Downloaded from gut.bmj.com on December 1, 2012 - Published by group.bmj.com

» Additional supplementary
data are published online only.
To view these files please visit
the journal online (http:/dx.doi.
org/10.1136/gutjnl-2012-
303631).

'Section of Pediatric
Gastroenterology, Hepatology
and Nutrition, Digestive Health
Institute, Aurora, Colorado, USA
ZGastrointestinal Eosinophilic
Diseases Program, Aurora,
Colorado, USA

3Children’s Hospital Colorado,
Aurora, Colorado, USA
*Mucosal Inflammation
Program, University of Colorado
Denver, Aurora, Colorado, USA
®Department of Anesthesiology,
University of Colorado Denver,
Aurora, Colorado, USA
®Department of Pathology,
Children’s Hospital Colorado,
Aurora, Colorado, USA
University of Colorado Denver
School of Medicine, Aurora,
Colorado, USA

®Department of Biochemistry
and Molecular Biology, Mayo
Clinic Scottsdale, Arizona, USA
®Division of Gastroenterology,
Department of Medicine and
Genetics, University of
Pennsylvania, Philadelphia, USA

Correspondence to

Dr Glenn T Furuta, Section of
Pediatric Gastroenterology,
Hepatology and Nutrition,
Digestive Health Institute,
13123 East 16th Avenue,
B290, Aurora, CO 80045, USA;
glenn.furuta@
childrenscolorado.org

Revised 8 October 2012
Accepted 17 October 2012

ORIGINAL ARTICLE

Oesophagus

Local hypersensitivity reaction in transgenic mice
with squamous epithelial IL-5 overexpression

provides a novel model of eosinophilic oesophagitis
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ABSTRACT

Objective Eosinophilic oesophagitis (EoE) is a chronic
inflammatory condition of the oesophagus with limited
treatment options. No previous transgenic model has
specifically targeted the oesophageal mucosa to induce
oesophageal eosinophilia.

Design \We developed a mouse model that closely
resembles EoE by utilising oxazolone haptenation in mice
with transgenic overexpression of an eosinophil poietic
and survival factor (interleukin (IL)-5) in resident
squamous oesophageal epithelia.

Results Overexpression of IL-5 in the healthy
oesophagus was achieved in transgenic mice (L2-IL5)
using the squamous epithelial promoter Epstein—Barr
virus ED-L2. Oxazolone-challenged L2-/L5 mice developed
dose-dependent pan-oesophageal eosinophilia, including
eosinophil microabscess formation and degranulation as
well as basal cell hyperplasia. Moreover, oesophagi
expressed increased IL-13 and the eosinophil agonist
chemokine eotaxin-1. Treatment of these mice with
corticosteroids significantly reduced eosinophilia and
epithelial inflammation.

Conclusions [2-/L5 mice provide a novel experimental
model that can potentially be used in preclinical testing
of EoE-related therapeutics and mechanistic studies
identifying pathogenetic features associated with
mucosal eosinophilia.

INTRODUCTION

Eosinophilic oesophagitis (EoE) is a chronic allergic
gastrointestinal disease manifest by dysphagia and
food impaction in adults as well as a collection of
symptoms previously associated with gastro-
oesophageal reflux disease in children.! 2 Diagnostic
criteria focus on clinical and histopathological
assessments that centre on the presence of eosino-
phils in the oesophageal epithelia.!

EoE occurs as a result of a hypersensitivity
response in the oesophageal mucosa. As such, cur-
rently available mouse models of EoE have been
derived by the direct allergen challenge of oesopha-
geal mucosae following sensitisation in systemic
transgenic mice.*” This approach derives from
observations that elimination of food allergens ben-
efits clinicopathological aspects of the disease,® *
and there is increased local expression of eosinophil
agonists, including interleukin (IL)-5 and eotaxin

Significance of this study

What is already known on this subject?

» EoE is an allergic disease characterised by
Th2-polarised immune events.

» EoE inflammation is characterised by increased
numbers of eosinophils, eosinophil microabs-
cess formation and superficial layering of the
eosinophils in the oesophageal epithelia.

» Therapeutic strategies targeting oesophageal
eosinophilia lead to the abatement of this
inflammation.

What are the new findings?

» The squamous cell-specific promoter EBV-ED-L2
allows for ectopic constitutive expression of
heterologous genes in transgenic mice.

» Oesophageal epithelial overexpression of IL-5
(L2-IL5) correlates with oesophageal-specific inflam-
matory events.

» Steroid treatment of oxazolone-challenged L2-/IL5
mice ameliorates the induced inflammation.

How might it impact on clinical practice in

the foreseeable future?

» Development of an allergen-naive mouse EoE
model that specifically targets the oesophageal
epithelia provides a unique and user-friendly
preclinical system with which to define
underlying immune mechanisms that mediate
oesophageal inflammation that can be targeted
for therapeutic interventions.

chemokines.” % These mouse models amplify
the local response with systemic overexpression of
the eosinophil agonist cytokine IL-5 (CD2-IL5)° or
ectopic constitutive expression in non-oesophageal
organs such as the lung (CC10-IL-13)"° and small
intestine (FABPi-IL-5, FABPi-Eotaxin).* 16

In the present study, we took an alternative
approach and specifically targeted IL-5 expression
to the oesophageal squamous epithelia using the
Epstein—Barr virus ED-L2 (EBV-ED-L2) gene pro-
moter."” These data showed that constitutive squa-
mous oesophageal epithelial-specific overexpression
of IL-5 (L2-IL5 transgenic mice) resulted in a
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baseline oesophageal eosinophilia. On sensitisation and subse-
quent topical oesophageal challenge of L2-IL5 mice with oxazo-
lone, a molecule known to induce T-helper cell (Th) type 2
responses in other organs, mice developed key histopathological
features consistent with human EoE. These features include epi-
thelial hyperplasia and eosinophilic microabscesses that erupt
through the epithelium into the oesophageal lumen. This model
will provide investigators with a novel system to determine
mechanistic pathways and test preclinical therapeutics focusing
on EoE.

MATERIALS AND METHODS

Generation of L2-IL5 transgenic mice

The expression of a 5.5 kb IL-5 complementary DNA/genomic
fusion gene'® was driven using a promoter derived from the
EBV-ED-L2 gene'” ™ (figure 1). Age-matched wild-type C57BL/6]
littermate mice were used as controls for all experiments. Mouse
studies were approved by the University of Colorado Denver
Institutional Animal Care and Use Committee.

Induction of experimental oesophageal eosinophilia in L2-IL5
mice by sensitisation and topical challenge with oxazolone

A mouse model of oesophageal inflammation was established
using a 4-ethoxymethylene-2-phenyl-2-oxazolin-5-one (OXA;
Sigma, St Louis, Missouri, USA) contact hypersensitivity protocol
(figure 2). See supplementary materials (available online only) 2’

Dexamethasone treatment
Dexamethasone treatments were performed as described?!
(figure 2). See supplementary materials (available online only).

