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Abstract

Over the last four decades, increases in the incidence of immune-mediated diseases in the Western
world have been linked to changes in microbial exposure. It is becoming increasingly clear that the
normal microbiota in the gut can profoundly alter susceptibility to a wide range of diseases, such as
asthma, in which immune homeostasis is disrupted, yet the mechanisms governing this microbial
influence remains poorly defined. In this study, we show that gastrointestinal exposure to PSA, a cap-
sular polysaccharide derived from the commensal bacterium Bacteroides fragilis, significantly limits
susceptibility to the induction of experimental asthma. We report that direct treatment of mice with
PSA generates protection from asthma, and this effect can be given to a naive recipient by adoptive
transfer of CD4™ T cells from PSA-exposed mice. Remarkably, we found that these PSA-induced
T cells are not canonical FoxP3" regulatory T cells, but that they potently inhibit both Th1 and Th2
models of asthma in an IL-10-dependent fashion. These findings reveal that bacterial polysacchar-
ides link the microbiota with the peripheral immune system by activating CD4"Foxp3~ T cells
upon exposure in the gut, and they facilitate resistance to unnecessary inflammatory responses
via the production of IL-10.
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Introduction

When compared with developing and agrarian societies, Western so-
cieties have seen a dramatic increase in the prevalence of allergy and
asthma in the past several decades. Among other factors influencing
this trend, commensal bacteria, parasitic helminthes and the molecules
they produce have been shown to play a significant role in immune sys-
tem development (Mazmanian et al. 2005) and promoting homeosta-
sis (Mazmanian and Kasper 2006; Maizels 2009; McSorely and
Maizels 2012). The impact these components have on the immune sys-
tem follows general predictions first made in 1989, now known as
the hygiene hypothesis (Strachan 1989, 2000), which postulated
that limiting exposure to microbes may lead to greater susceptibility
to immune-mediated disease.

Connections between exposure to microbes and susceptibility to air-
way inflammation and asthma indicate that antigens from gut-resident

commensal flora may be key in maintaining homeostasis within the lung
environment (Ly et al. 2011). Beginning in the 1990s, studies on abscess
responses (Tzianabos et al. 1993, 1994), postsurgical adhesion forma-
tion (Chung et al. 2002; Ruiz-Perez et al. 2005) and more recently
inflammatory bowel disease (IBD) (Mazmanian et al. 2008) suggest
that the polysaccharide PSA from the commensal anaerobic bacterium
Bacteroides fragilis is a potent immunomodulatory molecule which
induces an anti-inflammatory immune response. Although none of
these prior disease models fit into the foundation of the hygiene hypoth-
esis, it is clear that B. fragilis can influence the localized immunologic
environment and that it is conceivable that such protective responses
may also impact peripheral tissues and their susceptibility to inflamma-
tory disease, as predicted by the hygiene hypothesis.

The protective function of commensal polysaccharide antigens like
PSA is linked to their ability to activate CD4* T cells (Chung et al.
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2002, 2003). Upon uptake by professional antigen presenting cells,
these “glycoantigens” are processed to low-molecular-weight frag-
ments and loaded onto MHC class I molecules for recognition by
of T-cell receptors (Cobb et al. 2004). This interaction with MHCII
is high affinity (Cobb and Kasper 2008), promoted by the classical
antigen exchange factor human leukocyte antigen DM (Cobb et al.
2004; Cobb and Kasper 2008; Velez et al. 2009), and is remarkably
sensitive to the glycosylation pattern of MHCII (Ryan et al. 2011,
2013), yet the exact nature of the responding T cells is not fully under-
stood. They have been characterized as T helper type 1 (Th1) cells
based on their interferon gamma (IFNy) expression (Brubaker et al.
1999; Wang et al. 2006) and proinflammatory impact (Tzianabos
etal. 1993), but have also been identified as potent anti-inflammatory
regulatory T cells (Tregs) which suppress lymphocyte activation and
inflammation via IL-10 (Chung et al. 2002; Ruiz-Perez et al. 2005;
Mazmanian et al. 2008; Kreisman and Cobb 2011). Some reports sug-
gest that PSA responding T cells are Tregs that express the transcrip-
tion factor FoxP3 most closely associated with the regulatory T-cell
phenotype; however, the change in these classically defined FoxP3*
Tregs in these murine models are seldom >1-2% overall (Ochoa-
Reparaz et al. 2010; Round and Mazmanian 2010). In contrast, we
have previously found a distinct lack of FoxP3 expression in PSA re-
sponding T cells in human studies (Kreisman and Cobb 2011). To
date, it remains unclear whether PSA and other glycoantigens induce
traditional FoxP3* or FoxP3™ Tregs in murine models of disease.

