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Background: Glucocorticoids play an important role in modulating allergic inflammation and immune response. However,
little is known about the role of endogenous glucocorticoids in airway allergic disease.

Objective: To investigate the effects of endogenous glucocorticoids on regulating allergic inflammation and TH1/TH2 balance
in an airway allergic murine model.

Methods: An ovalbumin-sensitized murine model was established by intraperitoneal injection sensitization and intranasal
challenge with ovalbumin. Glucocorticoid release was inhibited by administration of metyrapone, and the peripheral glucocor-
ticoid receptors were blocked by administration of RU486. The numbers of eosinophils in the lung, peripheral blood, and bone
marrow were quantified. The changes in TH2/TH1 cells were investigated by flow cytometry, and their cytokines were tested by
enzyme-linked immunosorbent assay, including interleukin 4, interleukin 5, and interferon �, in the supernatant of the spleen cell
culture.

Results: Inhibition of endogenous glucocorticoids caused more sneezing and further increased eosinophil counts in the
peripheral blood and bone marrow of the sensitized mice. However, by inhibition of endogenous glucocorticoids, the interferon
� levels were upregulated, the interleukin 4 and 5 levels were down-regulated, and the ratio of TH2/TH1 cells decreased
significantly, indicating a shift to a TH1-predominant immune response in sensitized mice.

Conclusions: Our findings suggest that endogenous glucocorticoids play an important role in abating allergic inflammatory
reaction and modulating the TH1/TH2 balance in an airway allergic murine model. Inhibition of endogenous glucocorticoids
resulted in a shift to TH1 predominance, but that did not attenuate the severity of the allergic inflammatory reaction.
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INTRODUCTION
Airway allergic diseases, such as allergic rhinitis and asthma,
are characterized by a similar inflammatory process in which
eosinophils have been shown to play a central role in the
pathogenesis and clinical expression of the disease.1–3 The
pathologic processes that occur in the nasal mucosa with
allergic rhinitis and in the lower airway with asthma are
believed to reflect common manifestations of a generalized
inflammatory disorder, which is both a local and systemic
inflammatory process.4,5

The cascade of inflammatory reactions related to airway
allergy depends on various participating cells for which T
lymphocytes act as the main regulators.6 It was previously
proposed that TH1/TH2 imbalance of the immune system
resulted in the clinical expression of allergic rhinitis and
asthma. The TH1/TH2 hypothesis proposed by Cher and Mos-
mann7 and Mosmann and Coffman8 in 1986 was as follows:
2 very different subsets of TH cells exist, distinguished by

different sets of cytokines secreted after activation and, as a
consequence, mediating very different regulatory and effector
functions. Accumulating evidence indicates that TH2 cells are
associated with regulation of allergic responses and mucosal
inflammation. TH2 cells produce a characteristic pattern of
cytokines, and specific interest is being paid to interleukin
(IL) 4, which is known to stimulate production of IgE,9 and
IL-5, which is known to recruit and activate eosinophils.10 In
contrast, TH subsets, whose characteristic cytokine is inter-
feron � (IFN-�), are involved in mediating classic cell-me-
diated immune responses, such as delayed-type hypersensi-
tivity.6 TH lymphocyte subsets counterregulate each other
through the actions of selected cytokines.11

Glucocorticoids are important hormones involved in mod-
ulating allergic inflammatory responses and, as drugs, form
the basis of the clinical treatment of respiratory tract allergy.
They have inhibitory effects on the accumulation and activity
of eosinophils, lymphocytes, macrophages, and other inflam-
matory cells. Also, glucocorticoids regulate a wide variety of
immune-related genes and immune cell expression and func-
tion. The immune system has for many years been known to
be influenced by glucocorticoids, which in general suppress
maturation, differentiation, and proliferation of immune cells
involved in all aspects of immunity, including innate T-cell
and B-cell function, and chronic allergic reactions.12 Exten-
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sive research has shown the pharmacologic effects of glu-
cocorticoids on many aspects of immune cell function.13,14

