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DIAGNCSTIC ASSAY FOR ERDOMETRIOSIE

BACEGROUND QF TEE INVENTION

Endometricsis is a common disorder
characterized by the growth of endometrial cells at
extrauterine {ectopic) sites. It ie a common disease
which may affect up to 10% of reproductive age women
{1}, although the etiolegy of endometriecsis remains
enigmatic, altered cellular and humoral immune functicn
is clearly a feature of egtablighed disease (2-4}.

Autcantibodies to endometrial antigene and
deposition of complement components have heen described
in a number of studiee (reviewed in 2),and.a number of
gerum, peritoneal fluid and endometrial antigems have
keen described. Perhape the best characterized tissue
antigens described. thus far, are the human chorionic
gonadotropin receptor (5} and isoforms T and IT of the
enzyme carbonic anhydrase 6§-8. Antibodies to
transferrin and o,-Heremans Schmidt glycoprotein (o.-HSG)
nave also been described and proposed as diagnostic
markers 2, 10, yhile considerable work has been warried
cut in texms of measuring the incidence of these
antibodies in endometriosis, reproductive diseases, and

other autocimmuns diseases, the nature of the epitopes

"involved has received scant attention. The identified

antigens are all glycoproteins, With only one apparent
exception (5), carbohydrate antlgens on these proteins
have not been evaluated.

Tn accordance with the pregent invention, it
has been surprisingly found that a common carbohydrate

JP 2004-501349 A 2004.1.15
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moiety is present on the different aforementicned
endometrial antigens. The common carbohydrate moiety is
the Thomsen-Friedenreich related antigen, Galpl-3Gallhao,
also referred to as Tf antigen or TE-like antigen. &S
used herein, Tf-like antigen alsc encompagses TF
zntigen. Tf antigen is a cryptic disaccharide structure
magked by aialic acid. The sialic acid moieties may be
removed by sialidases such as neuraminidase. Tf antigen
ig present on human erythrocytes and is a tumor-
asscciated antigen in epithelial tissues.

The present inventicn provides diagnostic
methods based on autcantibody reactivity with Tf-1ike
antigen. The diagnostic methods are helpful in
determining the pressnce of endometricsis in a patient
and are an improvement over the current invasive methods

of diagnosis.

EUMMARY OF THE INVENTION

The present inventicn provides methods for
Aiagnosing endomeériosis in a patient. In one
embodiment of the invention, a method for diagnosing
endometriosis in a patient comprises the steps of

{a) obtaining a serum zample from said
patisnt, {b} imcubating
Thomsen-Friedenreion (Tf}-like antigen Qith said serum
sample,

(¢} dertecting autocantibody reactivity with the
Tf-1like antigen in said sample, and;

(d) correlating an increased level of
autoantibody Teactivity to the TF-like antigen in the
serum sample with a diagnosis of endometriesis in sald
patient.

Antibody reactivity may be determined by
immunoasgsaye such as immunometric or competitive assays.

22
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In one embodiment of the invention, an
immunometric assay comprises the steps of:

{a) immobilizing TE-like antigen on a zolid
support,

(b) adding an aliguot of serum sample from a
patient to the Tf-liks antigen bound on the solid
support and incubating,

{¢) adding a lakeled anti-human immuncglobulin
to the solid support whnerein said anti-human
immunoglebulin ie part of a signal producing system,

{d} separating free labeled antibady from
bound antikody,

{e) measuring the signal gensrated by the
solution ¢ontaining the solid support and;

{f}) correlating an increasse in signal strength
with a diagnosis of endometriosis in the patient.

In another embodiment aof the invention, a
competitive immunoassay comprises the steps of:

(a) preparing a reaction mixture by incubating
a constant amcunt of a labeled antibody which is bound
to Tf-like antigen with different concentrations of a
serum sample from a patient wherein gaid labeled
antibedy is part of a signal producing system,

(b} separating bound labeled antibodies from
free autcantibodies,

{e1) measuring the signal generated by the
laheled antibody in the reaction mixture and;

{d) correlating a decrease in signal strength
after addition of the serum sample from a patient with a
diagnosis of endemetriosis in the patient.

In another embodiment of the inventicn, =&
competitive immuncaseay comprises the steps of:

(a) preparing a reacticn mixturs by incubating
a first antibody which is bound te Tf-like antigen with

3-
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different concentrations of a serum sample from a
patient,

(b} adding a constant amount of a second
antibody ta the reaction mixture wherein said second
antibody recognizes a conatant region of the heavy chain
of the first antibody and wherein the second antibody is
labeled and part of a signal producing system,

fe) geparating free labeled second antibody
from bound antibody,

{d) meaguring the signal generated by the
geceond antibody in the reactionm mixture; and

() correlating a decreased level of signal
strength with a diagnopis of endometriosis in the
patient.

In thoge cases where the antibody is enzyme
labeled, the additicnal ghepe of adding a substrate to
the solid support which reacts with the enzyme-labeled
antibody followed by incubation are performed prior to

measuring the generated signal.

4.
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BRIEF DESCRIPTION OF TEE DRAWINGS

Pigure la 1s an elution profile showing MoneQ
anion exchange chromatography of homogenized eutopic
endometrium from an endometriocsis patient. The
homogenate was passed through a protein @ column to
remove LGS prior to loading on the MenoQ column.
Initial peaks pricr ta the start of the salt gradient
represent miltiple lml homogenate loads. Elution
conditions: 50mM Tris/HC1 pHR.0. Elution was in the
game buffsr with a limear 0-0.5 MaCl gradient {stepped
to LM Macl) and is denoted by the dashed line. Fractions
corresponding to the gel loading (Figures 1b-d) are
indicated along the top of the graph.

Figure 1k shows a 5-15% gradient gel of selected
column fractions indicated in Figure la run under
reducing conditions and staimed with SYPRO Orange.
Figure )¢ is an autoradicgraph displaying praoteins in
the homogenate fractions recognized by IgG present in
pooled endometriceis serum., Stripping and reprobing of
the same blot using pooled normal male serum shewed no
reactivity with the same bands. Ig® binding activity
wag detected in fraction 24 using control sera hut
gimilar hinding was not seen with endometriceis sera,
The 45.2%kDa molecular weight marker carbonic anhydraee
11 shows reactivity. This same reactivity was not
observed with the conkrol sera.

Figura 1d is an autoradiograph showing Igi binding
activity of the endometriosis sera. FProbing of the blot

with anti-IgA a-chain specific antibody in the absence

of @ primary serum showsd that TgA was present in thesge
fractions. .

Figure 2 i8 a western blot of peritensal fluid
(W1617) run cut om a 5-15% EDE-PAGE gal undsr reduced
and alkylated conditicns. The western hlot was then

-5-
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incubated with either sheep anti-human oy-HSG followed by
HRP-goak anti-sheep (Ilane a) or with a 1:100 dilution of
endometriosiz sera followed by HRP-goat IgG g-chain
specific antibody {1:1000 dilution). Clearly visikle
are w-H5G in lane a and bands of equivalent molecular
weight in lane b.

Figure 32 is an SD5-PAGE gel showing a partially
purified fraction of ¢yHSEG (MoneQ column, pE 8.0).
Fourteen protein bande are visible after staining with
SYPRO Crange.

Figure 3b im a western blot of & gel run with
partially purified fraction of o,-HSG and probed with
endometricsis sera HRP goat anti-~huwan Ige antibody.
Five protein bands were detected.

Figure 3¢ is 5 western blot ag deseribed in Figure
3bh except that the protein fractidn was treated with
nauraminidase pricr £o electrophoresis. Antipody binding
to all of the proteins is clearly reduced.

Figure 3d is 3 western blot as described Lor Figure
b except that the n,-HSG fracticn was subjected to
preadsorption with jacalin agarose prior to
electrophoresis. All antibody binding is remaved.

Figqure 3e shows autorsactivity with myosin and
carbonic anhydrase IT in the molecular weight markers.

Figure 4 is a western blot of a gel run with
partially purified fraction of o,-HSG and probed with
endometricsis sera HRP goat anti-human IgG antibody
which demonstrates that deglygosylation of or-HSG
sbolishes autoantibody binding. Neuraminidase was used
to cleave terminal sialic acid {(lames B, E, H}.

Complete removal of carbohydrate was then achieved using
FndoP/PNG'ase digegtion (lanes €, F, H). Removal of
sialic acid and all carbohydrate was confirmed by

-6
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reduction in molecular weight as shown by reactivity
with goat anti-g,-HSG (lane A-C). Lanes A, D, and G were
untreated. Removal of terminal sialic acid with
neuraminidase reduced reactivity with patient serum
{lane D versus E). The remaining reactivity in this
fraction was at the same molecular weight as the
vndigested o,HSG, indicating that the autoantibody
binding is dependent on the presenca of termimal sialic
acid. Cemplete removal of carbohydrate by nevraminidase
treatment followed hy EndoF/PNG'ase digegtion completely
abnlished reactivity (lane F). No equivalent reactivity
was observed using pooled male control sera (lanes 3-T}.

Fiqure 5z demonstretes that desialylation of bovine
fetuin increases reactivity with endometricsis sera. As
measured by ELISA, a slight but signifiecant increase in
binding is seen following treatment with neuraminidase.
Figure Bb is a SYPRO Qrange stained gel showing the
molecular weight reductien in fetuin folldwing
neuraminidase treatment. Lane A is untreated; lane B is
neuraminidase treated.

Figure 6 both grapbically and by radicautography
depicts that binding to the 72kDa antigen and carbonic
anhydrase IT is inhibited in the presence of o,-HSG.

Figure 7 i= a western blot analysis of purified
proteins following transfer to nitrocellulose from 5-15%
gradient gels run reduced and al¥ylated. Purified
hemopexin {lane B), 0,-ES@ (lane B}, and serum Ighl (lane
) are autoantigens recognized by Igd antibodies in

éndometriosis sera.

DETAILED DESCEIETIQN OF THE INVENTION

1.
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The present invention provides diagnostic methods
for detecting endometriosis in a patient. The
diagnostic methods are based on immunoassays which
detect the presence of autocantibodies in a patient's
serum reacting with Thomsen-Friedenreich (Tf) antigen.
including Tf-like antigen. B&s ugsed herein, Tf-like
antigen also encompasses T antigen. Increased lewels
of autoantibodies in a serum sample which bind Tf-like
antigen, when compared to normal serum levels of
aul-oantibodies which bind TE-like antigen, correlate
with a diagnosie of endometricais in the patient.

