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Abstract
STAT6-mediated chemokine production in the lung is required for Th2 lymphocyte and eosinophil
homing into the airways in allergic pulmonary inflammation, and thus is a potential therapeutic target
in asthma. However, the critical cellular source of STAT6-mediated chemokine production has not
been defined. Here we demonstrate that STAT6 in bone marrow-derived myeloid cells was sufficient
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for the production of CCL17, CCL22, CCL11, and CCL24 and for Th2 lymphocyte and eosinophil
recruitment into the allergic airway. In contrast, STAT6 in airway lining cells did not mediate
chemokine production or support cellular recruitment. Selective depletion of CD11b+ myeloid cells
in the lung identified these cells as the critical cellular source for the chemokines CCL17 and CCL22.
These data reveal that CD11b+ myeloid cells in the lung help orchestrate the adaptive immune
response in asthma, in part, through the production of STAT6-inducible chemokines and the
recruitment of Th2 lymphocytes into the airway.
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Introduction
Asthma is a complex syndrome broadly defined by inflammation of the airways associated
with airways hyper-responsiveness (AHR) and mucus hypersecretion (1). In most cases, the
airway inflammation characteristic of asthma results from an allergic-type reaction to an
inhaled substance from the environment (allergic asthma). In response to this antigenic
challenge, the airways develop eosinophilic inflammation with edema and mucus production.

The homing of activated Th2 lymphocytes into the airways is necessary to establish and
orchestrate the asthmatic inflammatory response (2,3). In support of this central role of Th2
cells, levels of Th2 lymphocytes and their cytokines are elevated in the airways of humans with
asthma (4-6). In addition, murine models of asthma have demonstrated that Th2 cells and the
cytokines they secrete are essential for the development of airway eosinophilia and AHR
(7-10). Consistent with this, adoptive transfer of effector Th2 cells into naive mice followed
by exposure to inhaled antigen induces features of asthma, including eosinophilic
inflammation, mucus hypersecretion and AHR (11-14), demonstrating that these cells are fully
capable of producing the asthma phenotype.

The accumulation of Th2 cells in the airways in this model has been shown to be due to
recruitment of Th2 cells that have proliferated in the thoracic lymph nodes, rather than due to
proliferation of Th2 cells already in the lung (14,15). The subsequent homing of eosinophils
is then dependent on Th2 cell accumulation in the airways (16). Taken together, these data
reveal that homing of Th2 cells to the airways is central to the pathogenesis of asthma. It follows
that a therapeutic strategy that interrupts the recruitment of Th2 cells into the lung should
effectively interrupt airway inflammation in asthma.

In prior studies, we determined that Th2 cell trafficking into the airway is controlled by G
protein-coupled chemoattractant receptors (16). Multiple chemokines and lipid
chemoattractants and their receptors have been identified as having the potential to direct Th2
cell recruitment into the asthmatic airway. However, studies inhibiting or deleting single
chemoattractant receptors expressed on Th2 cells (e.g. CCR4, or CCR8) or chemoattractants
active on them have revealed conflicting results (17-22). The preservation of Th2 cell
trafficking in the absence of individual chemoattractants or their receptors has led us to examine
potential master regulators of Th2 cell recruitment, such as transcription factors that regulate
chemokine secretion in allergic inflammation. Previous research by our group and others has
shown that deletion of STAT6 in the lung eliminates >80% of Th2 cell trafficking into the
airways and eliminates airway eosinophilia following allergen challenge (23-25). Our prior
study also demonstrated that STAT6 expression in a resident lung cell is necessary for effective
Th2 cell and eosinophil recruitment into the airways. Consistent with this, STAT6-/- mice had
significantly lower production of the Th2 cell-active chemokines CCL17 and CCL22, and the
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eosinophil-active chemokines CCL11 and CCL24. In the present study, we sought to determine
the critical mediators of chemokine production and Th2 cell recruitment in this model of
asthma.

Here we demonstrate that transplantation of wild-type or RAG1-/- bone marrow into
STAT6-/- mice restored the production of the chemokines CCL17, CCL22, and CCL24 and
reestablished Th2 lymphocyte and eosinophil recruitment into the lung following Th2 cell
transfer and antigen challenge. In contrast, STAT6 in airway lining cells in the lung did not
restore T cell or eosinophil trafficking, despite the restoration of mucus hypersecretion
following Th2 cell transfer and antigen challenge. We then demonstrate that a distinct
population of CD11c+/CD11b+ myeloid cells in the lung is the primary source of CCL17 and
CCL22 and that these cells contribute to the recruitment of Th2 cells into the airways during
allergic inflammation. Our data suggests that STAT6-dependent chemokine production from
CD11b+ myeloid cells in the lung is important for the recruitment of Th2 lymphocytes in this
model and may represent an effective target for asthma therapy.

Materials and Methods
Mice

Wild-type mice, DO11.10 TCR transgenic mice, RAG1-/- mice, and STAT6-/- mice (all in a
BALB/c background) were purchased from Jackson Laboratories (Bar Harbor, ME). The
EpiSTAT6 strain was provided by Drs. Kuperman and Dr. Erle in a BALB/c background. The
CD11b-DTR strain was provided by Dr. Duffield. This strain was provided in an FVB
background and was crossed one generation to BALB/c wild-type mice. Mice were used at 6-8
weeks of age and were age and sex matched for all experiments. For the bone marrow transplant
protocol, mice were transplanted at 6 weeks of age and then allowed to reconstitute for 8 weeks
prior to use in the asthma model. All protocols were approved by the Massachusetts General
Hospital Subcommittee on Research and Animal Care.

Mouse models
Allergic airway inflammation was induced in mice as previously described (16,23). Briefly,
naive mice received intravenous or intratracheal transfer of 5 × 106 in vitro-differentiated OVA-
specific Th2 cells obtained from the DO11.10 transgenic mouse strain. Th2 polarization was
performed as described (16,23) using irradiated splenocytes as antigen presenting cells. In some
experiments, single cell suspensions of lung cells were obtained as described (26,27), irradiated
and then used as antigen presenting cells to stimulate naïve OVA-specific Th2 cells or in vitro
Th2-polarized OVA specific T cells as described (16,23). Th2 differentiation was confirmed
by intracytoplasmic cytokine staining for both IL-4 and IFNγ (BD Pharmingen, San Diego,
CA), which demonstrated 40-60% of cells positive for IL-4 and 0% positive for IFNγ. In some
experiments the Th2 cells were labeled with CFSE as previously described (28). 24 hours after
injection, mice underwent aerosol challenge with OVA (50 mg/ml in PBS) or PBS alone daily
for 4 days. Mice were sacrificed 20-24 h after the last aerosol challenge.

