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moted the production of IL-5 and IL-13, and suppressed the 
production of the eicosanoid 12-HETE by mediastinal lymph 
node cells.  Conclusions:  These data show that during aeroal-
lergen challenge, estrogen stimulates Th2 cytokine produc-
tion, which may be linked to its ability to suppress 12-HETE. 
Lung resistance at baseline, goblet cell hyperplasia and the 
compartmentalisation of eosinophils was also influenced by 
estrogen. However, estrogen does not play a major role in 
stimulating enhanced sensitivity to methacholine-induced 
lung resistance.  Copyright © 2012 S. Karger AG, Basel 

 Introduction  

 Coincident with the onset of puberty and increasing 
levels of circulating estrogen, asthma becomes signifi-
cantly more common in women than in men, particu-
larly during the reproductive years and pregnancy [re-
viewed in ref.  1–3 ]. This suggests a role for estrogen in 
promoting the development of asthma in women. The 
influence of estrogen on allergic airway disease has been 
investigated in rodent models, which show that ovariec-
tomy (OVX) prior to allergen sensitisation attenuates the 
migration of inflammatory cells to the lungs  [4, 5] , sug-
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 Abstract 

  Background:  The observation that asthma becomes more 
prevalent following puberty in females suggests estrogen 
potentiates the development of this disease. However, most 
studies examining the role of estrogen in rodent models of 
asthma are complicated by their reliance on ovariectomised 
mice in which hormones other than estrogen are also atten-
uated.  Methods:  We aimed to understand the influence of 
estrogen on allergic airway disease by using type I (tamoxi-
fen) or type II (ICI 182,780) antagonists in female mice or de-
livering estradiol to male mice during aeroallergen chal-
lenge.  Results:  The antagonists showed that estrogen pro-
moted both the mobilisation of bone marrow eosinophils 
and egression of eosinophils to the airway lumen. These 
findings were corroborated in male mice treated with estra-
diol, which increased eosinophil numbers in both blood and 
airways. Estrogen stimulated goblet cell hyperplasia and 
baseline lung resistance, but had little effect on the number 
of eosinophils in the bronchial submucosa or methacholine-
induced airway hyperreactivity. Estrogen receptor  �  was ex-
pressed by CD4+ T cells from allergic mice, and estrogen pro-
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gesting estrogen is pro-inflammatory during allergen 
sensitisation. Using mice who have undergone OVX af-
ter sensitisation, Riffo-Vasquez et al.  [5]  suggest a bipha-
sic scenario in which estrogen enhances T cell activation 
during allergen sensitisation and yet suppresses eosino-
phil trafficking to the lung during allergen challenge. 
However, the role of estrogen in allergic inflammation is 
controversial with studies such as those by Dimitropou-
lou et al.  [6]  showing that implantation of estradiol pel-
lets in OVX mice before sensitisation reduced airway in-
flammation. The use of models employing OVX to study 
the role of estrogen in allergic inflammation is compli-
cated because ovarian products other than estrogen may 
influence the observed effects  [7] . Indeed, a recent study 
suggested an important consideration when analysing 
the role of sex hormones in allergic disease is not the lev-
els of circulating estrogen per se, but the estrogen/pro-
gesterone ratio  [7] . In congruence with this concept, es-
tradiol supplementation of OVX mice does not fully 
compensate the anti-inflammatory effects of OVX in al-
lergic airway disease  [5] . However, treatment of allergic 
rats with the estrogen antagonist ICI 182,780 does not 
affect the levels of circulating progesterone, which are 
higher than in allergic OVX rats despite similar levels of 
broncho-alveolar lavage fluid (BALF) eosinophilia  [7] , 
suggesting estrogen rather than the estrogen/progester-
one ratio may be more important in regulating allergic 
inflammation. Although the use of estrogen antagonists 
assists in understanding the effects of estrogen in allergic 
disease, antagonists such as the type I estrogen antago-
nist tamoxifen is not without its complexities. Tamoxifen 
exhibits mixed agonist/antagonist activities that are 
dose, tissue and species specific. For example, tamoxifen 
used throughout sensitisation and challenge convinc-
ingly inhibited eosinophilia in the airways of allergic 
mice  [5] , but its suppressive effects were not as significant 
in rats  [4] . The interaction of tamoxifen with the estro-
gen receptor (ER) combines high affinity occupancy of 
the primary estrogen-binding site and activation of the 
ER in addition to weaker occupancy of a secondary site 
to antagonise the receptor  [8] . Collectively, the likeli-
hood of the predominance of either event is dependent 
on the dose of tamoxifen used. Higher doses of tamoxi-
fen can thus overcome its agonistic properties by increas-
ing the occupancy and thus dominance of the inhibitory 
site. In contrast, type II anti-estrogens, such as ICI 
182,780, are devoid of such agonist activity  [9] . However, 
to date, ICI 182,780 has had limited use in investigating 
the function of estrogen in allergic disease in experimen-
tal models of asthma. An additional consideration in the 