& blood sample may be conveniently drawn from a
patient by venipuncture or other suitable means. A
serum gampls may be prepared from the blood sample using
well known methods.

There are many different types of immunoassaye
which may be used in the methods of the present
invention. Any of the well known immunoassays may be
adapted to detect the level of autocantibodies in a sefum
sample which react with 'the Tf-like antigen, such ag
e.g., enzyme linked immunoabsorbent assay (ELISA],
fluorescent immunosorbent assay (FIA), chemical linked
immunosorbent assay (CLIA), radicimmunc assay (RTR), and
immunoblotting. For a review of the different
immuncassays which may be used, see: The Immunoassay
Handbook, David wild, ed., Stackton Press, Mew York,

1994. FPreferably, a competitive lmmmuncagsay with solid
phase separation or am immuncmetric assay for antibody
testing im used. See, The Immunoassay Handbook, chapter
2.

Tn z typical assay, the reagents include a gerum
gample from a patlent, the autcantibodies to e detected
{contained in the serum sample), TE-like antigen, and
meang for producing a detectable signal.

4
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Thus, in one embodiment of the invention, the
method for diagnosing endometriosis in a patient employs
an immunometric asesay for antibody testing. In this
embodiment, the Tf-like antigen ls immobilized on a
solid support or surface such as a bead, plate, slide or
microtiter dish. An aliquot of serum sample from a
patient is added to the solid support and allowed to
incubate with the Tf-like antigen in a liguid phase. &n
antibody that recognizes a constant region in hunan
autoantibodies present in the serum which have reacted
with the Tf-like antigen is added. This antibody ia an
anti-hunman immunoglcbulin and is alse part of a signal
producing system. Anti-human immunoglobulin which is
specific for Igh, IgG, or IgM heavy chain constant
regions may be employed., After separating the solid
support from the ligquid phase, the support phase is
examined for a detectable signal. The preasence of the
signal on the solid support indicateg that”
autoantibodies to TE-like antigen present in the serum
sample bave bound ko the Tf-like antigen on the solid
support .

The signal producing system is made up of cne or
more components, ak least one of which is & label, which
generate a detectable signal that relateg to the amount
of bound and/or unkbound label i.e., the amount of label
bound or unbound to the Tf-like antigen. The lakel is z
molecule that produces or which may be induced to
produce a signal. Examples of lahels include
fluorescers, enzymes, chemiluminescers, photcsensibizers
or suspendable particles. The signal is detected and
may be measured by detecting snzyme activity,
luminescence or light absorbance. Radiolabels may also
be used and levels of radicactivity dstectad and
measured using a scintillation counter.

s
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Examples of enzymes which may be used to label the
anti-buman immunoglobulin include (-D-galactosidase,
horseradish peroxidase, alkaline phosphatase, and
glucgose-5-phosgphate dehydrogenase {"GSPDH"). Examples
of fluorescers which may ke uged to label the anti-human
imminoglobulin include fluorescein, isothiocyanate,
rhodamine compounds, phyccerythrin, phycocyanin,
allaphycocyanin, o-phthaldehyde and flucrescamine.
Chamiluminescers include e.g., isoluminol.

Free labeled antibody is separated from bound
antibody and 1f necesaary, an appropriate substrate with
which the label, e.g., enzyme, reacts is added and
allowad to incubate.

In = preferred embodiment, the anti-human
immunoglobulin is enzyme labeled with either horseradish
peroxidase or alkaline phosphatase.

The amount of ¢olor, fluorescence, luminescence,
or radicactivity present in the reaction (depending on
the signal producing system used) is proportionate to
the amcunt of autcantibodies in a patient's serum which
react with the Tf-like antigen. Quantification of
opkbical density may be performed using
spectrophotometric metheds., Quantification of
radiclabel signal may be performed using scintillation
counting.

Increased levels of autoantibeodies reacting with
Tf-1like antigen over normal serum levels correlate with
a diagnosis of endometricosis in the patient.

) In another embodiment of the invention, the method
for diagnosing endometriosis in a patient employs a
competitive immunoassay where a known antibody and a
patient's autoantibodies compete for binding to TE. In
this embodiment, a constant amount of a labeled antibody
which is known to bind to Tf-like antigen is incubated

-10-
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with different concentrations of a serum sample from a
patient, For example, the mouse monoclonal antibody
49H.8, {Rahman and Longenecker, 1982, J. Tmmun. 123(5}:
2021-4) known to kind to TE, may be used. Other
monoclonal antibadies which bind to Tf-1like antigen and
which may be usged as antibody in the competitive
immuncassay include 15%H7 and 170H82 (Longenecker et al.
1987, J. Wat. Cancer Ingt., 78(3): 4895-98, A7B-G/A7
(Karsten et al. 1995, Hybridoma 14(1}: 37-44), HB-T1
{DAKO Co.), RB1-114 and AHB-25B {Stein et al. 19849,
Cancer Res. 49{(1): 32-7), HTB (Metcalfe et al., 19284,
Br. J. Cancer 4%{3}: 337-42), 161H4 (Longeneckar et al.,
1987], HH8 (Clausen et al. 19288], and BWE3S (Hanish et
al, 1%85, Cancer Res. 55{18}: 4036-40). As described
above, the antibody may be labeled with a fluoresecer,
enzyme, chemiluminescer, photosensitizer, suspendable
particles, or radioisotope. Preferably, the known
antibeody iz enzyms labelad. After incubation, bound
labeled antibodies are separated from free
autoantibodies. Depending on the signal producing
system used and if necessary, an appropriate substrate
with which the labeled antibody reacts is added and
allowed to Incubate. The signal generated by the sample
iz then measured. A decrease in optical density or
radioactivity from before and after addition of the
serum zample or hetween experimental and control
gamples, 13 indicative that autcantibodies in the serum
sample have bound to Tf. Decreased optical demnsity om
radiclabeled signal when compared to experimental serum
ngples from normal patients, correlates with a
diagnosgis of endometriosis in a patient.

In a preferred embodiment of the competitive
imminoassay, an indirect method using two antibodies is
used., The first antibody is a TEf-like antigen specific
ankibody as described in the preceding paragraph with

A1
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the sxception that it is not labeled. The first
antibody is incubated with different concentrations of a
serum sample from a patient. A constank amount of a
gecond antibody 1s then added to the sample, The second
antibody recognizes constant regions of ths heavy chains
of the first antibedy. For example, Lhe second antibody
may be an antibody which recognizes conetant regions of
the heavy chains of mouse immuncglobulin which has
reacted with the TL-like antigen (anti-mouse
immunoglebulin) . The second antibody is labeled with a
fluorophore, chemilophore or radioisctope, as described
above. Free labeled second antibody is separated from
bound antibody. If an enzyme-labeled antibody iz used,
an appropriate substrate with which the enzyme labal
reacts is added and allowed to incubate. A decrease in
optical density or radiocactivity from before and after
additicn of the serum sample or between experimental and
centrol gamples is indicative that autoantibodies in the
serum sample have bound to TE. Decreased optical
dengity or radicactivity when compared to experimental
serum gamples From normal patients correlates with a

diagnosis of endometriosis in a patient.

Bozymes may be covalently linked to Tf-Ilike antigen
reactive antihodies for use in the methods of the
invention using well known metheds. There are many well
Fneownt conjugation methods. For example, alkaline
phespbatase and horseradish peroxidase may be conjugated
to antibodies using glutaraldehyde. Horseradish
peroxidase may also be conjugated using the pericdate
method. Commercial kits for enzyme conjugating
antibodies are widely available. Enzyme conjugated
anti-human and anti-mouse immunoglchbulin specific
antibodiss are available from multiple commereial

sSCUrces.

-12-
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Bictin labeled antibodies may be used as an
alternative to enzyme linked antibodies., In such cases
bound antibody would be detected using commercially

avallable streptavidin-horseradish paroxidase detection
systems.

Enzyme labeled antibodies preduce different aignal
socurces, depending on the substrate. Signal generaticn
imvelves the addition of substrate to the reaction
mixture. Common peroxidase substrates include
BBTS®(2,2'-~azinobis(ethylbenzothiazoline-6-sulfonate)),
OPFD (0-phenylenediamins) and TMB (3,3', 5,5'-
tetramethylbenzidine). These substrates require the
presence of hydrogen peroxide. p-nitrophenyl phospate
is a commonly usad alkaline phosphatase substbrate,
puring an incubation period, the enzyme gradually
corverts a proportion of the substrate te its end
preoduct. At the end of the incubaticn peried, a
stopping reagent is added which stops enzyﬁe activity.
Signal strength is determined by measuring cptical
density, usually via spectrophotometer.

Alkaline phaosphatase labeled antibodies may also be
measured by flucrometry. Thus in the immuncassays of
the present invention, the substrate 4-
methylumbelliferyl phosphate (4-UMF) may be used.
Alkaline phosphatase dephosphorylated 4-UME to form 4-
methylumbelliferone (4-MU), the fluorcphore. Incident
light is at 2365 nm and emitted light is at 448 nm.

For use in the methods of the present invention,
T£-1like antigen may be cbtained from variecus sources.
For example, TE-like antigen may ba purified from
conditionsd culture medium used to cultiwvate tumor cell
lines such as the adenccarcinoma celi line LS174T,
obtainable through the American Type Culture Cellection
(ATCC) . Transitional cell carecinoma lines may also

-13.
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serve as scurce of Tf-like antigen. Tf-like antigen may
ba purified from such conditicpned culture medium by
affinity chromatograpy wusing ap MAb 4%H.3-CnBr activatad
Sepharcse column. Gel filitration may also be performed
for additiconal purifisaticn. Still further purification
of Tf-1ike antigen may be achieved by utilizing lectin
sffinity chromategraphy with insolubilized peanut
agglutinin {EWA} or other lectin. PNA may be obtained
from E-Y Laboratories, San Mateo, Califormia.

Purified serum proteins bearing Tf-like antigens
such as Igh, hemopexin, and alpha-2-Heremans Schmidt may
alsa be used as antigens., A preferred source of Tf-like
antigen is commercially syoethesieed Tf-like antigens
wovalgntly linked to bovine serum albumin. TE-like
antigsn and its glycoforms are available from commercial
wendors such as BioCarb as recently dsscribed by
Dahlenborg et al. (1997) In. J. Cancer 70:63-71.
Alternatively, TE-like antigéns may be obtained by
custom synthesis from commercial vendors. Menoolonal
antibodies which react with Tf-like antigen are readily
available.

