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Abstract
Background & Aims—CCL20 is a chemokine that regulates the homeostatic and inflammatory
trafficking of leukocytes to the small intestine, and regulates the development of the gastrointestinal
lymphoid architecture. T cells expressing Th2 cytokines are critical for experimental food allergy,
and we hypothesized that CCL20 is involved in the localization of these cells to the gut.

Methods—We evaluated the role of CCR6 in allergic diarrhea induced by sensitization and oral
challenge with ovalbumin (OVA) using CCR6+/+ and −/− mice.

Results—CCR6−/− mice were protected from OVA-induced diarrhea, but surprisingly were not
impaired in mastocytosis or allergen-specific IgE. CCR6−/− mice were also protected from T cell-
mediated diarrhea induced by anti-CD3 antibody. Allergic diarrhea was associated with an increased
expression of Th2 cytokines within the intestinal mucosa that was significantly reduced in CCR6 −/
− mice. Inhibition of lymphocyte homing by treatment with FTY720 did not impair allergic diarrhea,
indicating that reactivation of T cells could occur locally within the small intestine. Finally, T cell
transfer studies demonstrated that CCR6 was required both on the transferred T cells and in the
recipient mouse in order to manifest allergic disease in the gastrointestinal tract.

Conclusions—These studies highlight a mast cell- and IgE-independent role for CCR6-bearing T
cells in the pathogenesis of gastrointestinal allergic disease.

INTRODUCTION
Food allergic reactions are initiated by allergen cross-linking of IgE bound to intestinal mast
cells, mast cell degranulation, and release of mast cell products that act directly on the intestinal
epithelium, or indirectly through enteric nerves, to induce changes in intestinal ion secretion
and barrier function 1, 2. Mice systemically sensitized to ovalbumin (OVA) and repeatedly
orally challenged with OVA develop a mast cell and IgE-dependent acute diarrhea associated
with a Th2 inflammation in the small intestine 3. We have previously shown that mesenteric
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lymph node (MLN) CD4+ T cells from mice with allergic diarrhea can transfer allergic disease
to naïve mice 4, highlighting the role of T lymphocytes in an IgE- and mast cell-driven model
system. Forbes et al recently showed that transgenic expression of the single T cell cytokine
IL-9 within the intestine could lead to a local mastocytosis and diarrhea replicating
experimental models of allergen-driven experimental food allergy 5. Inhibition of IL-4 and
IL-13 given early during repeated oral allergen challenge can also inhibit allergic symptoms
6. Allergen-specific T cells producing Th2 cytokines have been shown to be present in the
intestinal mucosa of human subjects with food allergic diseases 7, 8, including non-IgE-
mediated food allergic disease. The factors responsible for recruitment of pathogenic T cells
to the intestine in food allergic disorders are not known, and we hypothesized that mucosally-
expressed chemokines would be critical for the homing of T cells to the gut in experimental
food allergy.

CCL20 (MIP-3α) is a chemokine that is expressed by gastrointestinal epithelium 9, is regulated
by NF-κB 10, and is overexpressed in inflammatory bowel disease 10, 11. We have recently
shown that ligation of the low affinity IgE receptor on intestinal epithelial cells leads to release
of functional CCL20 12. Expression of CCL20 is highest in the follicle-associated epithelium
of the Peyer’s patch 13, 14, but it is also expressed by mouse and human enterocytes 9. The
cognate receptor for CCL20 is CCR6, and is expressed on memory T cells, B lymphocytes,
and dendritic cells (DCs). CCR6−/− mice have impaired mucosal but not systemic humoral
responses to immunization and rotavirus infection 15. In addition, CCR6−/− mice have
alterations in the architecture of organized lymphoid tissue in the gastrointestinal tract,
including Peyer’s patches, isolated lymphoid follicles, and cryptopatches 16–18. We
hypothesized that this ubiquitous mucosal chemokine would play a role in the homing of T
lymphocytes to the gastrointestinal tract in experimental food allergy, and tested this using
CCR6+/+ and −/− mice.