Bone marrow transplant
Bone marrow was isolated from STAT6-/- mice, RAG1-/- mice, and wild-type BALB/c mice.
Donor mice were killed in 100% CO2. Bone marrow was obtained by flushing of the femurs
and tibiae of donor mice with RPMI using a 24-gauge needle. Recovered cells were filtered,
counted, and resuspended in sterile RPMI. Recipient wild-type BALB/c or STAT6-/- mice were
lethally irradiated with 7 Gy whole-body γ-irradiation using a 137Cs source. Following
irradiation, the recipient mice were then injected intravenously with 5 × 106 bone marrow cells
from STAT6-/- mice, RAG1-/- mice, or wild-type BALB/c mice in a volume of 0.5 ml via the
lateral tail vein. The mice were then housed for 8 weeks to allow full engraftment of the bone
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marrow. At this point the mice received intravenous adoptive transfer of 5 × 106 in vitro-
differentiated OVA-specific Th2 cells obtained from the DO11.10 transgenic mouse strain
followed by 4 daily OVA aerosol challenges as outlined previously.

Diphtheria injection
CD11b-DTR mice were crossed for 1 generation to BALB/c mice. Mice were injected
intraperitoneally with 25 ng/g diphtheria toxin (Sigma-Aldrich, St. Louis, MO) resuspended
in 250 μl of PBS or PBS alone. Some mice then received intravenous adoptive transfer of 5 ×
106 in vitro differentiated OVA-specific Th2 cells obtained from the DO11.10 transgenic
mouse strain the next day. The following day the mice received a second injection of DT or
PBS. The same day the mice also received the first of 4 daily OVA or PBS aerosol challenges
as outlined previously. Mice were harvested 24 hours after the last OVA dose.

Bone marrow derived dendritic cell culture and transfer
Bone marrow was isolated from wild-type BALB/c and STAT6-/- mice and cultured in media
with 20 ng/ml GM-CSF (R&D Systems, Minneapolis, MN) as previously described (29). After
culturing the cells for 10 days, the non-adherent cells were collected, washed and resuspended
in PBS. CD11b-DTR mice which had been given DT and OVA-specific Th2 cells as described
above, received 2 million wild-type or STAT6-/- dendritic cells in 50 μl of PBS intratracheally
3 hours after the first OVA challenge. Mice then received the second injection of DT and 3
more daily OVA challenges. Control mice received no dendritic cells and just DT or PBS
injections. Mice were harvested 24 hours after the last challenge.

IL-13 administration
CD11b-DTR/BALB/c hybrid mice were injected with DT or PBS as indicated above. Three
days after the last injection, the mice received 5 μg of recombinant murine IL-13 (Peprotech,
Rocky Hill, NJ) via intranasal injection and were harvested 24 hours later.

Mouse harvest and analysis
Mice were anesthetized with ketamine and a BAL and single cell suspensions of the thoracic
lymph node and lung were obtained as previously described (26,27). Cells recovered from the
BAL, lymph node and lung were blocked and then stained with fluorescently labeled antibodies
to the OVA-specific TCR (KJ-126 from Caltag, Carlsbad, CA), CD4, and CD8 (BD
Biosciences, San Jose, CA). Flow cytometry was performed after gating on the lymphocyte
population utilizing a FACS Caliber analytical flow cytometer (BD Biosciences) and analyzed
using Flowjo software (Treestar, Ashland, OR). The differential cell count on cells isolated
from the BAL was determined by enumerating macrophages, neutrophils, eosinophils, and
lymphocytes on cytocentrifuge preparations of the cells stained with Diff-Quick (Dade
Behring, Newark, DE). For histopathologic examination lungs were flushed free of blood,
inflated with 10% buffered formalin and were prepared and evaluated as previously described
(26). For immunohistochemistry sections were stained with anti-GFP (Abcam, Cambridge,
MA) according to a published protocol (30). RNA was purified from the lung and analyzed by
quantitative PCR as previously described (26). In some mice, blood was obtained by RV
puncture and suspended in PBS with EDTA to prevent clotting. Red blood cells were lysed
with resuspension in RBC lysis buffer (Sigma-Aldrich, St. Louis, MO) and the remaining
leukocytes were blocked and stained with an antibody to murine CCR3 (R&D Systems). Flow
cytometry was performed after gating on the granulocyte population utilizing a FACS Caliber
analytical flow cytometer (BD Biosciences) and analyzed using Flowjo software (Treestar).
BAL chemokine protein levels were assessed by commercial ELISA kits (R&D Systems). For
lung cell isolation, a single cell suspension of total lung cells were prepared as described (26,
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27) and then stained with antibodies to CD11b and CC11c. Cells were sorted using a FACSAria
Cell-Sorting System (BD Biosciences).

Data analysis
Data are expressed as mean ± SEM. Differences in results were considered to be statistically
significant when p < 0.05 using a student’s t-test or ANOVA.

Results
STAT6 in airway lining cells is insufficient to induce Th2 cell and eosinophil recruitment

We used adoptive transfer of OVA-specific in vitro polarized Th2 cells followed by OVA
challenge to model allergic airway inflammation. This model has been shown to lead to
prominent eosinophil and Th2 cell recruitment into the airways without the need for
immunization (23), and thus is an ideal system to study mechanisms of Th2 cell trafficking
independent of other processes such as in vivo T cell activation. We used this model in wild-
type BALB/c mice, STAT6-/- mice (in a BALB/c background), and the previously described
EpiSTAT6 mice (in a BALB/c background), which are STAT6-/- mice that express STAT6
driven by the Clara cell specific promoter CC10 (31). These mice express STAT6 only in the
airway lining and not in other cells of the lung. After transfer of Th2 cells and antigen challenge,
there was prominent recruitment of OVA-specific Th2 cells (identified by an antibody specific
to the transgenic T cell receptor, referred to as KJ) into the airways of wild-type mice. However,
transfer of Th2 cells into STAT6-/- or EpiSTAT6 mice followed by antigen challenge resulted
in nearly 10-fold less OVA-specific Th2 cell recruitment into the airways (Figure 1A). There
was also a significant defect in total CD4+ T cells and eosinophils recruited into the airways
(Figure 1B, C, D). As shown previously (23), PBS challenge did not lead to significant
recruitment of OVA-specific Th2 cells, total CD4+ T cells or eosinophils into the airways of
wild-type or STAT6-/- mice (Figures 1A, 1B and data not shown). Prominent eosinophilic
airway inflammation was seen in wild-type mice but not in the STAT6-/- mice, EpiSTAT6
mice, or in PBS challenged mice following Th2 cell transfer and antigen challenge (Figure 1E
and data not shown).