analysis of the role of estrogen in the development of al-
lergic disease is dissection of both temporal and spatial 
mechanisms of disease progression. Thus, early estro-
gen-sensitive events that regulate T cell activation and 
expansion dictate the subsequent development of aller-
gic inflammation. Considering the levels of circulating 
estrogen in females are cyclical in nature, the influence 
of estrogen on the consequences of allergen exposure 
may vary depending on the stage during the menstrual 
cycle or pregnancy at which an allergen is encountered. 
It is also likely that allergen sensitisation occurs during 
childhood with subsequent episodes of allergen chal-
lenge experienced through into puberty when estrogen 
levels are increased. 

  The experimental approach in the current study is de-
signed to assess the role of estrogen in asthma models. We 
will employ two strategies to antagonise estrogen in in-
tact female mice: (1) a high dose of tamoxifen thought 
sufficient to overcome its agonistic properties, or (2) the 
type II pure estrogen antagonist ICI 182,780. To dissect 
out the cyclical effects of estrogen on the dynamics of im-
mune cell recruitment to the allergic lung, we will employ 
a model in which estrogen is neutralised after sensitisa-
tion. We will complement the studies in female mice by 
determining the effects of supplemental estradiol during 
allergen challenge of male mice. 

  Methods 

 Induction of Allergic Airway Disease 
 Female BALB/c mice were sensitised by intraperitoneal injec-

tion with 50  � g of ovalbumin (OVA, Fraction V; Sigma, St. Louis, 
Mo., USA), or the equivalent of saline for nonallergic mice, mixed 
with 20  � l of Rehydragel (Al 2 O 3 -based adjuvant) made up to 200 
 � l with 0.9% sterile saline. On days 12, 14, 16 and 19, all mice were 
challenged with an aerosol generated from 10 mg/ml OVA in sa-
line for 3  !  30 min per day with 30-min breaks between aerosols 
 [10] . Tamoxifen (Sigma) was dissolved at 100 mg/ml in ethanol, 
and then diluted in corn oil (Sigma) to 10 mg/ml. ICI 182,780 
(Tocris Bioscience, Bristol, UK) was dissolved at 25 mg/ml in eth-
anol then diluted to 2.5 mg/ml in corn oil. Mice were injected in-
traperitoneally with 1 mg of tamoxifen, 250  � g of ICI 182,780 or 
the equivalent of ethanol in corn oil 4 h before OVA aerosols. Es-
tradiol was dissolved at 20 mg/ml in DMSO then diluted to 50  � g/
ml in sterile saline. Male mice received 400  � g/kg estradiol  [5]  or 
the equivalent of DMSO by intraperitoneal injection. Mice were 
sacrificed on day 20 and BALF was obtained by flushing the air-
ways with 2 ml of PBS. Numbers of cells in BALF were determined 
by total cell counts and differential counts of May-Grünwald-Gi-
emsa-stained cytospins. Lungs were dissected from the thoracic 
cavity for recovery of mediastinal lymph nodes (MLN). All mice 
were treated according to Australian National University Animal 
Welfare guidelines (JMB32/07 and JMB55/10).
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  Quantification of Eosinophils and Goblet Cells 
 Lung sections were stained with Carbol’s chromotrope-hae-

matoxylin or Alcian blue-periodic acid-Schiff for enumeration of 
peribronchial eosinophils and goblet cells, respectively  [10] . 

  Analysis of Lung Function 
 Lung resistance was determined in anaesthetised mice at-

tached to an electronically controlled mouse ventilator. First sa-
line, then increasing doses of methacholine were nebulised and 
delivered via the endotracheal tube, and lung resistance was cal-
culated from tracheal pressure measurements with BioSystem XA 
software (Buxco Electronics, Wilmington, N.C., USA) as de-
scribed in detail elsewhere  [11] .

