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The expression of acidic mammalian chitinase (AMCase) is associated
with Th2-driven respiratory disorders. To investigate the potentially
pathological role of AMCase in allergic airway disease (AAD), we
sensitized and challenged mice with ovalbumin or a combination of
house dust mite (HDM) plus cockroach allergen. These mice were
treated or not treated with small molecule inhibitors of AMCase,
which significantly reduced allergen-induced chitinolytic activity in
the airways, but exerted no apparent effect on pulmonary inflamma-
tion per se. Transgenic and AMCase-deficient mice were also submit-
ted to protocols of allergen sensitization and challenge, yetwe found
little ornodifference in thepatternofAADbetweenmutantmiceand
wild-type (WT) control mice. In a separate model, where mice were
challenged only with intratracheal instillations of HDMwithout adju-
vant, total bronchoalveolar lavage (BAL) cellularity, inflammatory
infiltrates in lung tissues, and lung mechanics remained comparable
between AMCase-deficient mice andWT control mice. However BAL
neutrophil and lymphocyte counts were significantly increased in
AMCase-deficient mice, whereas concentrations in BAL of IL-13 were
significantlydecreasedcomparedwithWTcontrolmice. These results
indicate that,althoughexposure toallergenstimulates theexpression
of AMCase and increased chitinolytic activity in murine airways, the
overexpression or inhibition of AMCase exerts only a subtle impact
on AAD. Conversely, the increased numbers of neutrophils and lym-
phocytes inBALandthedecreasedconcentrationsof IL-13 inAMCase-
deficient mice challenged intratracheally with HDM indicate that
AMCase contributes to the Th1/Th2balance in the lungs. This finding
may be of particular relevance to patients with asthma and increased
airway neutrophilia.
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The 18-glycosyl hydrolase protein, acidic mammalian chitinase
(AMCase), hydrolyzes chitin, a molecule found abundantly in
the environment as a component of fungal cell walls, exoskeletons
of crustaceans and insects, and themicrofilarial sheaths and eggs of
parasitic nematodes (1–3). The accumulation of chitin is regu-
lated by the balance between chitin biosynthesis and its degrada-
tion by chitinases. Although mammals do not express chitin
synthase genes, several human chitinase family members were
described, including chitotriosidase and AMCase (1, 4), although
their biological importance remains poorly understood. With
regard to AMCase, a role in host defense mechanisms may be

hypothesized, because AMCase is a potent inhibitor of dermato-
pathogenic fungal growth (2), and as such may contribute to the
expulsion of invading parasites. In support of this hypothesis,
concentrations of AMCase mRNA were found to be increased
in the lungs of mice infected by parasites such as Schistosoma
mansoni andNippostrongylus brasiliensis (5–7). More recently, in
a model of allergic airway disease (AAD), the pretreatment of
chitin with AMCase or the administration of chitin to mice over-
expressing AMCase resulted in an attenuated disease phenotype
(8), indicating that AMCase plays a protective role in chitin-
induced pulmonary inflammation.

Allergic asthma is a chronic pulmonary disorder caused by
a combination of genetic factors, a history of respiratory infec-
tions, and exposure to airborne allergens or pollutants (9). The
disease is thought to be largely mediated by Th2 cytokines,
including IL-4, IL-5, and IL-13, and is characterized by an influx
of eosinophils into the lung tissue, mucus metaplasia, and air-
way remodeling, as well as airway hyperresponsiveness (AHR)
after allergen challenge. In humans, AMCase is increased in
lung tissues of allergen-challenged patients with asthma, and
in cases of fatal asthma, alveolar macrophages were shown to
produce high concentrations of AMCase (10). Consistent with
this observation, the expression of AMCase was induced via an
IL-13/STAT-6–dependent pathway in a murine model of aller-
gic pulmonary inflammation and in IL-13–overexpressing mice
(10–12). However, in contrast to models of chitin-induced pul-
monary inflammation, the inhibition of AMCase ameliorated
pulmonary inflammation and AHR in a Th2-dependent model
of allergic airway disease inhibition (10). Moreover, several
polymorphisms and haplotypes of AMCase are associated with
bronchial asthma (13), whereas a variant form of human
AMCase with increased catalytic activity is linked to protection
from asthma (14).