Tissue collection and histological analysis

Tissues were fixed with 10% neutral buffered formalin and pro-
cessed in preparation for being paraffin embedded.*" Serial sec-
tions from these paraffin tissue blocks were cut (5 pm) and
were either stained with H&E or subjected to histological
assessments (see table 1) or immunohistochemistry using
either an anti-mouse eosinophil major basic protein
(MBP)-specific rat monoclonal antibody,** the Ki67 monoclonal
antibody to assess cell proliferation.® Quantification of either
MBP-1 (ie, eosinophils) or Ki67 immunopositive cells are pre-
sented as numerical averages of nine non-overlapping high-
power fields (0.26 mm?) per oesophagus (three distal, three mid
and three proximal). Slides were also subjected to immuno-
fluorescence analysis. See supplementary materials (available
online only).

Cell isolation, quantification and flow cytometric
and fluorescence-activated cell-sorting analysis
Leucocytes from tissue sources including spleen, bone marrow,
peripheral blood and oesophagus were isolated as previously
described.?! 2 2* See supplementary materials (available online
only).

Single-cell suspensions were stained on ice with cell type-
specific antibodies as previously described.?! See supplementary
materials (available online only).

RNA isolation and real-time reverse transcription PCR
Whole oesophageal tissue total RNA was prepared using
RNeasy mini kits (Qiagen, Valencia, California, USA), cDNA
synthesis (Applied BioSystems) and real-time reverse transcrip-
tion (RT)-PCR with Tagman gene expression assays lagman
probes (Applied Biosystems) as previously described.”!

2

p(AY*

A miL5 cDNA miL5 Genomic

p(A)*
[EBV-ED-L2 |

*

T 800 -

2 x ] Wild Type
03 700+ W L2-IL5
Q< 600
3% s00{
<& 00
c 3 300
£3 *

0 G 2004
i =
=3 1001
I
¥ £ & & & & SR
S S & & ¢ F & F S &
/\oo Q"‘@ \o& oba K o VR WV Dy
S F
$ Q
QO
C Esophageal Esophageal Circulating

m IL5 mRNA IL5 Secretion IL5 Levels

'g 250- *kk & 44 *kk & 9 %
» 2 o e 5 8
- - kD -
ggo 200 % 34 7
[T - - 64
=2 150 £ E .
<E D 5] D T
Z3T o 2 4
£ 100 P it
£ 2 3 34

£ n 14

3 2 2

£ Wild 10 20 30 Wild 10 20 30 Wild L2-IL5

Type Age(weeks) Type Age(weeks) Type
L2-IL5 L2-IL5
Figure 1 IL-5 transgenic mice utilising the Epstein—Barr virus ED-L2

(EBV-ED-L2) gene promoter generate animals that ectopically express
high levels of IL-5 from squamous epithelium of the oesophagus.
(A) An EBV-ED-L2 promoter fragment was cloned upstream of mouse
IL-5 cDNA:genomic fusion gene that includes the complete IL-5 ORF
and all of the IL-5 genomic exons/introns without any endogenous
upstream cis-regulatory sequences. (B) IL-5 transgene expression

(ie, mRNA) assessed in squamous epithelial-derived tissues (reverse
transcription (RT)-PCR) demonstrates a unique pattern of induced
ectopic expression with maximum in the oesophagus. IL-5 mRNA
levels in a given tissue were initially normalised to 18S within each
sample and expression levels among tissues examined are reported
as fold increase relative to IL-5 expression in liver (ie, a tissue
devoid of squamous-epithelium). (C) IL-5 mRNA (oesophageal) and
protein (oesophageal and circulating) levels in L2-/L5 mice are
characteristic of a pattern of localised IL-5 overexpression with
displacement into systemic circulation. Oesophagi from wild-type and
L2-IL5 mice (10-30 weeks of age) were processed for whole tissue
RNA and assessed for IL-5 expression by RT-PCR. IL-5 levels were
normalised to 18S within each sample and then reported as
fold-increase relative to wild-type levels at 10 weeks of age. IL-5
secretion from the oesophagus was assessed by ELISA from
supernatants of whole oesophageal explant cultures and circulating
IL-5 levels were determined from serum samples derived from blood
recovered from 10-week-old wild-type and L2-/L5 mice. These data
are expressed as means=SEM of five to six individual mice per
group. *p<0.05, **p<0.01, ***p<0.001.

Cytokine assessments of oesophageal tissue

and blood serum

Oesophagi and blood serum were assessed for cytokine produc-
tion as previously described.?! %
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Figure 2 Schematic timeline representing the
4-ethoxymethylene-2-phenyl-2-oxazolin-5-one (OXA) sensitisation/topical
challenge model of delayed contact hypersensitivity. On day 0 of the OXA
hypersensitivity protocol, a 2 cmx2 cm area of abdominal skin of
anaesthetised experimental animals was shaved and OXA was applied to
the skin surface (150 .l of a 3% (wy/v) solution of OXA in 4:1 acetone-olive
oil vehicle) to initiate the sensitisation phase of the protocol.2® Sensitised
mice received topical OXA challenges of the oesophagus by gavage (p.c.)
on protocol days 5, 8 and 12 with a 1% (w/v) solution of OXA in 30%
ethanol/olive oil vehicle into the proximal oesophagus. Vehicle control
animals (either wild-type or L2-IL5 mice) were sensitised as noted above
and challenged with 4:1 acetone-olive oil vehicle alone. All mice were
assessed 24 h following the last OXA challenge (protocol day 13).
Additional groups of mice were concurrently treated with the
corticosteroid dexamethasone (DEX) by intraperitoneal (i.p.) injection of
mice (10 mg/kg of body weight) during the topical OXA challenge phase
(protocol days 5, 8, 10 and 12); control animals receiving intraperitoneal
injections of saline vehicle alone.

Statistical analysis

Statistical analyses of data outcomes were performed using a
two-tailed Student’s t test. Data are expressed as means+SEM.
A p value of 0.05 or less was considered statistically significant,
although in some cases higher levels of significance are noted
and described in the figure legends when applicable.

RESULTS

Transgenic mice constitutively express IL-5 from oesophageal
squamous epithelial cells

A mouse model replicating inflammatory changes linked with
EoE was developed by generating transgenic mice (L2-IL5) that
constitutively express the eosinophil agonist cytokine IL-5 in
resident oesophageal stratified squamous epithelial cells (figure
1A). The tissue/cell specificity of ectopic IL-5 expression in
these mice was achieved using an Epstein—Barr virus (ED-L2)
promoter fragment that was previously shown to limit heterol-
ogous gene expression to tissues/organs that contain squamous
epithelium.!” RT-PCR assessments of IL-5 gene expression in

Table 1 Epithelial Histology Scoring Tool

Epithelial histology scoring tool Score

Eosinophilic clusters/abscesses 0=Absent
1=Present

Lymphoplasmacytic infiltrates 0=Absent
1=Present

Hyperkeratosis 0=Absent
1=Present

Dilated intercellular spaces 0=Absent
1=Present

Basal zone hyperplasia 0=<25% Epithelial thickness
1=25-50% Epithelial thickness
2=50-75% Epithelial thickness

3=>75% Epithelial shickness

Gut 2012;0:1-11. doi:10.1136/gutjnl-2012-303631

L2-IL5 mice thus demonstrated that transgene expression is limited
to the tongue, oesophagus and forestomach, with the highest level
of IL-5 expression found in the oesophagus (figure 1B). These RT—
PCR assessments also showed that oesophageal IL-5 expression in
L2-IL5 mice did not vary as a function of postpartum age (wild-
type control animals displayed little to no IL-5 expression at any
time point examined), remaining at constitutively high levels from
10 weeks to 30 weeks of age (figure 1C).