  Purification of Dendritic Cells and CD4+ T Cells for RT-PCR 
 Dendritic cells (DCs) and CD4+ T cells were enriched from 

MLN cells or lungs from allergic mice using the Minimacs CD11c 
or CD4 magnetic bead system (Miltenyi Biotec, Bergisch Glad-
bach, Germany) as described previously  [10] . 

  cDNA Preparation and RT-PCR 
 RNA was purified with TRIzol reagent (Life Technologies, 

Rockville, Md., USA) and reverse transcribed using oligo dT and 
superscript III RT (Invitrogen, Carlsbad, Calif., USA). PCR for 
ER �  was performed using 5 � -GCAGTAACGAGAAAGGAA-
AC/5 � -CGAGACCAATCATCAGAATC  [12]  and for GAPDH 
with 5 � -CATGGAGAAGGCCGGGGC/5 � -CGGACACATTGGG-
GGTAGG (GenBank NM_008084).

  Cytokine Production 
 MLN cells were stimulated with 1 mg/ml OVA in complete 

MLC medium for 68 h at 37˚C, 5% CO 2  in 96-well plates with 
2  !  10 6  cells per well. IL-5 and IL-13 were measured by ELISA 
as described elsewhere  [10]  using capture and detection IL-5 
(Pharmingen, San Diego, Calif., USA) and IL-13 antibodies (R&D 
Systems, Minneapolis, Minn., USA). Limits of detection were 6 
and 12 pg/ml, respectively. In some experiments, MLN cells from 
allergic female mice were incubated for 40 h with estradiol in 
MLC with 1 mg/ml OVA and charcoal/dextran-treated FBS (Hy-
clone/Thermo Scientific, Logan, Utah, USA). 

  C18 Extraction of Culture Supernatants and Measurement of 
12-HETE 
 Hydrophobic material was extracted from MLN cell culture 

supernatants by reverse phase chromatography as described in 
more detail previously  [13] . Samples were assayed using a corre-
late enzyme immunoassay 12-HETE (12-hydroxytetraenoic acid) 
kit (Assay Designs, Ann Arbor, Mich., USA). The limit of detec-
tion was 50 pg/ml. 

  Isolation of Bone Marrow Cells 
 Bone marrow was collected from femurs by flushing with 8 ml 

of cold PBS. Eosinophils and eosinophilic myelocytes in cytospins 
stained with May-Grünwald-Giemsa were determined by mor-
phological criteria  [14] . 

  Quantitation of Estradiol 
 Estradiol was measured in culture supernatants using an EIA 

kit (Enzo Life Sciences, Plymouth, Pa., USA) with a limit of detec-
tion of 30 pg/ml. 

  Statistical Analysis 
 Significance of differences between experimental groups was 

analysed using Student’s unpaired t test or ANOVA with post hoc 
Tukey-Kramer multiple comparison test. Values are the mean  8  
SEM. Differences in means were considered significant if p  !  0.05. 

  Results 

 ER �  Expression in the Allergic Lung 
 To help understand the role of estrogen in allergic air-

way disease, we evaluated expression of ER �  in the aller-
gic lung. Because some studies suggest that ICI 182,780 
inhibits the growth of breast cancer cells by down-regu-
lating expression of ER �   [15] , we also assessed whether 
ER �  expression was affected by tamoxifen or ICI 182,780. 
Notably, a higher dose of tamoxifen was used than in pre-
vious studies  [5]  to block its agonistic properties. All ve-
hicle- and antagonist-treated mice expressed ER �  ( fig. 1 ), 
suggesting the allergic lung has the capacity to respond 
to estrogen and does not down-regulate ER �  in response 
to either tamoxifen or ICI 182,780. 

  Comparison of Inflammation and Goblet Cell 
Hyperplasia in Allergic Mice Treated with Tamoxifen 
or ICI 182,780 
 To investigate the ability of estrogen to influence al-

lergic inflammation during allergen challenge, we as-
sessed eosinophilia in allergic mice treated with tamoxi-
fen or ICI 182,780. Both estrogen antagonists significant-
ly inhibited the percentage of eosinophils in the blood 
( fig. 2 a, d). In contrast, neither tamoxifen nor ICI 182,780 
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  Fig. 1.  ER expression in the lungs of allergic female mice. RT-PCR 
for ER �  and GAPDH in the lungs from individual allergic female 
mice treated with vehicle (lanes 1–2), tamoxifen (lanes 3–5) or ICI 
182,780 (lanes 6–8) during aeroallergen challenge.  
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influenced their numbers in the bronchial submucosa 
( fig. 2 b, e). Both antagonists also reduced the migration 
of eosinophils from the submucosa of the lung tissue to 
the airway lumen (BALF:  fig. 2 c, f). At the concentrations 
used, tamoxifen was more efficient than ICI 182,780 at 
inhibiting eosinophilia in BALF. There was a trend to-
wards reduced numbers of goblet cells lining the airways 
of tamoxifen- and ICI 182,780-treated mice that reached 
significance with the latter ( fig. 2 b, e). Collectively, these 
data show that estrogen influences the compartmentali-
sation of eosinophils and stimulates goblet cell hyperpla-
sia during aeroallergen challenge.