Endogenous glucocorticoids are synthesized in the ad-
renal glands as a response to stress and are regulated by the
hypothalamic-pituitary-adrenal (HPA) axis.15 Some studies
have suggested that endogenous glucocorticoids can re-
duce the severity of experimental allergic reactions in both
humans and animals. For example, treatment of dogs with
metyrapone, a drug that blocks the adrenal synthesis of
active glucocorticoids, increases the incidence and severity
of late-phase reactions after antigen challenge in the lung
and skin.16 Cutaneous antigen challenge studies in humans
have shown that late-phase reactions are more pronounced
when the challenge is performed late in the day, when
endogenous glucocorticoid levels are low.17 Asthmatic pa-
tients whose forced expiratory volume in 1 second recov-
ered rapidly, who had higher baseline levels of cortisol,
and who displayed a late-phase reaction had lower levels
of cortisol during the late-phase period.18 The development
of upper and lower respiratory tract allergy may thus be
driven by defects in the equilibrium of the HPA axis.
However, little is known about the effects of endogenous
glucocorticoids on the pathophysiologic processes of air-
way allergic disease.

To investigate the significance of endogenous glucocorti-
coids, we used metyrapone and RU486 to block both the
central and peripheral effects of glucocorticoids in an airway
allergic murine model. Inhibition of glucocorticoid release is
caused by metyrapone, an inhibitor of 11�-hydroxysteroid
dehydrogenase type 1, which catalyzes 11�-hydroxylation in
the synthesis of corticosterone. The peripheral inhibition of
the effects of glucocorticoids is achieved with RU486, a
potent glucocorticoid receptor antagonist known to block the
ability of glucocorticoids. We studied eosinophils in the lung,
peripheral blood, and bone marrow, which are clinically
significant for allergy, and TH1/TH2 cells and their cytokines,
such as IL-4, IL-5, and IFN-�, which are important factors in
regulating allergic reaction.

MATERIALS AND METHODS

Animals
Specific pathogen-free, male, BALB/c mice were obtained
from the animal center of Fudan University. The animals
weighed 18 to 22 g at the initiation of sensitization. They
were allowed food and water ad libitum and kept in an
air-conditioned room on a 12-hour light-dark cycle. All of the
experiments were approved by the regional committee for
animal ethics.

Reagents
Albumin from chicken egg white (ovalbumin grade V), alu-
minum hydroxide gel, RU486, and metyrapone were pur-
chased from Sigma (St Louis, Missouri). IL-4, IL-5, and
IFN-� mouse enzyme-linked immunosorbent assay kits were
purchased from Biosource (Camarillo, California). A corti-
costerone enzyme immunoassay kit was purchased from Cay-
man Chemical Company (Ann Arbor, Michigan). Fluorescein
isothiocyanate anti-mouse CD4 antibody, phycoerythrin (PE)
anti-mouse IL-4 antibody, and PE anti-mouse IFN-� antibody
were purchased from Biolegend (San Diego, California).

Sensitization and Challenge
The mice were randomly allocated into 3 groups as follows:
control group, ovalbumin group, and metyrapone-RU486
group. There were 10 mice in each protocol group. The
sensitization and challenge protocol is shown in Figure 1. The
mice in the ovalbumin group and the metyrapone-RU486
group were sensitized by administering 100 �g of ovalbumin
suspended in 13 mg/mL of aluminum hydroxide gel. A total
of 0.3 mL of the suspension was intraperitoneally injected on
day 0 and followed by a booster injection on day 7 with the
same amount of the identical reagents. From day 18 to day
27, the mice were challenged by intranasal instillation of 100
�g of ovalbumin (suspended in 20 �L of saline dripped into
the nostrils using a micropipette). In the same period (days
18–27), the mice in the metyrapone-RU486 group were pre-
treated with RU486 (20 mg/kg), dissolved in 0.5% carboxy-
methyl cellulose (suspended in saline) 12 hours before the

