was 
significantly higher than that in antigen-immunized WT 
mice. Compared to saline challenge, intranasal challenge 
with OVA significantly induced sneezing in both Tg and im-
munized WT mice. However, antigen-induced nasal eosino-
phil infiltration was observed in immunized WT mice but not 
in Tg mice.  Conclusions:  IgE-mediated responses might not 
play a crucial role in antigen-induced eosinophil infiltration 
in AR.  Copyright © 2013 S. Karger AG, Basel 
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fore, by employing the Th2 cell adoptive transfer system 
and mast cell-deficient mice, we have demonstrated that 
antigen-specific Th2 cells play a central role in antigen-
induced infiltration of eosinophils into the lungs, where-
as the IgE/mast cell-dependent pathway is implicated 
only supplementarily  [4–6] . Furthermore, to directly in-
vestigate the role of IgE in allergic diseases, we recently 
established transgenic mice in which a large amount of 
ovalbumin (OVA)-specific IgE was constitutively pro-
duced  [7] . This transgenic mouse is useful for analyzing 
antigen-induced responses solely dependent on IgE, es-
pecially in comparison to the responses occurred in anti-
gen-immunized mice in which antigen-specific Th2 cells 
as well as IgE are developed.

  In this study, in order to clarify the role of IgE in the 
pathogenesis of AR, antigen-induced nasal responses 
including eosinophil infiltration in transgenic and anti-
gen-immunized WT mice were comparatively investi-
gated.

  Materials and Methods 

 Animals 
 Anti-OVA IgE transgenic mice of BALB/c background (Tg) 

were established as described previously  [7] . Six-week-old female 
BALB/c mice (WT) were purchased from Japan SLC (Shizuoka, 
Japan). The experimental protocols were approved by the Animal 
Use and Care Committee of the Tokyo Metropolitan Institute of 
Medical Science.

  Antigen-Induced Sneezing in Mice 
 WT mice were sensitized by intraperitoneal injection of 20 μg 

OVA (Sigma-Aldrich, St. Louis, Mo., USA) emulsified with 2.25 
mg alum (Thermo Fisher Scientific, Waltham, Mass., USA) on 
days 0, 7, 14 and 21 of the experiment. The mice were challenged 
4 times by daily intranasal injection of 600 μg OVA dissolved in 20 
μl saline or saline alone (control) on days 35–38. The same chal-
lenge was performed on age-matched Tg mice. Immediately fol-
lowing the last challenge, the number of sneezes was counted for
5 min.

  Nasal Lavage 
 Six hours after the last challenge, nasal lavage (NAL) was per-

formed by introducing 150 μl PBS into the nasal cavity. The num-
ber of cells recovered in the NAL fluid (NALF) was counted by a 
hemocytometer. Then, differential eosinophil counts based on 
morphological criteria were performed by counting at least 200 
cells on a cytocentrifuged preparation after staining with Diff-
Quick (Sysmex Corporation, Hyogo, Japan).

  ELISA 
 Peripheral blood of immunized WT mice and age-matched 

Tg mice was collected on day 38 and the level of serum antigen-
specific IgE was evaluated by ELISA, with slight modifications, 
as described previously  [8] . Briefly, serially diluted sera were 

added to wells of an OVA-coated 96-well microtiter plate. OVA-
specific IgE was detected with HRP-conjugated monoclonal an-
ti-mouse IgE antibody (clone LO-ME-2, AbD Serotech, Oxford, 
UK). The last serum dilution yielding an OD 450  value of 0.1 over 
the background was decided as the end-point titer for the sam-
ple.

  Statistical Analysis 
 The results were presented as arithmetic mean ± SEM. Statisti-

cal analysis was performed by Student’s t test. p < 0.05 was consid-
ered to indicate statistical significance.

  Results and Discussion 

 In order to elucidate the role of IgE in AR, we first in-
vestigated serum antigen-specific IgE levels in Tg and 
OVA-immunized WT mice. Considering that not only 
antigen-specific but also total IgE was not detectable in 
naïve WT mice (data not shown), sera of both mice con-
tained a large amount of OVA-reactive IgE ( fig. 1 ). Fur-
thermore, the serum IgE level in Tg mice was significant-
ly higher than that in immunized WT mice.