Production of IL-5 protein from the oesophagus was con-
firmed by ELISA assessment of culture supernatants derived
from oesophageal explants. Consistent with observed levels of
messenger RNA/gene expression, 1L-5 secretion by oesophageal
explants also did not vary as a function of postpartum age
(figure 1C). Similar to a pulmonary model of IL-5 overexpres-
sion,?® serum IL-5 in the L2-IL5 mice was elevated (figure 1C).

Systemic and oesophageal IL-5 overexpression induce
eosinophilia in haematopoetic, peripheral and oesophageal
compartments

Elevated IL-5 levels in the peripheral circulation of 10-week-old
L2-IL5 mice were associated with significant increases (ie, relative
to wild-type control animals) in eosinophil levels in haematopoi-
etic compartments including the bone marrow (figure 3A) and
spleen (figure 3B). In both cases cytospin assessment of
DiffQuick (commercial Romanowsky) stained slides revealed cells
with the characteristic appearance of eosinophil-committed pro-
genitor cells. Additional evidence of extramedullary haematopoi-
esis in L2-IL5 mice also included splenomegaly and splenic
eosinophil clusters by routine H&E histology (see supplementary
figure S1, available online only). Assessments of peripheral blood
(figure 3C) showed that unlike the nominal circulating levels of
white blood cells and eosinophils found in wild-type control
animals (1.37x107° cells and 0.01x107° eosinophils, respect-
ively), L2-IL5 mice displayed significant increases in both white
blood cells and peripheral eosinophil numbers (5.9% 1075 cells and
1.8x107° eosinophils, respectively); DiffQuick (commercial
Romanowsky) stains of cytospins showed that these cells dis-
played morphologies characteristic of mature peripheral
eosinophils.

Detailed assessments of the oesophagi of L2-IL5 mice showed
that the localised squamous epithelial cell expression of IL-5
resulted in prominent oesophageal tissue eosinophilia (figure 3D).
In particular, MBP-1 demonstrated a significant increase in tissue
infiltrating eosinophils in this compartment relative to wild-type
control animals (4.3+0.6 eosinophils/400Xx high powered field
(hpf) (in all microscopic examinations, hpf=0.26mm?) versus 0.6
+0.2 eosinophils/400x hpf. These assessments of stained tissue
sections were confirmed by fluorescence-activated cell-sorting
analyses of disassociated cells recovered from oesophagi (figure
3D). These data also showed that the oesophagus of an L2-IL5
mouse displays a significant increase (ie, relative to wild type) in
resident eosinophils (ie, CD45", Ly6G~, MHC II7/4™ Siglec F*
cells; 5.7x107° vs 0.16x107°) whose appearance on DiffQuick
(commercial Romanowsky) staining is that of mature eosino-
philic metamyelocytes. In addition, a small and moderate increase
in the presence of neutrophils (CD45%, CD11b*,
Ly6G*; 0.14x107° vs 0.017x107°), dendritic cells (CD45*
CD11c*, MHCII*; 0.38x107° vs 0.23x107°), macrophages
(CD45%, CD11b*, MHCII"; 2.12x107° vs 0.82x107°), CD4*
(2.4x1073 vs 0.63x1073) and CD8" (0.59%x107° vs 0.13x107%) T
lymphocytes were identified by flow cytometry in the oesophagi
of L2-IL5 mice compared to wild-type controls. Mast cells were
assessed by alcian blue pH2.5 immunohistochemistry and were
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Figure 3 Constitutive expression of IL-5 from the squamous epithelium of L2-/L5 elicits the expansion of the eosinophilopoietic compartments of
bone marrow and spleen, an increase in circulating eosinophil numbers and an oesophageal eosinophilia. Flow cytometric analysis in combination
with fluorescence-activated cell sorting (FACS) was performed to identify and quantify the induced eosinophilia occurring in L2-IL5 mice. Regardless
of the tissue/compartment examined eosinophils were identified through sequential gates initially focusing on forward versus side scatter before
employing specific gates based on the presence/absence of unique cell surface markers (ie, CD45™, Ly6G~, MHCII~®™, SiglecF*). Therefore,
eosinophils in (A) bone marrow, (B) spleen, (C) peripheral blood and (D) oesophagus were identified and quantified in 10-week-old L2-IL5 mice
relative to wild-type controls. These cells were subsequently subjected to FACS and eventually cell differential analysis of DiffQuick (commercial
Romanowsky) stained cytospin preparations of the sorted cell populations, identifying eosinophils in each of these compartments/tissues. These
data are expressed as means+=SEM of five to six individual mice per group. *p<0.05 and ***p<0.001. This figure is only reproduced in colour in

the online version.

not considered a significant component in the oesophagi of L2-IL5
mice.

OXA sensitisation and oesophageal challenge of L2-IL5 mice
resulted in eosinophil-dominated oesophageal inflammation
consistent with EoE

Previous studies utilising OXA-induced delayed type hypersensi-
tivity reactions in the large intestine and skin have successfully
induced a robust Th2 and eosinophil-associated inflammatory
pathology.?® 27 We hypothesised that a localised delayed hyper-
sensitivity reaction induced in mice predisposed to eosinophilic
oesophageal inflammation (ie, L2-IL5 animals) would provide the
necessary immune-mediated response to replicate the

histopathologies characteristically found in EoE patients. L2-IL5
mice were sensitised with OXA and then subjected to a topical
OXA challenge of the oesophagus to induce a localised oesopha-
geal delayed hypersensitivity response (figure 2). OXA sensitisa-
tion and topical oesophageal challenge of wild-type mice induced
a nominal increase in oesophageal epithelial histopathology rela-
tive to vehicle control animals that did not achieve statistical sig-
nificance (figure 4A,B). In contrast, OXA sensitisation and topical
oesophageal challenge of L2-IL5 animals resulted in histopatho-
logical changes of the oesophageal epithelium that were signifi-
cantly higher than either those displayed by L2-I[L5 animals
treated with vehicle alone or OXA-sensitised/challenged wild-
type mice (figure 4C-E). Representative photomicrographs of

Gut 2012;0:1-11. doi:10.1136/gutjnl-2012-303631
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Figure 4 4-Ethoxymethylene-2-phenyl-2-oxazolin-5-one (0XA)
sensitisation and topical oesophageal challenge of L2-IL5 mice results
in histopathological changes consistent with those observed in humans
with eosinophilic oesophagitis (EoE). H&E stained sections of
oesophagus were evaluated and representative photomicrographs are
presented from wild-type animals treated either with (A) vehicle or

(B) OXA and L2-IL5 mice treated either with (C) cehicle or (D, E) OXA.
(F) The peak level of inflammation (epithelial histopathology score) in
each group of mice was determined using an algorithm described in
the supplementary materials (available online only) and expressed as
group mean data+=SEM. Scale bar represents 100 uM. These data are
representative of three separate experiments with five to nine individual
mice per group. **p<0.01. This figure is only reproduced in colour in
the online version.

