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Corticotropin-releasing hormone deficiency
increases allergen-induced airway
inflammation in a mouse model of asthma
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Background: Corticotropin-releasing hormone (CRH) is

a major regulator of adrenocorticotropic hormone and the
production of glucocorticoids by the adrenal gland. Abnormal
regulation of CRH and endogenous glucocorticoids has been
implicated in the pathogenesis of asthma.

Objective: We postulated that CRH deficiency could increase
asthma severity by disrupting hypothalamus-pituitary-adrenal
axis function and the induction of glucocorticoids through
inflammatory and physiologic stress. However, CRH is
expressed by several types of immune cells and might be
induced at sites of inflammation, where it has local
immunostimulatory actions. Thus CRH deficiency could
decrease asthma severity.

Methods: To test these possibilities, we subjected CRH-
knockout mice to an ovalbumin-induced airway inflammation
protocol that mimics many features of asthma.

Results: CRH-knockout mice had an increase in airway
inflammation of approximately 80% to 300% and an increase
in goblet cell hyperplasia of approximately 70% compared with
wild-type mice. In contrast, IgE induction was unaffected by
CRH deficiency. The increased inflammation in knockout mice
was associated with increased tissue resistance, elastance, and
hysteresivity. Levels of IL-4, IL-5, IL-13, RANTES, IFN-y, and
eotaxin were all increased in knockout mice. Serum
corticosterone levels were decreased in knockout mice and
might account for some of the differences between knockout
and wild-type mice.

Conclusion: We conclude that CRH deficiency disrupts
endogenous glucocorticoid production and enhances allergen-
induced airway inflammation and lung mechanical dysfunction
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in mice. Thus inherited or acquired CRH deficiency could
increase asthma severity in human subjects. (J Allergy Clin
Immunol 2004;114:747-54.)
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Corticotropin-releasing hormone (CRH) is a major
integrator of endocrine, autonomic, and immune re-
sponses to stress.' It is best known as the hypothalamic
regulator of pituitary adrenocorticotropin secretion that
stimulates adrenal glucocorticoid synthesis.* CRH has
important central anti-inflammatory actions throughout
the body by stimulating the hypothalmic-pituitary-adrenal
(HPA) axis and endogenous glucocorticoid production.
However, CRH can also be expressed peripherally at sites
of inflammation, where it might potentiate the local
immune response.> CRH has been implicated in the
pathogenesis of asthma because it might stimulate mast
cell degranulation, histamine release, and edema forma-
tion in the airways; however, this has never been
proved.z’6

We hypothesized that this balance between central anti-
inflammatory and peripheral proinflammatory actions
might be important in asthma. CRH deficiency could
increase asthma severity by decreasing glucocorticoid
production in response to inflammatory and physiologic
stress. In contrast, it is possible that CRH deficiency would
decrease local inflammation and asthma severity through
peripheral mechanisms. To test these possibilities, we
subjected CRH-knockout (KO) and wild-type (WT)
control mice to an ovalbumin (OVA)-induced airway
inflammation protocol and compared the effects of CRH
deficiency on airway inflammation and lung function. We
found that KO mice had increased airway inflammation
and mechanical dysfunction of the lungs and decreased
glucocorticoid levels compared with those seen in WT
mice. CRH was not expressed in the lungs of asthmatic
animals or mice with or without inflammation. These data
provide evidence supporting the central anti-inflammatory
effect of CRH in asthma.
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Abbreviations used
BAL: Bronchoalveolar lavage
CRH: Corticotropin-releasing hormone
CRHRI1: Corticotropin-releasing hormone type 1 receptor
HPA axis: Hypothalmic-pituitary-adrenal axis

KO: Knockout

OVA: Ovalbumin
WT: Wild-type

METHODS

Animal husbandry and inflammation
protocol

All animal protocols were approved by the Harvard Standing
Committee on Animals. Male and female CRH-KO and WT mice of
a 129SVJ/C57BL6 background were housed in isolation cages in
a specific pathogen-free, 12-hour/12-hour light-dark cycle environ-
ment and were provided with sterilized rodent chow and water ad
libitum.” Corticosterone (10 pg/mL) was added to the drinking water
of KO mice throughout pregnancy until the time of weaning at 21
days to prevent pulmonary dysplasia.® At the age of 10 to 12 weeks,
mice were subjected to an OVA-induced airway inflammation
protocol, as described in detail in Appendix El (in the Journal’s
Online Repository at www.mosby.com/jaci). All mice were studied
on day 21 of the protocol, approximately 24 hours after the last
exposure to OVA.