METHODS
Allergic Diarrhea

CCR6−/− mice were generated previously by S. Lira 15, back-crossed for 10 generations to the
Balb/c background and maintained in SPF conditions. Balb/c mice were purchased from NCI
(Frederick, MD). All experiments were performed with the approval of the Institutional Animal
Care and Use Committee. Female age-matched CCR6+/+ and CCR6−/− mice (5–8 weeks of
age) were sensitized to ovalbumin (OVA) as previously described4. Symptoms were monitored
for 30 minutes after feeding, and diarrhea was marked as present or absent.

Cholera Toxin and CD3-Induced Diarrhea
Cholera toxin-induced diarrhea was generated by administering 50 μg of cholera toxin (CT,
List Biological Laboratories, Campbell, CA) by intragastric gavage to CCR6+/+ or CCR6−/−
mice. After 3 h, mice were euthanized and 3 intestinal loops/mouse prepared for weight/length
and wet/dry weight ratios. Intestinal segments were weighed, dried in an oven (80 °C, 48 h),
and re-weighed. Wet/dry weight ratios are reflective of fluid secretion and edema.

T cell-mediated diarrhea was induced as previously described 19, 20. Briefly, mice were
administered 0.2 mg of anti-CD3 (eBioscience, functional grade) by ip injection or PBS as
control. After 2 h, mice were euthanized and intestinal loops were prepared as above.

Cell culture
Mesenteric lymph nodes (MLN) were isolated and cells were cultured with media alone or
OVA (100 μg/ml) for 72 hours. Supernatants were collected for cytokine determination by
ELISA (eBioscience, San Diego, CA).
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Adoptive Transfer
Donor mice were sensitized and fed with OVA to induce allergic diarrhea. MLN cells were
isolated, re-stimulated with OVA as above prior to washing and iv transfer to naïve mice (4 ×
106 cells/mouse). For CD4+ T cell transfer, CD4+ T cells were negatively selected (StemCell,
Vancouver, BC) prior to transfer of 2 × 106 cells/mouse. Recipient mice were orally challenged
with OVA every second day starting 24 h after transfer, and diarrhea symptoms monitored as
above.

Alternatively, 3 × 106 CD4+ T cells from DO11.10 mice were CFSE-labeled and transferred
to naïve CCR6+/+ or CCR6−/− mice. After 24 h, recipient mice were fed with 50 mg of OVA.
After 72 h, cells in the MLN were isolated for analysis of proliferation.

FTY720 administration
FTY720 was a gift from V. Brinkmann (Novartis Pharma AG) to JSB. To block lymphocyte
egress from the lymph nodes, mice were treated orally with 0.3 mg/kg FTY720 daily beginning
one day prior to initiation of oral OVA challenges and daily thereafter. Efficacy was verified
by measurement of circulating CD4+ and CD8+ T cells.

RT-PCR
RNA was isolated from jejunum, and real-time RT-PCR was performed as previously
described 4.

Histology and Immunostaining
Jejunal segments were fixed in formalin and paraffin. Jejunal mast cells were detected by
chloroacetate esterase staining according to published protocols of mast cell detection 21.

IgE Measurement
OVA-specific IgE in serum and intestinal lavage fluid was measured by capture ELISA as
previously described 4.

RESULTS
The CCL20-CCR6 chemokine axis is necessary for gastrointestinal allergic symptoms

In a screen of local chemokine expression during the course of allergic diarrhea, CCL20 mRNA
expression was significantly upregulated compared to control mice that were sensitized but
unfed with OVA (Figure 1a). Immunostaining for CCL20 showed a diffuse positive expression
pattern in enterocytes, and an intense immunoreactivity in M cells as has previously been
reported 14 (Figure 1b). CCL20 is known to be an important chemokine for mucosal
lymphocyte homeostasis, and to test the role of this chemokine in allergic diarrhea, we used
mice that were genetically deficient for the receptor CCR6. Wild-type mice sensitized to OVA
developed acute self-limiting symptoms beginning after the third oral challenge with OVA (>
50% of mice had symptoms by the third feed, and approximately 90% by the fifth feed). In
contrast, CCR6−/− mice were significantly protected from the onset of allergic diarrhea (Figure
1c).

