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Description

Background of the Invention

[0001] This invention relates to novel methods for di-
agnosing and screening for diseases which involve ac-
cumulation of activated eosinophils at the disease site.
More particularly, this invention is directed to methods
for diagnosing asthma.

[0002] Asthma is clinically defined as reversible ob-
structive airway disease. Symptoms of asthma range
from chronic cough and wheezing to severe difficulty in
breathing and respiratory failure. Acute severe asthma
(status asthmaticus) refers to an attack of increased se-
verity that is unresponsive to routine therapy and that,
if severe enough, can lead to death.

[0003] Chronic inflammation of the respiratory muco-
sa plays a fundamental role in the pathogenesis of asth-
ma. Chronic inflammation causes increased mucus pro-
duction which, along with asthmatic -induced bronchos-
pasms, leads to narrowing of the airways of the lung.
The net result is a decrease in airway exchange in the
lungs, decreased oxygenation of blood and tissues, and
increased work of breathing.

[0004] The inflammation associated with asthma in-
volves a number of different inflammatory cell types in-
cluding eosinophils. Indeed, the earliest cellular hall-
mark of asthma is the eosinophil. Eosinophils and their
granule constituents are present in blood, sputum and
bronchial tissue of asthmatics early during asthma ex-
acerbation.

[0005] At present there are no specific biochemical
methods for diagnosing asthma or for monitoring the ex-
tent of ongoing inflammatory tissue injury in a subject
diagnosed as having asthma. Furthermore, although
there are numerous therapeutic agents which can be
used for combating asthma, their use is limited by the
lack of objective diagnostic biochemical assays with
which to monitor their efficacy. Instead, therapy is initi-
ated and adjusted based upon clinical exam, a patient's
subjective response to therapy, and pulmonary function
testing which does not directly assess the level of airway
inflammation present.

[0006] Accordingly, it is desirable to have new meth-
ods for diagnosing asthma and other diseases which are
characterized by the presence of activated eosinophils.
New methods for monitoring the effect of treatment with
anti-asthmatic drugs are also desirable. Methods which
are simple and based upon a diagnostic marker are es-
pecially desirable.

[0007] Hazen et al., Free Radical Biology and Medi-
cine, 1998, Vol. 25, Suppl. No. 1, p. 209 reports in vitro
studies in which L-tyrosine is exposed to eosinophil per-
oxidase (EPO) and hydrogen peroxide (H,0,) in a test
tube, and the resulting products are determined. In
some of the in vitro studies, primary amines were added
to the in vitro reaction mixture. In others, tyrosine was
combined with other brominating species, in vitro. The
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document speculates that 3-bromo and 3,5-dibromo-ty-
rosine have potential as markers for eosinophil-depend-
ent injury in vivo.

[0008] Keri et al., J. Labelled compounds & Radiop-
harm., 1978, Vol. 15, pp. 163-168 describes the synthe-
sis and specific tritium labelling of the octapeptide des-
9-glycinamide-lysine-vasopressin at two different amino
acid residues, tyrosine and phenylalanine, by methods
which employ 3,5-dibromotyrosine and 4-chloro-pheny-
lalanine containing precursor peptides.

Summary of the Invention

[0009] In accordance with the present invention,
screening methods for asthma and analogous diseases
in which activated eosinophils are found at the disease
site are provided. The methods comprise: assaying for
the presence of brominated tyrosine species in a bodily
sample which has been obtained from a test subject. As
used herein, the term "test subject” refers to a mammal,
preferably a human, suspected of having or known to
have the disease The brominated tyrosine species are
either free in the sample or protein bound. Preferably,
the assay is designed to detect the presence of 3-bro-
mo-tyrosine, 3,5-dibromotyrsosine, or combinations
thereof in the bodily sample. The methods are especially
useful for diagnosing, determining the prognosis of, and
monitoring asthma in a test subject. The methods of the
present invention are also useful for detecting the pres-
ence of oxidative stress in a subject, for screening for
analogous diseases involving activated eosinophils,
and for monitoring the effectiveness of therapeutic in-
terventions for asthma and analogous diseases involv-
ing activated eosinophils.

[0010] In one embodiment, the assay comprises
measuring the amount of brominated tyrosine species,
particularly 3-bromotyrosine, 3,5-dibromotyrosine, or
combinations thereof (referred to hereinafter collectively
as the "diagnostic marker") in a bodily sample from the
test subject. Preferably, the concentration of the diag-
nostic marker in the bodily sample is determined and
compared to the concentration of the diagnostic marker
in corresponding bodily samples from normal subjects.
Alternatively, the content of the diagnostic marker in the
bodily sample is determined and compared to the con-
tent of the diagnostic marker in corresponding bodily
samples from normal subjects.

[0011] In another embodiment for determining the
prognosis of asthma in a test subject, the concentration
or content of the diagnostic marker is determined in bod-
ily samples taken from the test subject over successive
time intervals. The concentrations are compared to de-
termine the prognosis of the asthma. Alterations in the
concentration or content correlate with the level of in-
flammatory tissue injury. An increase in concentration
or content is indicative of increased inflammation.
[0012] In another embodiment of the invention for
monitoring the response of the test subject to treatment
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with an anti-asthmatic drug, the concentration or content
of the diagnostic marker is measured in bodily samples
obtained from the test subject before and after such
treatment. Preferably, the concentration or content of
the diagnostic marker is measured in samples taken
over successive time intervals following treatment. A de-
crease in the concentration or content of the markers
following administration of the anti-asthmatic drug is in-
dicative of decreased ongoing inflammatory tissue inju-
ry.

[0013] The present invention also relates to a diag-
nostic kit and to a diagnostic reagent for diagnosing
asthma and analogous diseases which are associated
with activated eosinophils. The diagnostic kit comprises
an antibody reactive with a protein bound or peptide
bound brominated tyrosine species. Preferably, the an-
tibody is a monoclonal antibody reactive with proteins
or peptides containing 3-bromotyrosine, 3,5-dibromoty-
rosine, or combinations thereof. The diagnostic reagent
comprises a brominated tyrosine species selected from
the group consisting of 3-bromotyrosine, 3,5-dibromo-
tyrosine, a peptide or protein containing 3-bromotyro-
sine, and a peptide or protein containing 3,5-dibromoty-
rosine.

Brief Description of the Drawings

[0014]

Figure 1 is a graph showing reverse-phase HPLC
separation of L-tyrosine oxidation products gener-
ated by eosinophil peroxidase.

Figure 2 is a graph depicting the positive-ion elec-
trospray mass spectra of 3-bromotyrosine and
3,5-dibromotyrosine generated by the a system
composed of eosinophil peroxidase, H,0,, and bro-
mide.

Figure 3 is a graph showing the aromatic region of
the TH NMR spectra of L-tyrosine, 3-bromotyrosine
and 3,5-dibromotyrosine.

Figure 4 is a graph showing 3-bromotyrosine con-
tent in bronchoalveolar lavage obtained from asth-
matic and non-asthmatic subjects

Figure 5 is a graph showing-3-bromotyrosine con-
tent in bronchoalveolar lavage obtained from mild
asthmatic subjects following exposure to an aller-
gen.

Figure 6 is a graph showing 3-bromotyrosine con-
tent in plasma of an asthmatic subject following ad-
mission to the hospital for acute asthma exacerba-
tion and following intravenous and oral steroid ther-
apy.

Figure 7 is a graph showing 3-bromotyrosine con-
tent in the small bowel of mice exposed to a food
allergen.

Figure 8 is a graph showing the presence of 3-bro-
motyrosine in urine from an asthmatic subject, and
the lack of detectable 3-bromotyrosine in the urine
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of a normal subject.

Detailed Description of the Invention

[0015] Methods are provided for diagnosing diseases
in which elevated levels of activated eosinophils are
present at the disease site. The methods comprise as-
saying for the presence of brominated tyrosine species,
preferably 3-bromotyrosine, 3,5-dibromotyrosine, or
combinations thereof, in a bodily sample taken from a
subject suspected of or known to have the disease, i.e.,
a test subject. The present invention also relates to kits
and reagents for diagnosing diseases in which elevated
levels of activated eosinophils are present at the dis-
ease site. Diseases associated with activated eosi-
nophils are asthma, breast cancer, eosinophilic myocar-
ditis, and eosinophilic cardiomyopathy. Other diseases
associated with increased levels of activated eosi-
nophils are described in Cecil's Textbook of Medicine,
17th Edition, Edited by James B. Wyngaarden and Lloyd
H. Smith. Jr. (1985) W.B. Saunders Company, Philadel-
phia, PN, pp 1012 and include, but are not limited to,
allergies such as allergic rhinitis, atopic dermatitis, acute
urticaria; and drug reactions; infectious diseases which
involve invasive helminths; other infections such as
acute coccidioidomycosis, afebrile tuberculosis, cat
scratch disease, and chlamydial pneumonia of infancy;
cutaneous diseases such as bullous pemphigoid, her-
pes gestationis, recurrent granulomatous dermatitis,
and scabies; other pulmonary diseases such as tran-
sient pulmonary eosinophilic infiltrates (Loffler's syn-
drome), hypersensitivity pneumonia, allergic bronchop-
ulmonary aspergillosis, tropical eosinophilia, and chron-
ic eosinophilia pneumonia: connective tissue diseases
in the polyarteritis group, e.g., allergic granulomatosis
(Churg/Strauss type) and angitis with hepatitis B anti-
genemia, rheumatoid arthritis (severe), eosinophilic fas-
citis, and Sjogren's syndrome; neoplastic and myelopro-
liferative diseases such as solid tumors, lymphomas, T
cell and acute lymphoblastic leukemia, hypereosi-
nophilic syndrome, histiocytosis with cutaneous involve-
ment, angiolymphoid hyperplasia (Kimura's disease);
immunodeficiency diseases such as selective IgA defi-
ciency, Swiss-type and sex-linked combined immuno-
deficiency, Nezelof syndrome, Wiskott-Aldrich syn-
drome, Hyper-IgE syndrome, and graft versus host re-
actions.

