US 20090233275A1

United States

(19)
12) Patent Application Publication (o) Pub. No.: US 2009/0233275 Al
Rothenberg 43) Pub. Date: Sep. 17,2009
(54) EOTAXIN-3 IN EOSINOPHILIC (86) PCT No.: PCT/US2005/044456
ESOPHAGITIS
§371 (0)(1),
(2), (4) Date: Jun. 7, 2007
(75) Inventor: Marc Elliot Rothenberg, .
Cincinnati, OH (US) Related U.S. Application Data
(60) Provisional application No. 60/633,909, filed on Dec.
Correspondence Address: 7,2004.
THOMPSON HINE L.L.P. Publication Classification
Intellectual Property Group
PO. BOX 8801 Gy ICnItégl'I/&? (2006.01)
DAYTON, OH 45401-8801 (US) C120 102 (2006:01)
GOIN 33/53 (2006.01)
(73) Assignee: CHILDREN’S HOSPITAL CI2N 5/02 (2006.01)
MEDICAL CENTER, Cincinnati, (52) US.CL ............... 435/6; 435/29; 435/7.1; 435/3775
OH (US) (57) ABSTRACT
Q1) Appl. No.: 11/721.127 Fotaxin-3, as a marker for eosinophilic esophagitis and meth-
PPl 0 ’ ods of assessing, mitigating, and monitoring eosinophilic
esophagitis by altering eotaxin-3 and/or CCR3 function, are
(22) PCT Filed: Dec. 7, 2005 disclosed.



Patent Application Publication

180.00
160.00 -
140.00
120.00
100.00 -
80.00
60.00
40.00
20.00 -

NORMALIZED RELATIVE INTENSITY

..........

Sep. 17,2009 Sheet 1 of 2

US 2009/0233275 Al

0.00

FIG. 1

60-
50-
40
30-
20-

10-

NORMAL

O...

NORMALIZED EOTAXIN-3 mRNA LEVEL

FIG. 2

EE

NORMAL

GERD

EE



Patent Application Publication  Sep. 17,2009 Sheet 2 of 2 US 2009/0233275 Al

P=0.04

Y]
o
I

0
o
]

[o2]
O
)

EOSINOPHILS/mm2

W
o
1

T IR

ASP ASP SALINE
wT CCR3KO WT

o

FIG. 3

P =0.055

~
o
']

N
o
—

o

P = 0.044

o

L

o

plasma Eotaxin-3 (pg/mil)
N w g u

[
o
L

o

NL/EDTA (n=15) EE/EDTA(n=4) NL/Heparin (n=6) EE/Heparin (n=3)

FIG. 4



US 2009/0233275 Al

EOTAXIN-3 IN EOSINOPHILIC
ESOPHAGITIS

RELATED APPLICATION

[0001] This application claims priority from U.S. Provi-
sional Application Ser. No. 60/633,909 filed Dec. 7, 2004.
[0002] The U.S. Government has a paid-up license in this
invention and the right in limited circumstances to require the
patent owner to license others on reasonable terms as pro-
vided for by the terms of Grant No. 2R01 AI045898-05
awarded by the National Institutes of Health.

FIELD OF THE INVENTION

[0003] The invention is directed generally to mitigating
eosinophilic esophagitis via eotaxin-3.

BACKGROUND

[0004] Patients with eosinophilic esophagitis may have
symptoms that include abdominal pain, difficulty swallow-
ing, vomiting, failure to thrive and weight loss. In addition,
allergy, particularly food allergy, is an associated finding in
most patients, and many have concomitant asthma or other
chronic respiratory disease. Diagnosis requires endoscopy,
and diseased issue shows characteristic punctate white sur-
face dots associated with erythema, loss of vascular pattern,
ulcers, or ringed trachea-like appearance.