Decreased levels of chemokines in STAT6-/- and EpiSTAT6 mice
We quantified the levels of RNA transcripts for the major eosinophil- and Th2 lymphocyte-
active chemokines CCL11, CCL24, CCL17, CCL22, and CCL1 in RNA isolated from lungs
of wild-type, STAT6-/-, and EpiSTAT6 mice following Th2 cell transfer and antigen or PBS
challenge (Figure 1F). As shown previously (23), Th2 cell transfer and OVA challenge led to
increased levels of CCL11, CCL24, and CCL17 RNA in wild-type mice relative to PBS
challenged mice. However, there were reduced RNA levels of these chemokines in the lungs
of STAT6-/- mice and EpiSTAT6 mice following Th2 cell transfer and OVA challenge, with
transcript levels similar to levels in PBS challenged wild-type and STAT6-/- mice. CCL1 levels
were low and unaffected. Levels of CCL22 were relatively low in wild-type mice and were
reduced further in the STAT6-/- mice but not in the EpiSTAT6 mice, suggesting that the airway
lining cells can produce CCL22 RNA in the EpiSTAT6 mice. However, this did not lead to
detectable levels of CCL22 protein in the bronchoalveolar lavage fluid (BAL) (Figure 1G) or
recruitment of Th2 cells comparable to levels in wild-type mice. Protein levels of CCL24,
CCL22, and CCL17 in the BAL were reduced in the STAT6-/- and EpiSTAT6 mice compared
to wild-type mice (Figure 1G). Levels of these proteins were undetectable in PBS challenged
mice (data not shown). We did not detect significant protein levels of CCL11 or CCL1 in the
BAL in any of these mice. These data demonstrate that the critical source of STAT6-dependent
chemokines is not the airway lining, but rather, another resident lung cell.
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STAT6 in airway lining cells is sufficient for mucus cell hypertrophy
Despite the lack of airway inflammation we did see increased Periodic-Acid-Schiff (PAS)
staining of the airway epithelium in the EpiSTAT6 (Figure 2C) comparable to wild-type mice
(Figure 2A), but this staining was absent in STAT6-/- mice and PBS challenged wild-type and
STAT6-/- mice (Figure 2B and data not shown). These data indicate that the small number of
transferred OVA-specific Th2 cells that were recruited into the lung were likely producing
Th2-type cytokines in response to antigen, which resulted in mucus hypersecretion in the
EpiSTAT6 mice, but did not lead to amplification of Th2 cell recruitment and effective airway
recruitment of Th2 cells. These data suggests that STAT6 functions are anatomically
compartmentalized, and that STAT6 in a non-airway lining cell controls the recruitment of
Th2 cells and eosinophils, while STAT6 in epithelial cells is sufficient for mucus production.

Intratracheal transfer of OVA-specific Th2 lymphocytes into STAT6-/- mice did not restore
eosinophil trafficking

In a previous study, we demonstrated that intratracheal transfer of OVA-specific Th2 cells into
naïve wild-type mice followed by antigen challenge led to eosinophil recruitment into the
airways (16). PBS challenge in these mice did not lead to significant eosinophil recruitment
(16). To determine if the defect in eosinophil recruitment in STAT6-/- mice is a result solely
from the defect in Th2 cell trafficking or if there is a direct effect of STAT6 deletion on
eosinophil recruitment, we transferred 5 × 106 OVA-specific in vitro polarized Th2 cells
intratracheally into wild-type and STAT6-/- mice followed by three OVA or PBS aerosol
challenges. Following adoptive transfer and challenge, STAT6-/- mice had significantly more
OVA-specific Th2 cells retained in the BAL compared to wild-type recipients (Figure 3A and
B). The reasons for this are unclear but may relate to a defect in Th2 cell exit from the airways
of STAT6-/- mice. As expected, PBS challenge did not result in eosinophils in the BAL in
either the wild-type or STAT6-/- mice. Despite the increased numbers of Th2 cells in the BAL,
STAT6-/- mice did not recruit eosinophils into the airways following OVA challenge (Figure
3C). Both STAT6-/- mice and wild-type mice did however develop increased eosinophils in
the blood with OVA challenge (Figure 3D), indicating that the reduced number of eosinophils
found in the airways was due to a recruitment defect, rather than a defect in eosinophil
production and release from the bone marrow. Consistent with this, there were reduced RNA
levels of CCL11, CCL24, and CCL17 in the lungs isolated from STAT6-/- mice compared to
wild-type mice in these experiments (Figure 3E). The results indicate that STAT6 expression
in the lung is also necessary for eosinophil recruitment into the airways in this model.

Th2 lymphocyte and eosinophil trafficking is restored in STAT6-/- mice reconstituted with
wild-type or RAG1-/- bone marrow

To investigate if the critical source of STAT6-dependent chemokines was a bone marrow
derived cell in the lung, we reconstituted STAT6-/- mice with wild-type, RAG1-/-, or
STAT6-/- bone marrow. Eight weeks after bone marrow transplant, we adoptively transferred
OVA-specific Th2 cells into these mice and then challenged them with OVA. STAT6-/- mice
reconstituted with STAT6-/- bone marrow had significantly less OVA-specific Th2 cells, total
CD4+ T cells, and eosinophils recruited into the BAL, compared to STAT6-/- mice reconstituted
with wild-type or RAG1-/- bone marrow (Figure 4A, B, C, D). In addition, there was prominent
eosinophilic airway inflammation in the STAT6-/- mice reconstituted with wild-type or
RAG1-/- bone marrow followed by Th2 cell transfer and antigen challenge compared to
STAT6-/- mice reconstituted with STAT6-/- bone marrow (Figure 4E). Despite the eosinophilic
airway inflammation in the STAT6-/- mice reconstituted with wild-type or RAG1-/- bone
marrow, we did not see increased PAS staining of the airway epithelium in these mice (Figure
2E, F), compared to wild-type mice reconstituted with wild-type bone marrow (Figure 2D).
This is consistent with our findings demonstrating that STAT6 expression in epithelial cells
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controls mucous production. Of note, the numbers of lymphocytes recruited into the BAL in
these mice were 3-fold greater compared to mice with allergic airway inflammation that had
not received a bone marrow transplant. However, the relative difference in Th2 cell recruitment
between STAT6-/- mice that received wild-type or RAG1-/- bone marrow and those that
received STAT6-/- bone marrow was similar to the differences seen between wild-type mice
and STAT6-/- mice that did not receive bone marrow transplants. In addition, a similar increase
in BAL cell numbers was obtained when we reconstituted wild-type BALB/c mice with wild-
type bone marrow followed by adoptive transfer of OVA-specific Th2 cells and OVA
challenges (Figure 4A). This suggests that the general increase in Th2 cell recruitment
following bone marrow transplant may relate to the use of older mice (on average 8 weeks
older) and/or the effects of radiation treatment.

RNA transcript and protein levels of CCL17, CCL22, and CCL24 in the lungs of STAT6-/-

mice reconstituted with STAT6-/- bone marrow followed by Th2 cell transfer and antigen
challenge were significantly lower than levels in the lungs of STAT6-/- mice reconstituted with
wild-type or RAG1-/- bone marrow (Figure 4F, G). However, we did not see any difference in
the expression levels of CCL11 in the lungs of STAT6-/- mice reconstituted with wild-type or
RAG1-/- bone marrow compared to STAT6-/- mice reconstituted with STAT6-/- bone marrow,
suggesting that CCL11 may be primarily produced in the lung by a non-bone marrow derived
cell, and is not critical for eosinophil accumulation in the airway. Thus, restoration of STAT6
expression in a myeloid-derived cell in the lung is sufficient to restore Th2 cell and eosinophil
trafficking in STAT6-/- mice but not mucus hyper-secretion.