MAb4s . H {isotype IgM) may be prepared and purified
ag reported by Rahman et al., (1982} J. Immunol.
2128:2021-2024 and Longenecker et al. (1984] Int. J.
Cancer 33:123-129. The diasclosure of these articleg and

other articles eited in this application are
incorporated herein as if fully set forth.

Tn order to practice the methods of the present
invention, the relevant immunoassay must be
standardized. Since TE-like antigen is usnally
agsociated with a glyccoprotein, it is naturally
heterogenous. The source of such heterogeneity may
include sialylation., To this end, an ampoule of an
international standard (IS) or international reference

214
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prepa¥ration (IRP) should be obtained. The National
Institute for Biological Standards and Control (NIBSC,
Blanche Lane, South Mimms, Potters Bar, Herts EN&3QG)
may prepare such a sample of Tf-like antigen and assign
an internatienal unit (IU). Multiple sete of secondary
standards, from which future lots of calibrators may be
assigned values, should alisoc be prepared.

The immuncaseays of the present imventicn require
the use of calibrators in order to assign values or
concentrations to unknown samples. Typically, a set of
about six calibrators is run prior to the unknown
samples from which a calibration ecurve is plotted. The
gongentraticns of the unknown samples are determined by
interpolation, Interpolaticn is best carried out by a
computer program. For a dizcussion on calibration, see

The Immunoassay Handbook, chapter 2.

The present invention alsc provides therapies for
reducing, preventing and/or ameliorating endometriosis
in a patient. In this embodiment of the invention TE-
like antigen or an analog thereof, is injected inte
patient. The injected Tf-like antigen or amalog thereof
competes with Tf-1like antigen present in endometrium of
a patient for autcantibody binding.

The following examples further illustrate the

invention.
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EXAMPLE 1
Materials and methods

Preparation of tissue homogenate

Fresh ectopic and sutcpic endometrium, peritcneal
flvid, and serum were obtained from hysterectomy
patients with the informed consent of the patients.
Fresh tigaue (1-2 grame) was added to 10 ml ice-cold PBS
containing Complete Protease Inhibitor Cocktaild
{Boehringer Mamnheim, Indianapcliz, IN) and waintained
at 4'C throughout the preparation. The tissue was
homogenized Eor 1 minute with a Polytron homogenizer
{(Brinkman, Lucerne, Switzerland) followed by
centrifugation at 13000 g for 10 minutes. The
supernatant was collected and sonicated using a Branson
250 sonifier (Danbury, CT). The tiggus homogenate wasg
.22 mm filtered and stored at 20°C.

Preparation of serum

Peripheral venous bleod (60 ml) was drawn from
healthy volunteers into glase vacutainer tubes (no
additive} and allowed to clok for 4 hours abt room
temperature. Serum was then removed to -sterile tubes
and delipidated by centrifugation at 12000 g for 30
minutes at 4°C.

Purification of tissue auntoantigens

Foilowing homogenization, tissue antigens were
passed through a Protein G FPLC column [Amersham
Pharmacia, Plgcataway, NI} to remove Ig@. Proteins not
retained by the protein & column were then applied to an
snion sxchange column (Monol FPL(, Amexsham Pharmacia,
Piscataway, NJ) folleowing eguilibration in 50mM sodium

phosphate pH 8.0. Bound proteing were sluted from the

-15-
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column using a limear 0-0.5 M NaCl gradient in the same
puffer, followed by a step gradient to 1 M MaCl also in
the game buffer. BAll proteins of lnterest eluted prior
to the 1 M NaCl gradient,

Purification of Serum Autoantigens

ct,-H3G was purifisd from nocrmal whole human serum by
anion exchange chromatography as described for the
tissue antigens above using a HiPrep 16/10 Q XL column.
This partially purified a,-HSG was used in some
experiments as indicated in the test. Further
purification wag caxried out on a second anicn exchange
column (Mono R} eguilibrated with 20 mM piperazine
buffer pH 5.0 and eluted in the same puffer using a NalCl
gradient as described above., A final homogenecus
preparation of o,-HSG was obtained fellowing gel
filtratien om an FPLC Supernsse 12 column {(Amersham
Fharmacia, Piscataway, NJ}. o,-HSG concentrabions were
monitored by ELISA. N
IgAl was purified from whole serum by anion exchange
chromatography and jacalin agarase affinity
chromatography as previously described (11).
Transferrin and Hemopexin were purified from whole serum
by metal chelate chromatography on a2 column packed with
Chelating Sepharose Fast Flow (Amersham Pharmacia,
Piscataway, NI} charged with Zn* ions. The column and
serum were pre-equilibrated in 20 mM sodium phosphate
buffer containing 150 mM Wacl. Zine binding proteins
were eluted using a linear 0-0.5 M imidazole gradient in

the same buffer. The resulting transferrin and

hemopexin-containing fractions (as determined by western
blot analyeis) were separately pooled and further
purified on a mono {) anjon exchange coluwn at pH B.0 as
already described. - This protogol resulted in an
electrophoretically pure hemopexin preparatlon.

-17-
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Transferrin was not however resclved £rom hemopexin in
the transferrin preparaticn.

Modification of carbohydrate-epitapes on glycoproteins

Terminal sialic acid moleties were removed from
glycoprotelins by treatment with agarose-conjugated
nevraminidase. One milligram of protein in ©.5 ol was
incubated with 5 Units of neuraminidase (Sigma, St Louis,
MO) in 50 mM sodium acetate, 150 mM sodium chloride, 4 nM
calecium chloride, pH 5.5 overnight at 37C. Agarose
heads were removed by centrifugation at 4090 g for 5

minutes. Supernatants were removed and stored at 4°C.

Core carbohydrate groups were removed from
glycoproteins by treatment with endoglycnsidase Fo{Endo
F} and peptide-M-glycosidase F (PNG'ase F}. This was
obtained as a commercial kit from Glyko {Novato, CA).
Forty micregrams of neuraminidase-treated protein were
depatured by heating to 100°C for 2 minutes in the
presence of 20 mM sodium phosphate pH 7.5, 50 mM EDTA,
¢.i % v/v 8DS, 0.5 % b-mercaptoethancl. To aveid
inhibition of PNG'age F by SD&, 0.1% Tween-20 was added
to the denatured sample after cooling. The denatured
protein was then incubated with $67 deglycosylation Units
(DO of the Emdo T / PNG'ase F mix at 37°C for 18 hours.

Removal of jacalin-reactive glycoproteins Trom
samples wag achieved by pre-adsorption with an excess of
jacalin-conjugated agarssse heads (Vector, Burlingame,
ch). Samples were incubated with jecalin-conjugated
agarose for 3¢ minutes at room tempersture bafore
centrifugation at 4000g for & minutes. Supeimnatants were

removed and storad at 47C.

Antibeodies and Glycoproteins

13-
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Immunoglobulin-fractions of sheep anti-human o, HSG
and sheep anti-human transferrin were chtained from
Biodesign International (Kennebunk, ME). Goat anti-human
hemopexin antiserum was obtained from Kent Lahoratories
(Redmond, WA} . HRP-conjugated rabbit anti-sheep IgG and
HRP-conjugated rabbit anti-geat Igd were both from
Jacksen Immunorssearch Laboratories (West Grove, PA}.
HRP-gonjugated goat-anti human Igh {(a-chain specific) and
HR?-conjugated goat-anti human Igd (g-chain specifie}
were purchased from (Sigma). Commercial o,-B3G was
obtained from Calblochem-MNovabiochem {La Jolla, CA}.

8DS-FPAGE

SDE-FRGE wap performed according to the mathod of
Laemmli (12). Briefly, egual volumes of 2x gel loading
buffer ware added to protein sampleg and boiled for S
minutes. Where appropriate, proteing were resolved under
reducing conditicns {S % v/v b-mercaptcathanol in gel
loading buffer). Re-asscciation of reduced proteins was
prevented by adding iodoacetamide (final concentration 60
mM) to gamples after boiling. Protein samples were
resalved using 4 % -15 % gradient gels (Bisrad, Bercules,
ca}. For direct visualization of proteins, gels were
placed in 0.02 % v/v SYPRO-Orange (Biorad, Hercules, CR)
in 7.5 % v/v acetic acid for 30 minutes. Gels were then
rinsed in 7.5 % acetic acid and viewed on a gel imager
(2lpha Innctech Corpsratiom, San Leandro, CA}.

Immunobletting

Proteins were transferred ko nitrocellulose
membranes from SDS-gels using a Biorad Transblot SD semi-

.19.
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dry blotter. Ponceau Red staining confirmed transfer of
proteins to vitrocellulose membranes. Membrapes were
hlocked cveraight at 4'C in 5 % w/v fat-free powdered
milk, 0.5 % Tween-20 in PBS. Primary antibody or serum
was added to blocking selution then incubated for 2 hours
at room temperature. Membranes were then washed & times
for 5 minutes per wash in PBS, The HRP-coniugated
secondary antibedies were diluted in 3 % w/v fat-free
milk powder with 0.05 % ¥/v Twean-20 in PBS. Membranes
were incubataed for 2 hours at room temperature before
wagshing € times for S minutes as described. Proteins
were then detected by enhanced chemiluminescence (ECL)
(Amersham Fharmacia, Piscataway, NJ). Where appropriate,
nitrocellulese menbranes were stripped and re-probed by
washing twice for 5 minutes per wash in 0.% % w/v BaCl
before agitaticn in 100 mM Glyecine-HCl pH 1.5 for 30
minutes at rcom temperature. Membranes were then washed
3 times for & minuktes per wash with PBS pH 7.4. The
membranes were blocked and probed with antibodies as

desoribed.

Enzyme Linked Immunosorbent Aseay (BELISA)

Wells of Faloon Microtest ITT microtitre plates
{Becton Dickimson, Oxnard, CA) were coated overnight at
4°C with 10 pl protein diluted to 100 pl in sodium
carbonate uffer pH?.2. Flates were then washed 3 Gimss
in PBS containing 0.05 % v/v Tween-20. Wells were
blocked with 3 % w/v B8A im PBS / Tween-20 (blocking
buffer) for 1 hour at 37°C before washing 3 times.
primary antibody or tesk serum was diluted in hlocking

‘buffer as appropriate and 100 pl added ko each well.