Contrasting data from various animal models, as well as clinical
observations from patients with asthma, thus underline a complex
role for AMCase in the pathophysiology of pulmonary inflamma-
tion. To explore the role of AMCase in allergic asthma, we eval-
uated the effects of AMCase gene expression and the perturbation
of its chitinolytic activity inmurinemodels ofAAD. Two protocols
used systemic sensitization to an allergen combinedwith aluminum
hydroxide (alum) as adjuvant, which are thought to stimulate
a largely T-cell–biased response. One protocol focused on house
dust mite (HDM) administered intratracheally without adjuvant,
which is thought to involve a robust innate immune component in
addition to the expected Type 2 immune response (15).

Our results show that, althoughAMCase gene expression was
highly up-regulated after various allergen exposure protocols,
the pharmacologic or genetic modifications produced by the ex-
pression or enzymatic activity of AMCase exerted limited or no
impact on disease phenotype. Conversely, the modulation of
BAL neutrophil and lymphocyte numbers as well as of concen-
trations of IL-13 in AMCase-deficient mice intratracheally chal-
lenged with HDM suggests that AMCase contributes to the Th1/
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Th2 balance in the airways, which may be of particular relevance
to the enhanced neutrophilia observed in severe forms of asthma.

MATERIALS AND METHODS

Reagents and Animals

Recombinant human AMCase and allosamidin (ALLO) were used as
previously described (16). Age-matched 6- to 12-week-old female
C57BL/6 wild-type (WT) mice were obtained from Taconic Farms
(Hudson, NY). AMCase transgenic and gene-deficient mice were de-
rived as described in the online supplement. All in vivo experiments
were performed in accordance with protocols approved by Pfizer’s
Institutional Animal Care and Use Committee.

Murine Models of Allergic Airway Disease

C57BL/6micewere sensitized intraperitoneally twicewith eitherGradeV
ovalbumin (OVA, 20 mg, Sigma-Aldrich, St. Louis, MO) or a mixture of
HDM (20 mg, Dermatophagoides pteronyssinus extract; Greer Labs,
Lenoir, NC) plus American cockroach extract (CRA, 20 mg, Periplaneta
americana) emulsified with alum (Imject Alum; Pierce, Rockford, IL).
For OVA studies, mice were challenged for 30 minutes with aerosols of
PBS or 5% OVA on Days 26–28, as previously described (17). For
HDM/CRA studies, mice were lightly anesthetized with isoflurane and
challenged intranasally with either 25 ml PBS or 25 mg (20 ml) of HDM/
CRA mixture on Days 14–16. Mice were treated orally with methylallo-
samidin (50 mg/kg, twice daily) dissolved in 0.5% methylcellulose and
2% Tween-80 as vehicle, or were injected intraperitoneally with dexa-
methasone (Dex, 10 mg/kg every day) on days of allergen challenge.
When indicated, mice were challenged intratracheally with 100 mg
HDM onDays 0, 7, and 14 of the protocol. Mice were lightly anesthetized
with isoflurane. A 1.5-inch polyethylene catheter mounted on a 30-gauge
needle was introduced between the animal’s vocal cords into the trachea,
using an otoscope terminated with a 2-mm speculum (Welch Allyn, Ska-
neateles Falls, NY). On Days 0, 7, and 14 of the protocol, mice received
100 mg HDM extract (Greer Laboratories) diluted in 40 ml saline and
administered intratracheally using a 100-ml Hamilton glass syringe (VWR,
West Chester, PA). For all protocols, lung function was evaluated 24–48
hours after allergen challenge in response to escalating doses of metha-
choline, using the flexiVent system (Scireq, Montreal, PQ, Canada) as
described in the online supplement. All mice were killed by CO2 asphyx-
iation to collect bronchoalveolar lavage (BAL) and various tissue samples
for analysis. BAL cellularity and the preparation of lung tissue for histo-
pathology were performed as previously described (17).