  We next examined antigen-induced sneezing in Tg 
and immunized WT mice. In comparison with saline 
challenge, intranasal challenge with OVA significantly 
induced an increase in the number of sneezes in antigen-

O
VA

-s
pe

ci
fic

 Ig
E 

(re
ci

pr
oc

al
 lo

g 4
 ti

te
r)

WTMouse Tg
+Immunization –

2

4

6

8

  Fig. 1.  Serum antigen-specific IgE levels in Tg mice and OVA-
immunized WT mice. The level of serum OVA-specific IgE was 
measured by ELISA. Data are expressed as mean ± SEM of 4–6 
animals.  *  p < 0.05 (Student’s t test). 
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immunized WT mice ( table 1 ). Essentially, the same re-
sponse was observed in Tg mice. Notably, the antigen-
induced sneezing response in Tg mice was a little weaker 
than that in immunized WT mice, even though this was 
not statistically significant ( table 1 ).

  Antigen-induced infiltration of eosinophils in the na-
sal cavity was examined next. In OVA-challenged WT 
mice, a large number of eosinophils were recovered in 
NALF, in comparison with saline-challenged control 
mice ( table 2 ). However, antigen-induced nasal eosino-
phil accumulation was hardly observed in Tg mice.

  These findings are consistent with previous reports 
by Oshiba et al.  [9]  and Hamelmann et al.  [10]  demon-
strating that antigen-induced eosinophil accumulation 
in the lungs was much weaker in antigen-specific IgE-
transferred mice than in antigen-immunized mice. 
However, in recent clinical studies, eosinophil infiltra-
tion in patients with AR as well as bronchial asthma was 
downregulated by treatment with omalizmab, a human-
ized anti-IgE monoclonal antibody  [11–13] . Although 
the reason for this apparent contradiction is unclear, 
apart from the IgE/mast cell-dependent pathway, Th2 
cells are crucially implicated in the accumulation of eo-
sinophils. Thus, we and many other investigators dem-
onstrated that antigen-induced airway eosinophilic in-
flammation accompanied by bronchial hyperrespon-
siveness was indeed observed in mice transferred with 
antigen-specific Th2 cells  [5, 6, 14–16] . It was suggested 
in the reports of Oshiba et al.  [9]  and Hamelmann et al. 
 [10]  that the weak accumulation of eosinophils in anti-
gen-specific IgE-transferred mice was caused by the lack 
of activated Th2 cells. In this regard, IgE/mast cells have 
the ability to augment Th2 cell-mediated responses. Ac-
tivated mast cells synthesize and release several cyto-
kines responsible for the activation and migration of Th2 
cells  [17] . Consistently, IgE-dependent activation of 
mast cells potentiated Th2 cell-mediated eosinophil ac-
cumulation  [18–20] . Taking these findings together, IgE 
might participate in the recruitment of eosinophils in the 
nasal cavity of antigen-immunized mice, by promoting 
Th2 cell-mediated responses, though the existence of an-
tigen-specific IgE was not sufficient for the massive eo-
sinophil infiltration.

  On the other hand, it is known that murine mast cells 
derived from their precursor in bone marrow are matu-
rated at local tissues under the influence of various growth 
and differentiation factors, such as IL-3, IL-4, IL-6 and 
IL-9, produced, at least in part, by T cells  [21] . In this 
study, a relatively large number of sneezes were observed 
upon antigen challenge in immunized WT mice com-

pared to Tg mice, even though the serum OVA-specific 
IgE level was significantly higher in Tg mice. This may be 
because, in the nasal mucosa of Tg mice, mast cells were 
insufficiently differentiated or migrated due to lack of 
Th2 cell activation. Further investigations are required to 
elucidate the cooperation between IgE and Th2 cells in 
allergic nasal eosinophilic inflammation, including the 
differentiation and infiltration of mast cells in the nasal 
mucosa.

  Conclusively, nasal antigen challenge elicited sneezing 
in both Tg and immunized WT mice. However, nasal eo-
sinophil accumulation was significantly induced in im-
munized WT mice but not in Tg mice. Antigen-specific 
IgE may play a supplemental role in antigen-induced na-
sal eosinophil infiltration in AR.

Table 1.  Role of IgE in antigen-induced sneezing response

Challenge  Sneezes/5 min

W T Tg

Saline 1.3 ± 0.3 2.0 ± 0.6
OVA 22.2 ± 5.2* 11.3 ± 4.9*

 Tg and antigen-immunized WT mice were challenged with 
OVA or saline. Immediately after the challenge, the number of 
sneezes was counted for 5 min. Data are expressed as mean ± SEM 
of 4 – 6 mice.* p < 0.05, compared with saline-challenged WT mice (Stu-
dent’s t test).