Figure 1. Experimental protocol. Mice were sensitized intraperitoneally (i.p.) with ovalbumin (OVA) (100 �g per mouse) twice at weekly intervals and then
challenged intranasally (i.n.) from day 18 to day 27. RU486 (20 mg/kg) was injected (i.p.) 12 hours before the first challenge and 1.5 hours before each challenge,
and metyrapone (ME) (30 mg/kg) was injected (i.p.) 2 hours before each challenge procedure. The mice in the control group were sham sensitized and challenged.
The mice in the control and ovalbumin groups were injected (i.p.) with saline before each challenge procedure.
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first challenge and 1.5 hours before each challenge. The time
and dose were known to block glucocorticoid action,19 and it
has been reported that the dose of RU486 administered (20
mg/kg) is sufficient to block glucocorticoid receptor signal-
ing.20–22 Metyrapone was used at a dose of 30 mg/kg (dis-
solved in saline) through intraperitoneal injection with 0.2
mL of the solution 2 hours before each challenge. The doses
of metyrapone and the delivered route were mainly based on
the instructions of Georen et al23 and De Bie et al,24 with little
modification. The mice in the control group were sham
sensitized and sham challenged, receiving only 0.3 mL of
saline for intraperitoneal injection and 20 �L of saline for
nasal dripping. The mice in the control and the ovalbumin
groups were pretreated by intraperitoneal injection with 0.2
mL of saline 2 hours before each challenge.

Nasal Symptoms
Nasal symptoms were evaluated for each mouse in each
group on day 27 by counting the number of sneezes and nasal
rubs (nasal itching) for 3 minutes immediately after either
ovalbumin or saline intranasal challenge.

Blood Sample Collection and Measurement of Serum
Corticosterone Levels
The mice were studied 24 hours after the final challenge (on
day 28). Mice from each respective group were anesthetized
with sodium pentobarbital in a rotating pattern (control
group, ovalbumin group, metyrapone-RU486 group) so that 1
mouse from a group was anesthetized and then 1 mouse from
the next group was anesthetized and so on. After the mice
were anesthetized, blood samples were obtained by cardiac
puncture. All blood samples were obtained between 8 and 9
AM and were centrifuged at 1,500 rpm for 10 minutes and the
serum were stored at �80°C until assay. Corticosterone lev-
els were determined via a corticosterone enzyme immunoas-
say kit.

Eosinophils in Peripheral Blood
Blood samples were obtained as described herein, and the
blood smears were prepared in duplicates. Total white blood
cells were counted in heparinized blood, and eosinophils
counts were performed on the blood smears using May-
Grünwald-Giemsa stain based on morphologic and histologic
criteria.

Eosinophils in Bone Marrow Cell Flush
Bone marrow cells were collected by carefully flushing 500
�L of saline via a needle from the right femur (end-opened)
of each mouse. The bone marrow cell flush fluid was col-
lected into chilled tubes and centrifuged at 1,000 rpm for 10
minutes at 4°C, and then the cell pellets were smeared onto a
slide, air-dried, and stained with May-Grünwald-Giemsa
stain. A total of 300 cells were counted in each slide and
categorized according to the standard morphologic criteria.

Tissue Collection and Histologic Examination
The left lobes of the lungs were surgically removed and fixed
in 4% buffered formaldehyde. They were then embedded in

paraffin, sectioned, and stained with hematoxylin-eosin. His-
tologic findings, such as peribronchial and perivascular in-
flammatory cells infiltration, were graded semiquantitatively
by an independent observer under the microscope with a
focus on inflammatory cells (mainly eosinophils), using a
scoring criteria from 0 to 3� (0, no cell infiltration; 1�, few;
2�, moderate; and 3�, abundant).

Spleen Cell Culture and Quantification of Cytokines
Spleen cells were isolated from mice and suspended in the
complete culture medium (RPMI 1640 containing 10% fetal
bovine serum, 100 U/mL of penicillin, 100 U/mL of strepto-
mycin, and 1% glutamine). The cells (2 � 106 per well) were
cultured in 24-well plates in the presence of either ovalbumin
(100 �g/mL) or concanavalin (10 �g/mL). The supernatants
were collected after a 72-hour culture. The levels of IL-4,
IL-5, and IFN-� in the supernatants were determined by
enzyme-linked immunosorbent assay according to the man-
ufacturer’s protocol. Both the standards and samples were run
in duplicate. The minimum detectable dose of mouse IL-4 is
less than 5 pg/mL. The minimum detectable dose of mouse
IL-5 is less than 3 pg/mL. The minimum detectable dose of
mouse IFN-� is less than 1 pg/mL.