CD11c+/CD11b+ myeloid cells are the major producers of Th2-cell active chemokines
Myeloid cells in the lung can be broadly categorized by the expression of CD11c and CD11b.
In general, CD11c+/CD11b- cells are considered macrophages and CD11c+/CD11b+ cells are
considered dendritic cells (32). A recent study has demonstrated that the CD11c+/CD11bhigh

population of myeloid cells are potent producers of chemokines during allergic inflammation
(33), thus we were interested in determining if these myeloid populations produce the relevant
chemokines in our model of asthma. We sorted the CD11c+/CD11b+ and CD11c+/CD11b-

populations from wild-type naïve mice and wild-type mice following Th2 cell transfer and
OVA challenge using flow cytometry. We then analyzed levels of CCL17, CCL22, CCL11,
and CCL24 RNA in these cells (Figure 5A). The CD11c+/CD11b+ population from mice
following Th2 cell transfer and OVA challenge had very high RNA levels of CCL17 and
CCL22 compared to CD11c+/CD11b+ from naïve mice. In addition, CD11c+/CD11b+ cells
from mice following Th2 cell transfer and OVA challenge produced more CCL17 and CCL22
compared to CD11c+/CD11b- cells from the same mice. These data clearly demonstrate that
the CD11c+/CD11b+ population of myeloid cells in the lung make high levels of Th2-active
chemokines and are much more potent source of these chemokines compared to CD11c+/
CD11b- myeloid cells. Interestingly, CD11c+/CD11b+ cells and CD11c+/CD11b- cells from
these mice both made CCL24. CCL11 expression followed a similar pattern of expression as
the CCL17 and CCL22 with the highest levels of expression in CD11c+/CD11b+ cells from
the OVA challenged mice, however levels were 100-fold less than CCL17 and CCL22 and
thus do not appear on the graph (values are 0.0015 copies/copy GAPDH for naïve CD11c+/
CD11b- cells, 0.0026 copies/copy GAPDH for naïve CD11c+/CD11b+ cells, 0.0006 copies/
copy GAPDH for OVA CD11c+/CD11b- cells, 0.004 copies/copy GAPDH for OVA
CD11c+/CD11b+ cells). These data are consistent with our bone marrow reconstitution
experiments, which did not demonstrate high-level CCL11 expression from myeloid derived
cells.
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Selective depletion of CD11b+ cells in the lung reduces Th2 lymphocyte and eosinophil
recruitment

To better characterize the myeloid cell necessary for STAT6-dependent Th2 cell recruitment,
we utilized transgenic mice that allow selective depletion of CD11b+ cells (34). These mice
have been engineered to express the human diphtheria toxin receptor (DTR) and green
fluorescent protein (GFP) driven by the CD11b promoter (CD11b-DTR mice). Since diphtheria
toxin (DT) is normally not toxic to murine cells, injection of DT into mice with this transgene
will cause selective death of CD11b+ cells. Previous experiments with these mice have shown
selective depletion of macrophages in the liver, peritoneum, and blood vessels after treatment
of the mice with two doses of diphtheria toxin (DT) without adverse effects (30,34).
Interestingly, granulocytes do not seem to be deleted by DT in these mice (34). Myeloid derived
cells in the lung include dendritic cells, macrophages, and granulocytes, all of which may
express CD11b (32,35). To define the effects in the lung of DT injection in these mice, we
dosed CD11b-DTR mice with 2 doses of DT or vehicle (PBS) alone 1 day apart, and isolated
the lungs from these mice 1, 2, 3, and 4 days following the second injection. The mice appeared
normal during this study period. Single cells suspensions from the lungs were made after
collagenase digestion and stained for both CD11c and CD11b expression. Analysis 4 days after
the second DT injection revealed a 2-fold decrease in the percentage of CD11c+/CD11b+ cells
compared to CD11b-DTR mice injected with PBS alone (Figure 5B). This difference was
evident 1 day following the second DT injection and persisted on days two and three (data not
shown). To better define the depleted cell population, we stained single cell suspensions of
lungs from these mice 4 days after two DT injections with a panel of leukocyte markers (CD11b,
CD11c, Gr-1, MHC II, CD8, CD68, CD3, CD103 and B220) and performed multi-color flow
cytometry. After gating on the CD11c+/CD11b+ population, we found a selective 3-fold
decrease in a subpopulation of lung cells that were CD11b+/CD11c+/MHC II+/Gr-1- (Figures
5C and 5D). These cells have been classified as myeloid dendritic cells in other studies (15,
36,37). Cells that were CD11b+/CD11c+/MHC II+/Gr-1+ (plasmacytoid dendritic cells),
CD11b-/CD11c+/F4/80+/CD68+ (macrophages), CD11b-/CD11c+/CD103+ (a subclass of
airway dendritic cells (33)) and CD11b+/CD11c-/Gr-1+ (granulocytes) were not significantly
depleted by DT injections (Figure 5B, 5C and data not shown).

Lung histology from CD11b-DTR mice 4 days after 2 DT injections did not disclose any
abnormalities (Figure 5Eii) or differences compared to mice treated with injections of PBS
alone (Figure 5Ei). Using immunohistochemistry on frozen sections of lungs from these mice
stained with an antibody to GFP we found that PBS treated mice had GFP+ cells in the lung
and around airways as previously reported (Figure 5Fi) (30). Consistent with the flow data,
immunohistochemistry also revealed that there were reduced numbers of GFP+ cells in the
lungs of mice treated with DT (Figure 5Fii).

To investigate the role of this subpopulation of CD11b+ cells in the lung during allergic airway
inflammation, we transferred OVA-specific Th2 cells into CD11b-DTR mice. Mice were
injected with DT or PBS on the day before and the day after Th2 cell transfer. OVA or PBS
challenges were given starting on the day after Th2 cell transfer. The DT injections were timed
to eliminate the CD11b+ cells during the effector phase of the response to allergen. As expected
CD11b-DTR mice challenged with PBS did not recruit OVA-specific Th2 cells or eosinophils
into the airways (data not shown). Mice challenged with OVA and injected with DT had
significantly less OVA-specific Th2 cell, total CD4+ and CD8+ T cell, and eosinophil
recruitment into the BAL when compared to mice challenged with OVA and injected with PBS
(Figure 6A, B, C, D). The percentage of eosinophils in the blood was not affected by DT
injection (data not shown), suggesting that the reduced eosinophil levels in the BAL were due
to a recruitment defect rather than deletion of cells through the action of DT. Consistent with
this interpretation, analysis of chemokine production demonstrated reduced transcript levels
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of CCL17, CCL22, CCL11, and CCL24 in RNA isolated from lungs of OVA challenged
CD11b-DTR mice treated with DT compared to OVA challenged CD11b-DTR mice treated
with PBS (Figure 6E). RNA levels of CCL17, CCL22 and CCL24 in the OVA challenged and
DT treated mice were similar to levels in the lungs of PBS challenged CD11b-DTR mice treated
with PBS. The magnitude of airway inflammation was markedly attenuated in CD11b-DTR
mice treated with DTR, compared to CD11b-DTR mice treated with PBS (Figure 6F). In
addition, immunohistochemistry for GFP in lungs from CD11b-DTR mice treated with DT or
PBS after Th2 cell transfer and OVA challenge showed increased numbers of GFP+ cells
around the airways of PBS-treated mice compared to DT-treated mice (Figure 6G). Consistent
with this we found a nearly 2-fold reduction in the number of CD11b+/CD11c+ cells in the
lungs of these mice treated with DT when compared to mice treated with PBS (Figure 6H).