[0005] Patients with eosinophilic esophagus typically have
elevated levels of eosinophils in esophageal tissue and periph-
eral blood. Eosinophils are one type of granulocytic leuko-
cyte (white blood cell) or granulocyte that normally appears
in the peripheral blood at a concentration of about 1-3% of
total leukocytes. Their presence in tissues is normally prima-
rily restricted to the gastrointestinal mucosa, i.e. the stomach
and intestines. Eosinophil accumulation in the peripheral
blood and tissues is a hallmark feature of an allergic response,
and may cause potent pro-inflammatory effects or tissue
remodeling. Because eosinophilic esophagitis is marked by
infiltration of eosinophils, this condition may be linked to
allergen exposure. Eosinophil accumulation occurs in other
allergic diseases such as allergic rhinitis, asthma, and eczema
as well as parasitic infections, certain types of malignancies,
chronic inflammatory disorders such as inflammatory bowel
disease, specific syndromes such as eosinophilic gastroen-
teritis, eosinophilic colitis, eosinophilic cellulitis, eosino-
philic fascitis, and systemic diseases such as Churg Strauss
syndrome, eosinophilic pneumonia, and the idiopathic hyper-
eosinophilic syndrome.

[0006] Numerous mediators have been identities as eosino-
phil chemoattractants. These include diverse molecules such
as lipid mediators (platelet activating factor (PAF), leukot-
rienes) and chemokines such as the eotaxin subfamily of
chemokines. Chemokines are small secreted proteins pro-
duced by tissue cells and leukocytes that regulate leukocyte
homing during homeostatic and inflammatory states. Two
main subfamilies (CXC and CC chemokines) are distin-
guished depending upon the arrangement of the first two
cysteine amino acids, either separated by one amino acid
(CXC), or adjacent (CC).

[0007] Due to the increasing incidence of eosinophilic
esophagitis, methods to mitigate eosinophilic esophagitis
would be beneficial. In addition, because eosinophilic esoph-
agitis is often confused with other disorders such as gastroe-
sophageal reflux disease (GERD), but does not typically
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respond to anti-GERD therapy, it is important to develop
diagnostic features that distinguish between eosinophilic
esophagitis and GERD. Diagnosis currently requires endos-
copy with subsequent biopsy and analysis of the excised
tissue, so that less invasive methods of diagnosing eosino-
philic esophagitis would also be beneficial.

SUMMARY OF THE INVENTION

[0008] One embodiment of the invention is a method of
assessing eosinophilic esophagitis in a patient by comparing
the patient’s blood concentration of eotaxin-3 to a normal
concentration of eotaxin-3, where an increased concentration
of eotaxin-3 indicates eosinophilic esophagitis.

[0009] Another embodiment of the invention is adiagnostic
assay for eosinophilic esophagitis. One embodiment of the
assay may include a test strip containing an anti-eotaxin-3
antibody and at least one reagent that indicates binding of the
anti-eotaxin-3 antibody to eotaxin-3 present in a supranormal
level in a biological sample. Detection may be by visual
inspection for a chromogen, fluorogen, colloidal gold agglu-
tination, luminescence, etc.

[0010] Another embodiment of the invention is adiagnostic
method for eosinophilic esophagitis where eotaxin-3 DNA,
eotaxin-3 mRNA, and/or eotaxin-3 protein is present over a
normal amount in a patient tissue, as an indicator of eosino-
philic esophagitis in the patient.

[0011] Another embodiment ofthe invention is a diagnostic
method for eosinophilic esophagitis where a frequency of
single nucleotide polymorphisms (SNPs) in the eotaxin-3
gene above normal frequency is an indicator of eosinophilic
esophagitis or a marker of disease risk, prognosis, and/or a
response to therapy.

[0012] Another embodiment of the invention is a method to
mitigate eosinophilic esophagitis by providing an inhibitor to
eotaxin-3 and/or a receptor, such as CCR3, for binding
eotaxin-3 in a cell, such as a mast cell or an eosinophil, under
conditions sufficient to inhibit eotaxin-3 binding to the recep-
tor.

[0013] These and other advantages will be apparent in light
of the following figures and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 shows DNA microarray data of eotaxin-3
mRNA levels in esophageal tissue of normal patients and
patients with eosinophilic esophagitis (EE).