CCR6-Independent IgE and Mast Cell Responses
It has previously been demonstrated 3 that diarrhea symptoms in this model are dependent on
mast cells and IgE. Surprisingly, we observed that neither gastrointestinal mast cells nor serum
IgE were significantly impaired in CCR6−/− mice (Figure 2). Serum OVA-specific IgE was
measured by ELISA in mice sacrificed after 0 to 4 oral challenges (every second day) with
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OVA. OVA-specific IgE was significantly boosted after the third oral challenge, and was not
significantly different between CCR6+/+ and CCR6−/− mice. This was also true for OVA-
specific IgE detected in intestinal lavage (data not shown). A significant increase in tissue mast
cells was also observed, beginning after the third OVA challenge. CCR6−/− mice were not
impaired in tissue mast cells (Figure 2b). This was confirmed by mRNA expression of the mast
cell protease MMCP-1, that was significantly upregulated in both CCR6+/+ and −/− mice
(Figure 2c). Mast cell numbers were further confirmed by flow cytometry (Figure S1).
Therefore, we conclude that CCR6 deficiency does not prevent the onset of allergic diarrhea
by interfering with either tissue mast cells or allergen-specific IgE.

CCR6 is required for T cell-mediated, but not toxin-driven, diarrhea
To determine if CCR6−/− mice have an impairment in their epithelial secretion mechanisms,
we tested two other models of acute diarrhea. Mice were orally administered 50 μg cholera
toxin (CT), and after 3 h ligated loops were prepared to quantify fluid secretion by wet/dry
weights. CCR6+/+ mice responded to CT with a significant fluid loss throughout the small
intestine, and this was independent of CCR6 (Figure 3). We next used a T cell-driven model
of diarrhea induced by administration of anti-CD3 antibodies. Naïve CCR6+/+ and CCR6−/−
mice were injected with 0.2 mg of anti-CD3, and 2 h later intestinal loops were prepared to
assess fluid secretion in the small intestine (Figure 3). Administration of 0.2 mg of anti-CD3
antibody to CCR6+/+ mice led to fluid secretion in the proximal and mid-small intestine by 2
h post-injection in CCR6+/+ mice. In contrast, CCR6−/− mice were protected from CD3-
induced diarrhea, similar to our findings with allergic diarrhea. We next isolated cells from the
lamina propria of CCR6+/+ and CCR6−/− mice. There was no difference in either the total
number of lamina propria cells or the percentage of CD4+ T cells (Fig S2). When isolated cells
from the lamina propria were stimulated in vitro with anti-CD2/CD28 antibodies, cytokine
secretion was also not significantly different in cells isolated from CCR6−/− mice (Fig S2).
Therefore CCR6 deficiency does not appear to be associated with a change in the constitutive
homing of effector T cells into the small intestinal mucosa.

CCR6 is required for local Th2 cytokine expression in the jejunum
As T cell-driven diarrhea was CCR6-dependent, we next assessed cytokine expression in the
jejunum of mice with allergic diarrhea. CCR6+/+ and CCR6−/− mice were sensitized to OVA
and given four oral challenges of OVA, or were unfed as controls. Real-time PCR was
performed for the cytokines IL-4, IL-13, and IL-10 as we and others have previously shown
that these cytokines are locally upregulated during allergic diarrhea 3, 4. CCR6+/+ mice had a
significant upregulation of IL-4, IL-13, and IL-10 that was significantly reduced in CCR6−/−
mice (Figure 4). IFN-γ, IL-17, TNFα, and IL-18 were neither significantly upregulated during
allergic diarrhea nor significantly different between CCR6+/+ and CCR6−/− mice (Fig S3).
This was observed throughout the OVA challenge period as shown by time course of cytokine
expression. Thus, the characteristic Th2-skewed inflammation in the jejunum of mice with
allergic diarrhea was impaired by CCR6 deficiency.