Plates were incubated far 2 hours at 37C and washed 3
times in PBS / Tween-20. HRP-conjugated secondary
antibody was diluted in blocking buffer and 100 pl added
to each well. Plates were then washed 3 times, 100 ml

30~
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of the colorimetric HRP-gsubstrate, ABTS was added to each
well and incubated for 30 minutes at room temperature.
Plates were read at 405nm with a Dynatech plate reader
{Chantilly, VA) Data was analyzsd using Graphpad Prism

5 software.

21-

JP 2004-501349 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(45)

WO 01/79846 POTIUSOTA2EO2

15

20

EXPMPLE 2

Identification of autoantigens in ectopic endometrium,
eutopic endometrium, peritoneal £luid and sera.

Boluble endeometrial protein preparations were
prepared from hyaterectomy tissue as described in the
materials and methods, and subjected to protein G
chromatography to xemove Ig@. The resulting IgG-free
preparatjons were then subjected to anion exchange
chromatography (figure la). Fractions from this column
were then analyzed by SDS-PRGE under reducing conditions
{figure 1b). Protein bands on identical gele were
transferred to nitrocellulose for western blot enalysis.
Development of the western blots was carried out using
sera from bobh pooled endometrioslis patienta and pocled
normal male donors as primary antibody sonrces. Figure
1c shows a typical example of the antigens identified in
a preliferative phase eutopic endometrivm from a patient
{W1345) . Auntoreactive IgG was restricted to the
endometriosis patient sera (Figure le) as compared to the
same blots probed with a control serum from 2 normal male
donor {not shown) .

IgG g-chain binding was detected against fraction 24
of the meno { column with the control serum but not in
other fractions (not shown). Inkereskingly, a eimilar
reactivity sgainst fraction 24 was not present in blots
developed ueing the endometriosis serum. The molecular
weight of the reactive proteins detected using pooled
endometriogis sera correlate well with those dageribed by
other workers 6, 10. A total of 10 autoreactive bands
Qere detected on a western blot probed with pooled
sndometriosis sera. A 72 kDa hand was detected in
fraction 23 with both Igh w-chain gpecific and Ige y-
chain specific second antibodies (figures l¢ and 1d).
This band was initially identified as tramsferrin cn the

S
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bagis of its molecular weight and the NaCl concentration
at which it eluted from the MonoQ column (the eluticn of
transferrin at this position was confirmed by western
blet analysis using a sheep anti-transferrin antibody,
not shown). A S4kDa protein was alsc detected in this
fraction with the Ig@ v-chain specific antibody but mot
the anki-IgA g-chain specific antibedy. Thia protein
elutes in a position identical to partially desialylated
a,-H8G (data not showm) . @-HSCG has previously been
identified as an autcentigen in endometriosis patients
(10). The IgG reactive band of 5%kDa observed in
fractions 26 and 2% is the a—chaiﬂ of Igh and the elutian
pogitions correspond to the known elution positioms,
under theese run conditions, of monomeric and dimeric Ighk
respectively. The identity of this protein as Igh o-
chain was confirmed by stripping and reprobing the blot
with an anti a-chain specific antibody (not shown]. This
blet also showed the presence of anti-a-chain reactive
hands in fractlom 23 [the transferrin containing
fraction). The presence of Igh antigens in this fraction
most likely arises from Igh covalently complexed with
other serum proteins 13. 14, Fraction 26 also contained
a reactive band at 72 kDs and fraction 28 and 2% had
bands at 69 kDa. These later bands showed ne activity on
the a-chain specific blot. The presence of an IgG
antibody in endometriosis patients which reccgnizes the

o-chain of IgA was confirmed by western blot using highly

purified serum . Ighl (ses Figure 7). In contrast, no Igh

autcantibodies against endometrial antigens other than in
those fractions, which contain IgA o-chain, were
ohserved.

An ovarian ectopic endometrial sample from the same
patient (wl345) had autcantigenic proteine of molecular

23
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welghts 54, 47, 43, and 34 ¥Da {not shown). The 5S4 kbDa
protein was o,-HSG as determined by a western blot
developed with a sheep anti-a,-HSG spevific antibody. -
HSG war also detected in peritoneal lavage fluid Erom a
different patient (W1517) by western blot. In addition
Lo the 54 kDa antigen, antigens of 186, 126, 68, 43, 37,
and 32 kDa were present in the peritoneal fliuid {figure
z).
Reactivity with two molecular weight markers was observed
with both pocled patients and individual sera (see
figures lc anad figure 3). Theee markers were myosin at
205kD and carbenic anhydrase II at 42kD. Reactivity with
the myosin band was algc seen with both the pooled male
control sera and some individual male sera. In contyast,
reactivity with anhydrase IT was specific to the
endometriosis sera and thisg protein has been reported by
other workers as an autoanbigen in endometricsis 7+ 8,
In summary, autoantigens in preparations from
eutopic and ectopic endometzrium and peritoneal lavage
have been identified. In agreement with previously
published reports, G,-H5G, transferrin and czrhonic
anhydrase II are antoantigens recognized by sera from
endometriosis patients. In addition, resulks presented
nere also demonstrate that the w-chain of Igh is alse an
autcantigen recognized by the same gera. gince these
proteins show no signiflcant homclogy at the protein
level, it is unlikely that a common peptide epitope is
shared by all four proteins. Three of the four proteins,
@,-HE8G, w-chain of IgAl and possibly carbonic anhydrase
TT, do however, share a common carbehydrate epitope.
Thig O-linked carbohydrate structure contains a Galfl-
INAc@al epitope which is recognized by the jackfruit

{Artocarpus integrifolia} lectin jacalin. The results
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presented here confirm previous reports that o,-HSG and
carbonic¢ anhydrase are among the autoantigens recognized
by autoantihodies present in endomebricsis sera. The
pregent study extends these resulte to show that IgAl and

5 hemopexin are also autcantlgens recognized by sera from
endometricgis patients .
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EXAMPLE 3

Jacalin preadsorption removes sutoantibody binding.

o, -Heremans Schmidt glycoprotein (@,-HSG) was chasen
ag a model antigen to investigate a potential rols for
jacalin reactive carbohydrates in the endometricgis
autocantibody response. Initial experiments using w,-HOQ
purchased from commercial scurces proved to be
unsatisfactory. This was bgcause of the variability of
glycoforme present in these preparations. In common with
moskt sialated glycoproteins, o,-KS3 loses terminal sialic
acid reaidues during sterage. Fully sialated «;-H3G from
normal human serum was freshly prepared. In order to
avoid biasing the preparaticon with respect to ite
carbohydrate eontent, lectin based affinity purification
protocols were avoided and instead a combination cf anion
exchenge and gel filtration chromatecgraphy was used. &
three step procedure of anion exchange on-a MonoQ column
at pH 8.4, followed by a second MomoQ column at pH 5.0,
and a final gel filtration step on a superocse 12 column,
resulted in the purification of the fully sialated

glycoform of o,-HSG with a molecular weight of 58kDa.

When experiments were carried out using 2 partially
purified «,-HsG fraction from the £irst anion exchange
colum, autoreactivity with endometricsie sexum on
western blot was abolished following pre-incubaticn with
jacalin agarcse (figure 3). Fourteen protein bands were
cheerved on SYPRG orange gtained SDS-PAGE gals {figure 3
lane a}. Reactivity with endometriosis Sera was observed
with 5 proteins (figure 3 lane k). The reactive proteins
had approximate molecular weights of 230, 188, 168, 120,
and 58kDa; the 58kDa being o,-HSG. RBipding by Tgé in
endometriosis sera of all of these 5 bands was abolished
following inmcubation with jacalin agarcse (figqure 3 lane

26~
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), indicating that the binding of the autoantihodies was
to all of the Jacalin hinding proteins present in the
fractien and net just to o,-HSG. Protedn staining of
gels of pre- and post-absorbed fraction 13 show that the
removal of activity was not caused by a non-spacific
removal of proteins in the fraction. The protein
concentrations of adsorbed and unadsorbad were adjusted
such that total protein loading on the gels used for
wagtern blotting waa uniform.

The carbohydrate structure recognized by jacalin is
very specifie and binding is dependent on the presence of
the Tf. Jacalin recognizas the dimaccharide Galfil-
3GalNAc, which is present within some Ollinked
oligosaccharides. Balfl-3GalNAc is expressed by a very
iimired pumber of the many plasma proteins. These
proteins include IgAl, IgD, Cl-inhibitor, hemopexin,
plasminogen, ol-antitrypsin, e2-macroglubulin, B5-ud
glycoprotein, chorlonic gonadotropin (hC@) and o,-HSG
{158) . With regard to hCG, it is of interest that the
receptor for hCG expresses also expresses TFf-1ike antigen
and that autoantibedies found in infertile patients both
with and without concomitant endomnetriosis bind to the

receptor 5.
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EXAMPLE 4

Removal of Carbohydrats Bbolishes Autoantibody Binding.

Removal of proteins recognized by Lhe autocantibodies
by jacalin does not in itself determine whether a common
carbohydrate epitope (s} is involved. To determine
whather the ecarbohydrate is aggential for the recognition
of @.,~H8G by the endometriosis aubtoantibodies, reactivity
with deglycosylated a,-H8G was invegtigated. oy-HSG
carbohydrate was removed in & two step prosedurs. Firast,
neuraminidase was used to c¢leave terminal sialic acid,
Second, complete removal of carbohydrate was then
achieved using a further EndoF/PHG'ase digestion step.
Tntreated, neuraminidase treatad, and deglycosylated -
HSG were then subjected to westerm blot znalyeis ab egqual
protein loada (Figure 4). Removal of glalic acid and all
carbohydrate was confirmed by reduction in molecular
weight as shown by reactiwvity with gheep anti-e,-H5G
(Figure 4 lanes A-C).

The sheep anti-o,-HSG antibody is reactive with the
peptide and shows no reactivity with other jacalin
binding proteins on double immunodiffusion {data not
shown) . Removal of terminal sialic acid with
neuraminidase reduced reactivity with patient serum
{(Figure 4 lanes U and B). The remaining reactivity in
this fraction was at the same molecular weight as the
undigested «,-HSE, indicating that the autcantibody
binding is dependent cn the presence of terminal sialic
adid. Complete vemoval of carbohydrate by neuraninidase
treatment followed by EndoF/PNG'ase digestion completely
aboliched reactivity (Figure 4 lane F). This reduction
in autoantibedy binding following neuraninidase was not

restricted to ¢,-HSG since similar treatment of the
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partially purified a,-H3G fraction resulted in reduced

binding teo all 5 reactive proteins (Figure 2 lane o).