H&E oesophageal sections demonstrated the induced expansion
of the oesophageal epithelium and inflammatory cell infiltrate
occurring in OXA-treated L2-IL5 mice (figure 4D,E) relative to
either vehicle-treated L2-IL5 animals (figure 4C) or vehicle versus
OXA-treated wild-type mice (figure 4A vs B, respectively), find-
ings confirmed in histopathology scores (figure 4F).

The extent of the induced oesophageal eosinophilia and evi-
dence of eosinophil degranulation was determined by immuno-
histochemical detection of the eosinophil secondary granule
MBP-12! These immunohistochemical assessments revealed
that OXA-treated wild-type mice displayed mild tissue eosino-
philia relative to the wvirtual absence of eosinophils in
vehicle-alone-treated wild-type animals (figure 5A,B). In add-
ition, these data showed that while the eosinophilia occurring
in L2-IL5 vehicle-alone-treated mice (figure 5C) was statistically
larger than those observed in wild-type animals, this response

Gut 2012;0:1-11. doi:10.1136/gutjnl-2012-303631
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Figure 5 4-Ethoxymethylene-2-phenyl-2-oxazolin-5-one (0XA)
sensitisation and topical oesophageal challenge of L2-IL5 mice results
in eosinophilic histopathological changes consistent with those
observed in humans with eosinophilic oesophagitis (EoE). Oesophageal
eosinophil infiltration and localised degranulation were determined by
immunohistochemistry using a rat monoclonal anti-mouse major basic
protein (MBP) antibody. Stained oesophageal sections were evaluated
and representative photomicrographs are presented from wild-type
animals treated either with (A) vehicle or (B) OXA and L2-IL5 mice
treated either with (C) vehicle or (D) OXA. The eosinophilic
microabscess characteristic of this model (and human EoE) is shown in
(E) as well as (F) where a microabscess has erupted through the
squamous epithelial barrier of the oesophagus. (G) A quantitative
assessment of the oesophageal eosinophil infiltrate in each group of
mice was determined across nine high powered field (hpf) of view
(three distal, three mid and three proximal) and expressed as group
mean data of the eosinophil density (ie, eosinophils/400x hpf)+=SEM.
Scale bar represents 100 uM. These data are representative of three
separate experiments with five to nine individual mice per group.
*p<0.05, **p<0.01. ***p<0.001. p Values not linked with brackets
indicate significance relative to L2-IL5 mice treated with vehicle alone.
This figure is only reproduced in colour in the online version.
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was dwarfed by the induced eosinophilia and associated degranu-
lation occurring in OXA-treated L2-IL5 mice (figure 5D-F). The
identity of MBP-17 cells in OXA-treated L2-IL5 mice as exclusively
eosinophil lineage in origin was confirmed histologically by double
immunofluorescence staining of oesophageal tissue sections for
Siglec F and MBP-1 (see supplementary figure S2, available online
only). The extent of induced eosinophilia in wild-type versus
L2-IL5 OXA-treated mice was quantified (figure 5G) by detailed
examination of tissue sections (n=5-10/cohort) as the mean
number of MBP-1* cells/400x hpf. These data showed that wild-
type (vehicle control or OXA-treated) and vehicle control L2-IL5
mice displayed only a nominal oesophageal eosinophilia (averaged
over the total oesophageal length) relative to the induced eosino-
philia occurring in OXA-treated L2-IL5 mice. Quantification of
induced tissue eosinophilia occurring in OXA-treated L2-IL5 mice
demonstrated a longitudinal gradient that occurred with a statistic-
ally higher density of eosinophils in distal oesophagi (figure 5G).
No significant change in other leucocyte populations was observed
following OXA challenge of L2-IL5 mice.

The spatial pattern of the observed eosinophilia occurring in
OXA-treated L2-[L5 mice was also particularly noteworthy
because of its similar pattern to what has been described in EoE
patients. In particular, a dense epithelial and lamina propria
eosinophilia accompanied by eosinophil degranulation occurred
in L2-IL5 mice that appeared more at the surface relative to the
underlying subepithelial layers (figure 5D). In addition, eosino-
philic microabscess formation was evident (figure 5E), which
appeared to erupt through the epithelium into the oesophageal
lumen (figure 5F).

Oesophageal inflammation occurring in 0XA-treated L2-IL5

mice is characterised by cell proliferation of the squamous
epithelial basal zone

Squamous epithelial hyperplasia, a key feature associated with
human EoE, was demonstrated to occur as part of the
eosinophil-dominated inflammation in OXA-treated L2-IL5
mice. Basal zone epithelial cell proliferation, measured by Ki67
immunohistochemistry, ~was significantly increased in
OXA-treated L2-IL5 mice relative to wild-type control mice
treated with either vehicle alone or OXA as well as L2-IL5 mice
treated with vehicle alone (figure 6A-D). Quantification of
Ki67* cell numbers as the mean of nine or more 400X hpf
derived from five to 10 mice per group demonstrated that the
squamous epithelial proliferation observed in OXA-treated
L2-]L5 mice was statistically higher than that observed in
L2-IL5 animals treated with vehicle alone (figure 6E). Increases
in epithelial proliferation were not observed comparing vehicle
alone versus OXA-treated wild-type animals with both these
groups displaying the same level of proliferation as observed in
L2-IL5 mice treated with vehicle alone (figure 6E). Similar to
human EoE, a gradient of proliferation within the squamous
epithelium (ie, localised hyperplasia) was uniquely observed in
the oesophagus of OXA-treated L2-IL5 mice. In particular,
those epithelial cells in contact with the oesophageal basement
membrane (basal zone) differentially stained as Ki67*, encom-
passing 50-75% of the total epithelial thickness of OXA-treated
L2-IL5 mice (figure 6F). In addition, increased proliferation of
cells localised within the lamina propria could be observed
(figure 6D).

Increases in oesophageal IL-5, IL-13 and eotaxin-1 levels char-
acterised the immune microenvironment of OXA-treated L2-IL5
mice

Gene expression in the oesophagi of OXA-treated L2-IL5 mice
was assessed to determine the induced polarisation of the
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Figure 6 4-Ethoxymethylene-2-phenyl-2-oxazolin-5-one (0XA)
sensitisation and topical oesophageal challenge of L2-IL5 mice results
in squamous epithelial changes indicative of inflammatory events
similar to those observed in human subjects with eosinophilic
oesophagitis (EoE). Epithelial cell proliferation and expansion of this
compartment was determined by immunohistochemistry assessing for
the presence of the marker Ki67. Stained oesophageal sections were
evaluated and representative photomicrographs are presented from
wild-type animals treated either with (A) vehicle or (B) OXA and L2-IL5
mice treated either with (C) vehicle or (D) OXA. (E) The density of
Ki67™ cells in the epithelial layer was determined as the mean value
(evaluating nine high powered fields of oesophagi (three distal, three
mid and three proximal) recovered from 5-10 mice)=SEM. (F) The
peak level of basal zone hyperplasia in each group of mice was
determined using an algorithm described in the supplementary
materials (available online only) and expressed as group mean data
+SEM. Scale bar represents 100 uM. These data are representative of
three separate experiments with five to nine individual mice per group.
**p<0.01, ***p<0.001. This figure is only reproduced in colour in the
online version.