CCR6 does not influence Th2 reactivation in the MLN
We have previously shown that activation of Th2 lymphocytes in the allergic diarrhea model
occurs in the MLN in response to oral OVA challenge 4. To test the role of CCR6 in T cell
reactivation in mucosal tissues, we re-stimulated MLN cells from CCR6+/+ and −/− mice with
OVA and determined cytokine output (Figure 5). CCR6+/+ mice with allergic diarrhea had a
significant increase in OVA-specific IL-4, IL-5, IL-13, and IL-10 secretion that was
unimpaired in CCR6−/− mice. Naïve T cell priming was also assessed by transferring CFSE-
labeled DO11.10 CD4+ T cells to CCR6+/+ and −/− mice. Feeding of mice resulted in a robust
proliferation of DO11.10 cells in the MLN of both CCR6+/+ and −/− mice (Figure 5).
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Upregulation of the gut homing molecule α4β7 on T cells activated within the MLN was also
unimpaired in CCR6−/− mice (data not shown). Thus antigen delivery to the lymph node and
presentation to T cells is not impaired in CCR6−/− mice. In addition, we performed in vitro
antigen presentation assays with purified lamina propria DCs, and observed that DCs from
CCR6+/+ and CCR6−/− mice were equal in their ability to induce cytokine secretion from
responder CD4+ T cells (Figure S4).

T cell re-activation during oral challenge does not require homing from the lymph node
To investigate further the role of T cell homing in induction of disease, we used the sphingosine
1-phosphate 1 receptor agonist FTY720 that has been shown to inhibit the egress of
lymphocytes from lymph nodes, including MLN and Peyer’s patches 22–24. FTY720 was
administered orally to OVA-sensitized mice prior to oral OVA challenge. Efficacy of FTY720
was verified by measuring circulating CD4+ and CD8+ T cells (Figure 6). FTY720 resulted
in an almost complete elimination of circulating CD4+ and CD8+ T cells, although there was
no major effect of FTY720 on the resident CD4+ T cell population in the lamina propria (Figure
S5). Blockade of lymphocyte egress from the lymph nodes with FTY720 had no effect on onset
of allergic diarrhea, tissue mast cells, or local Th2 cytokine production. Therefore once
sensitization has already occurred and memory has been established, reactivation of T cells
can readily occur in the lamina propria without trafficking to and from lymph nodes.

T cell transfers demonstrate requirement for CCR6 on both effector T cells and in the
recipient for disease onset

Administration of MLN cells (total or CD4+ T cells) from mice with allergic diarrhea can
transfer disease and bypass the need for systemic sensitization in naïve mice 4. MLN cells from
CCR6−/− mice have normal cytokine responses as compared to CCR6+/+ mice, so we tested
the ability of these cells to transfer disease (Figure 7). MLN cells from CCR6+/+ and −/− mice
(after sensitization and oral OVA challenge) were transferred to naïve Balb/c mice. Recipient
mice were then repeatedly challenged with OVA. Mice receiving MLN cells from CCR6+/+
mice developed diarrhea. In contrast, mice receiving MLN cells from CCR6−/− mice had
significantly reduced onset of allergic diarrhea. Pre-transfer IL-4 and IL-13 levels were
confirmed to be similar in cells from CCR6 +/+ and −/− mice (Figure 7), suggesting that while
the effector function of these cells is not reduced, either homing of these cells to the small
intestine or reactivation of these cells in vivo is defective. We next performed cell transfers to
determine if wild-type CCR6+/+ CD4+ T cells could restore the disease phenotype to CCR6
−/− mice (Figure 7). Wild-type mice receiving purified CD4+ T cells from CCR6+/+ MLN
developed diarrhea in response to oral OVA challenge. In contrast, CCR6−/− mice were
completely resistant to the transfer of allergic diarrhea using CCR6+/+ T cells from the MLN.

DISCUSSION
T lymphocytes play an important role in IgE-mediated food allergic disorders, and have also
been presumed to be central to the pathogenesis of non-IgE-mediated gastrointestinal allergic
disorders such as eosinophilic gastrointestinal disorders. We hypothesized that recruitment of
T cells to the intestinal mucosa through chemokine-driven pathways would be instrumental to
the development of gastrointestinal allergic disease. We examined the role of the mucosal
chemokine CCL20 and its receptor CCR6 in the development of experimental food allergy
using CCR6−/− mice. CCR6 was necessary for allergen-induced diarrhea symptoms, and our
results point to a critical role for CCR6 in both T cell homing and activation in the
gastrointestinal tract.