  Estrogen and Allergen-Induced Th2 Cytokine 
Production 
 As our data showed that estrogen influenced the com-

partmentalisation of eosinophils, we investigated wheth-
er estrogen also influenced the production of the eosino-
phil-responsive cytokines IL-5 and IL-13. MLN cells 
from allergic female mice treated with the estrogen an-
tagonists showed attenuated IL-5 and IL-13 production 
when cultured ex vivo ( fig. 3 a, b). At the concentrations 
used, ICI 182,780 was more effective in attenuating both 
IL-5 and IL-13, which were on average 2.0 and 1.2 ng/ml 
lower than in mice treated with tamoxifen. ER �  was ex-
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  Fig. 2.  Influence of estrogen on blood and lung eosinophilia.
 a–c  Tamoxifen.  d–f  ICI 182,780.  a ,  d  Percentages of blood eo-
sinophils were determined by morphological criteria in May-
Grünwald-Giemsa-stained smears.  b ,  e  Lung sections were ei-
ther stained with Carbol’s chromotrope or Alcian blue-periodic 
acid-Schiff, and the numbers of submucosal eosinophils and gob-
let cells were counted in the peribronchial region of at least 10 
similar fields (magnification  ! 1,000) per mouse.  c ,  f  Numbers of 

airway eosinophils were quantified by correlating differential 
counts of May-Grünwald-Giemsa-stained cytospins with total 
cell counts in the BALF. Samples were from either nonallergic 
mice (clear bars), allergic mice treated with vehicle (grey bars) or 
antagonist (black bars). Eos = Eosinophils. Values are the mean 
 8  SEM of at least 4 mice per group.  *  p  !  0.05 vs. vehicle-treated 
allergic mice,  *  *  p  !  0.05 vs. all allergic mice.  
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pressed by MLN cells from allergic female mice, suggest-
ing these cells may be directly responsive to estrogen 
( fig.  3 c). We did not examine ER �  expression in MLN 
from tamoxifen-treated mice as both antagonists showed 
a similar pattern of Th2 cytokine production. ER �  ex-
pression was detected in CD4+ T cells, but was barely 
detectable in DCs from MLN ( fig. 3 d) and not detected in 
DCs enriched from the allergic lung (data not shown), 
suggesting it more likely that estrogen directly influences 
the capacity of CD4+ Th2 cells to produce IL-5 and IL-13 
rather than to stimulate antigen presentation by DCs 
during aeroallergen challenge. MLN cells incubated with 
estradiol in vitro showed enhanced production of both 
IL-5 and IL-13 ( fig. 3 e). Because a study by Stygar et al. 
 [16]  suggested estrogen-suppressed expression of 12-li-
poxygenase in blood leucocytes, we also investigated the 
effects of estrogen on the production of 12-HETE (a 12-li-

poxygenase product) by MLN cells from allergic female 
mice. Compared to vehicle, treatment of MLN cells with 
estradiol significantly attenuated the production of 12-
HETE ( fig. 3 f). These data show that estrogen influences 
the production of Th2 cytokines and 12-HETE by CD4+ 
T cells.

  Estrogen Promotes Egression of Eosinophils from the 
Bone Marrow 
 The observation that estrogen enhanced blood eosino-

philia ( fig. 2 ) suggested estrogen might promote mobili-
sation of eosinophils in the bone marrow. Therefore, we 
assessed the numbers of mature eosinophils and eosino-
philic myelocytes in the bone marrow of allergic female 
mice treated with vehicle or ICI 182,780. The tamoxifen 
group was not examined because similar numbers of 
blood and tissue eosinophils were seen in both antagonist 
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  Fig. 3.  Effect of estrogen on Th2 cytokine production.  a ,  b  IL-5 
and IL-13 produced by MLN from allergic female mice treated 
with either tamoxifen ( a ) or ICI 182,780 ( b ) and then cultured 
with OVA ex vivo were assayed in triplicate by ELISA. Samples 
were from nonallergic mice (clear bars), allergic mice treated with 
vehicle (grey bars) or antagonist (black bars).  c  RT-PCR for ER �  
and GAPDH expressed by MLN from individual allergic female 
mice treated with vehicle (lanes 1, 2, 5, 6) or ICI 182,780 (lanes 3, 
4, 7, 8) during aeroallergen challenge.  d  RT-PCR for ER �  ex-