Table 1
Correlation of Identified Endemetricsis Antigens and

Jacalin Binding Aativity

mnLigen Endomebricsie hntigen Jacelin Roactiviby
In Lhiz Study/ In thig study/
tpublisherd study) {published reactiviey)
©-HSG vee /0 ' vas /%
Cazbooic cutydrase I/EI ves /"t no funknown
Hewopexin Yesino s /1042
IgA Yes/ne vesfmloiple
zeviceod in
cp23 No/seluble Lagm Nofacts ac A Gal-faliac
slevatea Fa-a Jectin 3tk dmcalin V0%
h Recepkor ¥o/” Mo/

These results show that (with the exception of
transferrin! a common carbehydrate spitope is recognized
an a,;-HS53, carhonic anhydrase, hemopexin and the a-chain
of IghAl (see table 1 for a summary of antigene identified
in thie, and published studies, and their jacalin
reactivity}. This conclusion was reached on the basis
that all of the identified antigens (with the exception
of transferrin and carbonic anhydrase II} are kpown to
bind the lectin jacalin, and that the removal of
carbolydrate from the antigens remowved the ability of

andomekricsis sera to bind these antigens.
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EXAMPLE &

Binding of Autoantibody to Bovine Fetuin

Bowine fetuin, the homologue of human a,-HS5G, bears
the same jacalin binding carbchydrate meiety as human a,-
HSG. Sheep antiserum raiced against human 5G peptide
does not show crass-reactivity with bovine fetuin,
suggesting significant differences In antigenicity
petween the two species despite considerzble sequence
homology. Sera from endometriocsis patients show positive
reactivity hy ELISA and western blot with bovine fetuin
{Figurse 5). Neuraminidase treatment of fetuin, in
conkrast te -HSG, slightly increased autoantibody
reastivity on ELISA (Figure 5). However, more complets
desialylation, or complete deglycesylation of bovins
fetuin abolished antibedy binding, giving additlonal
evidence that the autcantibody response in endometriosis
patients is carbohydrate dependent (not shown). The
increase in binding to fetuin followlng. ircomplete
nevraminidase treatment may result from bovine fetuln
heing more heavily sialated than its human counterpart.
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EXAMPLE 6
D-Galactose dependency of autoantibody binding.

Jacalin binding is dependent on the presence of a
Galbl-3NacGal meiety. If the autoantibody response
involves this epitope, binding should be competitively
inhibited by p-galactase, as is the case for jacalin
binding. Binding of endometriosie Ig@ to a,-HSG on
western blots was completely abolished in the presence of
0.8M D-Galactose, indicating that D-Galagtose may form a
part of the epitops recegnized by ﬁhe autocantibodies (not

shown) -

a1-
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EXAMELE_ 7
Serum autoantigens receognized by endometriosia sarum

share a common epitope.

Since a common ¢arbohydrate spltope accocunts for the
autoreactivity with the different antigens ldentified
above, then sutoantibody binding should be blocked in the
presence of an excess of a different antigen. This
proved te be the case: addibion of a 10 fold excess cof
nighly purified a,-HSG or bovine fetuin both inhibited
binding of auvtoantibody to carbondic anhydrase IT and the
7:2%Da antigen {Figure 6).

Is hemopexin, rather than transferrin, the 72kDa
autoantigen in endometriosis? OF the antigens described
thus far, all, with the exception of transferrin, express
the 0O-linked carbohydrates recognized by jacalin. Mo
such carbehydrale structures are expragsed on
transferrin, and jacalin does not bind to transferrin 15,
This leaves three possibilities: either am anti-
transferrin response distinct from the jacalin
carbohydrate recpense is present in endometriosis sera,
or the reactivity which purifies with transferrin is
againgt a contaminant in the transferrin preparations. or
both. Two reactive proteins of ~70kDa were found in the
anion exchangs fractions of eutepic endometrium W1345,
ope eluted early in the salt gradient in the same
fraction ag transferrin. The other protein eluted at
higher salt concentration in the same fractions as Igh.
Examination of the Swiss 2D database indicates that
jacalin-binding proteins of similar molecular weight and
igoelectric point include hemopexin. When hemopexin was
purified by Zn?' metal chelate chromatography and apion
axchange chromakography, & homogeneous preparatlon was
chtained. Tdentity was confirmed by western blotting of
fractions with a hemopexin specific antibody. When

.
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tested against endometricsis patient serum this protein
was recognized ag an avtoantigen (Figurs 7)., Western
blot analysis of the same protein with an antibogdy
specific for transferrin showed no reactivity with Lhe
purified hemcpexin, When fractions from the same calumn
were investigated for tle transferrin reactivity, an
earlier peak from the anion exchange column was found fa
contain transferrin. Western blst analysils of the
transferrin-containing fracticons with anti-hemopexin
revealed the prasence of hemopexin with similar mebilicy
to transferrin on SDS-FPAGE. Rovble immuncdiffusion
ghowed ne lines of identity when antl-hemopexin and anti-
trarsferrin were precipitated againsgt the peal
transferrin fractien, indicating that the antiszera were
antigen speeific (not shown). The presence of Jacalin
binding activity in this transferrin preparation was
confirmed by the presence of a precipitin line in double
immunodiffusion against jacalin {(not shown). Purther
experiments are currently underway to determine the
nature of the antigen which co-purifies with transferrin,
but it is of interest that the 72kDa binding activicy was
inhibited by the additicn of a pure &,-HSG preparation
(figure §).
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CLAIMS

What i1s claimed is:

1. & method for diagnosing endemebriosis in a
patient, said method comprising:

{a) obtaining a serum sample from said patient,

{b) incuvbating Thomsen-Friedenreich (Tf)-like
antigen with said serum sample,

{c) detecting autoantibody reactivity with the TE-
like antigen in the sample, and;

{d} correlating an increased level of autoantibody
reactivity to the Tf-like antigen in the serum sample

with a diagnosis of endometricsis in said patient.

2. The method of claim 1 wherein the
autoantibody reactivity is determined by immuncasaay.

3. The method of ¢laim 2 wherein the
immunoassay is an immuncmetric assay.

4. The method of ¢laim 2 whersin the

immunoassay is a competitive immunoassay.

5. The method of claim 3 comprising:

{a) immebilizing Tf-like antigen on a solid
support.,

{b} adding an alicguot of serum sample from a
patient to the Tf-1like antigen bound on the solid support

and incubating,

JP
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{c} adding a labeled anti-human immunoglobulin
to the sulid support wherein said anti-human
imminoglobulin is part of a signal producing system,

{4} separating free labeled antibody from beound
antibody,

{e) measuring the signal generated by the
solution containing the sclid support; and

{£} correlating an increase in signal strength

with a diagnosis of endometriosis in the patient.

6. The competitive immuncassay of claim 4
comprigtng:

{a} preparing a reaction mixture by incubating
a constant amount of a labeled antibody bound to Tf-like
antigen with different concentrations of a serum sample
from a patient wherein eaid labeled antikody 1is part of a
gignal preducing eystenm,

(b} separsting bound labeled antibodiss from
Eree auktocantibodies,

{c) measuring the signal generated by the
labeled antibody in the reacticn mixture, and;

{d) correlating a decrease in signal atrength
after addition of the serum sgample from a patient with a

diagnesis of endometriosis in the patient.

7. The competitive immunoassay of claim 4
conprising:

(a} preparing a reaction mixture by incubating

a first antibady which is bound to Tf-like antigen with

different concentrations of a serum sample from a

patient,
(b) adding a constant amount cf & second

antibody to the reaction mixture wherein said second

e
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antibody recognizes a conetant region of the heavy chain
of the flrst antibody and wherein the second antibady is
labeled and part of a signal producing system,

{c} separating free labeled second antibody
from hound antihody,

{d) measuring the signal generated by the
aecond antibody in the reaction mixture, and;

(¢) correlating a decreased level of signal
strength with a diagnosis of endometriosias in the
patient.

B. The method of claim 5 wherein the antibody is
enzyma-labeled and the additicnal steps of adding a
substrate to the selid support which reacks with the
enzyne-labeled anti-human immuneglomilin followed by
incubating are performed batween steps {2} and le).

3. The method of claim & wherein Ehe antibody is
enzyme-labeled and the additional steps of adding a
substrate to the solid support which reacts with the
enzyme - labeled anti-human immunoglobulin followed by
incubating are performed between Steps (b} and (¢} .

16. ‘The method of claim 7 wherein the ascond
antibody is enzyme-labeled and the additiomal steps of
adding a substrate to the solid support which reacts with
the enzyme-labeled ancl-human tmmunoglokbulin followed by
i{ncubating are performed hetween gteps (c) and (ay .

11, The method of any of claims 5, 6, or 7 whersin
the lapeled antibody is radiolabeled.

JP 2004-501349 A 2004.1.15
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12. The method of any of claims S,
the labeled antibody is biotin Labeled.

-48-
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DIAGNOSTIC ASSAY FOR ENDOMETRICSIS

BACEGROUND OF THE INVENTION

Endometricsis ls a compoun disorder
cnaraclerized by the growth of endometrial cells at
extrauterine {actopic) sgites. It i a common disease
which may alfecl up Lo 10% of reproducLive age women
<1)1 Blihough the etioleogy of endometriosis remains
enigmatic, altered cellular and humoral immune funotion
ig clearly a feature of established disease {2-4).

Autoantibodies te endometrial antigens and
deposition ol complement components have been described
in a number of studies (reviewed in 2) and a number of
serum, periteoneal fluid and endometrial antigens have
been dezcribed,  Perhaps the best characlterized tissue
antigens described, thug Zar, are the human chovionica
gonadotropin receptor (5) and lscforms I and IT of the
enzyme carbonic anhydrase 6-8. Antibodics to
transferrvin and o,-Heremans Schmidt glycoprotein (o, HSG)
have alsc been desaribed and proposed as diagnostlo
markers 2, 10 phile considerable work has been carvied
oul. in Lerms of measuring the incidence of theses
antibodies in endomstriosis, reproductive diseases, and
other auteimmuzne diseases, the nature of the epitopes

"involved bas received scant attention. The identified

antiger

are all glycoproteins. Wilkh onrly one apparent
exception (5], carbohydrate antigens on these proteings
have not been evaluated.