Here, we have utilized a two variations of the ovalbumin
(OVA)-induced model of asthma to investigate the influence of gastro-
intestinal exposure to a commensal glycoantigen on a peripheral tis-
sue. We found that oral exposure to glycoantigen (GlyAg) robustly
protects against asthma induction in an IL-10 and T-cell-dependent
mechanism, and that the responding regulatory T cells do not express
FoxP3. These findings demonstrate that a commensal-derived gly-
coantigen directly influences immune homeostasis in peripheral tissues
and limits susceptibility to asthma, thereby demonstrating the power
of the microbiota to shape disease outcome.

Results

Oral exposure to commensal-derived glycoantigen
protects against airway inflammation

A Th1-driven OVA-induced model of asthma in C57Bl/6 mice is gen-
erally characterized by proinflammatory leukocyte infiltration into the
alveolar space, pathologic changes in and around the airways, in-
creased cytokine production, and activation of T cells within the lung-
draining mediastinal lymph nodes. In order to begin understanding
the relationship between microbiota-derived antigens and susceptibil-
ity to the development of asthma, we examined the impact of oral ex-
posure to the GlyAg PSA from B. fragilis on preventing onset of
inflammation. Compared with positive asthmatic controls, we found
significant reductions in the infiltration of leukocytes (white blood
cells; WBC; Figure 1A), neutrophils (Neuts; Figure 1B), lymphocytes
(Lymph; Figure 1C) and monocytes/macrophages (Macs; Figure 1D)
found within the bronchoalveolar lavage (BAL) samples of mice orally
exposed to GlyAg. Due to this model being Th1 skewed, eosinophil
numbers did not increase upon the induction of asthma, and they re-
main unchanged between all groups (data not shown).

Cytokine analyses of lung tissue homogenates further revealed that
the IFNy response seen in the positive asthmatic mice was eliminated
in mice treated with GlyAg (Figure 1E). Moreover, CD4"* T cells that
were purified from mediastinal lymph nodes and stimulated with
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Fig. 1. Oral exposure to GlyAg suppresses asthmatic lung inflammation. (A-D)
Differential analysis of cellular infiltrates from BAL samples of mice treated
with GlyAg or vehicle control, with (gray bars) and without (white bars)
intranasal OVA challenge to induce asthma, to quantify total WBCs, Neuts,
Lymph and Macs. Pretreatment with GlyAg prevented leukocyte infiltration.
(E) Lung homogenate supernatants were analyzed by ELISA for IFNy,
revealing the lack of significant inflammatory cytokine production in
GlyAg-treated recipients. (F) CD4* T cells were purified from the mediastinal
lymph nodes from each experimental group and restimulated with anti-CD3/
CD28 antibodies or media alone for 72 h to determine the activation status of
regional T cells. GlyAg treatment maintained homeostatic T-cell activity levels
compared with asthmatic mice showing expanded IFNy-producing T cells. (G)
CD4* T cells from GlyAg or saline-treated mice were isolated from the spleen
and restimulated with anti-CD3/CD28 antibodies. The IL-10 response of
GlyAg-exposed T cells was greatly enhanced, suggesting that GlyAgs
prevent asthmatic inflammation by T-cell-derived IL-10 secretion. (H) H&E
stained sections (4x) and confocal IHC (40x) using EpCAM (green) and MPO
(red) as markers to detect tissue pathology and cellular infiltrates. GlyAg
prevented tissue pathology and activated leukocyte infiltration. These data
demonstrate the prophylactic efficacy of GlyAg pretreatment. #P>0.05,
*P<0.05.