pressed by CD4+ T cells and DCs purified from the MLN of al-
lergic mice. IL-5, IL-13 (   e ) and 12-HETE ( f ) produced by MLN 
from allergic female mice treated with vehicle (white bars) or 
varying concentrations of estradiol (E 2 ; grey bars) in vitro were 
measured by ELISA. All results are representative of duplicate ex-
periments and values are the mean      8  SEM of at least 4 mice per 
group.  *  p  !  0.05 vs. vehicle-treated allergic mice or vehicle-treat-
ed MLN,  *  *  p  !  0.05 vs. both vehicle- and antagonist-treated al-
lergic mice.  
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treatment groups. Eosinophils and eosinophil myelo-
cytes in bone marrow cytospins ( fig. 4 a) displayed typical 
morphology  [14] . However, the number of mature eosin-
ophils in the bone marrow was significantly elevated in 
mice treated with ICI 182,780 ( fig. 4 b). Considering these 
mice displayed attenuated blood eosinophilia, it is likely 
that estrogen enhances mobilisation of bone marrow eo-
sinophils, and when estrogen is inhibited, fewer eosino-
phils egress into the blood, causing their accumulation 
within the bone marrow. We also noted that the number 
of eosinophil myelocytes was marginally lower in the ICI 
182,780 group, suggesting estrogen also plays a minor 
role in promoting eosinophilopoiesis during allergen 
challenge. 

  Comparison of Airway Function in Allergic Mice 
Treated with Tamoxifen and ICI 182,780 
 We next investigated the effects of estrogen on lung 

mechanics. Baseline lung resistance (lung resistance 
measured during challenge with saline) was significantly 
lower in allergic female mice treated with either tamoxi-
fen or ICI 182,780 than in those treated with vehicle dur-
ing allergen challenge ( fig. 5 ). However, while the differ-
ence between vehicle- and tamoxifen- or ICI 182,780-treat-
ed mice in lung resistance induced by methacholine 
challenge reached significance at some concentrations of 
methacholine ( fig. 5 a, b), overall this appeared to reflect 

inherent differences in baseline lung resistance rather 
than increased sensitivity to methacholine. Collectively, 
these data show that during the challenge phase of anti-
gen exposure, estrogen potentiates baseline lung resis-
tance but has minimal effect in enhancing the sensitivity 
to methacholine-induced bronchoconstriction. 

  Estrogen Enhances Blood and Airway Eosinophilia in 
Allergic Male Mice 
 Previous studies showed that estrogen can suppress 

airway hyperresponsiveness in male mice  [17]  suggesting 
ERs are expressed in the lungs of male mice. Therefore, 
we tested whether estradiol could influence blood and 
airway eosinophilia (in BALF) in allergic male mice. 
Mice treated with estradiol during allergen challenge 
displayed significantly elevated blood eosinophilia 
( fig. 6 a) and higher numbers of eosinophils in the air-
ways compared to vehicle-treated mice ( fig. 6 b). These 
observations confirm those in female mice showing es-
trogen influences the mobilisation of eosinophils from 
the bone marrow to the blood and their migration to the 
airway lumen. 