In accordance with the presgeat invention, it

has becn surprisingly found thak a cowmmon carbohydrate

JP 2004-501349 A 2004.1.15
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molety is present on the different aforemcntioned
endometrial anLigens. The comman carbohydrate moiety is
the Thomsen-Friedenreich related antigen, Galpl- 3GalNae,
alsc referrad to as TE antigen or TE-like nntigoen., As
used herein, Tf Jlike antigen also encompasses TE
antigen. TEf antigen i1 a cryptic disaccharide structure
matked by slelic acld. The sialic acid moierties may he
removed by sialidases such as newraminidase, T antigen
iz present oo humsn erythrocytes and is a tumor-
associated actigen in epithelial tissues,

The present invention provides diagnostic
methods based on autcantibody reactivity with TE-like
antigen. The diagnostic methods are helpful in
determining the presence of endcmetriosis in a palbient
and are an inprovement over Lhe current invasive methods

of diagnosis.

SUMMARY OF THE TNVENTTION

'he present invention provides methods Tor
diagnosing endometriosie in a patient. 1In one
embodiment of the invention, a methed for diagnosing
endonetriosis in a patient compriszes the steps of

(a} oblLaining a sevum sample [rom sald
patiert, {b) ipcubating
Thomsen-Friedenreich {Tfl-like antigen ﬁith said scrum
sample,

{c) detecting aukoantibody reactivity with the
Tf-like arctigen in said sample, ard;

(d) ccrrelating an increased level of
autozaatibody veactiwvity te the TE-like antigen in the
serum zample with a diagnosis of endometriogis in said
patientk.

Antibody reactivity may be determined by

immunoassays such as immunometric or commetitive asscays.

2-
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In cne embodiment of the invernlion, an
immunometric assay comprises the steps of:

(a) lmmcbilizing Tf-like antigen on a seolid
support,

(L) adding an aliguot of serum sample from a
patienl te the Tf-like antigen bound on the sclid
support and incubating,

{¢) adding a labeled anti-human immunoglobulin
to the solid support wherein said anti-human
immunogloboelin is parl of a signal producing system,

{d) separating free labeled antibody frem
bound antibody,

(e} measuring the signal generated by the
solulion conkaining the solid support and;

{f} correlating an increase in signal strength
with a diagncsis of endometriosis in the patient.

In another embodiment of the invention, a
competitive immunoassay comprises the steps of:

{a} preparirg a reactien mixture by incubaring
a constant amount of a labeled antibody which is bound
tey TH-like antigen with different concentrations of a
serum gample from a patient wherein said labeled
antibody is part of a signal producing system,

(b} separating bound labeled antibodias from
free auloantibodics,

() measuring the signal generated by the
Tlebelad antibody “n the reactlon mixlture and;

(d) correlating a decrease in signal strongkh

after addition of Lhe serum gample from a patient with a

diagnosis of endometriosis in the patient.

In ancther embodiment of the invention, a

competitive immunozssay comprises the siteps of:
{a) preparing a reaction mixture by incubating

a first antibody which is bound to Tf-like antigen with

JP 2004-501349 A 2004.1.15
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different concentrations of a serum sanple from a
patient,

(b} amdding a constanz amount of a second
antibedy to the reacticn mixture wherein said second
antibedy recognizes a constant region of the heavy chain
of the first antibody and wherein the second sntibody is
labeled and part of a signal producing system,

(c} separating frea labeled second antibody
Irem bound antibody,

(d} measuring the signal gererated by the
second antibody in the reaction mixture; and

(e} correlating a decreaged level of signal
strength with a diagnosis of endometricsis in the
patient.

In these cases where the antibedy is enzyme
labeled, the additional steps of adding a substrate to
the solid support which reacta with the enzyme-labeled
antibody followed by incubatieon are pertformed prior to
measuring the generated signal.

JP 2004-501349 A 2004.1.15
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HRIEF DESCRIPTION DF THE DRAWINGS

Figurce la is an elution profile showing Mano(
anion exchange chromatography of homogenized cutopie
endometrium from an endometriosis patient. ‘The
homogenate was passed through a protein @ column to
remove 1gG prior te loading on the Monop column.
Initial peaks prior te the start of the salt gradient
represent multiple lml homogenate loads. Elutlon
conditions: SCmM Tris/HOD pH3.0. FElubion was in Lhke
same buffer with a linear 0-0.5 NaCl gradient (ztepped
te 1M WaCl) and is dencoted by the dashed line. Fractions
corresponding to the gel leoading (Flgures 1b-d) are
indicated aleng the top of khe graph.

Figure 1i shows o 5-15% dgradient gel of selected
column fractions indicated in Figure la run under
reducing cenditicns and stained with SYPRD Crange.
Tigure lc is an autoradiograph displaying proteins in
Lhe homogenate fractions recognized by IgG present in
pocled endematriosis serum. Stripping and reprobing of
the same blot using pooled nermal male serum showed no
reactivity with the same bands. Igé binding activity
was detected In frachion 24 using contrel scra but
gimilar bindirng wam not seen with endometriceia sera.
The 45.ZkDa molecular weight marker carbonic anhydrase
IL shows reactivity. This same reactivity was not
abserved with the control sera.

Figure 14 is an auteradiograph showing IgA binding
activity ef the endometriosls sera. Probing of the blot
with anti-TghA a-chain specific antibody in the ahsence
of a primary serum showed that Iga was present in these
Eractions. .

Figure 2z is a wastern blet of periteneal fluid
(W1517} run out on a 5-15% HN8-PAGE gel under reduced
and aikylated conditicns. 71he western blot was then

.5
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incubated with either sheep anti-human g,-HSG followed by
HRP-goat anti-sheep (lane a) oy with a 1:100 dilution of
endometriosis sera followed by HRP-goat IgG g-chain
specifiec antibody (1:1000 dilutlon). Clearly wigikle
are u,-H8G in lanc a and hands of cquivalent moleculaxr
walghi. in lane b.

Figure 3a 1s an SDS-PAGE gel showing a partizlly
purificd fraction of oy HSC (MonoQ column, pH 8,0)
Fourteen protein bands are wvigible after staining with
SYPRO Orango.

¥igure 3k is a western blot of a gel run with
partially purified fraclion of «,-HS5G and proked with
erdometriosis sera HRP goet anti-human Ig@ antibody.
TFilve protein bands were detected.

rFiqure 2¢ is a western blot as described in Figure
3b exceptk Lhat the protein fractlion was Lreated with
neuraminidase priorv Lo eleckrophorssis. Antibody binding
to all of the proteins is clearly reduced.

Figrre 34 is a western blot as described for Figure
3b except that the «,-B5G fraction was subjccled to
preadsorphion with jacalin agarose prior to
electrophoresis. All antibody binding is removed.

Figure Ic chows autorsactivity with myosin and
carbonic anhydrase I1 in the melecular weight markers.

Figure 4 is a western bleokb of a gel run with
partially purified fraction of o,-H5G and probed with
endometriosis sera HRP goab anbi-nman TgG antibody
whilch damonstrates that deglycosylation of 113G
abolishes autcantibody binding. Heuraminidase was nsed
to cleave terminal alalic acid (lanes B, E, H}.

Complete remava! of carhbohydrate was then achieved using
vindolF /PNG'ase digestion {lanes ¢, F, H}. Removal of

glalic acid and all carbohydrate was vaniirmed by

G-
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reduction in molecular weight as shown by reactivity
with gosl anki-o,-HSG (lane A-C}. lanes &, D, and G were
untreated. FERemoval of terminal sialic acid with
nevraminidage reduced reactivity with patient serum
{lane N versus E}. Tne remaining reactivity iv khisg
fraction was abt the same moliecular weight as the
undigested w-il2@, indicating that the autoantibody
binding ls dependent on the presence of termiral sialic
anid. Complete removal of carbobydrate by neuraminidase
treatmenlt followed by EndoF/PNG'ase digestion completely
abolished resctivity (lane F). Yo equivalent reactivity
was observed usirng pooled male control sera (lanes G-I).

Figure 5a demonstrates that desislylatior of bovine
fetuin increases reactivity with endometricsis sera. 2&s
maagured by ELISA, a slight but significant increase in
binding is sgeen tollowing treatment with neuraminidase.
Figure 5b is & SYPRO Drange stained gel showing the
molecular welght reducticn in fetuin folléwing
noenraminidase treatment. Lane A ig untrealed; lane B 1s
neuraninicase treated.

Figure & beth graphically and by radioautcgraphy
depicts Lhat binding to Lhe 72kDa antigen and carbomic
anhydrage IT is Inhibited in Lhe presence of w,-H3G.

Figure 7 is a western blot analysis of purified
proteins following transfer to nitrocellulose from 5-15%
gradient gels run reduced and alkylated. Purified
hemepexin (lane A)n o,-113G (larme B), and gerum TgAl {lane

C) are autpantigeans recognized by Igé antlbodies in

‘éndometriosis sera.

DETAILED DESCRIPTION OF THE INVENTION
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The present inventien provides diagnostic methads
for detecting endometriosis in a patient. The
diagnostic mechods are based on immunoasaays which
detect the presence of autcantibodies in a pakienbt's
serum reacting with Thomzen-Friedenreich {1f) antigen,
including Tf-like antigen. Az uged herein, Ti-like
antigen alsc cncompasses T antigen. Increased leovels
of autecanbkibodied in a serum sample which bind TL-like
antigen, when compared to normal serum levels of
autoantibodies which bind Tf-like antigen, correlate
with a diagnogis of endometricsis in the patient.

A blood sample may be conveniently drawn from a
patient by venipuncture or other suitable means. &R
grrum sample may be prepared from the biocd sample uzsing
well known methods.

There are many different types of mmuncassays
which ray ke used in the methods of the present
invention. Any of the well known immuncassays may be
adapted to detect the level of autocantibodies in a serum
samp.le which reaci wilh the TF-like anilgen, such as
e.q., enzyme linked immunoabsorbent assay (ELISA),
fluorescent immunosorbent assay (FIR), chemical linked
igmunosorbent asgsay (CLIA), radioimmuno asgsay (RIA), and
immunoblotting. For a reviaw of the different
imnunoassays which may be used, sco: The IMusunoassay
Handbpok, David Wild, ed., Stockton Press, New York,

1354. Preferably, a <ompetitive immunoassay with solid
phase scparation or an immunometric assay for anbibody
testing is uscd, Sec, The Tmmuncassay Handbook, chapter
2.