[0016] The methods are particularly useful for diag-
nosing diseases, such as asthma, in which bodily sam-
ples from a subject exhibiting active disease contain in-
creased concentrations of free or protein-bound bromi-
nated tyrosine species including, but notlimited to 3-bro-
motyrosine and 3,5-dibromotyrosine, relative to concen-
trations present in bodily samples from a subject lacking
active disease.
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1. Detecting the Presence of Brominated Tyrosine
Species in Bodily Samples

[0017] The bodily samples used in the diagnostic
method may be solid tissues such as, for example, a
lung biopsy or a biopsy of any tissue where eosinophilic
infiltration and activation is observed when a subject is
afflicted with the respective disease; fluids and excre-
tions such as for example, sputum, induced sputum,
blood, serum, plasma, urine; ascites, stool, pericardial,
pleural, cerebrospinal, or broncho-alveolar lavage; or
cells containing metabolic products of activated eosi-
nophils and phagocytes.

[0018] Preferably, the presence of brominated tyro-
sine species in the bodily sample is detected by meas-
uring the amount of 3, bromotyrosine, 3,5, di-bromoty-
rosine or combinations thereof in the bodily sample. De-
pending upon the sample, the brominated tyrosine spe-
cies are either free residues or bound to proteins ob-
tained from the sample. In some cases, the amount or
concentration of the brominated tyrosine species in the
subject's sample is determined and normalized to the
amount or concentration of another compound in the
sample such as, for example, tyrosine, lysine, leucine,
or any other amino acid which serves as an index of total
protein content, total protein, albumin or creatinine, to
provide the content of brominated tyrosine species in
the sample.

[0019] Preferably, the diagnosis is made by compar-
ing the concentration or content of the brominated tyro-
sine species in a sample obtained from the test subject
to the concentration or content of the brominated tyro-
sine species in samples obtained from subjects lacking
the disease, i.e., healthy or normal subjects. Alternative-
ly, the concentration or content of the brominated tyro-
sine species in the sample is compared to the concen-
tration or content in corresponding samples which were
taken from the test subject for the purpose of determin-
ing baseline concentrations of the brominated tyrosine
species. To establish baseline concentrations in an
asthmatic subject, samples are taken at a time when the
subject is not exhibiting asthma. To establish baseline
concentrations in subjects with allergies, the samples,
preferably, are taken during the time of year when aller-
gens are lowest. For example, baseline measurements
for subjects who suffer from typical pollen and grass al-
lergies, preferably, are obtained during the winter.

A. Analytical Techniques for Measuring Protein Bound
Brominated Tyrosine Species

[0020] The preferred techniques for direct measure-
ment of protein bound brominated tyrosine species from
solid tissue samples or bodily fluids involves delipidation
and desalting of the sample to provide a protein pellet
which is then acid hydrolyzed to provide a solution con-
taining amino acid residues. Tissue samples and bodily
fluids containing proteins, are stored frozen until analy-
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sis. Preferably, the samples and fluids are stored under
N, at -80°C and in the presence of a buffered solution
containing metal chelators and antioxidants. Preferably,
plasma or serum is obtained from whole blood samples
prior to addition of buffer, metal chelators, antioxidants
and freezing.

[0021] Thereafter, the samples are thawed, dried, and
pulverized or homogenized to form a tissue powder or
homogenate. The tissue powder is suspended in a
phosphate buffer, supplemented with metal chelators,
and antioxidants. Proteins are precipitated from the sus-
pension preferably, by using a single phase-extraction
mixture which is, preferably, comprised of H,O:metha-
nol-saturated diethyl ether. The protein fraction, which
is free of lipid and salt, is recovered from the aqueous
phase and then preferably dried under vacuum. Prefer-
ably, known amounts of stable-isotope-labeled 3-bro-
motyrosine and another labeled amino acid are added
to the protein fraction to normalize values to protein con-
tent. In samples being prepared for stable isotope dilu-
tion mass spectrometric analysis, it is preferred
that 13Cg-labeled 3-bromotyrosine and 13C4-labeled ty-
rosine be added. The samples are then subjected to ac-
id hydrolysis, preferably under halide-free conditions,
such as in methane sulfonic acid.

[0022] Itis preferable to partially purify the brominated
tyrosine species, such as by passage over a mini solid-
phase C18 extraction column followed by elution with a
solvent such as a water:methanol mixture. The amount
of brominated tyrosine residues, particularly 3-bromoty-
rosine and 3,5-dibromotyrosine, in the protein hydro-
lysate is then quantified by standard techniques such as
reverse phase HPLC with electrochemical detection ;
reverse phase HPLC with coullometric array detection;
reverse phase HPLC with pre- or post-column derivati-
zation and fluorescence detection; reverse phase HPLC
or capillary electrophoresis interfaced with an electro-
spray ionization mass spectrometer, or preferably, gas
chromatography-mass spectrometry analysis following
derivatization of the brominated and non-brominated L-
tyrosine residues, preferably to their n-propyl per HFB
derivatives. Mass spectrometric methods are preferable
because of the ability to utilize isotopic dilution tech-
niques for quantitation, as described in Heinecke, J.W.,
Hsu, F.F.. Crowley, J.R.. Hazen. S.L., Leeuwenburgh,
C., Rasmussen, J.E. and Turk, J. "Detecting oxidative
modification of biomolecules with isotope dilution mass
spectrometry: Sensitive and quantitative assays for ox-
idized amino acids in proteins and tissues" In: Methods
of Enzymology, Edited by Lester Packer, Vol. 300, pp.
124-145. Academic Press, Inc., San Diego. 1999. From
these analytical techniques, the content of the brominat-
ed species in the sample is calculated and, preferably,
compared to values obtained when samples from nor-
mal subjects are analyzed in the same manner. The con-
tent of the brominated species in the sample are nor-
malized to the protein content of the sample, preferably
by determining the content of an amino acid such as ty-
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rosine by isotope dilution mass spectrometry. Although
not necessary, it is also possible to confirm the identity
of the brominated L-tyrosine species using NMR.
[0023] In addition to the direct measurement tech-
niques described above, protein-bound brominated L-
tyrosine species, particularly 3-bromotyrosine and
3,5-dibromotyrosine, can be assayed using monoclonal
antibodies that are reactive with such brominated tyro-
sine species. For example, anti-3 bromotyrosine anti-
bodies may be made and labeled using standard proce-
dures and then employed in immunoassays to detect
the presence of protein-bound 3-bromotyrosine in the
sample. Suitable immunoassays include, by way of ex-
ample, radioimmunoassays, both solid and liquid
phase, fluorescence-linked assays or enzyme-linked
immunosorbent assays. Preferably, the immunoassays
are also used to quantify the amount of the brominated
tyrosine species that is present in the sample.

[0024] Monoclonal antibodies raised against bromi-
nated tyrosine species for use in such immunoassays
are produced according to established procedures.
Generally, the brominated tyrosine residue, which is
known as a hapten, is first conjugated to a carrier protein
and used to immunize a host animal. Preferably, the bro-
minated tyrosine residue is inserted into synthetic pep-
tides with different surrounding sequence and then cou-
pled to carrier proteins. By rotating the sequence sur-
rounding the brominated tyrosine species within the
peptide coupled to the carrier, antibodies to only the bro-
minated tyrosine species, regardless of the surrounding
sequence context, are generated. Similar strategies
have been successfully employed with a variety of other
low molecular weight amino acid analogues.

[0025] Suitable host animals, include, but are not lim-
ited to, rabbits, mice, rats, goats, and guinea pigs. Var-
ious adjuvants may be used to increase the immunolog-
ical response in the host animal. The adjuvant used de-
pends, at least in part, on the host species. To increase
the likelihood that monoclonal antibodies specific to the
brominated tyrosine are produced, the peptide contain-
ing the brominated tyrosine species may be conjugated
to a carrier protein which is present in the animal immu-
nized. For example, guinea pig albumin is commonly
used as a carrier forimmunizations in guinea pigs. Such
animals produce heterogenous populations of antibody
molecules, which are referred to as polyclonal antibod-
ies and which may be derived from the sera of the im-
munized animals.

[0026] Monoclonal antibodies, which are homoge-
nous populations of an antibody that binds to a particular
antigen, are obtained from continuous cells lines. Con-
ventional techniques for producing monoclonal antibod-
ies are the hybridoma technique of Kohler and Millstein
(Nature 356:495-497 (1975)) and the human B-cell hy-
bridoma technique of Kosbor et al (Immunology Today
4:72 (1983)). Such antibodies may be of any immu-
noglobulin class including 19G, IgM, IgE, lga, IgD and
any class thereof. Procedures for preparing antibodies
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against modified amino acids, such as for example, 3-ni-
trotyrosine are described in Ye, Y. Z., M. Strong, Z. Q.
Huang, and J. S. Beckman. 1996. Antibodies that rec-
ognize nitrotyrosine. Methods Enzymol. 269:201-209.