anti-CD3/CD28 antibodies also showed baseline levels of IFNy,
in contrast to the 3-fold increase in cytokine seen from cells
isolated from asthmatic mice (Figure 1F). Consistent with a shift in
response towards an increasingly anti-inflammatory environment,
anti-CD3-mediated re-activation of CD4" T cells from the spleen of
mice exposed to GlyAg showed marked increase in the production
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of the suppressive cytokine IL-10 (Figure 1G), supporting the notion
that GlyAg stimulation leads to IL-10 secretion by T cells. Finally,
myeloperoxidase-positive (MPO*) infiltrating leukocytes around the
airways, while apparent in saline-treated mice, are absent in mice trea-
ted with GlyAg, in both hematoxylin and eosin (H&E) and confocal
immunohistochemistry (IHC) studies (Figure 1H). Together, these
data show the ability of microbial products to prevent inflammatory
responses in the lung after exposure in the gut.

GlyAg-mediated asthma protection is driven by T cells
Previous data have suggested that the immunomodulatory properties
of GlyAgs are T-cell mediated (Chung et al. 2002, 2003). However,
this has primarily been shown for gut and peritoneal-localized inflam-
matory events, and the ability to inhibit peripheral tissue inflammation
in a T-cell-dependent fashion is unclear. WT mice were orally treated
with GlyAg as before, and splenic CD4" T cells were adoptively trans-
ferred into naive WT mice 24 h prior to asthma induction. Transfer of
GlyAg-experienced T cells robustly prevented cellular infiltration into
the airways (Figure 2A-D). As before, eosinophil numbers were un-
changed from baseline in all mice tested (data not shown). Inflamma-
tory cytokines within the lung tissue (Figure 2E and F) as well as lung
histology and THC (Figure 2G) were also significantly reduced in
GlyAg-experienced T-cell recipients. These data demonstrate that
the inhibition of asthma induction by commensal-derived GlyAg is
T-cell dependent.

In order to establish protective efficacy in an asthma model with a
varied etiology, such as allergic T helper type 2 (Th2)-skewed asthma,
WT mice were treated as before and CD4* T cells were adoptively
transferred directly into the transgenic OTII mice carrying a germ-line
encoded T cells receptor specific for OVA. Despite a significantly more
robust phenotype and inflammatory state, mice that received T cells
from GlyAg-treated mice were still protected from asthmatic induction
(Figure 3A-G). Unlike the WT model, the OTII mice show eosinophil
infiltration as well as IgE production. Remarkably, we found that
T cells from GlyAg-treated mice are able to inhibit eosinophil infiltra-
tion as well as serum IgE elevation (Figure 3E and F). Similarly,
both H&E and confocal imaging of tissue sections show a significant
reduction in inflammatory cells around both airways and blood vessels
(Figure 3G). Together, these data establish the profound protective ef-
ficacy and T-cell dependency of oral GlyAg treatment in two murine
models of asthma with varied etiology.

GlyAg-responding T cells are not canonical
FoxP3* regulatory T cells
There are disparities in the literature as to the role of the common
CD4*FoxP3* regulatory T cells (Tregs) in the suppressive effects of
the GlyAg PSA. In humans, the responding population were clearly
identified as FoxP3~ (Kreisman and Cobb 2011), whereas murine re-
ports have varied somewhat (Ochoa-Reparaz et al. 2010; Round and
Mazmanian 2010). To determine whether GlyAg-induced FoxP3*
Tregs were responsible for asthma inhibition, FoxP3-GFP reporter
mice were orally treated with GlyAg as before. Using sterile flow sort-
ing, CD4"FoxP3~ T cells were purified and transferred into naive re-
cipients. Asthma pathogenesis in all measures (Figure 4A-E) was
blocked equally well compared with the transfer of bulk CD4* T
cells (Figures 2 and 3), demonstrating that FoxP3* Tregs are not the
responding population to GlyAg stimulation, and are not directly
responsible for the inhibition of asthma induction.