In a typical assay, Lte reagents include a serum
sanple from a patient, the autcantibodies io be detected
{contained in the scrum sample), Tf-like antigen, and

means for producing a4 detecktable signal.

8-
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Thus, in one embodiment of the invention, Lhe
method for diagnesing endometricsis in a patient emplovs
an immuneometric assay for antibody testing. In this
embodiment, the Tf-like antigen is immobilizad on a
s¢lid gupport or surface such as a bead, plate, slide or
microtiter dish. 2An aliquot of serum sample from a
patient is added to the solid support and allowed to
incubate with the TI-like antigen in a liquid phase, an
antibody that recoynizes a ronstant region in human
autoantibodies present in the serum which have reacted
wilh Lhe TEf-like antigen is added. This antibody is an
anti-human immunoglobulin and is also part of a signal
preducing system. Anti-human immumoglebulin which is
specific for Iga, ig@, or IgM heavy chain constant
regions may be emploved, After geparating the =molid
support from the liquid phase, the support phase is
examined for a detectable signal. The presence of the
signal on the sclid support indicates that,
autoantibodies to Tf-like antigen preseﬁt in the serum
gample have bound tn the Tf -like antigen on the solid
support .

The signal producing system is made up of one or
more components, at least one of which is a label, which
generate a detectable signal that relates Lo the amocunt
of bound and/or unbound lakel i,e., the amouul of label
bound or unbound to the Tf-like antigen. The label is a
molecule that produces or which may be induced to
produce A signal. EBxawmples of labels include
fluorescers, enzymes, chemiluminegcers, photosensitizers
or suspendable parklcles., The signal is detected and
may te measured by detecting enzyme activity,
luminescence or light absorbance. Radiclabels moy also
be uged aﬁd levels of radicactivity detected and
measured using a scintillation ceounter.

JP 2004-501349 A 2004.1.15
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Examples of enzymes which may be used bto label the
anti-human imminocglobulin include (-D-galactosidase,
harseradish poroxidase, alkaline phosphatase, and
glucose-6-phosphate dehydrogenase {("GEPDH") . Examples
of fluorescers which may bhe used to label the anti-human
immuncglopulin include flucrescein, isothiocyanate,
rhedamine compounds, phycoeryvthrin, phycocyanin,
allophyuocyanin, o-phthaldehyds and fluorescamine.
Chemiluwninescere include e.q., izcluminol.

Free labeled antibody iz separatced from bound
antibody and i necessary, an appropriate substrate with
which the lakel, e.g., enzyme, reacts is added and
zllowed to incubate.

in a preferred embodiment, the anti-human
irmunoglobulin is enzyme labsled with elther horseradish
peroxiduse or alkaline phosphalase.

The amount of caolor, flucrascence, luminescence,
or radicactivity present in the reaction (depending cn
the siqnal producing system used) is proportionate to
the amcunt of autcantibodies in a patieni's serum which
reart wilh the TE-1like antigen. GQuantification of
optical deaeity may be performed using
spectrophotonercle methods. (uantification of
radiolabei signal may be perforincd using scintillation
counting.

Increased levela of autvant bodies reacting with
Tf-1ike antigen aver normal serum levels correlate with
a dlagnosis of endometricsis im the patient.

. In another embodiment of the invention, the method
for diagnosing endometriosis in a patient employs a
competi=ive immuncassay where & known antibody and a
watienlts auloantibodies compete For kinding to TE. 1In
this embodiment, a constant amount of a labeled antibody

which ig known to bird te Tf--like antigen is incubated

-10-
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with different concentrations of a serum sample from a
patient. ¥or example, the mcouse monoclonal anbibody
4%H.8, (Rabman and Lengenecker, 1982, J., Imman, 129(5):
2021-4) lknown to bind to TE, may be usad. Other
moneclonal antibodies which bind to TE-1like antigen and
which may be nsed as antibody in the competitive
immunoassay inciude 155H7 smd 170HE2 [Longenceker et al.
1887, J. Net. {ancer Inst., 78{3): 489-98, NIR-G/AT
(Kaxsten et al. 19%5, Hybridema 14{1): 37-44}, HB-T1
(DRED Co.), REL-114 and AHB-25B (Stein et al. 1289,
Cancer Res. 49{1): 3zZ-7), HT8 (Melhcalfe ot al., 1984,
Br. J. Cancer 49{(3): 32%-42), 151H4 ({(Longenecker ab al.,
1887), HH8 (Clausen et al. 1988), and BW835 (Hanish et
al, 1995, Cancer Res. 55(18}: 4036-40). Ag described
above, the antibody may be labeled with a Elucrescer,
enzyme, chemiluminescer, photosensitizer, suspendable
particles, or radicisctope., Preferably, the knowa
antibody 1s cngyme labeled. After incubation, bound
labeled antibodies are scparated from free
autcantibodies. Depending on the signal praducing
gystem uged and if necessary, an appropriate substrate
with which the labeled antibody reacts is added and
allowed to imibate. The signal generated by the sumple
is then messured. & decroase it ophtical density or
radipactivity from before and after addition of the
serum sample or between experimental and control
samples, ls indidative that autocantibodies in the serum
samzle have bound to TE. Decreascd oplical density or
radiolabeled signal when compared to experimental scrum
samples from normal patients, correlates with a
diagnosis of epdometriosis in a patient.

In a preferred embodiment. of the competitive
immunoasgay, an indirect methed using two antibodles is
used.  The first antibody is = TE-like antigen spacific
antilbody as described in the preceding paragraph with

-11-
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the exceptiom that it i= nol: labeled. The first
antibedy is incubated with different concentrations of a
gerum sample from a patient. A constant amourt of a
second antibody is then added to the sample. The second
antibody recognizes constant zegions of the heavy chains
of the first antibody. For example, the gccond antibody
may he an antibody which recognizes consitant vegions of
the heavy chains of mouse lmmumoglebulin whick has
reacted with the Tf-like antigen {(anti-mouse
immmegletuiin) .  The second antiboiy is labeled with a
fluoveophore, chemilophore or radiolsatope, as described
above. Tree labeled second actibody is separated £rom
bound antibody. T£ an enzyme-labeled antibody is used,
an apprepriate subetrabe with which the enzyme label
reacts is added and allowed to incubate. A denrease 3$n
optical density or radicactivity from before and after
addition of the ssvum sampie or between experimental and
control ganples is indicative that autovantibodies in Lhe
serum sample have bound te Tf. Lecreased cptical
dengity or radicactivicy when compared to experimental
serum sawpleg from normal patients corrslabes with a
diagnesis of endometriceis in a patient.

Enzymes may be covalently linked to Tf-like antigen
reacllive antibodics for use 1n the methods of tho
invention using well known maltheods, There are nany well
known conjugation metheds. For example, alkaline
phosphatase and horseradish oeruxidasce may be conjugnted
to antibodies using glutaraldehyde. Horseradish
peroxidase may also be conjugated using the periodate
mcthod, Commercial kits for enzyme cohjugating
antibodies are widoly svailable. Enryme conjugated
anti-human and anti-wouse immunoglobulin specific
antibecdies are available from multiple commercial

sources .

i-
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Biotin labeled antibodies may he uged as an
zlternative to enzyme linked antibodies., Tn such cases,
bound antibody would be detected using commercially
available streptavidin-horseradish paroxidase detection
systems.

Enzyme labeled anLibodies produce different signal
sources, depending on the cubatrate. Signal genevation
involves the sddition of substrate teo the reaction
mixture. Commaon peroxidase substrates include
ABTE¥(2,2'-azinobis(ethylbenrothiazoline-6-agulfonate)),
QrD {0-phenylenediamine) and TM2 (3,3', §5,5'-
tetramethylberzidine). These pubstrates require the
presence of hydrogen poroxide. p-nitrophenyl phospate
ig a commonly used ailkaline phosphatase substrate.
During an ircubation pexicd, the enzyme gradﬁally
wonverks a proportion of Lhe substrate to its end
product. At the end of the ipcubation period, a
stopping reagent i1s added which stops enzyﬁe activity.
gignal strength is dectcrmined by measuring eoptical
density, usually via spectrophotomcter.

Alkaline phosphatase labeled antibodies way also ke
measured by fluorcmetry. Thus in the immuncassays of
the presgent irvenlion, Lhe substrate 4-
methylunmbelliferyl phosphate [(4-UMP) may be used.
Alkaline phosphatase dephosphorylated 4-UMP to form 4-
met.hylumbelliferone (4-M0), the fluorcphore. Incident
light is at 365 nm and emitted light is at 446 nm.

For uge in the methods of the present invention,
1f-1ike antigen may be obtained from various souxces.
For coxample, TL-like antigen may be purified fxom
conditicned culture medium used to cultivale tymor cell
lines such as the adenscarcinoma ccll line LELV4T,
obtainable through the aAmeorican Type Culture Colleckion

(ATCCY . Transilicnal cell carcinoma lines may also

-13-
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ERIVE as sourae of Tf-like antigen. TF-llke antigen may
be purified from such conditioned culture medium by
atfiniby chromalograpy uaing an WAL 490,8-Coitr activated
Sepharsse column. Gel filtration may alsa be performed
for additional purification. Still further purification
of TL-like antigen way be achicved by utilizing lectin
altinity chromatography with insolubilized peanut
aggluLinin {PNA] or cther lectin. PNA may be obtained
from E-Y Laboratories, San Mateo, California.

purified seruwn proteins bearing Tf-like antigens
such as Igh, hemopexin, and alpha-2-Heremans sSchmidt may
also be used as antigens. A preferred source of Tf-1lke
antigen is commercially synthesized Tf-like aniigens
covalently linked to bovine serum albumin. TE-like
antigen and its glysoforme are available from commeraial
vendors such as BioCarh as recently described by
Dahlenhoryg cl. al. (18%7) In. J. Cancer 70:63-71,
2llernetively, Tf-like antligens may be obtained by
enstom gynthesis from commercial vendors. Monoclonal
antibodies which react with Tf-like antigen are readily
available,

Mabez Il {isotype IgM) may be prepared and puritfied
as reported by Rahman et al., {1982) J. Immunol.
129:2021-2024 and Longenedker et al. (1584) Int. J.
Cancer 33:123-128. The disclosure of these articles and
oLher art.icles cited in chis application are
invorporated herein as If fully set forth.

i order ta practice tine methods of the pregent
invention, the relevant immunoasisay musl be
standardined. Since TE-1ike antigen ig usually
assoeiated with a glycoprotain, it is naturally
helercgenous. The source of sguch heterogencity may
include sialylatien. To this end, an anpoule of an

Interrational standard [T8) or ‘oternational reforence

14-
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preparation (IRP) should be obtained. The Wational
Institute for Riclogical Standards and Control (NIBSC,
Blanche Lane, South Mimms, Potters Bay, Horte BENE3IQQ)
way prepare such a sample of Tf-like antigen and as=ign

5 an intermational unit (IU). wMultiple sets of secondary
standards, from which future lote of calibrators may be
assigned values, should also he prepared.