immune microenvironment of this model system. RT-PCR
assessments of targeted Thl versus Th2 cytokine gene expres-
sion revealed that the oesophagi of OXA-treated L2-IL5 mice
differentially expressed IL-5 and IL-13 (Th2 cytokines) relative
to the Thl cytokine profile, which remained unchanged
(figure 7A). Moreover, oesophageal explant cultures derived
from OXA-treated L2-IL5 mice were shown to secrete signifi-
cantly higher levels of eotaxin-1 (but not eotaxin 2) compared
to explants of either wild-type vehicle-alone or OXA-treated
animals as well as explants derived from vehicle-alone-treated
L2-IL5 mice (figure 7B).
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Figure 7 The induced eosinophilic oesophageal inflammation occurring in 4-ethoxymethylene-2-phenyl-2-oxazolin-5-one (0XA)-treated L2-/IL5 mice
is characterised by a T-helper cell (Th) type 2 predominated cytokine expression profile accompanied by overexpression of the eosinophil agonist
chemokine eotaxin-1 but not eotaxin-2. (A) Total RNA derived from whole oesophagi of OXA-treated wild-type versus L2-IL5 mice were used as the
starting templates for Tagman based real-time reverse-transcription PCR assessments of expression from genes encoding cytokines characteristic of
Th1 versus Th2 immune responses. Expression levels were normalised within each group relative to the levels of 18S ribosomal RNA before
determination of fold increase relative to observed levels in the oesophagi of 0XA-treated wild-type mice. Individual values are expressed as group
means+SEM *p<0.05, ***p<0.001. (B) Eotaxin-1 and 2 expression levels derived from the oesophagi of each group of mice were determined by
ELISA of supernatants derived from explants cultured for 24 h. These data are representative of two separate experiments and are shown as mean
values=SEM of three to five individual mice per group. *p<0.05, ***p<0.001.

Infiltrating oesophageal eosinophils from 0XA-treated L2-IL5
display cell surface phenotypes characteristic of mature tissue
resident granulocytes

Oesophageal eosinophils from OXA-treated L2-IL5 mice were
compared by flow cytometry relative to eosinophils derived from
control L2-IL5 animals treated with vehicle alone. Eosinophils
were defined based on a granulocyte scatter-based gate and a
surface profile of CD45%, Ly6G~, MHCII4™ and SiglecF*
(figure 8). Haematological staining and cell differential analysis of
these sorted populations confirmed the identity of these cells as
mature granule protein-rich eosinophils. Resident oesophageal
eosinophils from OXA-treated L2-IL5 mice showed substantially
increased expression of cell surface markers CCR3 and Ly6C rela-
tive to eosinophils from oesophagi of L2-IL5 mice treated with
vehicle alone (figure 8). However, no changes were observed in
levels of the other surface markers assessed, including CD11b,
CD11c, CD103, F4/80, CD44, CD34, Sca-1 (Ly6A/E) and CD69
(figure 8); IL-5Ro remained close to undetectable in both eosino-
phil populations (data not shown).

Oesophageal inflammation in 0XA-treated L2-/L5 mice

was steroid responsive

The successful treatment of EoE patients with corticoster-
oids' ?° led us to determine if the eosinophilic oesophageal
inflammation of the OXA-treated L2-IL5 model of oesophagitis
was attenuated by  corticosteroid administration. A

Gut 2012;0:1-11. doi:10.1136/gutjnl-2012-303631

dexamethasone administration protocol was overlaid onto the
OXA treatment timeline, delivering dexamethasone by intraper-
itoneal injection (vehicle alone served as a negative control)
throughout the OXA challenge phase of this inflammatory
model (figure 2). Those studies demonstrated that administra-
tion of dexamethasone significantly reduced epithelial inflam-
mation and eosinophilia in OXA-treated L2-IL5 mice (figure 9).
In particular, H&E stained sections (figure 9A) revealed that
dexamethasone administration significantly reduced the proin-
flammatory cell infiltrate and tissue oedema associated with
this model; quantification of this epithelial inflammation
demonstrated the significance of this corticosteroid-mediated
decrease (figure 9B,C). Immunohistochemical detection of
tissue infiltrating eosinophils (ie, MBP-1* leucocytes) also
showed that ocesophagi of OXA-treated L2-IL5 mice had evi-
dence of a dense eosinophil infiltrate (figure 9D,E) that was sig-
nificantly reduced with dexamethasone administration
compared to L2-[L5 mice administered vehicle alone (figure 9F).
Finally, assessments of squamous epithelial hyperplasia by Ki67
immunohistochemistry showed that dexamethasone treatment
led to a statistically significant decline in the expanded prolifer-
ating basal zone characteristic of this model (figure 9G,H,]I).

DISCUSSION
Clinical studies and therapeutic trials investigating EoE patients
have documented a link between this disease and eosinophils.
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Figure 8

Infiltrating oesophageal eosinophils from oxazolone in 4-ethoxymethylene-2-phenyl-2-oxazolin-5-one (0XA)-treated L2-/L5 display a cell

surface phenotype characteristic of mature tissue resident granulocytes. Oesophageal eosinophils are more mature following OXA exposure. (A) Flow
cytometric analysis of eosinophils (granulocyte gated, CD45™, Ly6G~, MHCII"®™, SiglecF™ cells) in vehicle and OXA-treated L2-IL-5 oesophagi.
Surface markers CCR3 and Ly6C are increased with OXA challenge. Common markers with other myeloid populations are present in equal
abundance in both uninflamed and inflamed oesophagi. (B) These cells were subsequently subjected to fluorescence activated cell-sorting and
eventually cell differential analysis of DiffQuick (commercial Romanowsky) stained cytospin preparations of the sorted cell populations, identifying
eosinophils in each of these compartments/tissues. Data are representative of two separate experiments, with means=SEM of three to four

individual mice per group shown,

Indeed, these investigations led to a consensus regarding the
definition of clinical and pathological descriptions of EoE, diag-
nostic criteria and treatment guidelines for patients.! % The
development of animal models and translational studies to
identify eosinophil-specific mechanisms eliciting, and/or con-
tributing to, disease pathologies has led to key findings regard-
ing the pathogenesis and therapeutic targets. Mouse models of
eosinophilic diseases have been particularly valuable because of
the availability of eosinophil-detecting reagents (eg, mouse-
specific antibodies), the availability of targeted genetic aberra-
tions (eg, transgenic overexpression and ablation (knockouts) of
specific genes of interest), and the ability to perform complete
assessment of endpoint pathologies such as measures of

*p<0.05, **p<0.01. This figure is only reproduced in colour in the online version.

physiological parameters, remodelling and postmortem histo-
pathology.'® 2! 22 29731 Therefore, together with the increasing
understanding of immune responses in the mouse and the
realisation of how similar these immune responses are with
events occurring in patients, these models have provided
needed insights into human EoE, including the mechanistic
importance of IL-5 overexpression® ' '® and the expression of
eotaxins.” !!