CCR6−/− mice were significantly protected from the onset of allergic diarrhea, despite
mounting a normal IgE and mast cell response. This suggests an alternative mechanism of
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disease pathogenesis in this model of allergic diarrhea. Brandt et al have clearly shown that
mast cells and IgE are required for allergen-induced diarrhea 3. Our results show that T cells
are also required, and not solely upstream of the generation of IgE and mast cells. IL-4 and
IL-13 have been shown to directly increase epithelial permeability and reduce glucose-coupled
sodium absorption in mouse intestine 25. This would be of significant clinical interest as there
are several food-allergic disorders that have been loosely categorized as “cell-mediated”
without having a clear mechanism explaining the pathway from allergen exposure to
gastrointestinal dysfunction. Recently Brandt et al demonstrated that targeting IL-4 during oral
challenge of mice could prevent allergic diarrhea, but once diarrhea had been established, IL-4
was no longer required for acute symptom onset 6. Together these results suggest that mast
cells and Th2 cytokine production are both independently necessary for establishing allergic
symptoms and inflammation in the gut.

CCR6 deficiency could potentially be acting at the level of the epithelial cell as it has been
reported that CCL20 can influence epithelial ion secretion in human intestinal epithelial cell
lines 26. This may be particularly relevant for the alternative CCR6 ligand HBD-2, which is
secreted luminally and has been shown to promote epithelial restitution 27. Murine beta-
defensin 14 has also been shown to have activity on CCR6 28, but the expression of defensins
in gastrointestinal allergic disease is not yet known. However, we feel that epithelial CCR6 is
unlikely to be a major factor as two independent T cell mediated models of diarrhea were
CCR6-dependent while toxin-induced diarrhea was not influenced by CCR6 deficiency. CD3
treatment mediates diarrhea by a TNF-α-dependent mechanism leading to alteration of
epithelial transporters and manipulation of epithelial barrier function 20, 29. Our data point to
memory T cell recruitment and/or activation of those memory T cells being defective in CCR6
−/− mice. When total cells were isolated from the lamina propria of naïve CCR6+/+ or CCR6
−/− mice, there was no defect in stimulation-induced cytokine secretion. This data suggests
that activation of cells in vivo is deficient in CCR6−/− mice, and we speculate that this is due
to changes in mucosal architecture (loss of lymphoid structures) associated with CCR6
deficiency. We examined T cell cytokine expression more closely in our allergic diarrhea
model.

Our data show that allergen-induced Th2 cytokine expression in the small intestine is dependent
on CCR6, despite normal Th2 cytokine expression in the draining lymph node. This suggests
that either activation within the lamina propria or homing from the lymph node to the lamina
propria is defective in CCR6−/− mice. CCR6 is present on memory T cells, and on a subset of
CD4+ T cells in the lamina propria 17. CCR6 is upregulated on proliferating OT-II transgenic
T cells after activation in the mesenteric lymph node 30, supporting a role for CCR6 in homing
to the lamina propria after activation in the lymph node. There are clearly other mechanisms
responsible for T cell recruitment to the lamina propria, such as CCR9 and the homing molecule
α4β7, evidenced by the fact that CCR6−/− mice do not have a major impairment in mucosal
T cells, and in fact had previously been reported to have increased intraepithelial and lamina
propria CD4+ populations 15. We directly addressed the role of T cell homing during allergen
challenge by using FTY720, a sphingosine 1-phosphate receptor 1 agonist that blocks
lymphocyte egress from the lymph nodes. FTY720 had no effect when it was administered
after sensitization and during oral OVA challenge. This data supports the conclusion that T
cell re-activation in response to oral OVA challenge is occurring locally within the intestinal
mucosa. FTY720 has been shown to be effective on blocking egress from both MLN and
Peyer’s patch 22–24, and efficacy of FTY720 treatment was verified in our experiments by
showing a near abolishment of circulating CD4 and CD8 T cells. FTY720 ameliorates
experimental colitis 31, 32, demonstrating efficacy in the gastrointestinal tract. FTY720
partially impairs allergic symptoms when given prior to allergen challenge in a model of
allergic diarrhea localized to the large intestine 33, and more complete inhibition was observed
when FTY720 was administered prior to sensitization. Allergen-driven inflammation in the
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large intestine may be more likely to be dependent on re-activation within the lymph nodes as
it is unlikely that significant amounts of intact antigen would remain to be absorbed into the
large intestinal lamina propria.