B. Analytical Techniques for Measuring Free
Brominated Tyrosine Residues

[0027] The preferred techniques for direct measure-
ment of free brominated tyrosine species from solid tis-
sue samples or bodily fluids involves removal of protein
and lipids to provide a fluid extract containing free amino
acid residues. The tissues and bodily fluids are stored,
preferably in buffered, chelated and antioxidant-protect-
ed solutions, preferably at -80°C as described above.
The frozen tissue, and bodily fluids are then thawed, and
extracted, preferably with a single phase mixture of
methanol:diethylether:water as described above to re-
move protein. The fluid extract is preferably dried under
vacuum, resuspended, preferably in a water:methanol
mixture, supplemented an internal standard. For stable
isotope dilution mass spectrometry the internal standard
is labeled with heavy isotope, preferably 13Cg. Thereaf-
ter, lipid is removed by extraction with organic solvents,
preferably two-phase extraction with chloroform. The
aqueous phase is then analyzed for brominated tyrosine
species content as described above for the protein hy-
drolysate. For example, the sample is dried, passed
over a mini solid-phase C18 extraction column, deriva-
tized and analyzed by stable isotope dilution gas chro-
matography-mass spectrometry as above. Values of
free brominated tyrosine species in tissues and fluids
can be normalized to protein content, or an amino acid
such as tyrosine as described above. When quantifying
brominated tyrosine species in urine, differences in
glomerular filtration rate are, preferably, accounted for
by normalizing results to the urinary content of creati-
nine, which is determined by standard methods.
[0028] Advantageously, the present methods are ei-
ther non-invasive or minimally invasive and provide an
objective and quantifiable index of ongoing protein oxi-
dative damage by reactive brominating species, such
as at sites of activated eosinophils.

Il Diagnostic Kits and Reagents

[0029] Diagnostic kits and reagents which may be
employed in assays to detect the presence of protein
bound or free brominated tyrosine species in bodily
samples of test subjects are provided. The diagnostic
kit comprises an antibody, preferably a monoclonal an-
tibody, which is used in an immunoassay to detect the
presence of proteins or peptides modified by brominat-
ing oxidants, such as HOBr. Preferably, the monoclonal
antibody binds to or reacts with proteins containing 3
bromotyrosine, 3,5 bromotyrosine, or combinations
thereof. More preferably, the antibodies recognize pro-
teins or peptides containing 3-bromotyrosine. Prefera-
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bly, the diagnostic kit further comprises a synthetic pep-
tide or protein containing bromotyrosine. Such peptide
may be employed to generate a standard curve for
quantification or as a competitor to demonstrate anti-
body specificity.

[0030] The diagnostic reagent is a brominated tyro-
sine species. Preferably, the diagnostic reagentis 3-bro-
motyrosine, 3,5-dibromotyrosine, a synthetic peptide
containing 3-bromotyrosine, or a synthetic peptide con-
taining 3,5-dibromotyrosine. For use in GC/MS it is pre-
ferred that the bromotyrosine species be multiply la-
beled with a heavy isotope such as 2H, 13C and 5N or,
preferably, 13Cq.

IIl. Brominated Tyrosine Species as Specific and Stable
Markers for Activated Eosinophils

[0031] Activated eosinophils are found in the airways
of asthmatic individuals. Activated eosinophils express
and secrete eosinophil peroxidase (EPO). Increased
levels of EPO and other markers of eosinophil activation
are present in the airways of asthmatic individuals even
in the earliest detectable stages of the disease, and the
content of EPO in plasma and the airways correlate with
the level of disease activity and the response to therapy.
[0032] EPO is aunique heme protein which selective-
ly utilizes Br- (bromide) as substrate under physiological
concentrations of halides (100 mM CI- and 20-100 uM
Br) to form the potent bactericidal, viricidal and cytotox-
ic oxidant HOBr (hypobromous acid).

H,0, + Br + H" — HOBr + H,0

Br-is ubiquitous in humans, and is present in virtually
all biological fluids.

[0033] Unfortunately, HOBr, and most other oxidation
products which are known to be generated by EPO, are
either non-specific and/or decompose shortly after for-
mation. Accordingly, the oxidation products which are
known to be generated by EPO are not considered to
be useful diagnostic markers for diseases associated
with activated eosinophils.

[0034] In accordance with the present invention, it
was found that brominated tyrosine residues, particular-
ly, 3-bromotyrosine and 3,5-dibromotyrosine, are major
oxidation products formed upon exposure of L-tyrosine
to either the oxidant HOBr or to a system comprised of
EPO, H,0, and physiological concentrations of Br. It
was also shown that HOBr can react with primary
amines to form N-bromo amines, which can also act as
brominating intermediates for 3-bromotyrosine and
3,5-dibromotyrosine formation at neutral pH and in near
stoichiometric yield. Activated eosinophils were shown
to employ EPO to brominate the aromatic ring of tyro-
sine residues on proteins forming 3-bromotyrosine and
3,5-dibromotyrosine. Collectively, these results suggest
that tyrosine is an endogenous trap of reactive bromi-
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nating species

[0035] In accordance with the present invention,
3-Bromotyrosine was detected in human bronchoalve-
olar lavage from individuals with asthma compared to
non-asthmatics; in bronchoalveolar lavage of asthmatic
individuals exposed to an allergen, but not in non-asth-
matic individuals similarly exposed, and in urine of an
asthmatic, but not a non-asthmatic individual. It was also
determined that 3-bromotyrosine levels in plasma from
an asthmatic subject decrease following therapy. Col-
lectively, these results demonstrate that brominated ty-
rosine analogs are formed in vivo. Moreover, these re-
sults indicate that brominated products such as 3-bro-
mo-tyrosine and 3,5-di-bromo-tyrosine are useful diag-
nostic markers for diagnosing asthma and monitoring
the efficacy of specific interventions.

METHODS

[0036] General Procedures. HOBr free of Br and
bromate was prepared from liquid bromine as described
in Wajon, J.E. and Morris, J.C. (1980) in Bromination
Chemistry.

[0037] Oxidation of free L-tyrosine and protein-bound
tyrosyl residues. Reactions were initiated by addition of
oxidant (H,O,, HOBr, N-bromo or N,N-dibromo amine)
and performed in sodium phosphate buffer (pH 7.0) at
37°C for 60 min. Proteins oxidized in vitro were prepared
for analysis by first precipitating and desalting them in
a single-phase extraction mixture comprised of H,O:
methanol:H,O-saturated diethyl ether (1:3:7,v:v:v) as
described in Hazen, S.L., Hsu, F.F., Gaut, J.P., Crowler,
J.R. and Heinecke, J.W. "Modification of Proteins and
Lipids by Myeloperoxidase-Derived Oxidants" In: Meth-
ods of Enzymology, Edited by Lester Packer, Vol. 300,
pp. 88-106. Academic Press, Inc., San Diego. 1999., fol-
lowed by acid hydrolysis in methane sulfonic acid.
[0038] Protein hydrolysis. Proteins were subsequent-
ly hydrolyzed under halide-free conditions by incubating
the desalted protein pellet with 4 N methane sulfonic ac-
id (0.5 ml) supplemented with 1% phenol for 24 h at
100°C. Prior to initiating hydrolysis, acid mixtures were
degassed under vacuum and then sealed under a blan-
ket of argon.

[0039] Reverse phase HPLC quantification of L-tyro-
sirre oxidation products. Quantitative determination of
3-bromotyrosine and 3,5-dibromotyrosine production
from free L-tyrosine was performed utilizing reverse-
phase HPLC with a C18 column (Beckman Ultrasphere,
5 um resin, 4.6 x 250 mm) equilibrated with solvent A
(0.1% trifluoroacetic acid, pH 2.5). L-tyrosine and its ox-
idation products were eluted at a flow rate of 1 ml/min
with a linear gradient generated with solvent B (0.1%
trifluoroacetic acid in methanol, pH 2.5) as follows: 0%
solvent B for 5 min; 0-100% solvent B over 30 min; 100%
solvent B for 10 min. 3-Bromotyrosine and 3,5-dibromo-
tyrosine were monitored on a diode array detector and
quantified at 280 nm employing a standard curve con-
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structed with authentic synthetic standards.