[0015] FIG. 2 shows data from quantitative polymerase
chain reaction analysis showing normalized eotaxin-3 mRNA
levels in normal patients, patients with gastroesophageal
reflux disease (GERD), and patients with eosinophilic esoph-
agitis.

[0016] FIG. 3 shows esophageal eosinophil concentration
in control and allergen-induced wild-type mice, and allergen-
induced mice lacking the gene encoding the CCR3 receptor.
[0017] FIG. 4 shows plasma concentrations of eotaxin-3 in
normal patients and patients with eosinophilic esophagitis.

DETAILED DESCRIPTION

[0018] Methods of diagnosing, assessing, and mitigating
eosinophilic esophagitis by modulating levels and activity of
eotaxin-3 are disclosed.

[0019] Eotaxin-3 is a CC chemokine with selective activity
on eosinophils. For example, eotaxin-3 recruits and directs
eosinophils to sites in the body, such as the esophagus, via
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chemoattraction. Additional chemokines have been identified
in the genome that encode for CC chemokines with eosino-
phil-selective chemoattractant activity, and have been desig-
nated eotaxin-1 and eotaxin-2.

[0020] The activity of eotaxin-3 is mediated by the selec-
tive expression of an eotaxin receptor, CCR3, on eosinophils.
CCR3 is a promiscuous receptor; it interacts with multiple
ligands including macrophage chemoattractant proteins
(MCP)-2, -3, and -4, RANTES (regulated upon activation
normal T-cell expressed and secreted), and HCC-2 (MIP-5,
leukotactin). The only ligands that signal exclusively through
this receptor, however, are eotaxins-1, -2, and -3, accounting
for the cellular selectivity of the eotaxins.

[0021] Esophagealtissue obtained from patients previously
diagnosed with eosinophilic esophagitis was analyzed. Diag-
nosis was based on analysis of excised tissue from endoscopic
biopsy. Tissues from patients with eosinophilic esophagitis,
as well as patients not having eosinophilic esophagitis (con-
trols) were subjected to genome-wide microarray transcript
profiling (Affymetrix GeneChip). All work was performed at
the Core facility at Children’s Hospital Medical Center (Cin-
cinnati, Ohio).

[0022] Briefly, RNA quality was first assessed using the
Agilent Bioanalyzer (Agilent Technologies, Palo Alto Calif.).
Only mRNA having a ratio of 285/18S between 1.3 and 2
were subsequently used. RNA was converted to cDNA with
Superscript choice for cDNA synthesis (Invitrogen, Carlsbad
Calif.) and subsequently converted to biotinylated cRNA
with Enzo High Yield RNA Transcript labeling kit (Enzo
Diagnostics, Farmingdale N.Y.). After hybridization to the
GeneChip (Affymetrix, Santa Clara Calif.), the chips were
automatically washed and stained with streptavidin-phyco-
erythrin using a fluidics system. The chips were scanned with
a Hewlett Packard GeneArray Scanner. Over 30,000 unique
genes were screened.

[0023] Levels of gene transcripts were determined from
data image files, using algorithms in the Microarray Analysis
Suite software (Affymetrix). Levels from chip to chip were
compared by global scaling; thus, each chip was normalized
to an arbitrary value (1500). Each gene is typically repre-
sented by a probe set of 16 to 20 probe pairs. Each probe pair
consists of a perfect match oligonucleotide and a mismatch
oligonucleotide that contains aone base mismatch at a central
position. Two measures of gene expression were used, abso-
lute call and average difference. Absolute call is a qualitative
measure in which each gene is assigned a call of present,
marginal or absent, based on the hybridization of the RNA to
the probe set. Average difference is a quantitative measure of
the level of gene expression, calculated by taking the differ-
ence between mismatch and perfect match of every probe pair
and averaging the differences over the entire probe set. Data
were normalized and gene lists were created with results
having p<0.05 and >2-fold change.