Flow Cytometric Analysis
The isolated spleen cells were washed with 0.1% bovine
serum albumin–phosphate-buffered saline and subsequently
incubated in fluorescein isothiocyanate–conjugated anti-
mouse CD4 antibody for 30 minutes at room temperature.
After staining, they were washed once with 2 mL of cell-
wash solution and then fixed for 15 minutes. Then permeabi-
lization of the spleen cells was performed by adding 1.5 mL
of penetrant and incubated in the dark for 15 minutes. After
centrifugation and removal of the supernatants, the cells were
incubated with PE-conjugated anti-mouse IL-4 antibody or
PE-conjugated anti-mouse IFN-� antibody in the dark for 30
minutes and then washed twice with 2 mL of the cell-wash
solution and fixed with 350 �L of fixative. The flow cyto-
metric evaluation with FACS Caliber Flow Cytometry (Bec-
ton Dickinson, Franklin Lakes, New Jersey) was performed
within 24 hours. Acquisition and analysis were performed
with the Cell Quest software package (Becton Dickinson).

Statistical Analysis
Results are expressed as mean (SEM). The t test was used to
determine significant differences among the study groups.
P � .05 was considered statistically significant.

RESULTS

Nasal Symptoms
In both the ovalbumin and metyrapone-RU486 groups, sen-
sitization with ovalbumin significantly increased the numbers
of nasal rubbing and sneezing episodes compared with the
control group. In addition, inhibition of endogenous glu-
cocorticoids resulted in more sneezing compared with the
ovalbumin group mice (Fig 2).
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Lung Histopathologic Findings
The lung pathologic findings (Fig 3 and Fig 4) demonstrated
that the sensitized mice exhibited a significant increase in
inflammatory cell (mainly eosinophil) infiltration compared
with the control group. However, no significant difference
was found in inflammatory cell infiltration into lungs be-
tween the ovalbumin and metyrapone-RU486 group mice.

Eosinophils in Peripheral Blood
As shown in Figure 4b, there was a significant increase in
eosinophils in the peripheral blood in the sensitized groups
compared with the control group. In addition, inhibition of
endogenous glucocorticoids with metyrapone and RU486
produced a further increase in the numbers of eosinophils in
the peripheral blood.

Percentage of Eosinophils in the Bone Marrow
The percentage of eosinophils in the bone marrow as a
function of total cells is shown in Figure 4c. We found an
increase in eosinophils in the bone marrow of the sensitized
group compared with the control group. Inhibition of endog-
enous glucocorticoids with metyrapone and RU486 increased
the inflammatory eosinophil response in the bone marrow
compared with the ovalbumin sensitized group and the con-
trol group.

Cytokines IL-4, IL-5, and IFN-� in the Spleen Cell Culture
Supernatants
To evaluate the ability of splenocytes to produce type 1 or
type 2 cytokines, the spleen cells from mice of the 3 different
groups were stimulated with either concanavalin or the im-
munizing antigen ovalbumin for 72 hours. The supernatants
were collected and assayed for cytokines. As shown in Figure
5, compared with the control group, IFN-� levels in the
ovalbumin group were much lower, especially after being
stimulated by concanavalin, resulting in TH2 response priority
in the ovalbumin group. When the effects of endogenous
glucocorticoids were inhibited with metyrapone and RU486,
the production of IFN-� increased significantly, whereas the
levels of IL-4 and IL-5 decreased significantly compared with

Figure 2. Nasal symptoms. Nasal symptoms evaluated immediately after
either ovalbumin (OVA) or saline intranasal challenge on day 27 of the
sensitization protocol. a, Nasal rubs; b, sneezes. *P � .05 compared with
those in the control group. #P � .05 compared with those in the OVA group.
MERU indicates metyrapone-RU486.