Statistical Analysis

Results represent the mean 6 SEM of individual animals. Statistical
significance for all results except lung mechanics was determined using
a Mann-Whitney U test. Variations of lung mechanics were first ana-
lyzed with two-way ANOVA for group and dose of methacholine
(MCh), followed by a Bonferroni post hoc test. Results were consid-
ered significant at P , 0.05.

Online Supplement

The online supplement describes immunoblotting methods, physiologic
lung mechanics, and the generation of AMCase transgenic and gene-
deficient mice. Figures E1–E6 comprise dot plots of pooled data for
the experiments described in Figures 1–6. Figure E7 shows the strategy
to generate AMCase transgenic mice and AMCase protein and chiti-
nase activity. Figure E8 describes the strategy to delete the murine
AMCase gene by Southern blotting.

RESULTS

Allergic Airway Disease in AMCase Transgenic Mice

Sensitized and Challenged with OVA

AMCase was shown to be strongly up-regulated in several mod-
els of pulmonary inflammation, although its proinflammatory
role remains to be established. Therefore, we modulated the

expression of AMCase, using transgenic mice, pharmacologic inhi-
bition, and AMCase gene–deficient mice to further understand its
role in AAD. We initially tested whether the constitutively in-
creased expression of AMCase stimulates the development of
pulmonary inflammation, or if high amounts of AMCase would
exaggerate the lung response to an allergen challenge. We gener-
ated transgenic mice that overexpressed AMCase in the lung,
using the Clara cell–specific promoter CC10 (Figure E1) (18).
Two independent founder lines were initially examined for the
expression of AMCase, and were found to be equivalent (Figure
E7). Histopathological evaluation of these AMCase transgenic
mice showed that the constitutive overexpression of AMCase in
the lung did not result in any gross tissue abnormalities (data not
shown). Figure 1A shows that naive AMCase transgenic mice,
compared with WT control mice, exhibited levels of chitinase
activity 6-fold higher in BAL samples (135 U/ml versus 23 U/ml,
respectively) and 2-fold higher in serum samples (50 U/ml versus
26 U/ml, respectively). When sensitized with OVA emulsified in
alum and exposed to challenges with OVA aerosols, AMCase
transgenic mice developed airway inflammation, as evidenced by
increased total cell numbers in BAL samples as well as individual
counts of eosinophils, lymphocytes, and neutrophils (Figure 1B).
AMCase transgenic mice manifested significantly lower airway
eosinophilia in response to the OVA challenge compared with
WT mice. Thus, these initial studies indicate that high constitutive
amounts of AMCase expression and enzymatic activity do not
cause spontaneous pulmonary inflammation, nor do they exagger-
ate OVA-induced allergic airway disease.

Inhibition of AMCase Activity in Mice Sensitized and

Challenged with Various Allergens

Next, we evaluated the therapeutic potential of two small mole-
cule inhibitors of AMCase activity in models of AAD. Chitinase

Figure 1. Pulmonary inflammation in ovalbumin (OVA)–challenged

acidic mammalian chitinase (AMCase) transgenic (Tg) mice. (Top) Chi-
tinase activity in WT and AMCase Tg (AMCTg) mice. (Bottom) Cellular

inflammation in bronchoalveolar lavage fluid (BALF) from WT and

AMCase Tg mice sensitized and challenged with PBS or OVA. Data

were derived from one of two independent experiments in which both
showed the same significant differences. Values represent means 6
SEM, with 7–13 mice per group. *P , 0.036.
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activity was significantly increased in BAL samples from mice
that were OVA-sensitized and challenged. Treating these mice
with Dex (10 mg/kg every day) or the chitinase inhibitor ALLO
(50 mg/kg, twice daily) reduced OVA-induced AMCase enzy-
matic activity in BAL samples by 43% and 45%, respectively,
as well as overall chitinase activity in lung tissues and serum sam-
ples (Figure 2A). As expected from this model, mice sensitized
and challenged with OVA developed robust pulmonary inflam-
mation, involving increased numbers of eosinophils, lympho-
cytes, and neutrophils in BAL samples (Figure 2B). Treatment
with Dex largely abrogated the OVA-induced increase of total
BAL cellularity (P¼ 0.0001), airway eosinophilia (P¼ 0.001), lym-
phocytes (P ¼ 0.0403), and neutrophils (P ¼ 0.0332). Conversely,
treatment with ALLO failed to modulate total BAL cellularity
and airway eosinophilia, compared with vehicle-treated animals
(Figure 2B).