[0024] FIG. 1 shows the normalized relative average differ-
ence of the gene encoding eotaxin-3 from normal patients and
patients with eosinophilic esophagitis. The microarray analy-
sis identified eotaxin-3 as the top gene induced, indicating a
role in eosinophilic esophagitis. Eotaxin-1 and eotaxin-2
mRNA levels were not significantly increased in eosinophilic
esophagitis patients.

[0025] Quantitative polymerase chain reaction (PCR)
using LightCycler technology (Roche Diagnostics Corp.
Indianapolis, Ind.) which involves a competitive amplifica-
tion of cDNA prepared from esophageal RNA, known to one
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skilled in the art, was further utilized to validate the microar-
ray analysis results. Levels of eotaxin-3 mRNA from normal
patients, patients with gastroesophageal reflux disease
(GERD), and patients with eosinophilic esophagitis were
compared. As shown in FIG. 2, eotaxin-3 mRNA was induced
nearly 100-fold in patients with eosinophilic esophagitis
when normalized to a housekeeping gene GAPDH. Patients
with GERD showed only slightly increased levels compared
to normal patients. Levels of the other two eotaxin mRNA
species (eotaxin-1 and eotaxin-2) were not increased in
patient esophageal samples (data not shown), validating the
specific role of eotaxin-3.

[0026] A murine model of eosinophilic esophagitis was
evaluated to determine the role of the eotaxin-3 receptor,
CCR3. The model is disclosed in Mishra et al., J. Clin. Invest.
(2001) 107, 83, which is expressly incorporated by reference
herein in its entirety. Because eosinophilic esophagitis is
marked by infiltration of eosinophils, this condition may be
linked to exposure to allergens. In support of this, animals
models of eosinophilic esophagitis were induced by allergen
exposure to the respiratory tract. In brief, mice were exposed
to repeated doses of intranasal Aspergillus fumigatus antigen
(three doses every 48 hours/week) for three weeks. Subse-
quently, the mice were euthanized 18 hours after the last dose
of allergen or saline control, and the esophagus was analyzed
for the occurrence of eosinophilic esophagitis.

[0027] Specifically, asthma was experimentally induced in
wild-type and CCR3 knockout (KO) mice (a gift of Drs. Craig
Gerard and Allison Humbles at Harvard Medical School)
using Aspergillus fumigatus (ASP) as an allergen. Wild-type
control mice received saline. The concentration of eosino-
phils was determined in the esophagus of allergen-induced
wild-type mice (ASP wt), control wild-type mice (saline wt),
and allergen-induced mice lacking the gene encoding CCR3
(ASP CCR3KQ). The results are shown in FIG. 3.

[0028] The concentration of eosinophils in allergen-in-
duced wild-type mice (ASP wt) was about 75 eosinophils per
mm?. The concentration of eosinophils in allergen-induced
CCR3KO mice (ASP CCR3KO) was about 4 eosinophils per
mm?, similar to the eosinophil concentration in control wild-
type mice (saline wt). The decreased concentration of eosi-
nophils in allergen-induced CCR3KO mice compared to
allergen-induced wild-type mice was statistically significant
(p=0.04; Students T-test).