[0040] 3-Bromotyrosine and 3,5-dibromotyrosine in
protein hydrolysates was quantified by reverse phase
HPLC with electrochemical (coulometric) detection on
an ESA (Cambridge, MA) CoulArray HPLC instrument
equipped with 4 electrochemical cells (channels) utiliz-
ing platinum electrodes arranged in series and set to in-
creasing specified potentials: channel 1 (320 mV); chan-
nel (440 mV); channel 3 (540 mV); and channel 4 (620
mV). Amino acid hydrolysates (50 ul) were injected onto
a Projel TSK ODS-80 TM column (5 um, 4.6 x 250 mm)
equilibrated with mobile phase A (15 mM lithium phos-
phate, 3 mg/L lithium dodecyl sulfate, pH 3.2). Products
were eluted at a flow rate of 1 ml/min with a nonlinear
gradient generated with mobile phase B (50% methanol,
15 mM lithium phosphate, 3 mg/L lithium dodecyl sul-
fate, pH 3.2) as follows: isocratic elution at 0% mobile
phase B for 10 min, 0-15% mobile phase B over 10 min,
isocratic elution at 15% mobile phase B for 10 min,
15-20% mobile phase B over 10 min, isocratic elution at
20% mobile phase B for 10 min, 20-100% mobile phase
B over 20 min, isocratic elution at 100% mobile phase
B for 20 min. Peak identity was established by demon-
strating the appropriate retention time, redox potential,
ratio of integrated currents in adjacent channels, and by
the method of standard additions for each analyte. L-
Tyrosine, 3-bromotyrosine, and 3,5-dibromotyrosine
standards (1-100pmol each on-column) were also dis-
solved together and used to generate an external cali-
bration curve.

[0041] Gas Chromatography Mass Spectrometric
(GCIMS) Analysis. L-Tyrosine, 3-bromotyrosine and
3,5-dibromotyrosine generated by phagocytes and hu-
man tissues were quantified by stable isotope dilution
GC/MS in the negative-ion chemical ionization mode. n-
Propyl, per heptafluorobutyryl (HFB) derivatives of ami-
no acids were prepared by standard methods and ana-
lyzed on a Perkin Elmer TurboMass mass spectrometer
equipped with chemical ionization probe. Chromato-
graphic separations were performed on a 20 m PE-5MS
column (0.18 mmi.d., 0.18 um film; Perkin Elmer), and
mass spectra were acquired in the negative-ion mode.
The column was run with the following temperature gra-
dient: 150°C to 250°C at 20°C/min. The injector, transfer
line and source temperatures were set at 250°C, 250°C
and 130°C, respectively. 3-Bromotyrosine was moni-
tored as its n-propyl per HFB derivative using two struc-
turally informative fragment ions, m/z 573 (M-HF)- and
m/z 445 (M-CF3;CF,CHO)- and their corresponding iso-
topically labeled ['3Cg4] internal standard ions at m/z 579
and 451, respectively. 3,5-Dibromotyrosine was moni-
tored as its n-propyl per HFB derivative at m/z 651
(M-HF)- and m/z 509 (M-CF;CF,CONH)- and their cor-
responding isotopically labeled [13C6] internal standard
ions at m/z 657 and 516, respectively. L-Tyrosine was
monitored as its n-propyl-per-HFB derivative using the
base peak at m/z 417 (M*- - HFB), another major ion at
m/z 595 (M*- - HF), and their corresponding isotopically
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labeled internal standard ions at m/z 423 and 601, re-
spectively. The ratio of ion currents of the two charac-
teristic ions of each compound and its corresponding in-
ternal standard were monitored in all analyses to ensure
that interfering ions were not co-eluting with the analyte.
[0042] Instrumentation. Electrospray ionization mass
spectrometry (ESI/MS) was performed on a Quatro Il
Triple Quadruple Mass Spectrometer (Micromass, Inc.)
interfaced with an HP 1100 HPLC (Hewlett Packard). L-
Tyrosine oxidation products were resolved on an Ultra-
sphere C18 column (Beckman, 5 um, 4.6 x 250 mm) at
a flow rate of 1 ml/min and a linear gradient between
H,0 (+ 0.3% formic acid) and methanol (+ 0.3% formic
acid) over 30 min. Column eluent was split (970 pl/min
to UV detector and 30 pl/min to mass detector) and an-
alyzed by the mass spectrometer in the positive-ion
mode with a cone potential of 23 eV. Gas chromatogra-
phy-mass spectrometry (GC-MS) analysis of L-tyrosine
oxidation products was performed following derivatiza-
tion to their n-propyl per HFB derivatives on a Perkin
Elmer TurboMass mass spectrometer equipped with
chemical ionization probe. Chromatographic separa-
tions were performed on a 20 m PE-5MS column (0.18
mm i.d., 0.18 um film; Perkin Elmer), and mass spectra
were acquired in the negative-ion mode.

[0043] NMR studies were performed at 25°C in D,0/
H,0 (1:9, v/v) with a Varian Unity-Plus 500 spectrometer
(4.99.843 MHz for 'H). TH chemical shifts were refer-
enced to external sodium 3-(trimethylsilyl)-propionate-
2,2,3,3,d4 in D,O. A Nalorac indirect detection probe
was employed for 'H and 'H,"3N 2-dimensional NMR
studies. The intense HOD signal was attenuated by
transmitter pre-irradiation, and digital signal processing
was employed to suppress phase distortions for TH
spectra. 1N NMR chemical shifts of L-tyrosine and its
oxidation products were established through heteronu-
clear multiple bond correlation spectroscopy experi-
ments.

RESULTS

[0044] Reverse phase HPLC identification of major L-
tyrosine oxidation products of eosinophil peroxidase L-
Tyrosine was incubated with eosinophil peroxidase,
H,0,, and NaBr in sodium phosphate buffer, pH 7.4 at
37°C for 60 min. In addition, L-Tyrosine (2 mM) was in-
cubated with HOBr (2 mM) in sodium phosphate buffer
(50 mM, pH 7.4) at 37°C for 60 min. Products were sub-
sequently analyzed by reverse phase HPLC as de-
scribed above. As shown in Fig. 1, both HOBr and the
enzymatic system generated two new major oxidation
products with distinct retention times (designated Peaks
I and II). Use of heat killed eosinophil peroxidase, or
omission of either co-substrate (H,O,, or Br) resulted
in no detectable production of the oxidation products by
the enzymatic system. The reaction products formed
were stable to treatment with acid, prolonged incubation
at 37°C with H,0,, and addition of a molar excess of
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either reducing agents or nucleophilic scavengers.
These results strongly suggested that the products in
Peaks | and Il were not N-bromo amines.

[0045] Structural identification of 3-bromotyrosine
and 3,5-dibromotyrosine as major products of L-tyrosine
oxidation by eosinophil peroxidase-generated reactive
brominating species. To characterize the structures of
the L-tyrosine oxidation products generated by the
EPO-H,0,-Br system, LC-MS analysis was performed.
The positive ion mass spectrum of Peak | was consistent
with a mono-brominated derivative of tyrosine (Fig. 2,
upper panel) and contained a single major compound
possessing a mass-to-charge ratio (m/z) of 260 (M +
H)*. The mass spectrum also demonstrated the isotopic
cluster expected for a mono-brominated compound (1:
1. M:M+2), with ions at m/z 260 ([M + H]* for 79Br-con-
taining isotopomer) and m/z 262 ([M + HJ- for 81Br-con-
taining isotopomer). These results, combined with the
chemical stability of the product to acid, peroxide, re-
ductants and nucleophile compounds, suggested that
Peak | was the stable ring-brominated product, 3-bro-
motyrosine (Fig. 2. upper panel inset). The positive ion
mass spectrum of Peak Il (Fig. 2. lower panel) was con-
sistent with a dibrominated derivative of L-tyrosine and
contained a single component with m/z 338 (M + H)*.
The mass spectrum demonstrated the isotopic cluster
(1:2:1, M:M+2:M+4) expected for a dibrominated deriv-
ative of tyrosine, with ions at m/z 338 (M + H])*
for 79Br,-containing isotopomer), m/z 340 (M + H]*
for 79Bré1Br-containing isotopomer) and m/z 342 ([M +
H]* for 81Br,-containing isotopomer). These results,
combined with the chemical stability of the compound,
suggested that Peak |l was the stable ring-brominated
product, 3,5-dibromotyrosine.

[0046] GC-MS analysis of the L-tyrosine oxidation
products generated by the EPO-H,0,-Br system
(Peaks I and Il) were also consistent with their structural
assignment as 3-bromotyrosine and 3,5-dibromotyro-
sine, respectively. The negative-ion mass spectrum of
the n-propyl per heptafluorobutyryl derivative of the
product in Peak | demonstrated the anticipated molec-
ular anion (M)~ at m/z 593. Major ions observed in the
mass spectrum and which also demonstrated the iso-
topic pattern of a mono-brominated species were ob-
served at m/z 573 (M-HF)-, m/z 553 (M-2HF)-, and m/z
445 (M-CF5;CF,CHO)- (data not shown). Likewise, the
negative-ion mass spectrum of the n-propyl per-hep-
tafluorobutyryl derivative of Peak Il was consistent with
the structural assignment as 3,5-dibromotyrosine. Major
ions observed in the mass spectrum and which demon-
strated the isotopic pattern of a dibrominated species
included m/z 671 (M), m/z 651 (M-HF),, m/z 524
(M-CF3CF,CO)-, and m/z 509 (M-CF3;CF,CONH)-.
[0047] Multi-nuclear ('H and 13N) NMR spectroscopy
was employed to identify the precise location of Br at-
tachment to the aromatic amino acid. '3N-labeled L-ty-
rosine was employed as starting material for oxidation
by the EPO system since the 15N resonance could serve
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as a non-perturbing and sensitive probe into the imme-
diate chemical environment at the a-amino nitrogen at-
om (where N-bromo amines might be formed) and con-
comitant examination of the aromatic region of the H
NMR spectra to identify any stable ring-brominated ad-
ducts would also be feasible. 'H and 15N NMR analysis
of L-[13N] tyrosine and its EPO-H,0,-Br oxidation prod-
ucts (Peaks | and Il) confirmed the identity of these prod-
ucts as 3-bromotyrosine and 3,5-dibromotyrosine, re-
spectively. The chemical shifts, integrated areas, and
coupling constants of the resonances in the TH NMR
spectra were all consistent with formation of the stable
ring-brominated adducts (Fig. 3). Proton assignments
on the aromatic ring were further confirmed by observ-
ing allylic coupling between the benzylic protons and the
ortho aromatic protons (positions 2 and 6) in both bro-
minated species. Moreover, analysis of L['5N]tyrosine
and the EPO oxidation products by heteronuclear
("H-15N) multiple bond correlation spectroscopy dem-
onstrated identical chemical shifts of the 1°N resonanc-
es of the parent and oxidized amino acids, confirming
that they did not represent N-bromo and N,N-dibromo
amines (data not shown). Taken together, these results
establish that the major tyrosine oxidation products gen-
erated by the EPO-H,0,-Br- system are 3-bromotyro-
sine and 3,5-dibromotyrosine.