Transfer of primed Th2-secreting T cells to naïve mice eliminates the need for systemic
sensitization with OVA and alum. Transfer of wild-type T cells to wild-type recipients resulted
in allergic diarrhea when the mice were repeatedly fed with OVA. Transfer of CCR6−/− cells
that secreted similar levels of Th2 cytokines could not transfer disease. Thus CCR6 on CD4+
T cells is necessary for transfer of allergic diarrhea. However, CCR6 on CD4+ T cells is not
sufficient to transfer disease, as we observed that adoptive transfer of wild-type CD4+ T cells
(or whole MLN populations) to CCR6−/− mice did not lead to OVA-induced diarrhea. These
data are very similar to those previously shown by Lundy et al 34, whereby splenic T cells from
wild-type mice could transfer allergic airway hyperresponsiveness to wild-type mice, but not
CCR6−/− mice. They demonstrated that there was a deficiency in DC numbers in the CCR6
−/− lung, and that the DCs from CCR6−/− mice were less able to trigger IL-5 secretion from
pulmonary T cells. In the gastrointestinal tract, we observed the previously reported result
35 that CCR6 is not expressed on lamina propria DCs. In addition, we did not observe any
functional defect in the ability of DCs from CCR6−/− mice to prime T cells in vivo as shown
in Figure 5B, or in vitro as shown in Supplemental Figure 6. Therefore our data do not support
a role for CCR6 on DCs in OVA-specific T cell activation. This is in contrast to the T cell
response to microbial pathogens, such as Salmonella, which is dependent on DC expression
of CCR6 35. Salmonella, as particulate antigens, are more likely to be taken up via the Peyer’s
patch in which CCR6 is abundantly expressed on DCs. CCR6 deficiency has been shown to
lead to changes in mucosal lymphoid tissue architecture. Number and size of Peyer’s patches
is reduced 18, isolated lymphoid follicles (ILF) are reduced 16, and M cell numbers are also
decreased in CCR6−/− mice 36. Takayama et al directly addressed the role of Peyer’s patches
in allergic diarrhea, and found in fact that they played a suppressive role through facilitating
the expansion of CD4+ CD25+ FoxP3+ regulatory T cells 37. Therefore the diminished Peyer’s
patches in CCR6−/− mice would be expected to enhance, rather than reduce allergic diarrhea
and inflammation. However, the role of isolated lymphoid follicles in allergic diarrhea or as
an inductive or reactivation site for T lymphocytes has not been addressed. Mouse small
intestine normally contains 100–200 of these structures that bring together B cells, T cells, and
DCs 38. CCR6 deficiency results in a decrease in the total number of these ILFs 16. We
hypothesize that these organized structures may be required for optimal reactivation of T
lymphocytes in the gastrointestinal tract, and explain why wild-type CD4+ cells transferred to
CCR6−/− mice do not fully achieve their pathogenic potential in the gastrointestinal tract, and
why CCR6−/− mice are also resistant to CD3-induced diarrhea, despite the normal function of
these T cells in vitro. We speculate that an altered GALT anatomy could potentially inhibit the
ability of memory T cells to be reactivated by either antigen or anti-CD3 antibodies.