[0029] Eosinophilic esophagitis related symptoms and/or
pathology may be mitigated by mediating eosinophil chemo-
tactic events using techniques such as those disclosed in U.S.
Pat. No. 6,780,973, which is expressly incorporated by refer-
ence herein in its entirety. One example is a recombinant
polypeptide capable of mediating eosinophil chemotactic
events where the polypeptide includes a domain having a
sequence which has at least 70% identity to full length murine
eotaxin ¢cDNA, full length guinea pig eotaxin cDNA, and/or
human eotaxin DNA. Another example is reducing eotaxin
activity using an antagonist such as an anti-eotaxin-3 anti-
body or eotaxin-1, -2, or -3 fragment, a purified antibody
which binds specifically to a murine or human eotaxin-3
protein including an intact monoclonal or polyclonal anti-
body, an immunologically active antibody fragment, or a
genetically engineered fragment. The antagonist may be an
eotaxin-1, -2, or -3 polypeptide having a deletion of 1-10
N-terminal amino acids, or having an addition of 3-10 amino
acids on the amino terminus.
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[0030] The concentration of eotaxin-3 protein in plasma
was elevated in patients with eosinophilic esophagitis, com-
pared to normal controls. Concentrations were determined
using a commercially purchased sandwich ELISA kit (R&D
Quantikine CCL-26 kit, R&D Systems Inc., Minneapolis,
Minn.). In blood anticoagulated with heparin, eotaxin-3 con-
centrations in plasma of normal patients were 29.43
pg/ml+15.4 pg/ml (n=6), and eotaxin-3 concentration in
patients with eosinophilic esophagitis were 52.97 pg/mlx12
pg/ml (n=3) (p=0.055). In blood anticoagulated with ethyl-
enediamine tetraacetic acid (EDTA), eotaxin-3 concentra-
tions in plasma of normal patients were 8.3 pg/ml+7 pg/ml
(n=15), and eotaxin-3 concentration in patients with eosino-
philic esophagitis were 18.19 pg/mlz7 (n=4) (p=0.044).
These data are shown in FIG. 4.

[0031] Therefore, the blood concentration of eotaxin-3 in
an individual may be compared to a normal level as a rela-
tively non-invasive or minimally invasive indication of eosi-
nophilic esophagitis. In one embodiment, a plasma concen-
tration of eotaxin-3 of about 52.97 pg/ml+12 pg/ml in blood
anticoagulated with heparin is indicative of eosinophilic
esophagitis. In another embodiment, a plasma concentration
of eotaxin-3 of about 18.19 pg/ml+7 pg/ml in blood antico-
agulated with EDTA is indicative of eosinophilic esophagitis.
These blood concentrations of eotaxin-3 may serve as a diag-
nostic marker, for which a less invasive diagnostic test for
eosinophilic esophagitis may be used, as further discussed
below, to replace or serve as a preliminary indicator or
whether a more invasive test, e.g. endoscopic biopsy, is war-
ranted. The level of eotaxin-3 may also serve to determine if
a specific therapy is mitigating eosinophilic esophagitis, and
thus may be used to monitor therapy. Similarly, the concen-
tration or amount of eotaxin-3 DNA, eotaxin-3 mRNA, or
eotaxin-3 protein over a normal amount in a patient tissue,
such as blood or esophageal tissue, can be utilized further as
an indicator of eosinophilic esophagitis in the patient.

[0032] In one embodiment, a diagnostic assay for eosino-
philic esophagitis includes an ELISA (enzyme linked immu-
nosorbent assay) or other clinically applicable inmunoassay.
In another embodiment, a diagnostic assay for eosinophilic
esophagitis includes a test strip containing an anti-eotaxin-3
antibody to which eotaxin-3 in a patients biological sample
(e.g. blood, sputum, feces, tissue fluid, cerebrospinal fluid,
etc.) would bind. The test strip may include a chromogenic,
fluorogenic, or luminescent substrate, detection reagents,
etc., as known to one skilled in the art. The anti-eotaxin-3
antibody may be a rodent or other animal anti-eotaxin-3 anti-
body. The assay would include at least one suitable reagent,
such as an enzyme (e.g. an oxidoreductase, transferase,
hydrolase, lyase, isomerase, or ligase), in one embodiment
horseradish peroxidase, o-toluidine, or colloidal gold,
whereby the reagent reacts with an antigen/antibody complex
on the test strip. A chromogen or other detectable indicator of
binding or lack of binding, depending upon the assay format
(e.g. competitive, non-competitive, sandwich, etc.) indicates
binding of the anti-eotaxin-3 antibody to eotaxin-3 present in
asupranormal level for a qualitative test, and may indicate the
degree of binding for a quantitative or semi-quantitative test.
Binding typically is indicated or visually detected via the
presence or absence of color, fluorescence, luminescence, etc.
Such test kit components and configurations are well known
to one skilled in the art and are within the scope of the
invention.
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[0033] An example of certain suitable substrates and a suit-
able reagent may include, respectively, dimethyl or diethyl
analogues of p-phenylenediamine with 4-chloro-1-naphthol
or 3-methyl-2-benzothiazoline hydrazone with 4-chloro-1-
naphthol and horseradish peroxidase. Other exemplary sub-
strates used with horseradish peroxidase include 3,3',5,5'-
tetramethylbenzidine, 2,2'-azinobis[3-ethylbenzothiazoline-
6-sulfonic acid]-diammonium salt, o-phenylenediamine
dihydrochloride, and QuantaBlu.