Antalarmin was prepared as previously described.” Mice were
treated twice daily with antalarmin, 20 mg/kg, or ethanol/Cremophor
(Sigma, St Louis, Mo) EL vehicle subcutaneously from day 13 to
day 19.

Lung mechanics

On day 21, all mice were anesthetized and paralyzed with
pentobarbital (70 mg/kg administered intraperitoneally) and doxacu-
rium (0.5 mg/kg administered intraperitoneally), tracheostomized
with a 20-gauge cannula, and ventilated with a small-animal
ventilator (flexiVent; SCIREQ, Montreal, Quebec, Canada). Lung
mechanics and responsiveness to methacholine were assessed by
means of a forced oscillation technique described in detail in
Appendix E2 (in the Journal’s Online Repository at www.mosby.
com/jaci).

Bronchoalveolar lavage, cell counts,
differentials, and histologic evaluation

Immediately after methacholine challenges, mice were killed by
means of exsanguination after cardiac puncture. Whole blood was
collected for leukocyte counts, and smears were stained with Wright-
Giemsa for differentials. Serum was stored at —80°C for IgE,
corticosterone, and catecholamine quantification. Bronchoalveolar
lavage (BAL) fluid and lung histologic analysis were performed in
amasked fashion (Appendix E3 in the Journal’s Online Repository at
www.mosby.com/jaci).

RIA, ELISA, HPLC, RT-PCR, and
immunohistochemistry

Serum corticosterone levels were measured by means of RIA
(Incstar, Stillwater, Minn). Total IgE, IL-4, IL-5, IL-13, RANTES,
IFN-y, and eotaxin levels were measured by using ELISA (R&D
Systems, Minneapolis, Minn). Catecholamine analysis was per-
formed with HPLC.'® Quantitative PCR and immunostaining are
described in detail in Appendix E4 (in the Journal’s Online
Repository at www.mosby.com/jaci).
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Statistical analysis

Computations were performed with Statistica 6.0 software
(StatSoft, Tulsa, Okla). Differences among genotypes and treatment
groups were assessed by means of 1-way ANOVA with the Newman-
Keuls post hoc test, factorial ANOVA, or repeated-measures
ANOVA as indicated. IgE levels were log transformed to approxi-
mate a normal distribution. Tests were conducted at the 5%
significance level, and results are expressed as means = SEM.

RESULTS

Airway inflammation and goblet cell
hyperplasia in CRH deficiency

Allergen-induced airway inflammation in the absence
of CRH was examined by means of sensitization of WT
and CRH-KO mice to OVA through intraperitoneal
injection and challenge with either nebulized PBS or
OVA. WT and KO mice challenged with PBS had normal
lung architecture and no lung inflammation or goblet cell
hyperplasia (Fig 1, A and B, and Table E1 in the Journal’s
Online Repository at www.mosby.com/jaci). There were
no differences in lung weight. In contrast, OVA-chal-
lenged mice had a patchy inflammatory process char-
acterized by the accumulation of eosinophils and
lymphocytes around airways (Fig 1, C and D) and
extensive goblet cell hyperplasia (Fig 1, £ and F). OVA-
challenged KO mice had significantly increased (approx-
imately 80%-110%) large-, medium-, and small-airway
inflammation compared with WT mice. OV A-challenged
KO mice also had increased (approximately 70%) goblet
cell hypertrophy compared with WT mice.

Analysis of BAL confirmed that OV A-challenged KO
mice had increased inflammation compared with that seen
in WT mice. WT and KO mice challenged with PBS had
low and equivalent numbers of leukocytes in BAL fluid
(Fig 2, A). In contrast, OVA-challenged mice had
a significant increase in total leukocytes in BAL fluid
and a shift in the predominant cell type from macrophage
to eosinophil (Fig 2, B). OVA-challenged KO mice had
a greater increase in total BAL leukocytes compared with
WT mice because of an increase in the percentage and total
number of eosinophils (Fig 2, B). These data indicate that
CRH deficiency increases eosinophilic inflammation of
OV A-challenged mice.