In order to fully establish the lack of direct FoxP3* Treg response
against GlyAg, splenic T cells isolated from mice orally treated with
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Fig. 2. GlyAg limits airway inflammation in a T-cell-dependent fashion. (A-D)
Differential analysis of cellular infiltrates from BAL samples of WT mice
receiving purified CD4* T cells from WT mice treated with GlyAg or saline
vehicle control, with (gray bars) and without (white bars) intranasal OVA
challenge to induce asthma, showing that GlyAg-mediated protection from
cellular infiltration into the airway is driven by T cells. (E and F) Lung
homogenate supernatants were analyzed by ELISA for IFNy and IL-4 as a
measure of inflammatory state. GlyAg-experienced T cells suppressed
expression of both T-cell cytokines. (G) H&E stained sections (4x) and
confocal IHC (40x) using EpCAM (green) and MPO (red) showing the ability
of GlyAg-experienced T cells to prevent tissue pathology and activated
leukocyte infiltration. #P>0.05, *P<0.05.

GlyAg were also analyzed by flow cytometry. Consistent with the
protection shown in Figure 4 and despite the lack of Foxp3™ T cells,
we found no significant change in CD25*FoxP3~, CD25*FoxP3", or
CD257FoxP3" populations of Tregs resulting from GlyAg treatment
(Figure 5), although we cannot rule out FoxP3 expression at later
time points.

Asthma inhibition by GlyAg is IL-10 dependent

Our previous work indicated that GlyAgs suppress proinflammatory
T-cell activation through an IL-10-mediated mechanism in humans
(Kreisman and Cobb 2011). In order to determine the mechanism
by which GlyAg T cells suppress asthma, IL-10-null mice (IL-10n)
were sensitized with OVA-Alum, and then OVA-specific enriched
CD4" cells were transferred into an naive IL-10n recipient which
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Fig. 3. GlyAg is able to suppress both Th1- and Th2-skewed asthma. (A-E)
Differential analysis of cellular infiltrates from BAL samples of OT-Il mice
receiving purified CD4* T cells from WT mice treated with GlyAg or saline
vehicle control, with (gray bars) and without (white bars) intranasal OVA
challenge to induce asthma, to quantify leukocyte infiltration, including
eosinophils (Eos), showing the suppression of Th2-driven leukocyte
infiltration into the airways. (F) As a hallmark of Th2-skewed asthma, serum
immunoglobulin titers were analyzed by ELISA for total IgE concentration.
GlyAg-experienced T cells prevented IgE production. (G) H&E stained
sections (4x) and confocal IHC (40x) using EpCAM (green) and MPO (red)
showing that despite the altered etiology (Th2 versus Th1 as in Figures 1-2)
and the more severe level of inflammation, GlyAg-experienced T cells
robustly prevented the onset of all classical asthma inflammatory symptoms.
#P>0.05, *P<0.05.