Table 2.  Role of IgE in antigen-induced eosinophil accumulation 
in nasal cavity

Challenge  Eosinophils /NALF

W T Tg

Saline 5 ± 4 50 ± 33
OVA 760 ± 210* 62 ± 28#

 Tg and antigen-immunized WT mice were challenged with 
OVA or saline. Six hours after the last challenge, the number of 
eosinophils in NALF was determined. Data are expressed as mean 
± SEM of 4–6 mice.* p < 0.05, compared with saline-challenged WT mice.

# p < 0.01, compared with OVA-challenged WT mice (Stu-
dent’s t test).

D
ow

nl
oa

de
d 

by
: D

r.
 A

dr
ia

no
 M

ar
i -

 3
12

98
78

.1
3.

21
1.

7 
- 

6/
6/

20
13

 6
:5

8:
03

 P
M

http://dx.doi.org/10.1159%2F000350565


 Nishimura   /Saeki   /Kaminuma   /Matsuoka   /
Yonekawa   /Mori   /Hiroi    

Int Arch Allergy Immunol 2013;161(suppl 2):125–128
DOI: 10.1159/000350565

128

  Acknowledgements 

 This work was supported by the research grant ‘Agri-Health 
Translational Research Project’ from the Ministry of Agriculture, 
Forestry, and Fisheries of Japan to T.H. and the JSPS KAKENHI 
grant (No. 23791952) to T.N.

  Disclosure Statement 

 The authors declare that no financial conflict of interest exists 
in relation to the content of the article.

 

 References 

  1 Dykewicz MS, Hamilos DL: Rhinitis and
sinusitis. J Allergy Clin Immunol 2010;  
 125:S103–S115. 

  2 Ciprandi G, Passalacqua G: Allergy and the 
nose. Clin Exp Immunol 2008;   153:   22–26. 

  3 Gelfand EW: Inflammatory mediators in al-
lergic rhinitis. J Allergy Clin Immunol 2004;  
 114:S135–S138. 

  4 Ogawa K, Kaminuma O, Kikkawa H, Nakata 
A, Asahina M, Egan RW, Akiyama K, Mori A: 
Transient contribution of mast cells to pul-
monary eosinophilia but not to hyper-re-
sponsiveness. Clin Exp Allergy 2002;   32:   140–
148. 

  5 Kaminuma O, Fujimura H, Fushimi K, Na-
kata A, Sakai A, Chishima S, Ogawa K, Kiku-
chi M, Kikkawa H, Akiyama K, Mori A: Dy-
namics of antigen-specific helper T cells at the 
initiation of airway eosinophilic inflamma-
tion. Eur J Immunol 2001;   31:   2669–2679. 

  6 Kaminuma O, Mori A, Ogawa K, Nakata A, 
Kikkawa H, Naito K, Suko M, Okudaira H: 
Successful transfer of late phase eosinophil in-
filtration in the lung by infusion of helper T 
cell clones. Am J Respir Cell Mol Biol 1997;   16:  
 448–454. 

  7 Sato E, Hirahara K, Wada Y, Yoshitomi T, 
Azuma T, Matsuoka K, Kubo S, Taya C, Yo-
nekawa H, Karasuyama H, Shiraishi A: 
Chronic inflammation of the skin can be in-
duced in IgE transgenic mice by means of a 
single challenge of multivalent antigen. J Al-
lergy Clin Immunol 2003;   111:   143–148. 

  8 Kikuchi Y, Takai T, Ota M, Kato T, Takeda K, 
Mitsuishi K, Ikeda S, Okumura K, Ogawa H: 
Application of immunoreaction enhancer so-
lutions to an enzyme-linked immunosorbent 
assay for antigen-specific IgE in mice immu-
nized with recombinant major mite allergens 
or ovalbumin. Int Arch Allergy Immunol 
2006;   141:   322–330. 

  9 Oshiba A, Hamelmann E, Takeda K, Bradley 
KL, Loader JE, Larsen GL, Gelfand EW: Pas-
sive transfer of immediate hypersensitivity 
and airway hyperresponsiveness by allergen-
specific immunoglobulin (Ig)E and IgG1 in 
mice. J Clin Invest 1996;   97:   1398–1408. 