In summary, we show that CCR6 plays a role in the development of gastrointestinal allergic
disease, in part through expression on CD4+ T lymphocytes. Our data utilizing adoptive
transfers indicates that in a normal recipient, the absence of CCR6 on a single cell type (CD4
+ T cells) prevents disease development. In addition, provision of wild-type pathogenic T cells
cannot induce disease in CCR6−/− mice. These findings suggest a role for CCR6 by one of
two mechanisms: either in homing of T cells to appropriate mucosal locations for reactivation,
or secondly for optimal activation of T cells in the small intestine, which we speculate is due
to the absence of organized solitary isolated lymphoid follicles in CCR6−/− mice. In addition,
our data points to intriguing mast cell and IgE-independent effects of T lymphocytes in
gastrointestinal allergic disease that may be of particular relevance in the pathogenesis of “cell-
mediated” allergic disorders of the gastrointestinal tract.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CCL20 is upregulated during allergic diarrhea and CCR6 is required for diarrhea
symptoms
CCR6+/+ and CCR6−/− mice were sensitized and orally challenged with OVA. A. CCL20
mRNA expression in the jejunum of CCR6+/+ and CCR6−/− mice. Data are expressed as fold-
changed compared to unchallenged controls. B. Immunostaining for CCL20 in the small
intestine (bottom panel shows anti-CCL20 staining, top panel is isotype control). Note the
dense immunoreactivity in the follicle-associated epithelium. C. Onset of symptoms (% of
mice with visible diarrhea) after each feed was recorded. n = 33 (+/+) and 36 (−/−).
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Figure 2. Allergen-induced Jejunal Mast Cells and serum IgE are CCR6-independent
CCR6+/+ and CCR6−/− mice were sensitized and with OVA. 4 mice were sacrificed after each
feed of OVA (from 0 to 4). Top panel: Serum OVA-specific IgE. Middle panel: Jejunum mast
cell counts per high power field (HPF). Bottom panel: MMCP-1 mRNA expression in jejunum
from sacrificed after 4 (OVA/OVA) or 0 (OVA/PBS) feeds of OVA. ** p < 0.01, NS = not
significant.
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Figure 3. CCR6 is required for T cell-mediated, but not toxin-induced diarrhea
A: CCR6+/+ and CCR6−/− mice were fed 50 μg of cholera toxin or PBS as control. After 3
h, mice were euthanized and ligated loops were prepared from small intestine. Wet/dry weights
were calculated as in methods. n = 3/group. B: CCR6+/+ and CCR6−/− mice were injected
with 0.2 mg of anti-CD3 antibody or left un-injected as control. After 2 h, ligated loops were
prepared as above. n = 7/group. ** p < 0.01; *** p < 0.001; ns = not significant.
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Figure 4. Allergen-induced Th2 cytokine expression in the small intestine is impaired in CCR6 −/
− mice
Left panels: CCR6+/+ and CCR6−/− mice were sensitized to OVA and challenged with OVA
(OVA/OVA) or PBS (OVA/PBS) as control. Mice were euthanized within 1–2 h after symptom
onset. (n= 10 samples/group) Right panels: Mice were sacrificed after each OVA feeding (4
mice/group). RNA was isolated from jejunum, and RT-PCR for IL-4 (top panel), IL-13 (middle
panel) and IL-10 (bottom panel) was performed on individual samples (left panels) or pooled
samples from the time course (right panels).
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Figure 5. Th2 responses in the mesenteric lymph node are normal in CCR6 −/− mice
CCR6+/+ and CCR6−/− mice were sensitized to OVA and challenged with OVA (OVA/OVA)
or PBS (OVA/PBS) as control. MLN cells were re-stimulated with OVA and IL-4, IL-5, IL-13,
and IL-10 were measured in culture supernatants (Panel A). CFSE-labeled OVA-specific
DO11.10 cells were transferred to naïve CCR6+/+ and CCR6−/− mice. Mice were fed 50 mg
OVA (+OVA) or remained unfed as control (−OVA). After 96 h, T cell proliferation in the
MLN was assessed by CFSE dilution (Panel B).
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Figure 6. T cell reactivation occurs locally in the absence of homing from lymph nodes
Mice were treated with FTY720 daily beginning one day prior to beginning the OVA feeds.
Efficacy of the FTY720 treatment was checked by flow cytometry of peripheral blood (A),
which showed a near abolishment of circulating CD4 and CD8 T cells. FTY720 treatment had
no effect on onset of OVA-induced diarrhea (B), jejunal mastocytosis (C), or jejunal IL-4
(D) or IL-13 (E) expression. Data are representative of two independent experiments, with a
total of 10 mice per group.
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Figure 7. CCR6 on T cells is necessary, but not sufficient, for allergic diarrhea
MLN cells from OVA-sensitized and fed (AD) CCR6+/+ or CCR6−/− mice were re-stimulated
with OVA in vitro before transferring to naïve Balb/c mice. Mice were then fed with OVA
every second day and diarrhea symptoms recorded. (A) The cytokine output of the transferred
cells prior to transfer. (B) Symptoms of wild-type mice receiving primed CCR6+/+ or CCR6
−/− T cells as above. (C) Donor cells were CCR6+/+, and recipients were CCR6+/+ or CCR6
−/− as indicated.
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