Because ALLO exerted a broad inhibitory effect on AMCase
and other chitinases, the specific inhibition of AMCase activity
was further evaluated using a novel small molecule inhibitor
identified from an in-house chemical library screening. This
compound, called “AMCase inhibitor (1)” in the present study,
has a structure distinct from that of ALLO, and was previously
described in detail by Cole and colleagues (19). Moreover, con-
sidering the possibility that AMCase inhibitors are more active
in models using chitin-rich allergens, we sensitized and chal-
lenged mice with a combination of HDM and CRA. Systemic
sensitization, followed by intranasal challenges with HDM/
CRA, induced an increase in chitinase activity compared with
naive mice (199 U/ml versus 26 U/ml, respectively), which was
significantly decreased by 63% and 43% via Dex and the
AMCase inhibitor (1), respectively (Figure 3A). As expected,
HDM/CRA also induced a robust increase of total BAL cellu-
larity, mainly driven by an influx of eosinophils, lymphocytes,

and neutrophils in the airways. Here, amounts of total BAL
cellularity, eosinophils, lymphocytes, and neutrophils were also
reduced when HDM/CRA-challenged mice were treated with
Dex (Figure 3B, P , 0.05). However, despite the inhibition of
BAL chitinase activity that was comparable to that with Dex,
treatment with “AMCase inhibitor (1)” (50 mg/kg, twice daily)
failed to modulate allergen-induced pulmonary inflammation in
this model.

These results, and in particular those obtained with chitin-rich
HDM/CRA and an AMCase-specific inhibitor compound, indi-
cate that the significant reduction of AMCase hydrolytic activity
in vivo exerts little or no effect on the modulation of AAD.

Generation and Characterization of

AMCase-Deficient Mice

The previous experiments focused on the inhibition of AMCase
catalytic activity and its impact on AAD by means of small
molecule inhibitors. These compounds did not totally block
allergen-induced chitinase activity in the airways, which leaves
the possibility that the remaining AMCase enzyme activity or
another possible function of AMCase contributed to allergen-
induced pulmonary inflammation. To address this issue, we gen-
erated AMCase-deficient mice by the deletion of exon 5 of the
gene, which contains the catalytic region of AMCase (Figure
E8). Quantitative RT-PCR experiments, using pairs of primers
that spanned exons 1 and 2 (Figure 4A) or exons 8 and 9 (data
not shown), showed that full-length or partial transcripts for the
AMCase gene were absent in these mice. However, the expres-
sion of the chromosomally proximal and related gene YM1 was
unchanged (Figure 4B).

No detectable chitinase activity was evident in BAL samples
from AMCase-deficient mice, even when these animals were
OVA-sensitized and challenged, which indicated that not only
that no AMCase enzymatic activity was occurring, but also that
challenge with OVA did not induce any other chitinase activity
in the lungs of AMCase-deficient mice (Figure 4C). As ex-
pected, increased chitinolytic activity was evident in OVA-
challenged WT mice (Figure 4C). The absence of AMCase
protein expression in BAL samples was also confirmed by im-
munoblot, using an antibody that recognizes the C-terminal
domain of the enzyme (Figure 4D). In contrast to BAL sam-
ples, both WT and AMCase-deficient mice manifested detect-
able chitinolytic activity in serum samples (Figure 4E), although
at lower concentrations in AMCase-deficient mice compared
with WT control mice (8 U/mL versus 26 U/mL, respectively).
This low chitinolytic activity in the serum of AMCase-
deficient mice was attributed to the chitinase family member,
chitotriosidase.