To demonstrate that the depleted CD11c+/CD11b+ cell population is sufficient for Th2 cell
recruitment, we transferred wild-type or STAT6-/- bone marrow-derived dendritic cells
intratracheally into DT treated CD11b-DTR mice several hours after the first OVA challenge.
This technique has been used by others to restore dendritic cells in the lung after depletion by
DT (35). Flow cytometry revealed that the majority of transferred cells were CD11c+/
CD11b+/MHC II+/Gr-1- (Figure 7A) as previously reported (29,35), and did not differ between
wild-type and STAT6-/- mice. After 4 OVA challenges there was significantly more Th2 cell
recruitment in the mice that received wild-type dendritic cells compared to mice that received
STAT6-/- dendritic cells or DT treatment without dendritic cell transfer (Figure 7B). These
data demonstrate that the CD11c+/CD11b+ cell population in the lung is sufficient for Th2 cell
recruitment and also demonstrate that the Th2 cell recruitment defect was not due to a non-
specific effect of DT treatment.

It is possible that depletion of the CD11b+ myeloid cells in the lung may have also impaired
antigen presentation of OVA to the injected Th2 cells. If this was occurring, we would expect
to see comparatively lower numbers of OVA-specific Th2 cells in the thoracic lymph nodes
of DT treated mice compared to PBS treated mice due to a decrease in antigen-induced
proliferation of the Th2 cells (14). When we measured the accumulation of transferred OVA-
specific Th2 cells in the draining thoracic lymph nodes following OVA challenge, however,
we saw a similar number of OVA-specific Th2 cells in the lymph nodes of the PBS and DT
treated mice (Figure 8A). These data demonstrate that the transferred Th2 cells proliferated in
DT-treated mice, consistent with at least some effective antigen presentation. Despite these
data, we think that it is possible that there is still a potential defect in antigen presentation in
the DT treated mice, but this does not rule out a simultaneous role for these cells in Th2 cell
specific chemokine production. To definitively demonstrate that a CD11b+ myeloid cell is the
critical cell that controls Th2-cell-active chemokine production, we treated CD11b-DTR mice
following DT or PBS injection with IL-13 administration in the lung. This allowed us to
measure effector functions of these cells independent of antigen presentation. We then analyzed
RNA from the lungs of these mice for chemokine production. The levels of CCL17, CCL22
and CCL24 RNA were all significantly reduced in the DT-treated mice compared to PBS-
treated mice (Figure 8B). CCL11 levels were not different between the two groups, consistent
with a non-CD11b+ cellular source for this chemokine. This may be due to the strong
stimulation of other cells by the high levels of IL-13 introduced into the airways. Overall, these
data confirm that a CD11b+ population is critical for Th2 cell-active chemokine production.

Discussion
The transcription factor STAT6 has been shown to be an important regulator of Th2-type
inflammation making it a potential target for therapy in allergic inflammatory disorders such
as asthma (38). Among the many functions of STAT6 is the regulation of chemokine production
in the lung during the establishment of allergic airway inflammation (23). The goal of the
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current study was to define the critical cellular mediators of STAT6-dependent Th2 cell-active
chemokine secretion in the lung during allergic inflammation. Although there are multiple
potential cellular sources for these chemokines in the lung (39-56), we hypothesized that
myeloid-derived cells in the lung, such as pulmonary dendritic cells and/or macrophages, were
the primary mediators of chemokine production and Th2 cell recruitment in this model of
asthma. Our data suggest that these cells are bone marrow-derived CD11b+ myeloid cells.
These cells have already been demonstrated to be critical for initiation of the adaptive immune
response in asthma (35,37); however our data reveal a novel role for these cells in controlling
the effector phase of allergic inflammation by mediating Th2 cell recruitment.

We have previously demonstrated that following adoptive transfer, recruitment of Th2 cells
into the airways following antigen exposure occurs via both STAT6-dependent and -
independent mechanisms (16,23,57). This is based on the fact that STAT6-/- mice have reduced
Th2 cell recruitment into the airways compared to wild-type mice, but these mice maintain
some minimal Th2 cell recruitment that is fully eliminated when chemoattractant receptor
signaling is disrupted with pertussis treatment of the Th2 cells (16,23). However, STAT6 is
clearly necessary for the full dramatic accumulation of Th2 cells in the airways that develops
in response to antigen challenge (16,23,27). Since Th2 cells in the lung and airway do not
proliferate extensively in response to antigen (14), the increase in the number of Th2 cells, as
well as eosinophils, is dependent on cellular recruitment. These data suggest that in response
to IL-4 and IL-13 (produced by the Th2 cells recruited into the lung by STAT6-independent
mechanisms) resident lung cells are stimulated via STAT6 to produce chemokines, such as
CCL17, CCL22, CCL11, and CCL24. These chemokines then amplify allergic inflammation
by increasing the recruitment of Th2 cells and initiating the recruitment of eosinophils into the
airways. Consistent with this, studies on humans with asthma have demonstrated increased
levels of the Th2-active chemokines CCL17 and CCL22 in the airways (58,59), and inhibition
of the activity of these chemokines has been shown to reduce allergic inflammation in murine
models of asthma (18,52). Similarly, the deletion of the eosinophil-active chemokines CCL11
or CCL24 reduced lung eosinophil accumulation in murine models of asthma (44,53,56). These
data suggest that STAT6 is a master regulator of cellular recruitment in asthma, and thus may
be an effective target to reduce Th2 cell and eosinophil recruitment into the lung. Given the
potential therapeutic utility of targeting of STAT6, a more cell-specific approach would be
ideal. Thus, we used a strategy that targeted specific cell types in the lung looking for a cell or
cells that are necessary and sufficient to lead to Th2 lymphocyte recruitment.

In our experiments, we used the adoptive transfer model of allergic airway inflammation (16,
23). This model was chosen because the T cell polarization step is performed in vitro, thus we
could eliminate effects on T cell priming/activation and focus on effects on recruitment. In
addition, mast cells are not activated in this model, simplifying the analysis of our findings.
Previously, we had shown in this model that there was significantly reduced wild-type OVA-
specific Th2 cell recruitment into the airways of STAT6-/- recipient mice compared to wild-
type recipient mice following OVA challenge. These results differ from data recently published
by King et al., which did not demonstrate a Th2 cell recruitment defect in STAT6-/- mice
following naïve T cell transfer and N. brasiliensis infection with OVA sensitization (60).
However, their model involved T cell priming/activation in vivo and intact IgE-mast cell
responses, so is not completely analogous to our model of allergic inflammation. Furthermore,
even though the authors report that there was not a Th2 cell recruitment defect, the percentage
of OVA-specific T cells recruited into the BAL in their model was 50% less in STAT6-/- mice
compared to wild-type recipients.