[0034] The anti-eotaxin-3 antibody may be a monoclonal
or polyclonal antibody. Methods of producing monoclonal
and polyclonal antibodies are known to one skilled in the art.
Anti-eotaxin-3 antibodies may be generated as disclosed in
U.S. Pat. No. 6,780,973, previously expressly incorporated
by reference herein in its entirety. Also, a commercially avail-
able anti-eotaxin-3. antibody may be used.

[0035] As indicated above, eotaxin-3 selectively signals
through the CCR3 receptor expressed on activated eosino-
phils or on other cells such as mast cells. As such, eosinophilic
esophagitis may be mitigated by altering an eotaxin-3 binding
and/or signaling mechanism, and/or CCR3 structure, func-
tion, and/or internalization. One such example is a method to
provide an inhibitor to eotaxin-3 and/or CCR3 in an eosino-
phil or a mast cell under conditions sufficient to inhibit
eotaxin-3 binding to the receptor. For example, the inhibitor
may be provided to the esophageal tissue or to the blood
stream in an amount sufficient to inhibit eotaxin-3 binding to
the eotaxin-3 receptor. The inhibitor may be a small molecule
inhibitor and/or a CCR3 antagonist. Exemplary CCR3
antagonists may include a humanized or human anti-eo-
taxin-3 antibody, MIG, I-TAC, IP-10 (U.S. patent application
Ser. No. 10/752,659, titled “Cytokine Inhibition of Eosino-
phils,” filed on Jan. 7, 2004; Zimmerman et al., J. Allergy
Clin. Immunol., (2003) 3, 227), vMIP-1I (Kleidel et al., Sci-
ence, (1997) 277, 1656), met-RANTES (Elsner et al., Eur. J.
Immunol., (1997) 27, 2892), carboxamide derivatives (Naya
et al., Bioorg. Med. Chem. Lett., (2001) 11, 1219), 2-(Ben-
zothiazolylthio)acetamide derivatives (Naya et al., Chem.
Pharm. Bull., (2003) 51, 697; Saeki et al., Biochem. Biophys.
Res. Comm., (2001) 281, 779), piperidine derivatives includ-
ing indolinopiperidines or benzylpiperidines (Wacker et al.,
Bioorg. Med. Chem. Lett., (2002) 12, 1785; Varnes et al.,
Bioorg. Med. Chem. Lett., (2004) 14, 1645), or such other
nonpeptides as UCB35625 and derivatives thereof (Sabroe et
al., J. Biol. Chem., (2000) 275, 25985), and SK&F-;-45523
and derivatives thereof (White et al., J. Biol. Chem, (2000)
275, 36626). Certain of the above antagonists, e.g.,
UCB35625, may also be considered small molecule inhibi-
tors (Sabroeetal.,J. Biol. Chem., (2000)275,25985). Each of
the references cited is expressly incorporated by reference
herein in its entirety.