N-bromo amines mediate L-tyrosine ring-bromination at
physiological pH.

[0048] L-tyrosine was incubated with either HOBr/
OBr-, N-bromo taurine, N,N-dibromo taurine or HOBr/
OBrin the presence of excess Br-to enhance the equi-
librium content of Br, in the mixture,and the levels of
3-bromotyrosine and 3,5-dibromotyrosine formed deter-
mined The results indicated that ring-brominated tyro-
sine species were readily produced following addition of
all reactive brominating species. In particular, N-bromo
amines formed the stable C-Br tyrosine adducts in al-
most quantitative yield. Further work showed that L-ty-
rosine ring bromination occurred at a pH ranging from
5 to 8. Interestingly, 3.5-dibromotyrosine was formed in
particularly high yield at physiological pH resulting in the
near quantitative formation of C-Br bonds (with respect
to moles of reactive halogen consumed) at pH 7.4. Fur-
ther work also showed that each mole of N-bromo amine
reduced resulted in the near stoichiometric formation of
a stable C-Br bond. Collectively, these results demon-
strate that N-bromo amines readily promote tyrosine
ring-bromination. They also suggest that the scaveng-
ing of EPO-generated HOBr/OBr—- by primary amines,
abundant moieties in biological fluids, serves as a mech-
anism for trapping and "funneling" reactive halogen to
stable ring-brominated forms of tyrosine.

[0049] Eosinophil peroxidase generates stable ring-
brominated tyrosine species at plasma levels of halides
in high yield. The ability of isolated EPO and MPO to
form 3-bromotyrosine and 3,5-dibromotyrosine in the
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presence of physiological levels of halides was evaluat-
ed. The results demonstrated that EPO efficiently cata-
lyzed formation of the ring-brominated forms of L-tyro-
sine even in the presence of a vast molar excess of Cl.
Inclusion of a molar excess of taurine in reaction mix-
tures augmented ring-bromination by EPO, consistent
with N-bromo amines as intermediates in the reaction.
In contrast, MPO failed to generate significant levels of
ring-brominated tyrosine species at physiological levels
of halides, even in the presence of excess amines.
[0050] Eosinophil peroxidase brominates protein ty-
rosine residues in high yield at plasma levels of halides.
The ability of isolated EPO to generate 3-bromotyrosine
and 3,5-dibromotyrosine on intact proteins was studied.
Bovine serum albumin (BSA) was incubated with either
EPO or MPO, H,0,, plasma levels of CI- (100 mM) and
varying levels of Br- (0-200 mM), and then the content
of ring-brominated tyrosine residues formed determined
as described. At all concentrations of Br examined,
EPO promoted bromination of protein tyrosyl residues..
In contrast, little if any detectable brominated tyrosine
species were formed by isolated MPO. In parallel exper-
iments, BSA was incubated with either EPO or MPO,
plasma levels of halides and low doses of H,0, (0-50
uM). Again. EPO promoted protein tyrosyl residue bro-
mination, but MPO failed to generate any significant bro-
minated products. Examination of the overall yield of the
reaction confirmed that EPO - but not MPO - efficiently
incorporated halogen into stable ring-brominated forms
(C-Br bonds) at plasma levels of halides. Collectively,
these results demonstrate that 3-bromotyrosine and
3,5-dibromotyrosine are excellent candidate molecular
markers for identifying sights of EPO-catalyzed protein
oxidative damage in vivo.

Activation of eosinophils brominate protein tyrosyl
residues through the EPO-H,0,-Br: system.

[0051] A dramatic increase in 3-bromotyrosine con-
tent was observed when BSA was incubated with acti-
vated phagocytes. Formation of 3-bromotyrosine re-
quired activation of the cells with phorbol ester and the
presence of plasma levels of bromide. Addition of per-
oxidase inhibitors (e.g. NaN3) and a peroxide scavenger
(catalase) inhibited 3-bromotyrosine production. In con-
trast, addition of heat killed catalase (hk catalase) failed
to block 3-bromotyrosine formation. Collectively, these
results implicate the eosinophil peroxidase-H,O,-Br-
system in the bromination of protein tyrosyl residues.

[0052] 3-Bromotyrosine is a specific marker for pro-
tein oxidation mediated by phagocyte-generated reac-
tive brominating species. The ability of human eosi-
nophils and human neutrophils to brominate protein ty-
rosyl residues and to form 3-chlorotyrosine was exam-
ined as a function of bromide concentrations. In the ab-
sence of added bromide, neither eosinophils nor neu-
trophils generated significant amounts of protein-bound
3-bromotyrosine as monitored by stable isotope dilution
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GC/MS. Adramatic increase in 3-bromotyrosine content
was apparent in BSA incubated with activated eosi-
nophils and physiological levels of bromide (5-100 puM).
Parallel incubations with activated neutrophils demon-
strated only modest increases in 3-bromotyrosine for-
mation, and only at higher levels of bromide. No detect-
able 3-chlorotyrosine was formed during incubations
with eosinophils under all conditions, and 3-chlorotyro-
sine was formed by neutrophils at all concentrations of
Br- examined. These results are consistent with eosi-
nophil peroxidase having a substrate preference for bro-
mide, and myeloperoxidase preferentially utilizing chlo-
ride as substrate. Collectively, these results demon-
strate that 3-bromotyrosine is selectively formed by
eosinophils at physiological levels of bromide.

[0053] The following examples are for purposes of il-
lustration only and are not intended to limit the scope of
the claims which are appended hereto.

EXAMPLES

Example 1. Measuring Levels of 3-Bromotyrosine in
Bronchoalveolar Lavage of Asthmatic Subjects.

[0054] Human bronchoalveolar lavage (BAL) was ob-
tained from ventilated patients admitted to an intensive
care unit. Samples from patients admitted to the inten-
sive care unit because of a severe asthma exacerbation
were identified and compared to a similar size pool of
samples from patients admitted to the intensive care unit
for other causes (e.g. head trauma, gun shot wound,
post operatively). Samples were immediately placed in
ice-cold antioxidant buffer (50 mM phosphate buffer, pH
7.0, supplemented with 100 uM diethylenetriamine pen-
taacetic acid, and 100 uM butylated hydroxytoluene and
frozen at -80°C until analysis. Samples were thawed,
delipidated and desalted by vortexing with a single
phase extraction mixture comprised of H,O:methanol:
H,O-saturated diethyl ether (1:3:7,v:v:v) for 5 min, fol-
lowed by sitting at 0°C for 30 min. A protein pellet was
recovered following centrifugation at 3000 x g
(0°C). 13Cg4-labeled 3-bromotyrosine and 13Cg-labeled
tyrosine were added, the samples dried in a rotary vac-
uum device, and then subjected to acid hydrolysis with
4 N methane sulfonic acid (0.5 ml) supplemented with
1% phenol for 24 h at 100°C. The standards were pre-
pared by addition of HOBr to 13C4-labeled tyrosine in so-
dium phosphate buffer (50 mM, pH 7.0) and isolated by
reverse phase HPLC as described above. Prior to initi-
ating hydrolysis, acid mixtures were degassed under
vacuum and then sealed under a blanket of argon.

[0055] Following hydrolysis, 1.5 ml of 0.1% trifluoro-
acetic acid (TFA) was added to the hydrolysate and the
mixture passed over a solid phase C18 extraction col-
umn (Supelclean LC-18 SPE tubes, from Supelco Inc.,
Bellefonte, Pa) equilibrated with 0.1% TFA in water. The
column was washed with 2 ml of the same buffer, eluted
with 2 ml of 20% methanol in 0.1% TFA in water, and
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the recovered amino acids dried under vacuum.
[0056] L-Tyrosine and 3-bromotyrosine were convert-
ed to their n-propyl, per heptafluorobutyryl (HFB) deriv-
atives as described in Knapp, D. R. 1979. In Handbook
of analytical derivatization reactions. John Wiley and
Sons, New York, NY, 485-486. 3-Bromotyrosine and ty-
rosine were quantified by stable isotope dilution GC/MS
in the negative-ion chemical ionization mode and ana-
lyzed on a Perkin EImer TurboMass mass spectrometer
equipped with chemical ionization probe. Chromato-
graphic separations were performed on a 20 m PE-5MS
column (0.18 mm i.d., 0.18 um film: Perkin Elmer), and
mass spectra were acquired in the negative-ion mode.
The column was run with the following temperature gra-
dient: 150°C to 250°C at 20°C/min. The injector, transfer
line and source temperatures were set at 250°C, 250°C
and 130°C, respectively. 3-Bromotyrosine was moni-
tored as its n-propyl per HFB derivative using two struc-
turally informative fragment ions, m/z 573 (M-HF)- and
m/z 445 (M-CF;CF,CHO)- and their corresponding iso-
topically labeled ['3Cg] internal standard ions at m/z 579
and 451, respectively. L-Tyrosine was monitored as its
n-propyl-per-HFB derivative using the base peak at m/
z 417 (M*- - HFB), another major ion at m/z 595 (M* -
HF), and their corresponding isotopically labeled inter-
nal standard ions at m/z 423 and 601, respectively. The
ratio of ion currents of the two characteristic ions of each
compound and its corresponding internal standard were
monitored in all analyses to ensure that interfering ions
were not co-eluting with the analyte.. The limit of detec-
tion (S/N > 4) for 3-bromotyrosine by this technique is
less than 10 fmol on column.