Figure 3. Histologic analysis of lung sections. The photomicrographs show hematoxylin-eosin–stained sections of lung tissue (original magnification �400).
a, Saline-challenged control mice; b, ovalbumin-challenged mice; and c, ovalbumin-challenged mice pretreated with metyrapone and RU486.
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the ovalbumin group. Therefore, the balance of TH1/TH2 in
the metyrapone-RU486 group shifted to TH1 predominance.

Percentage of TH1 or TH2 Cells and the Ratio of TH2/TH1
Cells
As shown in Figure 6, the percentages of TH2 cells in the
ovalbumin group and the metyrapone-RU486 group were
significantly higher than that of the control group. The per-
centage of TH1 cells in the ovalbumin group was equivalent
to that of the control group, but the percentage of TH1 cells in
the metyrapone-RU486 group increased significantly com-
pared with the control group and the ovalbumin group. The
ratio of TH2/TH1 cells in the ovalbumin group was signifi-
cantly higher than the control group, indicating a predomi-
nant TH2 response. However, inhibition of endogenous glu-
cocorticoids with metyrapone and RU486 produced a shift of
TH1 predominance with a significant decrement of the ratio of
TH2/TH1 cells compared with the ovalbumin group and the
control group.

Serum Corticosterone Levels
As shown in Figure 7, the serum corticosterone levels in the
metyrapone-RU486 group were much lower compared with
those in the control group and the ovalbumin group.

DISCUSSION
In this study we examined the role of endogenous glucocor-
ticoids in the process of airway allergic disease. We found
that inhibiting the effects of endogenous glucocorticoids with
metyrapone and RU486 before the allergen challenge resulted
in augmented eosinophils in the bone marrow and peripheral
blood compared with the ovalbumin group.

An impaired HPA axis response has been shown to lead
to an increased sensibility to inflammation induction in rat
models of chronic inflammatory diseases.25,26 In some
studies a defective HPA axis response has been proposed
in patients with airway allergic diseases, including allergic
rhinitis and asthma.27–31 Peebles et al18 found that those

Figure 4. The eosinophils (EOS) in the lung, peripheral blood, and bone marrow (BM). a, The lung histology grading scores of inflammatory cells (mainly
eosinophils) after ovalbumin (OVA) sensitization and challenge. b, EOS in the peripheral blood 24 hours after the last intranasal challenge. c, Percentage of EOS
in the BM after OVA sensitization and challenge. *P � .05 compared with those in the control group. #P � .05 compared with those in the OVA group. MERU
indicates metyrapone-RU486.
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asthmatic patients presenting with a late-phase reaction
had lower levels of cortisol during the late-phase period.18

Therefore, we hypothesized that the attenuated response of
endogenous glucocorticoids participates in an accelerated
expression of allergic disease. This idea is also corrobo-
rated by our present results, which show that inhibition of
endogenous glucocorticoids resulted in more severe sys-
temic inflammation and more sneezing in sensitized mice,
even though no significant difference of inflammatory cell
infiltration in the lung tissues between the inhibition and
noninhibition of endogenous glucocorticoids was found in
our study. Several lines of evidence have demonstrated
enhancement of the local airway allergic inflammatory
response by decreased endogenous glucocorticoids. For
example, the study by De Bie et al24 showed increasing
eosinophilia in bronchoalveolar lavage fluid after ovalbu-
min challenge and glucocorticoid inhibition with metyrap-
one. Silverman et al32 found that serum corticosterone
levels of corticotropin-releasing hormone knockout mice
decreased, which might account for the allergen-induced
airway inflammation and lung mechanical dysfunction in
mice. Taken together, in parallel with the well-established
therapeutic benefit of exogenously administered glucocor-

ticoids in the treatment of airway allergic disease, endog-
enous glucocorticoids also play an important role in atten-
uating the allergic inflammation elicited by allergen
exposure. Because of the impaired HPA axis response in
the airway allergic disease, the insufficient increase of
endogenous glucocorticoids after exposure to allergen may
contribute to the progression of allergic disease and in-
flammatory response. The use of exogenous glucocorti-
coids might compensate for the insufficient endogenous
glucocorticoids to inhibit the allergic inflammation. These
findings suggest that enhancement of the HPA axis func-
tion may be a good alternative approach to the treatment of
airway allergic diseases. The reasons for the difference in
the local airway inflammatory reaction between inhibition
and noninhibition of endogenous glucocorticoids may be
due to different sensitization or challenge protocols. How-
ever, there may be other possible mechanisms causing the
difference in eosinophil infiltration in the lungs of sensi-
tized mice in the glucocorticoid-inhibition and noninhibi-
tion groups that warrant further investigation.