 10 Hamelmann E, Takeda K, Haczku A, Ciesle-
wicz G, Shultz L, Hamid Q, Xing Z, Gauldie J, 
Gelfand EW: Interleukin (IL)-5 but not im-
munoglobulin E reconstitutes airway inflam-
mation and airway hyperresponsiveness in 
IL-4-deficient mice. Am J Respir Cell Mol Biol 
2000;   23:   327–334. 

 11 Djukanovic R, Wilson SJ, Kraft M, Jarjour 
NN, Steel M, Chung KF, Bao W, Fowler-Tay-
lor A, Matthews J, Busse WW, Holgate ST, 
Fahy JV: Effects of treatment with anti-immu-
noglobulin E antibody omalizumab on airway 
inflammation in allergic asthma. Am J Respir 
Crit Care Med 2004;   170:   583–593. 

 12 Riccio AM, Dal Negro RW, Micheletto C, De 
Ferrari L, Folli C, Chiappori A, Canonica 
GW: Omalizumab modulates bronchial re-
ticular basement membrane thickness and 
eosinophil infiltration in severe persistent al-
lergic asthma patients. Int J Immunopathol 
Pharmacol 2012;   25:   475–484. 

 13 Plewako H, Arvidsson M, Petruson K, Oancea 
I, Holmberg K, Adelroth E, Gustafsson H, 
Sandstrom T, Rak S: The effect of omalizum-
ab on nasal allergic inflammation. J Allergy 
Clin Immunol 2002;   110:   68–71. 

 14 Cohn L, Tepper JS, Bottomly K: IL-4-inde-
pendent induction of airway hyperrespon-
siveness by Th2, but not Th1, cells. J Immunol 
1998;   161:   3813–3816. 

 15 Hogan SP, Koskinen A, Matthaei KI, Young 
IG, Foster PS: Interleukin-5-producing CD4+ 
T cells play a pivotal role in aeroallergen-in-
duced eosinophilia, bronchial hyperreactivi-
ty, and lung damage in mice. Am J Respir Crit 
Care Med 1998;   157:   210–218. 

 16 Randolph DA, Stephens R, Carruthers CJ, 
Chaplin DD: Cooperation between Th1 and 
Th2 cells in a murine model of eosinophilic 
airway inflammation. J Clin Invest 1999;   104:  
 1021–1029. 

 17 Hofmann AM, Abraham SN: New roles for 
mast cells in modulating allergic reactions 
and immunity against pathogens. Curr Opin 
Immunol 2009;   21:   679–686. 

 18 Mayr SI, Zuberi RI, Zhang M, de Sousa-Hitz-
ler J, Ngo K, Kuwabara Y, Yu L, Fung-Leung 
WP, Liu FT: IgE-dependent mast cell activa-
tion potentiates airway responses in murine 
asthma models. J Immunol 2002;   169:   2061–
2068. 

 19 Itami DM, Latinne D, Bazin H, Garcia ML, 
Perini A, Martins MA, Macedo MS, Macedo-
Soares MF: Immunoglobulin E is not required 
for but enhances airway inflammation and 
hyperresponsiveness. Allergy 2003;   58:   1117–
1124. 

 20 Nakae S, Ho LH, Yu M, Monteforte R, Iikura 
M, Suto H, Galli SJ: Mast cell-derived TNF 
contributes to airway hyperreactivity, inflam-
mation, and Th2 cytokine production in an 
asthma model in mice. J Allergy Clin Immu-
nol 2007;   120:   48–55. 

 21 Hu ZQ, Zhao WH, Shimamura T: Regulation 
of mast cell development by inflammatory 
factors. Curr Med Chem 2007;   14:   3044–3050. 

  

D
ow

nl
oa

de
d 

by
: D

r.
 A

dr
ia

no
 M

ar
i -

 3
12

98
78

.1
3.

21
1.

7 
- 

6/
6/

20
13

 6
:5

8:
03

 P
M

http://dx.doi.org/10.1159%2F000350565

	CitRef_1: 
	CitRef_11: 
	CitRef_12: 
	CitRef_2: 
	CitRef_3: 
	CitRef_13: 
	CitRef_4: 
	CitRef_14: 
	CitRef_5: 
	CitRef_15: 
	CitRef_6: 
	CitRef_16: 
	CitRef_7: 
	CitRef_17: 
	CitRef_8: 
	CitRef_18: 
	CitRef_9: 
	CitRef_19: 
	CitRef_10: 
	CitRef_20: 
	CitRef_21: 