[0057] Results represented as the mean £ SEM are
shown in Fig.4 Mass spectrometric analysis revealed
levels of 3-bromotyrosine in BAL of asthmatic subjects
that were over 100-fold higher than those of non-asth-
matic individuals 3-Bromotyrosine was barely detecta-
ble in BAL from non-asthmatics. Thus, 3-bromotyrosine
is a useful diagnostic marker for asthma.

Example 2 Measuring Levels of 3-Bromotyrosine in
Bronchoalveolar Lavage of Asthmatic Subjects
Following Segmental Antigen Challenge

[0058] Normal saline containing ragweed pollen was
infused into to a specific lung segment of at least 6 sub-
jects known to have asthma (test subjects) and to a spe-
cificlung segment of at least 6 control subjects. A control
normal saline solution lacking antigen was administered
to the contralateral lung at a different and separate spe-
cific lung segment of each test subject and each control
subject. After 48 h. subjects again underwent bronchos-
copy and the antigen challenged segment and normal
saline challenged segment of each test subject and
each control subject was lavaged with normal saline.
Broncho-alveolar fluids recovered were analyzed as de-
scribed above in Example 1 and the content of 3-bro-
motyrosine and 3-chlorotyrosine in the fluids deter-
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mined.

[0059] As shown in Fig. 5, a 2-fold increase in the
baseline levels of 3-bromotyrosine were observed in the
mild (none required continuous oral or metered dose in-
haler steroid therapy) asthmatic subjects that were test-
ed. Furthermore, following exposure to the antigen chal-
lenge, the level of 3-bromotyrosine in asthmatic individ-
uals increased significantly, but no increase was ob-
served in similarly exposed non-asthmatic subjects.
Furthermore, 3-chlorotyrosine levels increased much
less than 3-bromotyrosine levels in response to antigen
challenge in both asthmatic and non-asthmatic sub-
jects. 3-Chlorotyrosine is a specific marker for mye-
loperoxidase-dependent tissue injury from other inflam-
matory cells including neutrophils, monocytes and tis-
sue macrophages.

[0060] These results demonstrate that the present
method is useful for identifying low levels of eosinophil
inflammatory injury, even in mild asymptomatic asth-
matics, since baseline levels of 3-bromotyrosine were
significantly increased in the asthmatic subjects as com-
pared to the non-asthmatic subjects. They also demon-
strate that 3-bromotyrosine is selectively formed in asth-
matic subjects following exposure to an allergen. They
also demonstrate that 3-bromotyrosine is a specific and
superior index of tissue injury in asthmatics exposed to
an allergen challenge because much smaller increases
were noted in the content of 3-chlorotyrosine in asthmat-
ic vs. non-asthmatic lavage fluids

Example 3. Measuring Plasma Levels of
3-Bromotyrosine in a Subject with an Acute Asthma
Exacerbation and Following Initiation of Steroid

Therapy.

[0061] A 23 year old male with 15 year history of asth-
ma notable for 2 prior hospitalizations (last one 2 years
ago) was admitted to the hospital for a severe asthma
exacerbation not responsive to therapy in the Emergen-
cy Department. The subject had required multiple cours-
es of oral steroid therapy in the past for worsening of
asthma symptoms, but no oral steroids had been re-
quired for the 6 months preceding the current hospital-
ization. The subject's asthma was being treated with al-
buteral metered dose inhaler taken as needed. No pre-
disposing respiratory infection was noted. Blood sam-
ples were taken upon admittance to the Emergency De-
partment, and then at multiple successive time intervals
following treatment with intravenous (i.v.) and then oral
steroids on a tapering dose over the course of the next
2 weeks. Blood was collected into EDTA chelated tubes
and then spun at 4000 x g to pellet and remove cells.
Plasma was supplemented with antioxidant buffer and
stored frozen at -80°C until analysis as in Example 1.
The content of 3-bromotyrosine was determined by sta-
ble isotope dilution GC/MS as described in Example 1.
[0062] As shown in Fig. 6, the content of 3-bromoty-
rosine in plasma proteins at day 0 was greater than 200
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umol/mol protein tyrosine However, the content of
3-bromotyrosine in plasma decreased significantly fol-
lowing steroid therapy. The subject experienced marked
symptomatic improvement within the first 24 h of treat-
ment, with symptoms disappearing almost entirely to his
background level of intermittent cough with heavy exer-
tion by 2 weeks after admission. These results demon-
strate that the present diagnostic method is useful for
monitoring the efficacy of anti-asthmatic therapies in
subjects with asthma.

Example 4: Measuring Levels of 3-Bromotyrosine in
Tissue Samples from Subjects Challenged with a Food

Allergen

[0063] Several days following exposure to either con-
trol diet (NS) (4 mice) or diet containing egg white pro-
tein to which the mice were allergic (e.g. ovalbumin,
Ova) (4 mice), the small bowel of the mice was excised
and placed in buffer containing an antioxidant cocktail
and the frozen at -80°C until analysis as described in
Example 1. Tissues were thawed, homogenized, delip-
idated and desalted, hydrolyzed and then the levels of
3-bromotyrosine determined by stable isotope dilution
GC/MS as described in Example 1.

[0064] AsshowninFig.7,3 bromotyrosine levels were
much greater in bowel segments obtained from mice
that had been fed diets containing food to which they
were allergic, as compared to controls. Thus, the
present diagnostic method is useful for diagnosing dis-
eases, such as for example, food allergy, inflammatory
bowel disease, and other analogous diseases which are
associated with eosinophilic infiltration

Example 5. Detecting the Presence of 3-Bromotyrosine

in Urine from an Asthmatic Subject

[0065] Urine (20 cc) from an asthmatic individual who
sought treatment at the Emergency Department be-
cause of a severe asthma exacerbation, and a corre-
sponding volume of urine from a non-asthmatic healthy
individual was analyzed for the presence of free 3-bro-
motyrosine by HPLC with electrospray mass spectrom-
etry. Electrospray ionization mass spectrometry (ESI/
MS) was performed on a Quatro Il Triple Quadruple
Mass Spectrometer (Micromass, Inc.) interfaced with an
HP 1100 HPLC (Hewlett Packard). 3-Bromotyrosine
was resolved on a C18 column (5 um, 1.0 x 150 mm) at
a flow rate of 30 ul/min and a linear gradient between
H,0 (+ 0.3% formic acid) and methanol (+ 0.3% formic
acid) over 20 min. Column eluent was analyzed by the
mass spectrometer in the positive-ion mode with a cone
potential of 23 eV. 3-Bromotyrosine was monitored in
selected ion monitoring mode at mass to charge ratio
260. Peak identity was confirmed by demonstrating
comigration of both the 7°Br (m/z 260) and 8'Br (m/z
262) isotopomers (at 1:1 relative integrated areas) at the
retention time of authentic 3-bromotyrosine. 3-Bromoty-
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rosine was only observed in the urine of the asthmatic
individual.

[0066] As shown in Figure 8, 3-bromotyrosine is
present in the urine of an asthmatic subject. The marker
is not observed in urine from a normal individual. Thus,
urinary levels of 3-bromotyrosine may be monitored to
serve as a non-invasive indicator of the extent of protein
damage by .brominating oxidants, such as in eosi-
nophil-dependent inflammatory tissue injury in an asth-
matic, or for the diagnosis of asthma or a similar disorder
in individuals.

Claims

1. A method for diagnosing diseases associated with
activated eosinophils in a subject comprising:

assaying for the presence of a brominated ty-
rosine species in a test sample of a body fluid
or tissue obtained from the subject.

2. A method according to claim 1, wherein the test
sample is selected from broncho-alveolar lavage,
serum, plasma, urine, tissue biopsy, sputum, in-
duced sputum, blood, pericardial fluid, pleural fluid,
cerebrospinal fluid, stool, broncho-alveolar lavage
and cells containing metabolic products of activated
eosinophils and phagocytes.

3. A method according to claim 1, wherein the bromi-
nated tyrosine species is selected from 3-bromoty-
rosine, 3,5-dibromotyrosine, and combinations
thereof.

4. Amethod according to claim 1, wherein the disease
is asthma and the assay comprises measuring the
amount of the brominated species in a test sample
of a body fluid or tissue obtained from the test sub-
ject.