AAD in AMCase-Deficient Mice Sensitized and Challenged

with OVA

To explore whether the complete absence of AMCase expres-
sion and activity would alleviate symptoms of AAD, we com-
pared AMCase-deficient mice with their WT counterparts in
a model of OVA-induced pulmonary inflammation. OVA-
sensitized and challengedWTmice developed robust pulmonary
inflammation, characterized by an influx of eosinophils into the
airways (Figure 5A). AMCase-deficient mice undergoing the
same protocol did not differ from WT animals in terms of total
BAL cellularity or eosinophil, lymphocyte, neutrophil, and
macrophage counts. Similarly, AMCase deficiency did not re-
duce allergen-induced AHR in response to escalating doses of
the muscarinic agonist MCh, which remained comparable to the
AHR in OVA-challenged WT control mice (Figure 5B).

Figure 2. The inhibition of chitinase does not block OVA-induced pul-

monary inflammation. (A) Chitinase activity in tissue collected from

mice sensitized and challenged with PBS or OVA, and treated with
dexamethasone (Dex) or allosamidin (ALLO). (B) Cellular inflammation

in mice treated as already described. *P, 0.01. Data were derived from

one of three independent experiments, in which both showed the

same significant differences. Values represent means 6 SEM with 10
mice per group.
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The lung response to OVA in AMCase-deficient mice was
further evaluated by a quantitative real-time PCR survey of sev-
eral inflammatory genes. Several genes related to AAD were
highly up-regulated in both AMCase-deficient and WT mice af-
ter OVA challenge, and no significant differences of expression
were evident between the groups (Figure 5C). These genes in-
cluded those specific for eosinophils, epithelial mucous meta-
plasia, and chemokines. Moreover, after challenge with OVA,
the chitinase family member YM1/Chi3L3 was strongly induced
in WT as well as AMCase-deficient mice, although the expres-
sion of the AMCase gene was confirmed to be null in AMCase-
deficient animals (Figure 5C).

These studies of AMCase-deficient mice thus confirmed that
the complete absence of AMCase activity does not modulate
AAD parameters such as BAL cellular inflammation, proinflam-
matory gene expression, or AHR.

AAD in AMCase-Deficient Mice Intratracheally Challenged

with HDM

In the experiments already described, we sought to characterize
the potentially proinflammatory role of AMCase in AAD. The
common denominator in these studies using allergens that were
or were not chitin-rich (e.g., HDM/CRA versus OVA), and elic-
iting the release of large amounts of AMCase in the airways, in-
volved a focus on “classic” protocols of systemic allergen
sensitization with an adjuvant (alum), followed by acute aller-
gen challenges. Considering that such protocols may stimulate
AAD through a Th2-dominated adaptive immune response, we
examined AMCase-deficient mice in a separate model of AAD
where a chitin-rich, natural airborne allergen (HDM) was

repeatedly instilled into the airways without adjuvant or prelim-
inary systemic sensitization.

HDM crude extract was administered intratracheally onDays
0, 7, and 14 of the protocol. Lung mechanics were evaluated on
Day 15, and tissue samples were harvested on Day 17, as previ-
ously described (15). Figure 6A shows how this protocol signif-
icantly up-regulated AMCase gene expression in the lungs of
WT mice 12 hours after challenge with HDM. Increased
AMCase enzymatic activity was also detected in BAL and se-
rum samples 72 hours after challenge with HDM. Hematoxylin
and eosin–stained lung-tissue sections were scored by a board-
certified pathologist. For both WT and AMCase-deficient mice,
the challenge with HDM resulted in bronchovascular inflamma-
tion dominated by lymphocytic and neutrophilic infiltrates, with
fewer eosinophils present (Figure 6B). In contrast, inflamma-
tory infiltrates within the alveolar regions were primarily histio-
cytic and lymphocytic, with fewer neutrophils and occasional
eosinophils. The challenge with HDM also resulted in an in-
creased formation of bronchiolar intraepithelial mucus, along
with bronchiolar epithelial hyperplasia and hypertrophy in both
WT and AMCase-deficient animals. In addition, an increased
number of Type II pneumocytes and robust peribronchiolar
smooth muscle hypertrophy was evident in WT and AMCase-
deficient mice exposed to HDM. Masson’s Trichrome staining
showed that challenge with HDM also induced a slight increase
in collagen deposition in areas of peribronchiolar and perivas-
cular inflammation, again with no apparent difference between