In our first set of experiments, we used mice engineered to express STAT6 under control of
the CC10 promoter (31) to test the role of airway lining cells in the recruitment of Th2 cells
and eosinophils. Expression of STAT6 in these cells restored mucus production in the model
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but did not lead to increased Th2 cell recruitment or eosinophil recruitment compared to
STAT6-/- mice. The EpiSTAT6 mice as well as STAT6-/- mice had reduced levels of CCL17,
CCL11, and CCL24 RNA in the lung. Interestingly, RNA levels of CCL22 were restored but
there was no detectable protein in the BAL. It may be that CCL22 is not secreted or remains
bound to cellular surfaces as seen with other chemokines (61). The protein levels of CCL17
and CCL24 were reduced in the BAL of EpiSTAT6 and STAT6-/- mice compared to wild-type
mice, but we were unable to detect significant amounts of CCL11 in the BAL in wild-type,
STAT6-/- mice or the EpiSTAT6 mice. Our experiments demonstrate that expression of STAT6
in CC10 expressing airway lining cells is not sufficient to restore Th2 cell and eosinophil
trafficking into the lung in this model. We cannot rule out a role for non-CC10 expressing
airway epithelia, however, as these cells would remain STAT6-/- in the EpiSTAT6 mouse.

We wondered if the eosinophil trafficking defect seen in the STAT6-/- mice and EpiSTAT6
mice was secondary to the Th2 cell trafficking defect or if there was also a coexisting defect
in eosinophil trafficking that resulted directly from STAT6-deficiency. In our experiments we
bypassed the need for Th2 cell recruitment by transferring the cells directly into the airways
via an intratracheal injection. In these experiments, transfer of wild-type OVA-specific Th2
cells directly into the lung of STAT6-/- mice did not restore eosinophil recruitment or the
production in the lung of the eosinophil-active chemokines. These data demonstrate that the
eosinophil recruitment in this model is also dependent on STAT6-induced chemokine
production in the lung.

Voehringer et al have demonstrated that STAT6 expression in a bone marrow derived myeloid
cell is necessary for Th2 cell and eosinophil trafficking into the lung in a model of pulmonary
Th2 inflammation induced by N. brasiliensis infection (62,63). However, these experiments
did not identify whether the critical cellular mediator was a lung dendritic cell or macrophage,
nor did the studies directly address Th2 cell recruitment in an asthma model. We sought to
determine if a similar mechanism was involved in Th2 cell and eosinophil recruitment in a
model of allergic airway inflammation. For these experiments, we reconstituted STAT6-/- mice
with wild-type, STAT6-/- or RAG1-/- bone marrow. Wild-type or RAG1-/- bone marrow was
able to fully restore the recruitment of Th2 cells and eosinophils in the model. In these
experiments, the expression of the chemokines CCL17, CCL22, and CCL24 was restored with
wild-type or RAG1-/- bone marrow transplant into STAT6-/- mice. Interestingly, CCL11 was
not expressed in large amounts at either the RNA or the protein level. Given that STAT6-/-

mice reconstituted with RAG1-/- bone marrow would only have STAT6 restored in myeloid
cells, these data demonstrate that expression of STAT6 in bone marrow derived myeloid cells
is sufficient to restore Th2 cell and eosinophil trafficking in a model of allergic airway
inflammation.

The bone marrow reconstitution experiments do not fully define the cellular mediator of
STAT6-dependent recruitment in this model. For this reason, we wanted to use a system that
allowed us to selectively deplete myeloid cell populations in the lung. The identification of
dendritic cells and macrophages using cell-type specific markers is different in the lung than
in other organs (32). Specifically, the dendritic cell marker CD11c has been shown to be
expressed on both pulmonary macrophages and dendritic cells, and the myeloid marker CD11b,
is seen at high levels on pulmonary dendritic cells and at low levels on pulmonary macrophages
(32,36). Thus, we decided to utilize a transgenic mouse that allowed us to deplete the
CD11b+ subpopulation of myeloid cells in the lung using DT, which should have its primary
effect on dendritic cells with minimal effects on macrophages. Careful phenotyping of cell
types in the lungs of mice after DT administration indicated a very specific reduction in the
number of CD11b+/CD11c+/MHC II+/Gr-1- myeloid cells in the lung, and minimal effects on
other CD11b+ or CD11c+ populations. In these experiments, the reduction in CD11b+ cells
significantly attenuated the recruitment of Th2 cells and eosinophils into the lung following
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adoptive transfer of wild-type Th2 cells and OVA challenge. Furthermore, add back of wild-
type bone-marrow derived dendritic cells was able to restore the recruitment of Th2 cells in
these mice, demonstrating that these cells were sufficient for Th2 cell recruitment and that the
recruitment defect in the DT treated CD11b-DTR mice was due to the deletion of these myeloid
cells. In addition, there was a significant reduction in the expression of CCL17, CCL22,
CCL11, and CCL24 RNA in the lungs of the CD11b-DTR mice treated with DT compared to
those treated with PBS. These data are consistent with the RNA expression profile we generated
by isolating these cells from the lung using a cell sorter as well as with data published by others
(37,64). It is interesting that there is such a dramatic decrease in Th2 cell recruitment and
chemokine expression with a 3-fold reduction in this cell population; however, we speculate
that we may be depleting the most active CD11b+ cells with DT treatment. Alternatively, we
may be reducing the numbers of a subpopulation of CD11b+/CD11c+/MHC II+/Gr-1- myeloid
cells below a critical threshold that significantly impairs chemokine production and Th2 cell
recruitment. Our results differs somewhat from data published by Beaty et al. which
demonstrated that both CD11c+/CD11bhigh dendritic cells and CD11c+/CD11blow/CD103+

dendritic cells in the lung can produce high levels of the chemokines CCL17 and CCL22 in a
murine model of asthma (33). However, they used a different model of asthma for their
experiments. In addition, our findings are in agreement with findings by van Rijt et al. (35),
which demonstrated that DT-induced depletion of CD11c+ cells in the lungs prevented the
development of allergic airway inflammation. This study utilized the OVA immunization
model to demonstrate the importance of dendritic cells in the development of allergic airway
inflammation. While their study largely focused on the early role of these cells in antigen
presentation to T cells, they also examined the effects of CD11c+ depletion on allergic
inflammation in the adoptive transfer model. However, in those experiments deletion of
CD11c+ cells depleted pulmonary macrophages (CD11c+/CD11b-) as well as myeloid
dendritic cells (CD11c+/CD11b+), and thus they were not able to define the critical cellular
mediator of Th2 cell recruitment in the adoptive transfer model of asthma. In our experiments,
we were able to delete only the CD11c+/CD11b+ myeloid cell population and therefore we
have extended their observations by more specifically defining the critical cellular mediator
of Th2 cell recruitment.