Our present work that defines a novel mouse model of EoE
are based on a number of studies implicating the importance of
IL-5 in the pathogenesis of epithelial inflammation in allergic
diseases and specifically EoE. For instance, nasal, respiratory
and ocular epithelia secrete IL-5 in mouse models of allergic

Gut 2012;0:1-11. doi:10.1136/gutjnl-2012-303631
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Figure 9 Corticosteroid treatment of in 4-ethoxymethylene-2-phenyl-2-oxazolin-5-one (OXA) sensitised/topical challenged L2-IL5 mice leads to the
attenuation of all histopathological metrics associated with this mouse model of human eosinophilic oesophagitis (EoE). H&E stained sections of
oesophagus (A, B) as well as sections subjected to major basic protein (MBP)-1 (D, E) and Ki67 (G, H) immunohistochemistry were evaluated and
representative photomicrographs are presented from OXA-treated L2-IL5 mice treated with either vehicle alone (saline) or dexamethasone (DEX).
Dexamethasone was administered to individual mice on protocol day 5, 8, 10 and 12 by intraperitoneal injection of 200 ng dexamethasone (Vedco,
St Joseph, Missouri, USA) suspended in 200 ul of saline (figure 2). Control mice received 200 pl of saline alone. (C) The peak level of inflammation
(epithelial histopathology score) in each group of mice was determined using an algorithm described in the supplementary materials (available online
only) and expressed as group mean data+=SEM. (F) A quantitative assessment of the oesophageal eosinophil infiltrate in each group of mice was
determined and expressed as group mean data of the eosinophil density (ie, eosinophils/400x high powered field (hpf) (evaluating nine hpf/
oesophagus; three distal, three mid and three proximal))=SEM. (1) The density of Ki67™* cells were determined as the mean value (evaluating nine
hpf/oesophagus; three distal, three mid and three proximal)=SEM. Scale bar represents 100 uM. Data are expressed as means=SEM derived from
six to 10 individual mice per group. **p<0.01, ***p<0.001. This figure is only reproduced in colour in the online version.

diseases associated with mucosal eosinophilia.’* >3 A number
of translational studies have also identified the oesophageal epi-
thelium of patients (captured by mucosal pinch biopsies) as a
source of localised increased IL-5 expression.!® 16 32 3% The
source of this cytokine is thought to be infiltrating T cells or
eosinophils, but the lack of direct visualisation of all expressing
cells does not preclude the activated oesophageal epithelium as
an additional contributor to local IL-5 levels.!* % That is, a
number of cells are probably contributing to the Th2 milieu of
the oesophagus in EoE patients, and we hypothesised that the

Gut 2012;0:1-11. doi:10.1136/gutjnl-2012-303631

ectopic overexpression of IL-5 by oesophageal epithelial cells in
L2-]L5 mice replicates this localised exacerbation of Th2
immune responses.

Oesophageal studies in the mouse have bifurcated based on
the experimental strategies utilised to generate these models of
EoE: (1) Sensitisation/local challenge approaches in which wild-
type mice undergo a primary sensitisation event to allergen
(and/or a contact irritant) followed by a secondary topical chal-
lenge of the oesophagus with the same agent® © 7
(2) Transgenic overexpression in mice of candidate
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inflammatory genes identified from clinical studies of EoE
patients.” ¥ Although both of these approaches have provided
valuable insights regarding mechanisms of action, these models
have not been organ/tissue specific as transgene expression
occurs outside the oesophageal compartment (eg, lymphocyte/
small intestinal driven expression of IL-5° or pulmonary-derived
IL-13,% and some features of the histopathology have not been
demonstrated as seen in human EoE. The development of the
mouse model used in our study targeted the oesophageal
mucosa to overexpress IL-5, thus representing a logical exten-
sion of results from translational studies that have previously
defined the Th2 mileu. Subsequent use of this model with a
local challenge led to key histological, molecular and pharmaco-
logical features seen in human EoE.

The relative difference in oesophageal pathologies occurring in
the transgenic line alone versus transgenic animals subject to
the sensitisation/oesophageal challenge model demonstrated the
interplay, and ultimately the importance, of concomitant
immune responses and eosinophil-mediated activities. In par-
ticular, even though squamous epithelial-specific IL-5 expression
alone, without sensitisation and challenge, (ie, L2-IL5 mice)
induced a significant oesophageal eosinophilia encompassing the
length of the oesophagus (ie, relative to wild-type-sensitised/
challenged wild-type mice), this eosinophilia was not accom-
panied by the density of histopathological changes such as
eosinophilic microabscesses characteristic of EoE. Moreover,
unlike L2-IL5 mice subjected to sensitisation/oesophageal chal-
lenge, the L2-IL5 vehicle or naive mice did not display evidence
of dilated intra-epithelial spaces, basal cell hyperplasia and pro-
liferation of cells within the lamina propria. These observations
suggest that the presence of oesophageal eosinophils alone is a
necessary but not a sufficient event occurring in EoE. This con-
clusion suggests a parsimonious explanation of patients who
have a tissue eosinophilia consistent with EoE yet display either
no overt symptoms or symptoms inconsistent with an EoE diag-
nosis. In addition, the disconnect between co-stimulatory
inflammation and oesophageal eosinophilia may also explain the
apparent overlap between some patients with gastro-
oesophageal reflux disease. That is to say, in some patients, acid-
induced oesophageal inflammation may elicit a tissue eosino-
philia without providing the additional needed co-inflammatory
signals necessary for the development of EoE symptoms.

The validation that this compound model system is reflective
of human EoE was also demonstrated by both the oesophageal
expression of other significant inflammatory pathways that
have been linked with EoE in clinical and translational studies
and the steroid responsiveness of the induced pathologies occur-
ring in OXA-treated L2-IL5 mice. In particular, we demon-
strated that this mouse model displayed increased IL-5
expression and the concomitant local expression of IL-13 and
eotaxins.'’ > Therefore, unlike sensitisation/oesophageal chal-
lenge of the wild-type mice, which elicits only nominal
changes in the oesophageal expression of inflammatory markers
characteristic of human EoE (ie, IL-13 and/or eotaxins), our
compound model of sensitisation/oesophageal challenge of
L2-IL5 mice specifically promotes high-level expression of
inflammatory markers characteristic of human disease.!’ > %
The observation that this increase was not linked to either IL-5
transgene expression nor the sensitisation/oesophageal chal-
lenge alone, but instead was the product of both events, sug-
gests a relationship exists between the robust oesophageal
eosinophilia induced in this system and the additional expres-
sion of these eosinophilia agonists and/or inflammatory bio-
markers characteristic of EoE.
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In this current mouse model, we provide a detailed examin-
ation of not only the oesophageal mucosa but also the periphery
in a consistently ‘primed’ state; IL-5 levels are increased through-
out the naive, sensitisation and challenged states in a fashion
that may be reflective of the atopic condition EoE. As peripheral
eosinophilia may be a surrogate biomarker for therapeutic trials,
such as corticosteroids® and the anti-IL-5 antibody therapy
mepolizumab,*® *! this may offer another important model
feature. In recent consensus recommendations, it was noted
that a subpopulation of EoE patients develop peripheral eosino-
philia and this may correlate with tissue eosinophilia; however,
these changes should be considered alongside a number of other
factors.! Therefore, while no single systemic biomarker, includ-
ing peripheral eosinophila, is reliable for EoE, there is a subset of
patients for whom the increased levels of systemic eosinophilia
found in our model may still be relevant. We anticipate that the
complexity of this disease and the limitations of the mouse will
require the generation of a number of models like L2-IL5 replicat-
ing specific aspects of this disease in an effort to understand EoE
mechanistically.