Similar changes were evident in the blood leukocyte
count and differential. PBS-challenged WT and KO mice
had equivalent leukocyte counts. However, OV A-chal-
lenged KO mice had a significant increase in total blood
leukocytes compared with that seen in OV A-challenged
WT mice (Fig 2, C). Blood differential counts showed that
this increase was caused in part by an increase in the
percentage and total number of eosinophils (Fig 2, D).
These data indicate that CRH deficiency increases eosin-
ophilia in OVA-challenged mice.

IgE in CRH deficiency

Because CRH deficiency enhances airway inflamma-
tion, we postulated that levels of serum IgE would be
increased in KO mice. To test this hypothesis, we
measured total IgE levels in WT and KO mice. Serum
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FIG 1. Lung sections: A, PBS-challenged WT mouse, hematoxylin and eosin stain (original magnification
100x); B, PBS-challenged KO mouse (original magnification 100x); C, OVA-challenged WT mice (original
magnification 200X); D, OVA-challenged KO mice with increased inflammation (original magnification 200x);
E, periodic acid-Schiff staining showing goblet cell hyperplasia after OVA challenge (original magnification
200x); and F, periodic acid-Schiff staining after OVA challenge showing increased goblet cell hyperplasia in

KO mice (original magnification 200X).

IgE levels increased approximately 7-fold after OVA
challenge in both WT and KO mice; however, there was
no difference between the IgE levels of WT and KO mice
(Fig E1 in the Journal’s Online Repository at www.
mosby.com/jaci). Although CRH deficiency increases
airway inflammation, goblet cell hyperplasia, and periph-
eral blood eosinophilia after allergen challenge, serum IgE
levels were not similarly increased.

Lung mechanics and airway
hyperresponsiveness in CRH deficiency

We postulated that OVA-challenged KO mice would
have increased pulmonary dysfunction compared with
that seen in WT mice because KO mice have increased
airway inflammation and goblet cell hyperplasia. To
determine the effects of CRH deficiency on lung mechan-
ics and airway hyperresponsiveness, we compared WT

and KO mice by using a forced oscillation technique and
nebulized methacholine.'"'* The measured real and
imaginary impedance data are shown in Fig E2 (in the
Journal’s Online Repository at www.mosby.com/jaci).
The derived results describing lung mechanics are shown
in Table I for each study group.

There were no differences in lung mechanics between
PBS-challenged WT and KO mice. In contrast, KO mice
had severe pulmonary dysfunction after OVA challenge
compared with identically challenged WT mice. After
OVA challenge, all derived values of lung mechanics ex-
cept airway resistance were significantly increased in KO
mice. These included total resistance, elastance, coeffi-
cient of tissue dampening, coefficient of tissue elastance,
and hysteresivity. These data indicate that CRH deficiency
has significant effects on the dissipative and elastic
properties of the mouse lung after allergen challenge.
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FIG 2. Cell counts and differentials: A, BAL leukocyte counts; B, BAL differentials; C, blood leukocyte counts;
and D, blood differentials. Data are plotted as means = SEM (n > 13 in each group). Pvalues are shown (1-way
ANOVA with post hoc comparisons). *Eosinophil percentage is increased compared with that seen in the

other groups (P < .01).

TABLE I. Baseline lung mechanics (n = 13 for each group)

WT/PBS KO/PBS WT/OVA KO/OVA P value*
Total resistance at 1 Hz (cm H,O/mL/s) 1.12 = 0.02 1.27 £ 0.06 1.20 = 0.05 1.96 = 0.33 <.05
Elastance at 1 Hz (cm H,O/mL) 272 = 0.39 322 =214 28.3 = 0.76 39.5 = 391 <.01
Airway resistance (cm H,O/mL/s) 0.38 = 0.03 0.38 = 0.03 0.34 = 0.03 041 = 0.04 NS
Coefficient of tissue resistance (cm H,O/mL) 4.54 = 0.09 5.39 = 0.33 499 = 0.20 12.68 = 3.78 <.05
Coefficient of Elastance (cm H,O/mL) 29.5 = 0.68 36.6 = 2.36 30.8 = 1.44 40.9 = 3.32 <.01
Hysteresivity 0.15 £ 0.01 0.15 = 0.01 0.16 = 0.01 0.27 * 0.06 <.05

WT, Wild-type mice; KO, CRH-knockout mice.

*P values refer to post hoc comparisons of the WT/OVA versus KO/OVA groups.