  Discussion 

 The current study demonstrated that estrogen plays a 
significant role in the development of allergic airway dis-
ease by regulating the mobilisation of bone marrow eo-
sinophils and the compartmentalisation of eosinophils, 
stimulating Th2 cytokine production and goblet cell hy-
perplasia, and enhancing lung resistance at baseline. ER �  
expression was detected in the allergic lung, MLN and 
CD4+ T cells, suggesting these tissues and cells are di-
rectly responsive to estrogen. Indeed, MLN cells from al-
lergic female mice treated with the estrogen antagonists 
exhibited a reduced propensity for production of the Th2 
cytokines, IL-5 and IL-13, and MLN cells from allergic 
mice produced enhanced levels of IL-5 and IL-13 when 
exposed to estradiol in vitro. While ER �  was highly ex-
pressed by CD4+ T cells from the MLN, the observation 
that it was only weakly expressed in MLN DCs and un-
detectable in lung DCs was somewhat surprising consid-
ering that studies have shown that estrogen promotes the 
differentiation of a subset of DCs from bone marrow pre-
cursors in vitro    [18] . However, estrogen does not increase 
the proliferation of differentiated DCs  [18] , and since a 
large percentage of DCs in the allergic lung and MLN ex-
press an activated phenotype  [10] , it is not unreasonable 
to suggest that, as similarly occurs with the nuclear recep-
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  Fig. 4.  The influence of estrogen on bone marrow eosinophils.
 a  Eosinophil myelocytes (EoM) and mature eosinophils (Eos) were 
determined in bone marrow cytospins by morphological criteria. 
 b  Numbers of eosinophils and precursors were quantified in mice 
treated with vehicle or ICI 182,780 by correlating the total number 
of cells in the bone marrow of 5 mice per group with May-Grün-
wald-Giemsa-stained cytospins. Values are the mean              8  SEM, 
               *  p  !  0.05 of ICI 182,780-treated (black bars) compared to vehicle-
treated (clear bars) mice.        
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tor, PPAR �   [19] , ER �  expression is down-regulated fol-
lowing differentiation. In contrast, the strong expression 
of ER �  by CD4+ T cells makes it likely that estrogen di-
rectly influences the function of CD4+ T cells during 
aeroallergen challenge in allergic mice. This concept is 
supported by previous studies suggesting estrogen can 
increase Th2 responses [reviewed in ref.  20 ] and potenti-
ate IL-4 and GATA3 transcripts in splenocyte CD4+ T 
cells stimulated in vitro    [21] . Our observation that estro-
gen suppresses 12-HETE produced by MLN cells suggests 
a possible mechanism linking estrogen to Th2 responses. 
Our recent studies showed that 12-HETE plays a signifi-
cant role in the cross-talk between DCs and CD4+ T cells 
in the MLN from allergic mice  [13] . These CD4+ T cells 
expressed 12-lipoxygenase and supplementation of DC/
CD4 T cells co-cultured with 12-HETE significantly at-
tenuated production of IL-5 and IL-13  [13] . Estrogen is 
known to down-regulate 12-lipoxygenase in peripheral 
blood leucocytes  [16]  and 12-HETE may modulate im-
mune responses by activating the nuclear receptor PPAR �  
 [22, 23] . Therefore, considering the proven suppressive 
effects of this eicosanoid on Th2 cytokine production 
 [13] , it is likely that estrogen stimulates Th2 cytokine pro-
duction by suppressing the catalysis of 12-HETE by CD4+ 
T cells. Of the Th2 cytokines, IL-5 is long recognised for 
its ability to promote the differentiation and proliferation 
of eosinophil precursors  [24, 25]  and to stimulate mo-
bilisation of eosinophils from the bone marrow compart-

ment  [26] . It is thus unsurprising that the ability of estro-
gen to enhance IL-5 production correlated with our ob-
servation that estrogen promoted eosinophil mobilisation 
from the bone marrow. Localised IL-5 also plays a role in 
the migration of eosinophils from the bronchial submu-
cosa to the airway lumen, as demonstrated in studies 
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  Fig. 5.  The effect of estrogen on lung function.  a ,  b  Anaesthetised 
mice were intubated and resistance of the lung (R                   L ) was measured 
in response to saline and then increasing doses of methacholine in 
nonallergic mice (clear bars) and allergic mice treated with vehicle 
(grey bars), tamoxifen (   a ; black bars) or ICI 182,780 ( b ; black bars). 
All allergic mice exhibited significantly higher resistance than 

nonallergic mice.  c  Baseline lung resistance (measured during sa-
line challenge) in nonallergic mice (clear bars), or allergic mice 
treated with vehicle (grey bars) or tamoxifen or ICI 182,780 (black 
bars). Values are the mean  8  SEM of at least 4 mice per group. 
 *   p  !  0.05 for vehicle- compared to antagonist-treated allergic 
mice,  *  *  p  !  0.05 for nonallergic compared to all allergic mice.  
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  Fig. 6.  The influence of estradiol on eosinophilia in allergic male 
mice. Peripheral blood ( a ) and airway eosinophilia ( b ; BALF) 
were determined as described in the legend to figure 2 in nonal-
lergic mice (clear bars), or allergic mice treated with either vehicle 
(grey bars) or estradiol (black bars) during aeroallergen challenge. 
Values are the mean              8  SEM of 5 mice per group.                  *  p  !  0.05 vs. 
vehicle-treated allergic mice,  *  *  p  !  0.05 vs. allergic mice. Eos = 
Eosinophils. 
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