had been pretreated with GlyAg as before. We found that the ability to
suppress asthma was completely lost in this IL-10-deficient model (Fig-
ure 6A-E). Finally, in order to determine whether GlyAg treatment in-
duced OVA-specific T cells to switch to a regulatory/tolerant
phenotype, IL-10n mice were directly treated with GlyAg as before,
and then received IL-10-sufficient CD4* OTII T cells prior to asthma
induction. Despite the OTII cells being IL-10 sufficient, oral GlyAg
treatment was unable to generate a protective response in the absence
of IL-10 in the treated mice (Figure 6F-]). These data illustrate that
GlyAg induces a separate population of non-canonical Tregs that
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Fig. 4. GlyAg-responding CD4"* T cells do not require FoxP3 to inhibit asthma.
(A-D) Differential analysis of cellular infiltrates from BAL samples of mice
receiving purified FoxP3-depleted CD4* T cells from GlyAg or saline-treated
FoxP3-eGFP reporter mice, with (gray bars) and without (white bars)
intranasal OVA challenge to induce asthma. CD4"FoxP3~ T cells from
GlyAg-treated mice inhibited cellular infiltration despite lacking canonical
regulatory T cells. (E) H&E stained sections (4x) and confocal IHC (40x) using
EpCAM (green) and MPO (red) further demonstrate the lack of activated
leukocytes within the tissues of mice provided GlyAg-experienced
CD4*FoxP3~ T cells. #P>0.05, *P<0.05.

lack FoxP3 expression but rely upon IL-10 production to reduce sus-
ceptibility to asthma.

Discussion

In this study, we show that intestinal exposure to the capsular glycoan-
tigen PSA is able to inhibit asthma induction in a T-cell-dependent
fashion. Moreover, we found that this protection is IL-10 dependent,
and that the GlyAg-responding population of T cells are lacking the
expression of the canonical transcription factor Foxp3, which directly
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Fig. 5. Oral GlyAg treatment does not alter FoxP3*CD4" T cells. T cells were
isolated from GlyAg-treated mice and stained for markers of regulatory T
cells. (A) No change in the number of CD4*CD25*FoxP3" or
CD4*CD25 FoxP3* across multiple experiments and mice were seen upon
GlyAg exposure, consistent with the FoxP3-independent protection from
asthma (P<0.05). (B) Representative flow plots of T cells from GlyAg- and
saline-treated mice.

recapitulates our observations with human cells (Kreisman and Cobb
2011). Importantly, asthma blockade was seen for both Th1- and
Th2-skewed asthma, illustrating the robust bystander nature of the
suppression mediated by PSA.

While several groups have examined the immunomodulatory
properties of PSA, none have connected exposure to this commensal
bacterial product to a condition directly tied to the hygiene hypothesis,
such as asthma. Although it is all but certain that multiple pathways
are likely at play with respect to how exposure to microbes and their
products drive susceptibility to inflammatory disease, our findings
provide one mechanism by which the hygiene hypothesis can be rea-
lized. In fact, a model system which replicates the ‘hygiene’ phenom-
enon (Strachan 1989, 2000) using the most relevant disease (asthma)
allows for further investigation of how T cell responses in the mucosa
driven by the microbiota actually communicate with the peripheral
immune system. Moreover, it provides a means by which to under-
stand how exposure to certain flora and environments provide pro-
tection from allergic diseases (Schaub et al. 2006; Illi et al. 2012),
while exposure to other environmental stimuli, such as cockroaches,
pet dander and house dust mites, promotes susceptibility to asthma
(Sporik et al. 1990; Wahn et al. 1997).

Another aspect to consider is timing of antigen or bacterial expos-
ure. The manner of initial colonization upon delivery, vaginal delivery
when compared with a cesarean section, has implications for base line
cytokine levels (Ly et al. 2006) and susceptibility to the development
of asthma (Pistiner et al. 2008; Neu and Rushing 2011; Kristensen
etal. 2014). Early exposure to prebiotics, such as non-digestible oligo-
saccharides, has been shown to reduce wheezing episodes 2 years after
treatment (Arslanoglu et al. 2008), but there is little data to indicate if

this protection persists into adulthood. Interestingly, recent epidemio-
logical data indicates that although owning dogs provide a benefit for
children in terms of reduced susceptibility to asthma, this protection is
only true if the individual lives in a home with dogs within the first 2
years of life (de Meer et al. 2005). After this developmental period, the
presence or absence of a household dog has no positive or negative im-
pact on asthma susceptibility, indicating that the responses to micro-
bial products are key to the appropriate development of a healthy
immune system, and that they must occur very early in life. Consistent
with this, there is conflicting evidence about the effectiveness of pro-
biotics on protection from allergic diseases (reviewed in Hormann-
sperger et al. 2012), suggesting that maximal benefit is obtained
only while the immune system is in rapid development. With PSA as
a model microbiota antigen, the critical window of exposure, as well
as the critical components required, could be more clearly defined and
earlier steps could be taken to harness the beneficial aspects of bacter-
ial exposure.