In addition, airway allergic diseases are characterized by
the imbalance of TH1/TH2 responses associated with aller-
gic inflammation. In the present study, we investigated the

Figure 5. Quantification of cytokines interferon � (IFN-�), interleukin 4 (IL-4), and interleukin 5 (IL-5). The spleen cells were isolated from the mice of 3
different groups and cultured in 24-well plates in the presence of either ovalbumin (OVA) (100 �g/mL) or concanavalin (ConA) (10 �g/mL), respectively. The
levels of IFN-�, IL-4, and IL-5 (a-c) in the supernatants were determined by enzyme-linked immunosorbent assay. *P � .05 compared with those in the control
group. #P � .05 compared with those in the OVA group. MERU indicates metyrapone-RU486.
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role of endogenous glucocorticoids in regulating the im-
mune response. We found that inhibition of the effects of
endogenous glucocorticoids led to an upregulation of the
IFN-� levels, as well as a shift to TH1 predominance.
Studies in the 1970s and 1980s revealed that lymphocyte
proliferation and cytotoxicity and the secretion of tumor
necrosis factor �, IL-2, and IFN-� were all inhibited by
glucocorticoids. These observations, in the context of the
broad clinical use of glucocorticoids, initially led to the
conclusion that glucocorticoids were, in general, immuno-
suppressive. Recent evidence indicates, however, that sys-
temic glucocorticoids cause selective suppression of the
TH1-cellular immunity axis and a shift toward TH2-medi-
ated humoral immunity, rather than generalized immuno-
suppression.33 This may explain the present finding that

the TH1/TH2 balance shifted to TH1 predominance when the
effects of endogenous glucocorticoids were inhibited.

In the present study, no significant difference was found in
TH2 cells between ovalbumin and metyrapone-RU486 mice
after challenge, but a significant decrease was found in TH2
cytokines in the metyrapone-RU486 group. Also, no differ-
ence was found between control and ovalbumin mice for IL-4
and IL-5 production after ovalbumin stimulation. What are
the causes of the negative results between these groups? The
following discussion might bring some answers to the ques-
tion. The general principle of an allergic airway murine
model relies primarily on systemic intraperitoneal allergen
injection and local challenge. However, repeated local chal-
lenge might cause tolerance in the animals.34–36 In the present
study, mice were exposed to antigens repeatedly for 10 days.

Figure 6. The percentage of TH2 cells, TH1 cells, and the ratio of TH2/TH1 cells. The spleen cells were isolated from 3 different group mice, and the percentage
of TH2 cells and TH1 cells was measured by flow cytometry. a, The percentage of TH2 cells; b, the percentage of TH1 cells; and c, the ratio of TH2/TH1 cells.
*P � .05 compared with those in the control group. #P � .05 compared with those in the ovalbumin group. MERU indicates metyrapone-RU486.
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Tolerance, at least in part, in the animals could not be ruled
out and might lower the difference among the groups. Also,
the vitro and the vivo analysis might partly contribute to the
discrepancy between the TH2 cells and their cytokines in the
present study. The cytokine levels in the cultured spleen cell
supernatants reflected the cytokines secreted by the cells into
the supernatants when the spleen cells were cultured with
stimulator in vitro. However, the TH2 cells analyzed by flow
cytometry might more directly reflect the in vivo state be-
cause the spleen cells were stained and analyzed for TH1/TH2
cells immediately after they were isolated from the sensitized
mice. When the isolated cells were cultured in vitro, the
cytokine secretion may be influenced by many factors, such
as culture time, types of stimulator, concentration of stimu-
lators, sensitivity and reliability of the test method, and so on.
Such factors contributed to the noise in the experiment,
increased deviation, and reduced the gap between the non-
sensitized and treatment groups.