Figure 4. AMCase-deficient mice exhibit no chitinase airway activity,

but retain normal expression of YM1. Gene expression of (A) AMCase
and (B) YM1 from tissue of wild-type (wt) mice (solid squares) and

AMCase gene–deficient mice (open circles). (C) Chitinolytic activity

and (D) immunoblot of AMCase in BAL samples from wt mice or

AMCase-deficient mice. Arrow indicates AMCase. (E) Serum samples
of wt and AMCase-deficient mice, as indicated. Data were derived from

one of two independent experiments in which both showed the same

significant differences. Values represent individual relative expression

units for the expression of mRNA (A and B) and means 6 SEM, with
4–10 mice per group for chitinase activity (C and E).

Figure 3. No effect of novel chitinase inhibitor house dust mite (HDM)/

cockroach extract (CRA)–induced pulmonary inflammation. (A) Chiti-
nase activity in tissue collected from mice sensitized and challenged

with a combination of HDM/CRA and either untreated (black bars),

treated with Dex (gray bars), or treated with “AMCase inhibitor (1)”
(hatched bars), as indicated in MATERIALS AND METHODS. (B) BAL inflam-

matory cell counts in mice treated as already described. *P , 0.05.

Values represent means 6 SEM, with 9–10 mice per group.
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Figure 5. AMCase gene deficiency does not modulate OVA-induced allergic

airway disease. (A) Total cellularity (Total) and numbers of eosinophils (eos),

lymphocytes (lymph), neutrophils (neut), and macrophages (mac) in BAL
samples, 24 hours after challenge with OVA. (B) Lung mechanics are

expressed as Newtonian resistance (Rn). Data were derived from one of

two independent experiments in which both showed the same significant
differences. Values represent means 6 SEM, with 8–9 mice per group. MCH,

methacholine. (C) Genes representing the cellular influx of eosinophils

(EAR11), epithelial mucous metaplasia, chemokines, and chitinases are

shown for WT mice (solid circles) and AMCase gene–deficient mice (open
circles) treated with PBS or challenged with OVA. Values represent data for

individual animals.
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WT and AMCase-deficient mice (not shown). Thus, histopath-
ological findings remained overall similar in the lungs of WT
mice and AMCase-deficient mice exposed to HDM.

Next, we evaluated the lung mechanics of AMCase-deficient
mice and WT control mice challenged with escalating doses
of MCh, 24 hours after exposure to HDM. Again, AMCase de-
ficiency exerted little apparent impact on AHR, because the in-
crease in Newtonian resistance, tissue damping, and tissue
elastance remained altogether similar between AMCase-
deficient mice and WT control mice (Figure 6C). Intratracheal
challenge with HDM alone stimulated a robust increase in
total BAL cellularity compared with naive animals (Figure 6D),
although these numbers were similar between AMCase-deficient
mice and WT control mice (P , 0.0001 and P ¼ 0.0013 com-
pared with naive control mice, respectively). Numbers of BAL
eosinophils and macrophages were also comparable between
AMCase-deficient mice and WT control mice. Intriguingly,
numbers of BAL lymphocytes and neutrophils were significantly
increased in AMCase-deficient mice compared with WT control
mice (P ¼ 0.0366 and P ¼ 0.0246, respectively). BAL samples
were then analyzed using a 22-plex assay for a Luminex platform
(Invitrogen, Grand Island, NY), which indicated little difference
between AMCase-deficient mice and their WT counterparts.
Seemingly increased concentrations of CXCL1 (KC), IL-5, and
IL-6 in BAL samples from AMCase-deficient mice indicated
nonsignificant trends (not shown). Only concentrations of IL-
13 levels were significantly modulated, and in fact, were lower
in AMCase-deficient mice compared with WT control mice (Fig-
ure 6D). This finding is consistent with that in a previous report
of decreased expression of IL-13 after the administration of
AMCase-specific RNA inhibitory in a murine model of OVA-
induced AAD (20).