While there are a number of significant similarities between
our L2-IL5 model and human EoE, there remain some obvious
differences. Examination of the inflammatory response in
human EoE includes that of smooth muscle infiltrating mast cell
and lamina propria eosinophil production of transforming
growth factor B as well as epithelial cell tumour necrosis factor o
production, our mouse model of EoE did not. In addition, this
model utilises a contact allergen, whereas it is thought patients
with EoE develop as an allergic response mainly to food and
environmental allergens. As with all animal models, they remain
just that, incomplete models of human conditions. Clearly, this
is often a shortcoming with virtually all animal models due to
immunological, biochemical and physiological species differ-
ences. The observations surrounding the L2-IL5 mouse model
provide a foundation for a number of future studies that will
address specific mechanisms linked with oesophageal remodel-
ling and dysfunction. Whereas this has been addressed in some
studies to date, in particular as it pertains to oesophageal fibro-
sis, additional insights have yet to be gained. For example, the
use of food allergens (as opposed to OXA-initiated hypersensi-
tivity) to initiate and perpetuate this response will bring
additional relevance to the overall model as it relates to human
EoE. Strategic approaches to elicit eosinophil activation/
degranulation in L2-IL5 mice will probably be additional areas of
study expected to improve the representative character of this
experimental approach of modelling human EoE in the mouse.

The novelty of this mouse model of EoE has been addressed
through our reductionist approach of building on observations
of patients along with the mechanistic insights and techno-
logical expertise of basic research scientists, thus allowing us to
move closer to an in-vivo model that closely represents the
human disease. We suggest that our creation of a novel model
system combining targeted gene expression in the oesophageal
epithelia with topical oesophageal challenge of sensitised mice
will provide a method with which to define further mechan-
isms of eosinophil effector function, how these mechanisms
integrate with ongoing oesophageal inflammation and the
impact of novel therapeutics in these processes. Therefore, we
expect that studies of L2-IL5 mice will lead to a greater under-
standing of the pathophysiological role of eosinophils in barrier
dysfunction and remodelling in EoE, with an expectation of
valid extrapolation to human patients and the development/
testing of novel therapeutic approaches targeting this localised
oesophageal eosinophilia.
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SUPPLEMETARY MATERIALS & METHODS

Generation of L2-IL5 transgenic mice

The expression of a 5.5-kb IL-5 cDNA/genomic fusion gene [1] was driven using a promoter
derived from the Epstein Barr Virus ED-L2 (EBV-ED-L2) gene [2, 3]. This transgenic construct
was created in a shuttle-vector engineered from the plasmid pNNO3 (a kind gift of R. Tizzard,
Biogen, Cambridge, MA), excised from plasmid sequences by Notl digestion, and injected into
embryos derived from a cross of C57BL/6J mice. Transgenic positive founder animals were
identified by PCR of DNA derived from tail snips using primers derived both the EBV-ED-L2
promoter (P1: CCTGTCTCCCACCCAGTAACTC) and the IL-5 cDNA-genomic fusion gene (P2:
AGTCAGAACACTCAAGTGCAGAAGC). Subsequent generations of transgenic animals were
the result of continued crosses onto the inbred strain C57BL/6J. Animals reported here were
maintained in micro-isolator cages housed in a specific pathogen-free (SPF) animal facility,
initially at Mayo Clinic Arizona and subsequently at the University of Colorado Denver. Age
matched Wild Type C57BL/6J littermate mice were used as controls for all experiments. Mouse
studies were approved by the University of Colorado Denver Institutional Animal Care and Use

Committee.

Induction of experimental oesophageal eosinophilia in L2-IL5 mice by sensitization and
topical challenge with oxazolone

A mouse model of oesophageal inflammation was established using a 4-Ethoxymethylene-2-
phenyl-2-oxazolin-5-one (oxazolone or OXA) (Sigma, St Louis, MO) contact hypersensitivity
protocol (Figure 1). On day O of the oxazolone hypersensitivity protocol, a 2cm x 2cm area of
abdominal skin of anesthetised mice was shaved and oxazolone was applied to the skin surface
(150pl of a 3%(w/v) solution of OXA in 4:1 acetone-olive oil vehicle) to initiate the sensitization
phase of the protocol.[4] OXA sensitised mice were administered an oesophageal gavage of

1%(w/v) OXA in 30% ethanol/olive oil vehicle into the proximal oesophagus was performed on



protocol day 5, 8, and 12 (challenge phase of the protocol). Vehicle control animals (either Wild
Type or L2-IL5 mice) were sensitised as noted above and challenged with 4:1 acetone-olive oil
vehicle alone. All mice were assessed 24 hours following the last OXA challenge (protocol day

13).

Dexamethasone treatment
Dexamethasone in some studies was administered to individual mice on protocol day 5, 8, 10,
and 12 by intraperitoneal (i.p.) injection of 200ug dexamethasone (Vedco, St. Joseph, MO)

suspended in 200ul of saline (Figure 1). Control mice received 200ul of saline alone.

Tissue collection and histologic analysis

Tissues were fixed with 10% neutral buffered formalin and processed in preparation of being
paraffin embedded [5]. Serial sections from these paraffin tissue blocks were cut (5um) and
were either stained with hematoxylin and eosin (H&E) or subjected to immunohistochemistry
using either an anti-mouse eosinophil major basic protein-specific rat monoclonal antibody [6],
or the Ki67 monoclonal antibody to assess cell proliferation [7]. Oesophageal inflammation at
the peak site was measured from the H&E stained sections of each tissue based on a
previously published method modified for use in mice by a board certified pathologist (KC)
without knowledge of experimental conditions (Supplementary Table 1) [8]. Briefly, sections of
each oesophagus were assessed for the presence of eosinophilic abscesses, presence of
lymphoplasmacytic infiltrates, keratosis, dilated inter-cellular spaces and extent of basal zone

hyperplasia. Scores were summed with a maximum possible score of 7.



Immunohistochemical/Immunofluorescence assessments of eosinophil inflammation and
cell hyperplasia

Eosinophils were localised in the oesophageal tissue sections by immunohistochemistry using a
rat anti-mouse eosinophil major basic protein-1 monoclonal antibody (Clone MT-14.7) as
previously described [5]. Similarly, Ki67 immunostaining was used to identify proliferating cells
as performed previously using a monoclonal rat anti-mouse Ki67 antibody (Clone TEC-3; Dako,
Carpinteria, CA) [7]. MBP-1 immunohistochemical positive cells were identified through
visualization of a permanent red chemotrope and Ki67 immunohistochemical positive cells were
identified through visualization of a DAB chemotrope (Dako, Carpinteria, CA) with the slides
counterstained with Methyl Green (Sigma, St Louis, MO). Negative control sections were
performed by replacing the primary antibody in each case with a rat IgG isotype control antibody
(Vector Labs, Burlingame, CA). Quantification of either MBP-1 (i.e., eosinophils) or Ki67
immunopositive cells are presented as numerical averages of nine non-overlapping high-power
fields (0.26mm?) per oesophagus (3-distal, 3-mid and 3-proximal). Cell numbers are presented

as a mean + SEM.