Given the key role that TH2 cells and cytokines play in the
pathophysiology of airway allergic disease, it was originally
thought that inducing a TH1 response would be protective.
However, in our study, we did not find that the inflammatory
reaction decreased in the metyrapone-RU486 group mice,
which showed a TH1-predominant reaction. On the contrary,
the eosinophils in the bone marrow and peripheral blood of
the metyrapone-RU486 group mice increased significantly
compared with those in the ovalbumin group mice. Studies
using mouse models have provided conflicting results about
the potential role of TH1 cells and IFN-� in airway inflam-
mation. For example, TH1 cells and IFN-� were found to
dampen allergic airway inflammation in some studies,
whereas TH1 cells and IFN-� were found to have proinflam-
matory effects in other studies.37–39 The potential role of

IFN-� is complex and depends on the stage of the disease. A
line of evidence showed that total and free levels of serum
cortisol and cortisone correlated with the severity and dura-
tion of asthma attacks and the low levels of adrenocortical
hormones found in children were related to severe asthma
attacks.40 Shannon et al41 found that IFN-� expression was
increased and IL-4 expression was decreased in patients with
severe asthma compared with moderate disease. Our study
demonstrated that inhibition of endogenous glucocorticoids
in sensitized mice led to a shift to TH1 predominate response
and more severe systemic inflammation. Those findings im-
plied that the levels of endogenous glucocorticoids might
correlate with the severity of airway allergic disease and
inducing a TH1 response would not always be protective in
airway allergic disease.

In the present study, the eosinophil counts in the bone
marrow, blood, and lungs were increased but the IL-5 levels
were down-regulated in the metyrapone-RU486 group. Con-
currently, IL-5 has been recognized as the major maturation
and differentiation factor for eosinophils. However, dissoci-
ations between IL-5 and eosinophils have also been reported.
For example, anti–IL-5 treatment has failed to completely
abolish eosinophils.42 It was reported that peripheral blood
mononuclear cells from children with asthma and healthy
children produced similar amounts of IL-5 when stimulated
in vitro. However, children with asthma had higher eosino-
phil counts and circulating eosinophil cationic protein levels
than healthy children.43 These findings suggest that there may
be IL-5–independent pathways that are able to, at least in
part, regulate eosinophil inflammation. IL-3 and granulocyte-
monocyte colony-stimulating factor, which have been shown
to be expressed at increased concentrations in asthmatic air-
ways, are the only known candidates capable of inducing
eosinophil differentiation, migration, and survival.44,45 In our
study, we found that eosinophil inflammation in the metyrap-
one-RU486 group was independent of IL-5. It is well known
that inhibition of cytokine-stimulated eosinophil survival is 1
of the most important actions of glucocorticoids; however,
the precise mechanism by which glucocorticoids reduce tis-
sue eosinophils has not been established. Our findings indi-
cate that the levels of the endogenous glucocorticoids might
contribute to the IL-5–independent pathway to regulate eo-
sinophils, the precise mechanisms by which are worthy of
further investigation.

In conclusion, the endogenous glucocorticoids, the end
effectors of the HPA axis, could protect against systemic
inflammatory reaction and modulate the TH1/TH2 balance of
immune system in an airway allergic murine model. Our
study implied that endogenous glucocorticoids might play an
important role in the pathophysiologic processes of airway
allergic disease, thus regulating endogenous glucocorticoid
secretion, which might be another treatment target of airway
allergic disease. By inhibition of endogenous glucocorticoids,
the TH2-dominant immune responses switched to the TH1-
dominant immune responses in sensitized mice, but that did
not attenuate the severity of the allergic inflammatory reac-

Figure 7. Serum levels of corticosterone. The blood samples in 3 different
groups of mice were collected 24 hours after the final challenge, and the
serum corticosterone levels were measured by enzyme-linked immunosor-
bent assay. *P � .05 compared with those in the control group. #P � .05
compared with those in the ovalbumin (OVA) group. MERU indicates
metyrapone-RU486.
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tion. In contrast, it resulted in more severe systemic inflam-
mation.
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