Finally, the cellular mechanism of PSA action still needs to be
further defined. The work centering around B. fragilis and PSA has
been used as a model for the effect of gut commensals on overall
health (Chung et al. 2002; Cobb et al. 2004; Mazmanian et al.
2005; Ruiz-Perez et al. 2005; Wang et al. 2006; Cobb and Kasper
2008; Velez et al. 2009; Kreisman and Cobb 2011; Ryan et al.
2011); however, even within this body of work, the apparent duality
of proinflammatory versus anti-inflammatory effects of the microbiota
are readily observed. Early work with B. fragilis focused on activating
CD4* T cells instrumental in generating proinflammatory responses
leading to intra-abdominal abscesses (Tzianabos et al. 1993; Gibson
et al. 1998; Chung et al. 2003) and later these same T cells were iden-
tified as the causative agents for postsurgical adhesions (Chung et al.
2002); yet colonization with B. fragilis or treatment with purified PSA
in the absence of an adjuvant can result in exactly the opposite by lim-
iting or preventing the induction of inflammatory conditions such as
IBD (Mazmanian et al. 2008), intra-abdominal abscesses (Tzianabos
et al. 1995, 1998), and postsurgical adhesions (Chung et al. 2002).
If probiotic-styled approaches from either live bacteria or their
products are to be translated into the clinic as treatments for inflamma-
tory disease, this apparent duality in response must be addressed.
In fact, critical questions remain about the subset of T cells directly
responding to PSA and B. fragilis, a gap in our knowledge that is also
true for essentially all microbiota studies. Indeed, the global influence of
the microbiota on the physiology of the host is now clear, yet our under-
standing of the regulatory mechanisms at play is critical in furthering the
development of PSA, other glycoantigens, and all other probiotics as
potential therapeutics for asthma and other immune-mediated diseases.

In summary, we demonstrate that gastrointestinal exposure to a
capsular polysaccharide from a commensal bacterium inhibits asthma
induction, and that this process is dependent on the activation of
CD4"Foxp3™ T cells and the subsequent T-cell-driven production of
the anti-inflammatory cytokine IL-10. This glycoantigen-driven inhib-
ition was shown to be robust in both Th1- and Th2-skewed disease
models, providing the basis for the use of PSA and the downstream
immune pathway for the potential treatment of the wide manifesta-
tions of human asthma.

Materials and methods

Mice and bacteria

WT C57Bl/6, OTII and IL-10n breeding pairs were obtained from
Jackson Labs and housed in specific pathogen free (and B. fragilis-free)
conditions according to guidelines established by the Institutional
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Fig. 6. Inflammatory inhibition requires IL-10 production. (A-D) Differential
analysis of cellular infiltrates from BAL samples of GlyAg or saline-treated

Animal Care and Use Committee of Case Western Reserve University
in Cleveland, OH, USA. FoxP3-eGFP reporter mice were a kind gift
from Dr. A. Rudensky and were likewise housed. All mice were on
the C57Bl/6 background. Experimental mice were 7-12 weeks of
age. B. fragilis was grown in anaerobic conditions, and PSA (GlyAg)
was purified as previously described (Gibson et al. 1998; Cobb et al.
2004). For all GlyAg treatments, mice were orally gavaged with GlyAg
over 12 days (100 pg/dose in saline every 3 days) (Ochoa-Reparaz
et al. 2010). Negative controls utilized saline vehicle alone.