These data indicate that repeated challenges of murine air-
ways with HDM alone stimulate the release of high amounts
of AMCase. AMCase deficiency overall did not modulate
AAD, including total inflammatory cell influx into the lumen,
tissue inflammation, and AHR. However, an interesting increase
of lymphocyte and neutrophil numbers was evident in BAL sam-
ples, suggesting a regulatory rather than proinflammatory role
for AMCase in response to HDM.

DISCUSSION

AMCase was previously identified as part of a distinct IL-13–
dependent and STAT-6–dependent gene expression signature
induced in the lungs of animals infected with helminthes or chal-
lenged with allergens (5–7, 11, 21). Contrasting reports suggest
that AMCase either contributes to (10, 20, 22) or protects from
(8) pulmonary inflammation. Indeed, in a “classic” model of
AAD that included systemic sensitization to OVA/alum and
acute OVA challenges, Zhu and colleagues (10) reported that
AMCase is involved in the development of allergic pulmonary
inflammation and AHR. We thus investigated whether the over-
expression or inhibition of AMCase would modulate the param-
eters of AAD in murine models of allergen/alum sensitization and
challenge, using allergens that were either chitin-rich (HDM/

CRA) or not (OVA). The HDM/CRA protocol also conveniently
allowed for tests of whether chitin hydrolysis by AMCase contrib-
utes to the induction of pulmonary inflammation.

A previous report suggested that the overexpression ofAMCase
in mice prevented the chitin-induced pulmonary inflammation of
eosinophils (8), seemingly in contrast with the proinflammatory
effect of AMCase in OVA models of AAD (10, 22). We gener-
ated AMCase transgenic mice to evaluate whether the overex-
pression of AMCase in naive animals would lead to spontaneous
signs of pulmonary inflammation, and whether allergen-induced
ADD would be aggravated or diminished. OVA-challenged WT
mice, in fact, expressed concentrations of AMCase similar to the
maximum concentrations evident in AMCase transgenic mice.
Naive AMCase transgenic mice did not show any signs of pul-
monary inflammation. Moreover, after OVA/alum sensitization
and acute OVA challenge, AMCase transgenic mice and WT
control mice developed similar patterns of AAD, which demon-
strated that high concentrations of AMCase in the airways do not
trigger or potentiate allergic pulmonary inflammation, or attenu-
ate an inflammatory response.

We then used the OVA and HDM/CRA models to test the
therapeutic potential of inhibiting AMCase activity. Both proto-
cols elicited elevated concentrations of AMCase in murine air-
ways. The activity of AMCase hydrolase was also increased, and
was significantly diminished after treating the mice with small
molecule inhibitors of AMCase. Despite this reduction of
AMCase chitinolytic activity, the two compounds did not mod-
ulate OVA-induced or HDM/CRA-induced AAD. We con-
firmed these results in AMCase-deficient mice, in which the
complete absence of AMCase expression and activity also failed
to alleviate the parameters of AAD.

Our data, using two separate allergen/alum models of AAD,
contrast with previously published results, where a significant re-
duction in airway inflammation and AHR were produced by
blocking AMCase (10, 20, 22). Arguably, such protocols, in which
mice are sensitized systemically to an allergen emulsified with
alum as adjuvant, are strongly biased toward a Type 2 immune
response in three ways: (1) the adsorption of soluble antigens
onto particulates delays their clearance and facilitates their pre-
sentation by APCs (23), (2) insoluble materials such as alum
cannot be processed and thus enhance the production of anti-
bodies as and the activation of antigen-presenting cells through
the Nalp3 inflammasome (24), and (3) in contrast to molecules
such as complete Freud’s adjuvant or CpG oligodeoxynucleotides
that mimic microbial stimuli, alum stimulates the proliferation of
Th2 cells and the production of cytokines (25).