We hypothesized that CRH deficiency would also
enhance airway responsiveness to bronchoconstricting
agonists. To test this hypothesis, we measured peak
resistance after increasing concentrations of nebulized
methacholine. KO mice had dose-response curves that
were shifted upward, with higher resistance values at
baseline (PBS) and at each methacholine dose (Fig 3).
However, WT and KO mice were relatively unresponsive
to methacholine and showed no increase in slope or
maximal resistance value after OVA challenge compared
with that after PBS challenge (Fig 3). In contrast, BALB/
cJ control mice showed airway hyperresponsiveness after
OVA challenge. Although CRH-deficient mice demon-
strated severe pulmonary dysfunction after allergen
challenge, the effects of CRH deficiency on airway
hyperresponsiveness could not be assessed on the basis
of the genetic background of these mice.

Inflammatory cytokines in CRH deficiency

We postulated that CRH-deficient mice have increased
airway inflammation, goblet cell hyperplasia, and lung

WT/PBS versus KO/PBS is not significantly different for any measurement.

dysfunction because of differences in the expression of
inflammatory cytokines known to be important in asthma.
To test this hypothesis, we measured levels of IL-4, IL-5,
IL-13, RANTES, IFN-v, and eotaxin in BAL fluid of WT
and KO mice with ELISA. OVA challenge resulted in
a significant increase in the BAL fluid levels of all of these
mediators, regardless of genotype (Fig 4; P < .001, 2-way
ANOVA; n > 13). We found no difference in levels of any
mediator between WT and KO mice after PBS challenge.
However, after OVA challenge, the levels of all mediators
were significantly higher in KO mice. We found no
differences in the levels of IL-1, IL-2, or TNF-o mRNA
by means of real-time RT-PCR (data not shown). These
data indicate that CRH deficiency increases BAL levels of
some cytokines in OV A-challenged mice.

Glucocorticoids and catecholamines in CRH
deficiency

KO mice have impaired adrenal responses to stress
and lack the normal diurnal rhythm of glucocorticoid



J ALLERGY CLIN IMMUNOL
VOLUME 114, NUMBER 4

production.'® In light of the well-established ability of
glucocorticoids to suppress airway inflammation, we
postulated that KO mice have increased levels of in-
flammation and inflammatory mediators because of
deficiencies in glucocorticoid production. To test this
hypothesis, we measured serum levels of corticosterone in
WT and KO mice. As expected, corticosterone levels were
significantly decreased in KO mice, irrespective of
whether mice were challenged with PBS or OVA (Fig 5,
A). There were no significant differences in corticosterone
levels between the PBS- and OV A-challenged groups for
either WT or KO mice. These data suggest that CRH
deficiency decreases endogenous glucocorticoid levels in
stressed mice and might account for some of the differ-
ences between WT and KO mice after allergen challenge.

Catecholamine production by the adrenal medulla is
also impaired in KO mice.'* Epinephrine and other
catecholamines might have anti-inflammatory or proin-
flammatory effects on airway inflammation.'> Thus to
explore differences between WT and KO mice that might
account for the proinflammatory effects of CRH de-
ficiency, we also measured the levels of serum catechol-
amines and catecholamine metabolites. We found
a significant effect of CRH deficiency on levels (P = .02,
factorial ANOVA) and an interactive effect between
genotype and challenge regimen (P =.015; Fig 5, B).
OVA-challenged KO mice had increased levels of dihy-
droxyphenylglycol, norepinephrine, and 3.4-dihydroxy-
phenylacetic compared with those seen in WT mice.
Epinephrine levels were also increased in OVA-chal-
lenged KO mice but did not reach statistical significance
(P =.35). Dopamine levels were increased in KO mice
(P =.004), but OVA challenge had no effect.

Absence of peripheral actions of CRH in
airway inflammation

Antalarmin, a specific antagonist of corticotropin-re-
leasing hormone type 1 receptor (CRHR1), can be used to
block the peripheral effects of CRH and unmask its
proinflammatory actions.'®!7 To test the hypothesis that
CRH has proinflammatory actions in the lungs of mice
with asthma-like inflammation, we subjected BALB/cJ
mice to OVA challenge and compared the effects of
antalarmin treatment with those of vehicle control. The
antalarmin protocol used for these experiments did not
result in a decrease in corticosterone levels (data not
shown). We found that antalarmin treatment had no effect
on inflammation and goblet cell hyperplasia (Table EII in
the Journal’s Online Repository at www.mosby.com/jaci),
BAL and blood total leukocyte count and differential
count, or airway hyperresponsiveness to methacholine
(data not shown).