In those cases where infiltrating eosinophils were detected by immunofluorescence, tissue
sections were incubated with Alexa Fluor 488 conjugated anti-rat antibody (Invitrogen, Grand
Island, NY) and subsequently with PE-conjugated anti-SiglecF antibody (E50-2440; BD-
Biosciences, San Jose, CA). Slides subjected to immunofluorescence staining were
counterstained with the DNA-specific (i.e., nuclear) dye 4',6-Diamidino-2-Phenylindole,

Dihydrochloride (DAPI) (Invitrogen, Grand Island, NY) prior to microscopy.

Cell Isolation and Quantification
Leukocytes from various tissue sources were isolated as previously described.[5, 7, 9] In the

case of circulating leukocytes [9], whole blood was collected in BD-Biosciences EDTA treated



microfuge tubes (BD Biosciences, San Jose, CA). Splenocytes or bone marrow cells isolated
from femurs and tibias of the hind limbs of subject mice were recovered using sterile PBS.
Spleens were first minced into small pieces and dissociated into single cells. Bone marrow was
dissociated into single cells by repeated pipetting of the recovered marrow sample. In both
cases, clumps of cells and other debris were removed by filtration thru a 70um cell strainer.
Oesophagi were resected, cut longitudinally to allow the entire luminal surface to be exposed,
washed in PBS and then the tissue digested with collagenase (Sigma, St Louis, MO) as
previously described for other intestinal tissues [5]. Spleen, blood, bone marrow, and
oesophageal cell preparations were removed of red blood cell contamination with Red Blood
Cell lysis buffer (Sigma, St Louis, MO) as per the manufacturer’s instructions and the recovered
white blood cells were counted following dilution in 1X PBS and trypan blue dead cell exclusion

using a hemocytometry.

Flow cytometric and fluorescence activated cell-sorting (FACS) analysis

Single-cell suspensions were stained for 25 minutes on ice with cell type-specific antibodies
after blockade of Fc receptors using 1ug/ul of Fc blocker (CD16/32; BD Biosciences, San Jose,
CA). Antibodies used for the staining of specific cell surface markers include CD103 (2E7), IL-
5Ra (T21), CCR3 (557974), SiglecF (E50-2440) all (BD-Biosciences, San Jose, CA); MHC-II
(M5/114.15.2; Biolegend, San Diego, CA) and CD4 (GK1.5), CD8 (Ly-2), CD11b (M1/70),
CD11c (N418), CD34 (RAM34), CD45 (30-f11), F4/80 (BM8), Ly6G (1A8), SCA-1 (D7) all
(eBiosciences, San Diego, CA). Viable cells were selected for analysis with the use of
Live/Dead AquaVi staining (Invitrogen, Grand Island, NY). Fluorescence analysis was
performed using a BD FACSCanto™ |l (BD Biosciences, San Jose, CA). Fluorescence
activated cell sorting (FACS) was performed using a BD FACSAria (BD Biosciences, San Jose,

CA). Data files were further analyzed using FLOWJo software (Tree Star Inc, Ashland, OR).



Sorted cells were cytospun onto charged glass slides and stained with DiffQuick (commercial

Romanowsky stain) (Fisher, Pittsburgh, PA) for differential analysis.

RNA isolation and real-time reverse-transcription polymerase chain reaction (rtRT-PCR)

Tissue total RNA was prepared using RNeasy Mini Kits (Qiagen, Valencia, CA) and a hand-held
laboratory homogeniser (PRO Scientific, Oxford, CT) as previously described [5]. First strand
cDNA synthesis was performed from 500ng of total RNA using the High Capacity cDNA archive
kit (Applied BioSystems, Foster City, CA) for all gene transcripts assessed in this study.
Transcript expression was assessed using Tagman Gene Expression Assays Tagman probes
(Applied Biosystems, Foster City, CA). rtRT-PCR reactions were performed with ABsolute™
Blue QPCR ROX Mix (Thermo Scientific, Surrey, UK), cDNA and Tagman assay mixtures.
Thermocycling and subsequent analysis was performed with ABI-7300 System and software.

Data was normalised to 18S expression and calculated as RQ (Relative Quantity; 244!

, Where
Ct is cycle threshold) for each sample. RQ values are presented as fold change in mRNA

expression relative to Wild Type age-matched littermate controls unless otherwise stated.

Cytokine assessments of oesophageal tissue and blood serum

Oesophagi were resected, cut longitudinally to expose the luminal surface, and then washed in
PBS. These oesophageal ex plants were cultured in complete RPMI medium 1640 (5% FBS,
2mM L-glutamine, 100IU penicillin and 100ug/mL streptomycin). Specifically, 2cm sections were
cultured at 37°C for 24 hours and supernatants were harvested by centrifugation at 18,0009 for
10 minutes at 4'C. Serum was isolated from whole blood as previously described [5]. Culture
supernatants from ex plant cultures or blood serum samples were stored at —80°C prior to use.

Assessments of cytokine/chemokine levels were performed by ELISA (as per the



manufacturer’s instructions) - IL-5 (BD Biosciences, San Diego, CA); eotaxin-1 and eotaxin-2

(R&D Systems, Minneapolis, MN).

Statistical analysis

Statistical analyses of data outcomes were performed using a 2-tailed Student’s t-test. Data are
expressed as means + SEM. A P-value of <0.05 was considered statistical significance although
in some cases higher levels of significance are noted and described in the figure legends where

applicable.
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Supplementary Figure 1

Constitutive IL-5 overexpression from squamous epithelial cells in L2-IL5 mice results in
a peripheral eosinophilia characterized by splenomegaly. Dry weights of spleens from 10
week old L2-IL5 mice displayed a nearly 5-fold increase relative to age/sex match Wild
Type control mice, paralleling the similar increase observed in circulating white blood
cells in these mice. Data are expressed as means + SEM of 5-6 mice per group.
***P<0.001. This relative increase is highlighted in gross macroscopic photographs of
whole spleens from each group of mice (i.e., Wild Type vs. L2-IL5). Assessments of
H&E stained sections of spleens demonstrate that the predominant cause of the
splenomegaly in L2-IL5 mice is the expansion of eosinophil-lineage committed
leukocytes (see insert), increasing from <1% of total spleen cells in Wild Type mice to
>50% L2-IL5 animals. Scale Bar for gross macroscopic spleens photograph = 10 mm;
Scale Bar for Spleen histopathology photomicrographs = 200 um; Scale Bar for high

magnification insert = 20 um.
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Supplementary Figure 2

Confocal immunofluorescence staining with specific markers (MBP-1 and SiglecF)
unambiguously identifies eosinophils infiltrating specific tissue compartments of the
oesophagus of oxazolone sensitized/topical challenged L2-IL5 mice. Oesophageal
sections from L2-IL5 mice treated with vehicle alone vs. oxazolone were subjected to
concurrent immunofluorescence staining with a rat anti-mouse MBP-1 monoclonal
antibody (Green) and a rabbit anti-SiglecF polyclonal antibody (Red); sections were
counterstained with DAPI to identify cell nuclei (Blue). Typical sections from L2-IL5
vehicle treated mice had no eosinophils present in the oesophageal epithelium (e) as
well as the underlying lamina propria (Ip) and muscularis (m). In contrast,
immunofluorescence with anti-MBP-1 reveals a significant eosinophilia (Green staining
infiltrating cells) confirmed by co-localization of staining with SiglecF (Red staining

infiltrating cells).
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