To address the possibility that the role of AMCase was poten-
tially minimized in protocols of allergen sensitization with alum,
we challenged WT and AMCase-deficient mice intranasally with
HDM extract alone, in the absence of preliminary systemic sen-
sitization with alum. Although this approach was expected to
stimulate a sustained Type 2 adaptive immune response and air-
way eosinophilic inflammation (26), models of “real-life expo-
sure to aeroallergens” may also licit broader, host defense–like
mechanisms (15, 27). For example, the intranasal administration
of HDM successfully enhanced the immune response against an

Figure 6. Modulation of HDM-induced allergic airway disease in AMCase-deficient mice. (A) AMCase mRNA expression in lung samples 12 hours

after HDM challenge, and chitinase activity in BAL and serum samples 72 hours after challenge with HDM. MCh, methacholine. (B) Hematoxylin and

eosin staining of lung sections. Magnification, 340. (C) Lung mechanics are expressed as Newtonian resistance (Rn), tissue damping (G), and tissue
elastance (H). “X” indicates statistically significant differences between WT (saline/baseline) and WT (HDM) mice (XP , 0.05, XXP , 0.01, XXXP ,
0.001). Asterisks indicate statistically significant differences between KO (saline/baseline) and WT (HDM) mice (*P , 0.05, **P , 0.01, ***P ,
0.001). (D) Total cellularity, numbers of macrophages, eosinophils, lymphocytes, and neutrophils, and concentrations of IL-13 in BAL samples, 72
hours after challenge with HDM. P values involve comparisons between HDM-challenged mice (AMCase-deficient versus WT). The data were pooled

from two independent experiments. Values represent means 6 SEM, with 7–15 mice per group.
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otherwise weak or innocuous antigen such as OVA itself (28,
29). The protease Der p 2, which is a major allergen component
of HDM, displays structural and functional homology with MD-
2, a molecule associated with Toll-like receptor (TLR)–4 that
facilitates the binding of LPS and the ensuing activation cascade
(30). Moreover, chitin fragments such as those present in HDM
extract were shown to stimulate the production of IL-10 by
peritoneal macrophages in a TLR2-dependent manner (31).
We thus speculate that a direct airway challenge with HDM
extract partly results in the early activation of TLR-driven in-
flammatory pathways, followed by the development of a mixed
Th1/Th17/Th2-driven adaptive immune response to the allergen
(32). AMCase-deficient mice intratracheally challenged with
HDM alone developed increased BAL total cellularity, lung
histopathology, and AHR, similar to those observed in WT
control mice. Most intriguingly, however, AMCase-deficient
mice also exhibited an approximately 2-fold increase in BAL
neutrophil and lymphocyte counts compared with WT animals,
as well as a significant decrease in concentrations of IL-13, con-
sistent with the reduced expression of IL-13 after the adminis-
tration of RNA inhibitory (20).

A strong genetic association exists between AMCase and sus-
ceptibility to asthma (13, 33, 34). Conversely, a particular
AMCase haplotype, resulting in the expression of variant pro-
teins with increased enzymatic activity, was associated with pro-
tection from allergic asthma (14). This protective role of
AMCase activity is consistent with our present results, where
AMCase-deficient mice exposed to HDM developed a limited
yet significant Th1/Th2 imbalance in their airways, with in-
creased numbers of neutrophils and lymphocytes, whereas con-
centrations of IL-13 were decreased compared with those in WT
mice. Considering that an elevated epithelial expression of
AMCase was reported in cases of fatal asthma (10) but not mild
to moderate asthma (14), and that increased airway neutrophilia
is often a hallmark of severe, steroid-resistant asthma as well as
sudden-onset fatal asthma (35), AMCase may, we speculate,
play a regulatory rather than aggravating role in severe forms
of asthma, perhaps through the breakdown of chitin-like sub-
strates.
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