Consistent with the absence of a peripheral effect of
CRH, CRH mRNA was expressed at very low levels in the
lungs of BALB/c mice (1.49 X 107 = 248 X 1076,
relative copy number to reduced glyceraldehyde-phos-
phate dehydrogenase) and did not increase after OVA
challenge (1.28 X 107> = 1.92 X 10~%, P = .52; Fig E3 in
the Journal’s Online Repository at www.mosby.com/jaci).
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FIG 3. Methacholine dose-response curves plotted as means +
SEM (n > 13 in each group, n = 8 for Balb/cJ mice). *Balb/cJ mice
show airway hyperresponsiveness with increased slope and
maximal resistance value (P=.01). 1KO mice demonstrated pul-
monary dysfunction after OVA challenge consistent with the
baseline lung mechanics.
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FIG 4. BAL fluid cytokine levels for WT and KO mice after challenge
with PBS and OVA, as measured by means of ELISA. Data are
plotted as means = SEM (n > 13 in each group). P values are
shown (1-way ANOVA with post hoc comparisons).

CRH protein was not detected by means of immunohis-
tochemical staining or BAL RIA with or without in-
flammation (data not shown). Moreover, we found that
CRH is not detectable in lung tissue of asthmatic subjects
by using immunohistochemical staining (data not shown).
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FIG 5. A, Corticosterone levels as means = SEM (n > 13 in each group). B, Norepinephrine (NE), epinephrine
(EPI), dopamine (DOPA), 3,4-dihydroxyphenylacetic acid (DOPAC), and dihydroxyphenylglycol (DHPG) levels
as means = SEM (n > 12). *Factorial ANOVA indicated an interaction between genotype and challenge
groups, with OVA-treated KO mice having increased levels of DNPG (1P =.006), NE (+P=.04), and DOPAC

(+P=.001).

These data suggest that there is no peripheral proinflam-
matory action of CRH in asthma.

DISCUSSION

CRH is a 41-amino-acid peptide produced by the
hypothalamus and secreted into the hypophysial portal
system in response to inflammatory and physiologic forms
of stress."* CRH binds CRHR1 on corticotrophs of the
anterior pituitary gland and stimulates the release of
adrenocorticotropin, which is an essential regulator of
glucocorticoid secretion by the adrenal glands. Mice
deficient in CRH or CRHR1 show marked impairment of
the HPA axis, adrenal gland atrophy, and an inability to
increase glucocorticoid production in response to
stress.”'®! Glucocorticoids have powerful anti-inflam-
matory effects, and their production, as modulated by CRH
and the HPA axis, might represent one mechanism by
which excessive activation of the immune system is
restrained.’

CRH and CRHRI are also distributed outside the brain
and can be found in the lungs, blood leukocytes, lymph
nodes, spleen, and thymus.*> CRH can be expressed by
leukocytes, epithelial cells, and nerve terminals and
induced in local tissues at sites of inflammation. CRH
has been shown to stimulate mast cell degranulation, T-
lymphocyte proliferation, antibody production, natural
killer cell activity, leukocyte chemotaxis, vascular perme-
ability, angiogenesis, and expression of cytokines and
reactive oxygen metabolites.” CRH might inhibit IFN-y
expression and skew inflammation in a Ty2 direction
in vitro.?' Inhibition of CRH by the administration of
antiserum or CRHR1 antagonists generally decreases
inflammation in animal models of disease, indicating that
CRH has proinflammatory effects in vivo.> It has been

suggested that CRH might have proinflammatory effects
in asthma by stimulating Ty2 lymphocyte activity and
mast cell degranulation; however, this has never been
demonstrated.”

We hypothesized that CRH might affect asthma by
means of 2 opposing mechanisms: (1) central anti-in-
flammatory actions involving glucocorticoid production
by the adrenal cortex and (2) peripheral proinflammatory
actions involving local immune cell stimulation in the
lungs. We tested this hypothesis by comparing KO mice
with WT mice in an airway inflammation model. We
found that OVA-challenged KO mice had an increase in
the severity of many asthma-like features. These data
support the hypothesis that central anti-inflammatory
actions of CRH exist. There was no evidence of decreased
inflammation in the absence of CRH to support the
peripheral hypothesis. Moreover, inhibition of CRHR1
with antalarmin did not decrease inflammation, and we
could find no CRH in the lungs of OV A-challenged mice
or asthmatic subjects. These data suggest that CRH does
not have a peripheral proinflammatory action in asthma.
However, these studies do not unequivocally exclude
some peripheral effects.