5. A method according to claim 4, wherein the concen-
tration or content of the brominated species in the
test sample is compared to a baseline concentra-
tion or content of the brominated species in a cor-
responding sample from the test subject.

6. Amethod according to claim 1, wherein the disease
is asthma and the assay comprises determining the
concentration or content of the brominated species
in a test sample of a body fluid or tissue obtained
from the test subject.

7. A method according to claim 6, further comprising
the step of comparing the concentration or content
of the brominated species in the test sample to the
concentration or content of the brominated species
in corresponding samples from normal subjects
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lacking asthma.

A method according to claim 1, wherein the disease
is asthma and wherein the assay comprises deter-
mining the concentration or content of the brominat-
ed species in a plurality of test samples obtained at
successive time intervals from the subject.

A method according to claim 1, wherein the disease
is asthma and wherein the assay comprises deter-
mining the concentration or content of the brominat-
ed species in a test sample obtained from the sub-
ject at a time prior to treatment with an anti-asth-
matic drug and determining the concentration or
content of the brominated species in a correspond-
ing test sample obtained from the subject at a time
following treatment with an anti-asthmatic agent.

A method according to claim 1, wherein the pres-
ence of the brominated species in the test sample
is assayed by a technique selected from mass
spectrometric analysis, HPLC with electrochemical
detection, HPLC with fluorescence detection follow-
ing pre- or post column derivatisation, Capillary
Electrophoresis, and high resolution NMR spec-
troscopy.

A method according to claim 1, the presence of the
brominated tyrosine species is detected by an im-
munoassay which employs antibodies to 3-bromo-
tyrosine or 3,5-dibromotyrosine.

A method according to claim 1, wherein the pres-
ence of the brominated species in the sample is as-
sayed by contacting the sample with an anti-bromo-
tyrosine monoclonal antibody and assaying for the
formation of an antigen-antibody complex between
said antibody and a protein in said sample.

A method according to claim 1, wherein the disease
is associated with the presence of increased con-
centrations of 3-bromotyrosine or 3,5-dibromotryo-
sine in samples from subjects having the disease
relative to samples from normal subjects lacking the
disease.

A diagnostic kit for diagnosing diseases in which ac-
tivated eosinophils are present at the disease site
comprising an antibody that specifically reacts with
a brominated tyrosine species, wherein the bromi-
nated tyrosine species is either free or contained
within a peptide or protein.

A diagnostic kit according to claim 14, wherein said
antibody is a monoclonal antibody reactive with pro-
teins containing a bromotyrosine selected from the
group consisting of 3-bromotyrosine, 3,5-dibromo-
tyrosine, and combinations thereof.
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A diagnostic kit according to claim 14, further com-
prising a synthetic peptide or a synthetic protein
containing bromotyrosine.

A method for diagnosing a disease associated with
protein damage by brominating oxidants in a sub-
ject comprising:

assaying for the presence of a brominated ty-
rosine spedes in a test sample of a body fluid
or tissue obtained from the subject, wherein the
brominated tyrosine species is selected from
the group consisting of 3-bromotyrosine, 3,5-di-
bromotyrosine, and combinations thereof.

A method according to claim 17, wherein the dis-
ease associated with protein damage by brominat-
ing oxidants is asthma.

A method according to claim 17, wherein the dis-
ease associated with protein damage by brominat-
ing oxidants is an allergy associated with increased
levels of activated eosinophils.

A method according to claim 17, wherein the dis-
ease associated with protein damage by brominat-
ing oxidants is allergic rhinitis, atropic dermatitis, or
acute urticaria.

A method according to any one of claims 17 to 20,
wherein the test sample of a body fluid or tissue is
sputum, induced sputum, blood, serum, plasma,
urine, stool, or broncho-alveolar lavage.

Patentanspriiche

1.

Verfahren zur Diagnose von Krankheiten mit akti-
vierten Eosinophilen in einem Probanden, umfas-
send:

das Testen auf die Gegenwart einer bromierten
Tyrosinspezies in einer Probe einer Korperflls-
sigkeit oder eines Kdrpergewebes vom Pro-
banden.

Verfahren nach Anspruch 1, worin die Probe aus-
gewahlt ist aus bronchoalveolarer Spilung, Serum,
Plasma, Urin, Gewebebiopsie, Sputum, induzier-
tem Sputum, Blut, perikardialer Flussigkeit, pleura-
ler Flussigkeit, Zerebrospinalflissigkeit, Stuhl,
bronchoalveolarer Spllung und Zellen, die Stoff-
wechselprodukte von aktivierten Eosinophilen und
Phagozyten enthalten.

Verfahren nach Anspruch 1, worin die bromierte Ty-
rosinspezies ausgewahlt ist aus 3-Bromtyrosin,
3,5-Dibromtyrosin und Kombinationen davon.
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Verfahren nach Anspruch 1, worin die Krankheit
Asthma ist und der Test die Messung der Menge
der bromierten Spezies in einer Probe einer Kérper-
flissigkeit oder eines Kérpergewebes vom Proban-
den umfasst.

Verfahren nach Anspruch 4, worin die Konzentrati-
on oder der Gehalt der bromierten Spezies in der
Probe mit einer Basislinienkonzentration oder ei-
nem Basisliniengehalt der bromierten Spezies in ei-
ner entsprechenden Probe vom Probanden vergli-
chen wird.

Verfahren nach Anspruch 1, worin die Krankheit
Asthma ist und der Test die Bestimmung der Kon-
zentration oder des Gehalts der bromierten Spezies
in einer Probe einer Korperfllssigkeit oder eines
Korpergewebes vom Probanden umfasst.

Verfahren nach Anspruch 6, ferner den Schritt des
Vergleichens der Konzentration oder des Gehalts
der bromierten Spezies in der Probe mit der Kon-
zentration oder dem Gehalt der bromierten Spezies
in entsprechenden Proben von normalen Proban-
den ohne Asthma umfassend.

Verfahren nach Anspruch 1, worin die Krankheit
Asthma ist und worin der Test die Bestimmung der
Konzentration oder des Gehalts der bromierten
Spezies in mehreren Proben umfasst, die an auf-
einander folgenden Zeitintervallen vom Probanden
erhalten wurden.

Verfahren nach Anspruch 1, worin die Krankheit
Asthma ist und worin der Test die Bestimmung der
Konzentration oder des Gehalts der bromierten
Spezies in einer Probe, die dem Probanden zu ei-
nem Zeitpunkt vor der Behandlung mit einem Arz-
neimittel gegen Asthma entnommen wurde, und die
Bestimmung der Konzentration oder des Gehalts
der bromierten Spezies in einer entsprechenden
Probe umfasst, die dem Probanden zu einem Zeit-
punkt nach der Behandlung mit einem Arzneimittel
gegen Asthma enthommen wurde.

Verfahren nach Anspruch 1, worin die Gegenwart
der bromierten Spezies in der Probe mithilfe eines
Verfahrens untersucht wird, das aus massenspek-
trometrischer Analyse, HPLC mit elektrochemi-
scher Detektion, HPLC mit Fluoreszenzdetektion
nach Vor- oder Nachsaulenderivatisierung, Kapilla-
relektrophorese und hochauflésender NMR-Spek-
troskopie ausgewahilt ist.

Verfahren nach Anspruch 1, wobei die Gegenwart
der bromierten Tyrosinspezies mithilfe eines Im-
muntests bestimmt wird, bei dem Antikérper gegen
3-Bromtyrosin oder 3,5-Dibromtyrosin eingesetzt
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werden.

Verfahren nach Anspruch 1, worin die Gegenwart
der bromierten Spezies in der Probe durch Kontak-
tieren der Probe mit einem monoklonalen Anti-
Bromtyrosin-Antikérper bestimmt wird und auf die
Bildung eines Antigen-Antikérper-Komplexes zwi-
schen dem Antikérper und einem Protein in der Pro-
be getestet wird.

Verfahren nach Anspruch 1, worin die Krankheit mit
der Gegenwart von erhohten Konzentrationen
3-Bromtyrosin oder 3,5-Dibromtyrosin in Proben
von Probanden mit der Krankheit im Vergleich zu
Proben von normalen Probanden ohne die Krank-
heit zusammenhangt.

Diagnoseset zur Diagnose von Krankheiten, worin
aktivierte Eosinophile an der erkrankten Stelle vor-
handen sind, die einen Antikérper umfassen, der
spezifisch mit einer bromierten Tyrosinspezies rea-
giert, worin die bromierte Tyrosinspezies entweder
frei oder in einem Peptid oder Protein enthalten ist.

Diagnoseset nach Anspruch 14, worin der Antikor-
per ein monoklonaler Antikorper ist, der mit Protei-
nen reaktiv ist, die ein aus der aus 3-Bromtyrosin,
3,5-Dibromtyrosin und Kombinationen daraus be-
stehenden Gruppe ausgewahltes Bromtyrosin ent-
halten.

Diagnoseset nach Anspruch 14, ferner ein synthe-
tisches Peptid oder ein synthetisches Protein mit
Bromtyrosin umfassend.