[0036] The inhibitor need not completely inhibit binding,
signal transduction, and/or function or cause receptor inter-
nalization. As used herein, an inhibitor may cause any reduc-
tion in one or more of these properties compared to a normal
level. An eotaxin-3 and/or CCR3 inhibitor may also specifi-
cally inhibit transcription and/or translation of eotaxin-3,
and/or CCR3 such as by utilizing antisense oligonucleotides
and transcription factor inhibitors. An inhibitor may include a
glucocorticoid that can work by inhibiting eotaxin-3 pro-
moter-driven reporter gene activity and accelerating the
decay of eotaxin-3 mRNA (Zimmerman et al., J. Allergy Clin.
Immunol., (2003) 3, 227). An inhibitor may also induce
CCR3 initialization (Zimmermann et al., J. Biol. Chem.,
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(1999) 274, 12611). Each of the references cited is expressly
incorporated by reference herein in its entirety.

[0037] An inhibitor may be administered directly or with a
pharmaceutically-acceptable diluent, carrier, or excipient, in
unit dosage form. Conventional pharmaceutical practice may
be employed to provide suitable formulations or composi-
tions to administer the inhibitor to patents with, or presymp-
tomatic for, eosinophilic esophagitis. Any appropriate route
of administration may be employed, for example, parenteral,
intravenous, subcutaneous, intramuscular, intracranial,
intraorbital, ophthalmic, intraventricular, intracapsular,
intraspinal, intracisternal, intraperitoneal, intranasal, aerosol,
or oral administration. Therapeutic formulations may be in
the form of solids, liquid solutions, or suspensions; for oral
administration, formulations may be in the form of tablets
(chewable, dissolvable, etc.), capsules (hard or soft gel), pills,
syrups, elixirs, emulsions, etc.; and for intranasal formula-
tions, in the form of powders, nasal drops, or aerosols. In one
embodiment, a CCR3 antagonist is administered parenterally
and/or orally. Enteral formulations may contain thixotropic
agents, flavoring agents, and other ingredients for enhancing
organoleptic qualities.

[0038] Methods known in the art for making formulations
are found in, for example, “Remington’s Pharmaceutical Sci-
ences.” Formulations for parenteral administration may, for
example, contain excipients, including but not limited to
pharmaceutically acceptable buffers, emulsifiers, surfactants,
and electrolytes such as sodium chloride, as well as sterile
water, or saline, polyalkylene glycols such as polyethylene
glycol, oils of vegetable origin, or hydrogenated napthalenes.
Biocompatible, biodegradable lactide polymer, lactide/gly-
colide copolymer, or polyoxyethylene-polyoxypropylene
copolymers may be used to control the release of the com-
pounds. Formulations for inhalation may also contain excipi-
ents, for example, lactose, or may be aqueous solutions con-
taining, for example, polyoxyethylene-lauryl ether,
glycocholate and deoxycholate, or may be oily solutions for
administration in the form of nasal drops, or as a gel.

[0039] Other variations or embodiments of the invention
will also be apparent to one of ordinary skill in the art from the
above figures and descriptions. Thus, the forgoing embodi-
ments are not to be construed as limiting the scope of this
invention.

What is claimed is:

1. A method to assess eosinophilic esophagus in an indi-
vidual comprising comparing a blood concentration of
eotaxin-3 in the individual to a normal blood concentration of
eotaxin-3 wherein an increased concentration of eotaxin-3
indicates eosinophilic esophagitis.

2. The method of claim 1 wherein the blood is anticoagu-
lated with heparin and an increased plasma concentration of
eotaxin-3 is at least about 20 pg/ml over a normal plasma
concentration of eotaxin-3.

3. The method of claim 1 wherein the blood is anticoagu-
lated with EDTA and an increased plasma concentration of
eotaxin-3 is at least about 8 pg/ml over a normal plasma
concentration of eotaxin-3.

4. A diagnostic assay for eosinophilic esophagitis compris-
ing a test strip including an anti-eotaxin-3 antibody and at
least one reagent whereby the reagent indicates binding of the
anti-eotaxin-3 antibody to eotaxin-3 present in a supranormal
level in a biological sample.

5. The assay of claim 4 wherein the reagent includes an
enzyme and the test strip includes a chromogenic, fluoro-
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genic, or luminescent substrate whereby the reagent reacts
with the substrate to indicate binding of the anti-eotaxin-3
antibody to eotaxin-3 present in a supranormal level in a
biological sample.