Airway inflammation models

CD4" splenocytes from OT-II mice were purified by magnetic
bead-positive selection (Miltenyi), and 2 x 106 cells were transferred
intravenously into naive recipient mice. Beginning 24 h later, the
mice received intranasal OVA (40 pg/dose in PBS; Sigma) for six con-
secutive days before being sacrificed on Day 7. For intranasal chal-
lenge, mice were anesthetized using a table top anesthesia system
(Vet Equip) with 3% isoflurane (Baxter). For co-transfer experiments,
CD4+ splenocytes were purified as before from GlyAg or mock saline-
treated mice (WT, IL-10n or FoxP3-eGFP), and 2 x 106 T cells were
transferred into naive recipient mice at the same time as the OT-II
CD4+ splenocytes before beginning the OVA challenges. Similarly,
for direct transfer into OTII mice, 2 x 106 CD4+ cells from treated
WT mice were purified and transferred as above. Euthanasia was per-
formed with a mixture of 8.6% ketamine (Fort Dodge), 1.7% xylazine
(Anased) and 2.9% acepromazine (Boehringer Ingelheim) in sterile sa-
line. Mice were dosed at 0.006 cc/g. Blood was taken via cardiac punc-
ture and centrifuged in Microtainer serum collection tubes (BD
Biosciences) and serum was stored at —80°C until use. Mice were
then given a tracheotomy, and lungs were flushed with 1 mL PBS con-
taining 0.6 mM EDTA three times. Cells from these washes were col-
lected, resuspended in 50 uL. PBS with 0.6 mM EDTA and automated
differentials were performed on a Hemavet 950 Hematology Analyzer.
Right lungs were inflated with OCT (Tissue-Tek) and fixed in 10% for-
malin prior to paraffin embedding and sectioning at the Case Western
Reserve University (CWRU) Tissue Procurement and Histology Core
Facility. Left lungs were homogenized and incubated in 500 uL. media
for 24 h. The media supernatant from these incubations was analyzed
for cytokine levels by standard sandwich ELISA (BioLegend).

Sterile T-cell sorting
Sterile flow sorting of cell populations was performed in the Department
of Pathology Flow Cytometry Core on a FACSAria (BD Biosciences).

IL-10n mice receiving purified CD4* T cells from OVA-sensitized IL-10n mice,
with (gray bars) and without (white bars) intranasal OVA challenge to induce
asthma. (E) H&E stained sections (4x) and confocal IHC (40x) using EpCAM
(green) and MPO (red) from these same mice. These data demonstrate that
expression of the inhibitory cytokine IL-10 is necessary for the suppressive
activity of GlyAgs. In order to test whether the protective IL-10 is derived
from GlyAg-induced changes in the OVA-specific T cells that normally cause
the inflammation, IL-10n mice were first treated with GlyAg or saline control,
then provided IL-10-sufficient OVA-specific OT-Il mice. These mice were then
challenged with and without intranasal OVA to induce asthma. (F-)
Differential analysis of cellular infiltrates from BAL samples (gray = OVA
challenged; white =saline challenge control) demonstrate that GlyAg was
unable to protect these mice from leukocyte infiltration. (J) H&E stained
sections (4x) and confocal IHC (40x) using EpCAM (green) and MPO (red)
confirm that GlyAg treatment requires IL-10 production, and that GlyAg
treatment does not directly induce changes in the OVA-specific T cells
causing disease.
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Histology

The H&E staining of lung sections was performed by the CWRU
Tissue Procurement and Histology Core Facility. Unstained slides
were stained with antibodies specific for EpCAM (6 pg/mL;
eBioscience) and MPO (1:100, Abcam; anti-rabbit secondary: 1:
1000, Invitrogen).

General data analyses

All data are shown as mean = SEM. Mice included a minimum of four
animals per group per replicate experiment. Graphs and statistical
measures were generated with GraphPad Prism v5.0 graphing
software. Comparisons between multiple groups were done using an
ANOVA test, whereas comparisons between two groups (where
appropriate) were done using a Student’s #test.
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