Verfahren zur Diagnose einer Krankheit, die mit
Proteinschadigung durch bromierende Oxidantien
in einem Probanden zusammenhéngt, umfassend:

das Testen auf die Gegenwart einer bromierten
Tyrosinspezies in einer Probe einer Korperflis-
sigkeit oder eines Kdrpergewebes eines Pro-
banden, worin die bromierte Tyrosinspezies
aus der aus 3-Bromtyrosin, 3,5-Dibromtyrosin
und Kombinationen daraus bestehenden Grup-
pe ausgewahlt ist.

Verfahren nach Anspruch 17, worin die Krankheit,
die mit Proteinschadigung durch bromierende Oxi-
dantien zusammenhangt, Asthma ist.

Verfahren nach Anspruch 17, worin die Krankheit,
die mit Proteinschadigung durch bromierende Oxi-
dantien zusammenhangt, eine Allergie in Zusam-
menhang mit erhdhten Werten von aktivierten Eo-
sinophilen ist.

Verfahren nach Anspruch 17, worin die Krankheit,
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die mit Proteinschadigung durch bromierende Oxi-
dantien zusammenhangt, allergische Rhinitis, atro-
phische Dermatitis oder akute Urtikaria ist.

Verfahren nach einem der Anspriiche 17 bis 20,
worin die Probe einer Korperflissigkeit oder eines
Kérpergewebes Sputum, induziertes Sputum, Blut,
Serum, Plasma, Urin, Stuhl oder bronchoalveolare
Spulung ist.

Revendications

Une méthode pour diagnostiquer des maladies as-
sociées a des éosinophiles activés chez un sujet,
comprenant:

la détermination de la présence d'une espéece
de tyrosine bromée dans un échantillon d'essai
d'un fluide corporel ou d'un tissu obtenu a partir
du sujet.

Une méthode selon la revendication 1, dans laquel-
le I'échantillon d'essai est sélectionné parmi un la-
vage broncho-alvéolaire, du sérum, du plasma, de
I'urine, une biopsie de tissu, du crachat, du crachat
induit, du sang, du fluide péricardique, du fluide
pleural, du fluide cérébrospinal, de selles, d'un la-
vage broncho-alvéolaire et de cellules contenant
des produits métaboliques d'éosinophiles activés et
de phagocytes.

Une méthode selon la revendication 1, dans laquel-
le I'espece de tyrosine bromée est sélectionnée
parmi 3-bromotyrosine, 3,5-dibromotyrosine, et des
combinaisons de ceux-ci.

Une méthode selon la revendication 1, dans laquel-
le la maladie est I'asthme et I'essai comprend la me-
sure d'une quantité d'espéce bromée dans un
échantillon d'essai d'un fluide corporel ou d'un tissu
obtenu a partir du sujet.

Une méthode selon la revendication 4, dans laquel-
le la concentration ou la teneur de I'espéce bromée
dans I'échantillon d'essai est comparée a une con-
centration ou a une teneur initiale de base de l'es-
pece bromée dans un échantillon correspondant is-
su du sujet.

Une méthode selon la revendication 1, dans laquel-
le la maladie est I'asthme et I'essai comprend la dé-
termination de la concentration ou de la teneur de
I'espece bromée dans un échantillon d'essai d'un
fluide corporel d'un tissu obtenu a partir du sujet.

Une méthode selon la revendication 6, comprenant
en outre I'étape consistant a comparer la concen-
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tration ou la teneur de l'espéce bromée dans
I'échantillon d'essai a la concentration ou a la teneur
de I'espece bromée dans des échantillons corres-
pondants issus de sujets normaux exempts d'asth-
me.

Une méthode selon la revendication 1, dans laquel-
le la maladie est I'asthme et dans laquelle I'essai
comprend la détermination de la concentration ou
de la teneur de I'espece bromée dans une pluralité
d'échantillons d'essais obtenus a partir du sujet a
des intervalles de temps successifs.

Une méthode selon la revendication 1, dans laquel-
le la maladie est I'asthme et dans laquelle I'essai
comprend la détermination de la concentration ou
de lateneur de I'espéce bromée dans un échantillon
d'essai obtenu a partir du sujet a un temps antérieur
a un traitement avec un médicament anti-asthmati-
que et la détermination de la concentration ou de la
teneur de l'espéce bromée dans un échantillon
d'essai correspondant obtenu a partir du sujet a un
temps postérieur au traitement avec un agent anti-
asthmatique.

Une méthode selon la revendication 1, dans laquel-
le la présence de I'espéce bromée dans I'échan-
tillon d'essai est déterminée par une technique sé-
lectionnée parmi une analyse au spectrométre de
masse, une chromatographie liquide a haute pres-
sion avec détection électrochimique, une chroma-
tographie liquide a haute pression avec détection
de fluorescence postérieure a une pré- ou a une
post-dérivatisation & colonne, une Electrophorése
Capillaire et une spectroscopie RMN haute résolu-
tion.

Une méthode selon la revendication 1, dans laquel-
le la présence de I'espéce de tyrosine bromée est
détectée par un immunodosage qui utilise des an-
ticorps au 3-bromotyrosine ou au 3,5-dibromotyro-
sine.

Une méthode selon la revendication 1, dans laquel-
le la présence de l'espéce bromée dans I'échan-
tillon est déterminée par mise en contact de I'échan-
tillon avec un anticorps monoclonal anti-bromotyro-
sine et détermination de la formation d'un complexe
antigéne-anticorps entre ledit anticorps et une pro-
téine contenue dans ledit échantillon.

Une méthode selon la revendication 1, dans laquel-
le la maladie est associée a la présence d'une forte
concentration de 3-bromotyrosine ou de 3,5-dibro-
motyrosine dans des échantillons issus de sujets
ayant la maladie par rapport a des échantillons is-
sus de sujets normaux exempts de la maladie.
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Un nécessaire de diagnostic pour diagnostiquer
des maladies dans lesquelles des éosinophiles ac-
tivés sont présents au niveau du site de la maladie
comprenant un anticorps qui réagit de maniére spé-
cifique avec une espéce de tyrosine bromée, ou
I'espéce de tyrosine bromée est soit libre, soit con-
tenue a l'intérieur d'un peptide ou d'une protéine.

Un nécessaire de diagnostic selon la revendication
14, dans lequel ledit anticorps est un anticorps mo-
noclonal qui réagit avec des protéines contenant
une bromotyrosine sélectionnée dans le groupe se
composant de 3-bromotyrosine, 3,5-dibromotyrosi-
ne, et de combinaisons de ceux-ci.

Un nécessaire de diagnostic selon la revendication
14, comprenant en outre un peptide synthétique ou
une protéine synthétique contenant de la bromoty-
rosine.

Une méthode pour diagnostiquer une maladie as-
sociée a une lésion des protéines par des oxydants
de bromation chez un sujet, comprenant:

la détermination de la présence d'une espéce
de tyrosine bromée dans un échantillon d'essai
d'un fluide corporel ou d'un tissu obtenu a partir
du sujet, ou l'espéce de tyrosine bromée est sé-
lectionnée dans le groupe se composant de
3-bromotyrosine, 3,5-dibromotyrosine, et de
combinaisons de ceux-ci.

Une méthode selon la revendication 17, dans la-
quelle la maladie associée a une lésion des protéi-
nes par des oxydants de bromation est |'asthme.

Une méthode selon la revendication 17, dans la-
quelle la maladie associée a une lésion des protéi-
nes par des oxydants de bromation est une allergie
associée a des niveaux élevés d'éosinophiles acti-
Vés.

Une méthode selon la revendication 17, dans la-
quelle la maladie associée a une lésion des protéi-
nes par des oxydants de bromation est une rhinite
allergique, une dermatite atropique, ou une urticaire
aigué.

Une méthode selon l'une quelconque des revendi-
cations 17 a 20, dans laquelle I'échantillon d'essai
d'un fluide corporel ou d'un tissu est un crachat, un
crachat induit, du sang, du sérum, du plasma, de
l'urine, des selles ou un lavage broncho-alvéolaire.

10

15

20

25

30

35

40

45

50

55

15

28



Absorbance (280 nm)

EP 1159 614 B1

Fig. 1
HOBr Tyrosine
{
I
I
U .
EPO/H20,/Br Tyrosine
I I
—

. 20
Minutes

16



EP 1159 614 B1

Fig. 2
Peak I 260 55
7
HO‘@"CHQCHCOOH
’ CgH11BrNO3
m/z 260

c

(0]

-

S SO . -
@)

g Peak I 240

Br NH;
]
HQ‘QCHgCHCQCH
Br 33% 342
/
CgH1oBI’2NO3
m/z 338
l — i i 1 = \ |
200 300 400

m/z

17



EP 1159 614 B1

Fig. 3
Peak II
a Br H*NH, O
HO : OH
Br H®
.
Peak 1
a (o]
H® H*NH, O
b HO OH
Br H®
I . —
Tyrosine a b H H'NH, O
HO OH
H>  He
| | 1 1
7.5 7.0 6.5 6.0

pPpm

18



EP 1159 614 B1

Fig. 4

3-Bromotyrosine is Increased in BAL of Asthmatics
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Fig. 5

3-Bromotyrosine is Formed in Asthmatics Following
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Fig. 6

Plasma Levels of 3-Bromotyrosine In an Acute
Asthmatic Following Initiation of Steroid Therapy
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Fig. 7

3-Bromotyrosine Tissue Levels in the Small
Bowel of Mice in a Food Allergen Model
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Fig. 8

3-Bromotyrosine is Present in Urine of Asthmatics
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