OVA-challenged KO mice had an increase in airway
inflammation of approximately 80% to 300% and an
increase in goblet cell hyperplasia of approximately 70%.
The increased inflammation occurred in the large and
small airways and was due primarily to an increase in the
number of eosinophils. Eosinophil numbers are increased
in the sputum, BAL fluid, airway walls, and blood of
asthmatic subjects and generally correlate with clinical
symptoms, decreased lung function, and airway hyper-
responsiveness, implying that eosinophils have a direct
role in asthma pathogenesis.22 Increased levels of IL-3, IL-
5, and GM-CSF in asthmatic subjects might prolong
eosinophil survival. Glucocorticoids might decrease
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eosinophil levels in asthmatic subjects by decreasing these
cytokines and stimulating apoptosis.>> Glucocorticoids
might also decrease the release of eosinophils into the
blood, decrease eosinophil chemotaxis to sites of in-
flammation, and increase phagocytosis of apoptotic
eosinophils.”>?> The decrease in glucocorticoids ob-
served in KO mice is probably responsible for the
increased eosinophilia found in these mice. The generally
increased levels of catecholamine observed in KO mice
are unlikely to have had a proinflammatory effect in our
asthma model and might represent a response to increased
stress in these mice. These data strongly support the
central anti-inflammatory hypothesis of CRH.

The increased inflammation we observed in KO mice
was associated with increased levels of IL-4, IL-5, IL-13,
RANTES, IFN-v, and eotaxin in BAL fluid. All of these
mediators are increased in the airways of asthmatic
subjects and play a role in asthma.’® It is likely that
differences in the levels of these mediators have contrib-
uted to the increased inflammation in KO mice and that the
decreased levels of glucocorticoids in the KO mice
contributed to the increased expression of these mediators
because glucocorticoids are known to decrease the
transcription of IFN-y, IL-4, IL-5, IL-13, RANTES, and
eotaxin in vitro.”’ Moreover, asthmatic subjects and
allergen-challenged mice treated with glucocorticoids
have a marked decrease in inflammation and levels of
these cytokines in BAL fluid.?”® These data also strongly
support the central anti-inflammatory hypothesis of CRH.

Not all indices of the asthmatic phenotype were
increased in the KO mice. Serum levels of IgE were not
significantly different, although IgE levels did increase
markedly after OVA challenge in both groups. Findings
similar to ours were observed in mice treated with
metyrapone, an inhibitor of 113-hyroxylase and gluco-
corticoid production.?® These and our findings are not
unexpected given the complex and variable effects of
glucocorticoids on IgE synthesis in vivo. %!

Differences in airway hyperresponsiveness could not
be assessed because neither WT nor KO mice had airway
hyperresponsiveness after OVA challenge. The 129SVJ/
C57BL6 background of these mice is known to make them
relatively hyporesponsive.32 We found no differences in
lung mechanics (or histology) between PBS-challenged
KO and WT mice, indicating that CRH deficiency has no
significant effect on lung function in adult mice in the
absence of inflammation. However, OVA-challenged KO
mice had severely compromised lung function. The lung
dysfunction was characterized by an increase in tissue
resistance, elastance, and hysteresivity and is likely a re-
flection of early airway closure and airflow heterogeneity,
such as that found in asthmatic subjects during flares.'?
These data suggest that CRH helps preserve lung function
in asthma.

In conclusion, our data strongly suggest that CRH and
its regulation of glucocorticoids are essential for the
control of airway inflammation and the maintenance of
lung homeostasis in a mouse model of asthma. There was
no evidence to support the peripheral proinflammatory
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hypothesis of CRH in asthma. If there is a balance between
central anti-inflammatory actions and peripheral proin-
flammatory actions of CRH in asthma, the proinflamma-
tory actions were masked by the anti-inflammatory actions
in our mouse model. These data support the hypothesis
that genetic, developmental, or acquired abnormalities of
the CRH pathway might be factors in asthma susceptibil-
ity or seven'ty.33
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