An alternative explanation for our findings is that STAT6 deficiency in CD11b+ myeloid cells
affects antigen presentation to Th2 cells, thus the decreased accumulation of Th2 cells in the
lung is secondary to a failure to reactivate primed Th2 cells. Recent data has demonstrated that
IL-4 and IL-13 can influence the maturation of dendritic cells in the lung (presumably via
STAT6 signaling) and can affect their ability to regulate cytokine expression by memory
CD4+ T cells (65). Although this mechanism may be partially responsible for our findings, we
believe our findings demonstrate that CD11b+ myeloid cells in the lung have an additional role
in directing Th2 cell recruitment into the airways via STAT6-dependent chemokine production.
To evaluate the possibility that the phenotype we observed was also secondary to effects on
antigen presentation, we examined at the accumulation of the transferred Th2 cells in the
draining thoracic lymph nodes. Previous studies had demonstrated that transferred Th2 cells
will proliferate in the lymph node only following presentation of inhaled antigen by dendritic
cells (14). The fact that the numbers of transferred Th2 cells in the draining thoracic lymph
node were similar in mice following DT-induced depletion of CD11b+ myeloid cells compared
to PBS control mice, suggests that antigen presentation was at least partially intact. In addition,
we did not see a difference in blood eosinophilia in the two groups of mice suggesting that
IL-5 secretion from Th2 cells following CD11b+ cell depletion was not affected. As further
evidence, we used IL-13 to stimulate chemokine production (thus bypassing antigen
presentation) in CD11b-DTR mice and demonstrate that Th2-active chemokine production was
significantly impaired after treatment with DT compared to mice treated with PBS. Thus, we
believe these data definitively demonstrate that CD11b+ myeloid cells have a critical role
mediating Th2 cell recruitment independent of their role in antigen presentation.
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Our data confirm that the recruitment of eosinophils in this model is also dependent on STAT6
expression in a resident lung cell (23,53,56,62,63). Consistent with prior data from others
(53,56), we demonstrate that CD11c+/CD11b+ cells are a source of CCL24 but so are
CD11c+/CD11b- cells (alveolar macrophages), and neither cell makes large amounts of
CCL11. In addition to effects on cellular recruitment, STAT6 also is necessary for mucus
hypersecretion in this model (23). In our experiments, we observed that following adoptive
transfer and OVA challenge, EpiSTAT6 mice develop mucus hypersecretion similar to wild-
type mice, but reconstitution of STAT6 expression in myeloid cells did not restore this endpoint
of allergic inflammation. These data are similar to those of Kuperman et al., which
demonstrated that mucus producing cells are derived from Clara cells in the airways (66). Our
data also suggest that the multiple endpoints of allergic inflammation can be anatomically
compartmentalized with different cell-types controlling different STAT6-dependent processes.

In conclusion, our data demonstrate that STAT6 expression in a CD11b+ myeloid cell in the
lung is necessary for effective Th2 cell recruitment into the airways in a murine model of
allergic airway inflammation. We propose that following STAT6 independent recruitment of
Th2 cells into the airway, CD11b+ cells in the lung are stimulated by IL-4 and IL-13 to produce
CCL17 and CCL22 via STAT6. These chemokines then help orchestrate the amplification of
Th2 cell recruitment. Our studies illuminate a novel link between the innate and adaptive
immune systems and suggest that a therapeutic strategy targeting STAT6 in CD11b+ cells may
provide a novel means of reducing allergic airway inflammation.
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Figure 1. STAT6 expression in airway lining cells does not support Th2 cell and eosinophil
trafficking into the airways
A) Number of CD4+ and KJ+ OVA-specific Th2 cells, and B) CD4+ and CD8+ T cells in the
BAL of wild-type, STAT6-/- and EpiSTAT6 mice following adoptive transfer of OVA-specific
in vitro polarized Th2 lymphocytes and 4 OVA or PBS challenges (n = 4-6 mice per group,
from 2 experiments). C) Percentage and D) number of eosinophils in the BAL of wild-type,
STAT6-/- and EpiSTAT6 mice following adoptive transfer of OVA-specific in vitro polarized
Th2 lymphocytes and 4 OVA challenges (n = 6 mice per group, from 2 experiments). E)
Representative lung histology (stained with hematoxylin and eosin) from wild-type (i, iv - 100x
and 400x respectively), STAT6-/- mice (ii, v), and EpiSTAT6 (iii, vi) mice following adoptive
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transfer of OVA-specific in vitro polarized Th2 lymphocytes and 4 OVA challenges (n = 6
mice per group, from 2 experiments). Black bars are 100 μm, arrows demonstrate clusters of
eosinophils only in the section from wild-type lungs. F) Lung chemokine RNA copies
normalized to copies of GAPDH RNA and G) BAL chemokine protein levels in wild-type,
STAT6-/- and EpiSTAT6 mice following adoptive transfer of OVA-specific in vitro polarized
Th2 lymphocytes and 4 OVA or PBS challenges (n = 4-6 mice per group, from 2 experiments).
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Figure 2. Mucus hyper-secretion in wild-type mice, STAT6-/- mice, EpiSTAT6 mice, and
STAT6-/- mice following bone marrow transplant
Representative histologic sections stained with PAS to evaluate mucus hypersecretion
following adoptive transfer of OVA-specific in vitro polarized Th2 lymphocytes and 4 OVA
challenges. Sections are from wild-type BALB/c mice (A), STAT6-/- mice (B), EpiSTAT6
mice (C), wild-type BALB/c mice after bone marrow transplant with wild-type bone marrow
(D), STAT6-/- mice after bone marrow transplant with wild-type bone marrow (E), or
STAT6-/- mice after bone marrow transplant with RAG1-/- bone marrow (F). Black bars are
100 μm.
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Figure 3. Intratracheal transfer of Th2 cells does not restore eosinophil trafficking into the airways
in STAT6-/- mice
A) Representative flow cytometry of BAL cells stained for CD4 and KJ following intratracheal
transfer of OVA-specific in vitro polarized Th2 lymphocytes and 3 OVA challenges (n = 6
mice per group, from 2 experiments). B) Number of CD4+ and KJ+ OVA-specific Th2 cells
in the BAL of wild-type and STAT6-/- mice following intratracheal transfer of OVA-specific
in vitro polarized Th2 lymphocytes and 3 OVA challenges (n = 6 mice per group, from 2
experiments). C) Number of eosinophils in the BAL of wild-type and STAT6-/-mice following
intratracheal transfer of OVA-specific in vitro polarized Th2 lymphocytes and 3 OVA
challenges (n = 6 mice per group, from 2 experiments). D) Percentage of CCR3+ cells in the
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granulocyte gate of cells isolated from blood of wild-type and STAT6-/- mice following
intratracheal transfer of OVA-specific in vitro polarized Th2 lymphocytes and 3 OVA or PBS
challenges (n = 3 mice per group, from 1 experiment). E) Lung chemokine RNA copies
normalized to copies of GAPDH RNA in wild-type and STAT6-/- mice following intratracheal
transfer of OVA-specific in vitro polarized Th2 lymphocytes and 3 OVA challenges (n = 6
mice per group, from 2 experiments).
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Figure 4. STAT6 expression in myeloid derived cells in the lung does support Th2 cell and eosinophil
trafficking into the airways
A) Number of OVA-specific Th2 cells in the BAL of wild-type BALB/c mice after bone
marrow transplant with wild-type bone marrow or STAT6-/- mice after bone marrow transplant
with wild-type, STAT6-/- or RAG1-/- bone marrow, and following adoptive transfer of OVA-
specific in vitro polarized Th2 lymphocytes and 4 OVA challenges (n = 4-8 mice per group,
from 3 experiments). B) Number of CD4+ T cells, and CD8+ T cells in the BAL of STAT6-/-