6. The assay of claim 4 wherein the biological sample is
selected from the group consisting of blood, sputum, tissue
fluid, tissue lysate, tissue sample, cerebrospinal fluid, and
fecal material.

7. The assay of claim 4 wherein the biological sample
includes blood anticoagulated with heparin, the supranormal
level of eotaxin-3 in plasma being at least about 20 pg/ml over
anormal level of eotaxin-3.

8. The assay of claim 4 wherein the biological sample
includes blood anticoagulated with EDTA, the supranormal
level of eotaxin-3 in plasma being at least about 8 pg/ml over
anormal level of eotaxin-3.

9. A diagnostic method for eosinophilic esophagitis
wherein an amount of at least one of eotaxin-3 DNA,
eotaxin-3 mRNA, and eotaxin-3 protein over a normal
amount in a patient tissue is an indicator of eosinophilic
esophagitis in the patient.

10. The diagnostic method of claim 9 wherein the tissue is
esophageal tissue.

11. A diagnostic method for eosinophilic esophagitis
wherein a frequency of single nucleotide polymorphisms
(SNPs) in the eotaxin-3 gene above normal frequency is an
indicator of eosinophilic esophagitis.

12. A diagnostic method for eosinophilic esophagitis
wherein a frequency of single nucleotide polymorphisms
(SNPs) in the eotaxin-3 gene above normal frequency is a
marker of at least one of disease risk, prognosis, or a response
to therapy.

13. A method to mitigate eosinophilic esophagitis compris-
ing providing an inhibitor to at least one of eotaxin-3 or a
receptor for binding eotaxin-3 in a cell under conditions suf-
ficient to inhibit eotaxin-3 binding to the receptor.

14. The method of claim 13 wherein the cell is an eosino-
phil.

15. The method of claim 13 wherein the cell is a mast cell.

16. The method of claim 13 wherein the receptor is CCR3
and the inhibitor is a CCR3 antagonist.

17. The method of claim 16 wherein the CCR3 antagonist
is selected from the group consisting of MIG, I-TAC, IP-10,
VMIP-1I, met-RANTES, a carboxamide derivative, a 2-(Ben-
zothiazolylthio)acetamide derivative, a piperidine derivative,
and UCB35625, SK&F-;-45523, and derivatives thereof.

18. The method of claim 13 wherein the inhibitor is a small
molecule inhibitor.

19. The method of claim 13 wherein the inhibitor inhibits at
least one of transcription or translation of eotaxin-3 or CCR3,
or combinations thereof.

20. The method of claim 13 wherein the inhibitor is
selected from the group consisting of an inducer of CCR3
desensitization, an inducer of CCR3 internalization, and a
small molecule inhibitor of CCR3.

21. The method of claim 13 wherein the inhibitor is
selected from the group consisting of a humanized antibody
against at least one of eotaxin-3 or CCR3, a human antibody
against at least one of eotaxin-3 or CCR3, and combinations
thereof.

22. The method of claim 13 wherein the inhibitor is
selected from the group consisting of a CCR3 signal trans-
duction inhibitor, and a transcriptional inhibitor selected from
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the group consisting of an antisense oligonucleotide, a tran-
scription factor inhibitor, and combinations thereof.

23. The method of claim 13 wherein the inhibitor includes
a recombinant polypeptide including at least 70% identity to
a full length murine eotaxin ¢DNA, full length guinea pig
eotaxin ¢cDNA, or human eotaxin DNA.

24. The method of claim 13 wherein the inhibitor is
selected from the group consisting of an anti-eotaxin-3 anti-
body or fragment thereof, an immunologically active anti-
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body fragment, a genetically engineered antibody fragment,
and a purified antibody selected from the group consisting of
an intact monoclonal antibody and an intact polyclonal anti-
body.

2}5/. The method of claim 13 wherein the inhibitor includes
an eotaxin polypeptide having a deletion of 1-10 N-terminal
amino acids or an addition of 3-10 amino acids on the amino
terminus.
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