mice after bone marrow transplant with wild-type, STAT6-/-, or RAG1-/- bone marrow, and
following adoptive transfer of OVA-specific in vitro polarized Th2 lymphocytes and 4 OVA
challenges (n = 8 mice per group, from 2 experiments). C) Percentage and D) number of
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eosinophils in the BAL of STAT6-/- mice after bone marrow transplant with wild-type,
STAT6-/- or RAG1-/- bone marrow, and following adoptive transfer of OVA-specific in vitro
polarized Th2 lymphocytes and 4 OVA challenges (n = 8 mice per group, from 2 experiments).
E) Representative lung histology from STAT6-/- mice after bone marrow transplant with wild-
type (i, iv - 100x and 400x respectively), STAT6-/- (ii, v), or RAG1-/- (iii, vi) bone marrow,
and following adoptive transfer of OVA-specific in vitro polarized Th2 lymphocytes and 4
OVA challenges (n = 8 mice per group, from 2 experiments). Black bars are 100 μm. F) Lung
chemokine RNA copies normalized to copies of GAPDH RNA and G) BAL chemokine protein
levels in STAT6-/- mice after bone marrow transplant with wild-type, STAT6-/- or RAG1-/-

bone marrow, and following transfer of OVA-specific in vitro polarized Th2 lymphocytes and
4 OVA challenges (n = 8 mice per group, from 2 experiments).
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Figure 5. DT administration selectively depletes myeloid dendritic cells in CD11b-DTR mice
A) Chemokine RNA copies normalized to copies of GAPDH from CD11c+/CD11b+ and
CD11c+/CD11b- cells sorted from the lungs of wild-type naïve mice and wild-type mice
following adoptive transfer of OVA-specific in vitro polarized Th2 lymphocytes and 4 OVA
challenges (n = 4 pooled mice per group, from 1 experiment). B) Representative flow cytometry
of lung cells isolated from CD11b-DTR mice 4 days after 2 treatments with PBS or DT. Cells
are stained with labeled antibodies to CD11b and CD11c and gated on the monocytes/
macrophages. C) Representative flow cytometry of lung cells isolated from CD11b-DTR mice
4 days after 2 treatments with PBS or DT. Cells were stained with labeled antibodies to Gr-1
(RB6-8C5 from BD Pharmingen), MHC II, CD11b and CD11c and gated on monocytes/
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macrophages and on CD11b+/CD11c+ cells. D) Number of CD11c+/CD11b+/MHC-II+/
Gr-1- cells in the lungs of CD11b-DTR mice as measured by flow cytometry after treatment
with PBS or DT (n = 6 mice per group, from 2 experiments). E) Representative lung histology
from CD11b-DTR mice 4 days after 2 treatments with PBS (i) or DT (ii). Lung sections are
stained with hematoxylin and eosin. Black bar is 100 μm. F) Representative
immunohistochemistry for GFP in lungs taken from CD11b-DTR mice 4 days after 2
treatments with PBS (i) or DT (ii).
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Figure 6. DT administration to CD11b-DTR mice impairs Th2 cell and eosinophil recruitment into
the airways in an adoptive transfer model of allergic airway inflammation
A) Number of OVA-specific Th2 cells and B) CD4+ and CD8+ T cells in the BAL of CD11b-
DTR mice after treatment with PBS or DT and following adoptive transfer of OVA-specific
in vitro polarized Th2 lymphocytes and 4 OVA challenges (n = 8 mice per group, from 3
experiments). C) Percentage and D) number of eosinophils in the BAL of CD11b-DTR mice
after treatment with PBS or DT and following adoptive transfer of OVA-specific in vitro
polarized Th2 lymphocytes and 4 OVA challenges (n = 8 mice per group, from 3 experiments).
E) Lung chemokine RNA copies normalized to copies of GAPDH RNA in CD11b-DTR mice
after treatment with PBS or DT and following adoptive transfer of OVA-specific in vitro
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polarized Th2 lymphocytes and 4 OVA or PBS challenges (n = 3-6 mice per group, from 2
experiments). F) Representative lung histology from CD11b-DTR mice treated with PBS (i)
or DT (ii), and following adoptive transfer of OVA-specific in vitro polarized Th2 lymphocytes
and 4 OVA challenges (n = 8 mice per group, from 3 experiments). Black bars are 100 μm. G)
Representative immunohistochemistry for GFP in lungs taken from CD11b-DTR mice after
treatment with PBS or DT and following adoptive transfer of OVA-specific in vitro polarized
Th2 lymphocytes and 4 OVA challenges (n = 4 mice per group, from 1 experiment). Black
bars are 10 μm. H) Number of CD11c+/CD11b+ cells in the lungs of CD11b-DTR mice as
measured by flow cytometry after treatment with PBS or DT and following adoptive transfer
of OVA-specific in vitro polarized Th2 lymphocytes and 4 OVA challenges (n = 8 mice per
group, from 3 experiments).
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Figure 7. Intratracheal transfer of bone marrow-derived dendritic cells restores Th2 cell
recruitment in CD11b+ myeloid cell depleted CD11b-DTR mice
A) Bone marrow cells from wild-type or STAT6-/- mice were cultured for 10 days in media
supplemented with GM-CSF. The non-adherent cells were harvested and stained with
antibodies to CD11b, CD11c, Gr-1, and MHC II. B) Number of OVA-specific Th2 cells in the
BAL following adoptive transfer of OVA-specific in vitro polarized Th2 lymphocytes and 4
OVA challenges in CD11b-DTR mice which had been injected with DT and had received
intratracheal transfer of wild-type or STAT6-/- bone marrow derived dendritic cells (n = 10
mice per group, from 2 experiments). CD11b-DTR mice treated with DT or PBS following
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adoptive transfer of OVA-specific in vitro polarized Th2 lymphocytes and 4 OVA challenges
(n = 8 mice per group, from 2 experiments) served as controls.
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Figure 8. DT administration to CD11b-DTR mice does not impair Th2 cell accumulation in the
lymph node but does reduce IL-13 induced chemokine production
A) Numbers of OVA-specific Th2 cells in the thoracic lymph nodes of CD11b-DTR mice after
treatment with PBS or DT and following adoptive transfer of OVA-specific in vitro polarized
Th2 lymphocytes and 4 OVA challenges (n = 5 mice per group, from 2 experiments). B) Lung
chemokine RNA copies normalized to copies of GAPDH RNA in CD11b-DTR mice after
treatment with PBS or DT and 24 hours following intranasal IL-13 administration (n = 6 mice
per group, from 2 experiments).
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