The immunoassays of the present inventlon reguire

the use of calibrabors in order to assign values or

10 egoneenirations to unkmown samples. Typically, a sct of
about six ¢alibrators is run pricr to the unknown
sanplas from which a calibration curxve is plotted. the
concentrations of the unknown samples are determined by
interpolation. Interpolation is best carried out by a

13 computer program. For a digscussion on calibration, see

The Immuneoasgay Handbook, chanpter 2.

The presant invention algo provides therapies for
reducing, preventing and/or ameliorating endomstriosis
in a patient. 1In this embodiment of the invention TE-

20 like antigen or an analog thereof, is injected into a
patient. The injected Tf-like aniigen or analog thereof
competes with TE-like antigen preseni in endometrium of
a patient for autcantibody binding.

The fol’ owing examples further illustrate the

invention.

-15-
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EBYAMPLE 1
Matrerials and mebthods

Preparation of tissue homogenate

Fresh ecteopic and eutopic sndometrium, peritoneal
fliid, and serm were obtained from hysterectomy
patients with the informed consent of the patients.

Fresh tissue (1-2 grams) wag added Lo 10 ml ice-cold PR3

containing Ceomplete Protease Lphibitor Cocktailad
(Roehringer Mannhelm, Tndianapolis, IN) and maintained
at 4'C throughoul the preparation. The tissue was
bomogenized for 1 minute with a Polytron homogenizer
(Brinkman, Lucerne, Switzerland) Fallowad by
cepcrifugation at 13000 g for 10 minutes. The
supernatanc was collecied and sonicated using a Branson
250 sonifier (Danbury, CT). The tissue homogenate was
0.22 mm filtercd and stored at 207,

Preparation of serum

Peripheral venous blood (80 ml) was drawn from
heailhy wolunteers intc glass vacutainer tubes (no
additive) =2rd allewed te clot for 4 hours at room
temperaturs. Serum was then removed to sterile tubes
and delipidated by centr’fugation at 12000 g for 30

minutes at 4°¢.

Purification of tissue autoantigens

rolilowing hemogenizsation, Lissue antigens were
passged through 2 Preorein G FRLC column (Amersham
Pharmacia, Piscataway, NJ)} o remove Ig¥. ¥rokeins uot
reteined by the protein @ column were then applied to an
anion exchange column {Monog@ FPLC, Amersham Pharmacia,
Piscataway, NI) following equilibration in 50mM sodium
phogphale pH 8.9, Bound proteinrs were elubed from the

-16-
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columa using a linear 0-0.5 M WaCl gradient in the same
huffer, followed by a step gradienml tu 1 M MaCl alsc in
the same buffer. All preoteins of intereest eluted prioz
to the 1 M Kal)l gradient.

Purification of Serum Autoantigens

o, -HSC was purified from normal whole human serum by
anion exchange chromatography as described for the
tissue antigens above uging a HiPrep 16/10 Q XL column.
This partially purificd ¢,-38¢ was used in some
experiments ag indicated in the test. Further
purification was carried cut on a second anlon cxchange
column (Mone @) equilibrated with 20 oM piperazine
buffer pH 5.0 and sluted in the same buffer using a Nacl
gradient as described zhove. n final homogeneocus
preparabion of o~HSE was obtained following gel
filtraticn ¢n an FPLC Superoge 1z aolumii (Amersham
Pharmacia, Piscataway, NJ}. o,-HSG concentraticons were
monitored by ELISA. .

Ighl was purified from whole serum by anicn exclange
chromatography and jacalin agarose affinity
chromatography as previocusly described (11).

Transferrin and Iemopexin were purified from whole serum
by metal chelate chromatography on a column packed with
Crelating Sepharcse Fast Flow (Amersham Fharmacia,
piscataway, NJ} charge@ with 2Zn® ions. The column and
serum were pre -equilibrated in 20 mM sodium phosphate
butfor containing 150 wM NaCl. Zinc binding proteinsz
were eluted uvsing a linear ¢-0.5 M imidazole gradient in
the game butfer. The resulting transferrin and
ilemopexin—ccntaining fractions {as determined by western
blot analysis) were separalely pooled and further
purified on a mene Q anion exchange column at pH 8.0 as
already described. - This protocol resulted in an
elactrophoretically pure hemcpexin preparatiomn.

7.
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Tranaferrin was not however resolved from hemopexin in
the transferrin preparation.

Modification of carbohydrate-epitspes on glycoproteins

Torminal sialic acid moieries were removed From
glycoproteins by Lrcatment with agarcse-conjugated
neuraminidase. One milligram of protein in 0.5 ml was
incubated with 5 Units of neurasinidase (Sigma, St Louds,
MO) in 50 mM sodium acetate, 150 mM sedium chloride, 1 mM
calcium chloride, pH 5.5 overnight at 37C. Agarose
heads were removed by centrifugation at 4000 g for S

minuktes. Supernatants were remcved and steored at 4°C,

{Core carbohydrate groupa were removed from
glycopreoledns by brealment with endoglycosidase F (Endo
F} and pepiide-N-glycosidase F (PNG'ase F). This was
obtained as a commercial kit from Glyko {Novabto, CA).
Forty micrograms of neuraminidase-treated protein were
denatured by heating to 100°C for 2 minutes in the
prescnce of 20 mdf sedium phosphate pH 7.5, 50 mM EDTA,
¢.1 % v/v 808, 0.5 % b-mercaptaethanol. To avoid
inhibition of PNG'ase F by 2DS8, 0.1% Tween-20 was added
tu the denalured sample after cooling. The denatured
protein was then incubated with 667 deglycosylation Inits
[N} of the BEndo T / PHNG'ase F mix at 37°C for 18 hours.

Removal of jacalin-reactive glycoproteins fxom
samples wag achieved by pre-adsorption with an excese of
jacalin-conjugated agarose beads (Vector, Burlingame,
CA}, sSamples were itcubated with jacalin-conjugated
agarcee for 20 minutes at voom temperature before
centritiugaltlion at 4000g for 5 minutes. Supernatants wers

vemoved ard stored at 4'C.

Antibodies and @lycopreoteins

-18-
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Lmmunegloabulin-fracticns of sheep anti-huran <, HSG
and sheep antl-human transferrin were obLkained from
Biodes’gn Internakional {Kennebunk, ME}. Goat anti-human
hemopexin antiserum was obfained from Kent Laboratories
(Redmond, WA) .  HRP-conjugated rabbit antci-sheep IgG and
HEP- conjugated rabbit anti-goat IgG were both from
Jackson Tmmunoresearch Laboratories (Wost Grove, PA)Y.
IEP-conjugated goat-anti human I{yga (a-chain specific) and
HEP-conjugated goal-aaki human IgG (g-chain apecifiae)
were purchased from (3igma). Commercial o.-HEG was
obhtained from Calbiochcem Novabiochem (La Jolla, CA) .

SDS-PAGE

SDS8-PRGE was performed according te the method of
Laemnll (12}, Briefly, egual wvolumes of 2x gel loading
buffer were added to protein samples and boiled for 5
minutes. Whare appropriate, proteins were resalved under
reduzing conditiors (5 % v/v b-mercaptosLhanol in gel
leading buffer}, Re-association of reduced proteins was
prevented by adding icdeacetamide (final concentration &0
mM} to ganples alfter boiling., Protein samples were
reagolved using 4 % -15 % gradient gels [(Biorad, Hercules,
CA). For direct visualization of proteins, gels were
placad in 0.02 % v/v 8YPRO-Urance {Biorad, Herculca, CA)
in 7.5 % v/v acetic acid for 30 minutes. Gels were Lhen
rinsed in 7.5 % acetic acid and viewed on a ge) imager
({Alpha Innotech Corpcration, %an Leandro, Ca).

Tmmuttchlottbing

Proteins were transferred to nitrocelluloss
membranes from 8DS-gels using a Biorad Transblet SD goem?-
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dry blotrer., Ponhceau Red gtaining confirmed transfer of
proteing to nitrogellulose membranes. Membranes were
blogked overnight at 4C in 3 % w/v fat-free powdered
milk, 0.5 % Tween-20 in PBS. Primary antibedy or serum
was added to blocking solution then incubated for 2 hours
at room temperature. Membranes were then washed 6 times
for 5 minutes per wash in FB8. The IIRP-conjugated
seccndary antibodies wern diluted in 3 % w/v fat-free
milk powder with 0.05 % v/v Tween-230 in BPBS. Membrapss
were ipcubated for 2 houro al room temperaturs hefore
washing 6 times for 5 minutes as descriked. Proteins
were then detected by enhanced chemiluminescence (ECL)
{Amersham Pharmacia, Piscataway, NJ). Where appropriale,
nitrozellulose membrancs were siripped and re-probed by
washing twice for 5 minutes per wash in €.9 % w/v NaCl
before agitatien in 100 md Glycine-HC1 pH 1.5 for 30
minuted at room Lemperakure. Membranes were then washed
3 times for 5 winules per wash with PRS pH 7.4. The
menbranes were blocked and probed with antibodies as
dexcribed.

Enzyme Linked Immunosorbent Assay {ELISA)

Wells of Taleon Microtest IXI microtlilre plates
{Becton Dickinson, Oxnard, CA} were coated overnight at
4°C with 1¢ ul procein diluted to 100 pl in sodium
carbonace huffer pH3.2. Plates wers then washed 3 times
in PBS containing 0.05 % v/v Tween-20. Wells were
blocksed wikk 2 % w/v BSA in PR3 / Tween-20 ({(blocking
huffer) for 1 heur at 37C before washing 3 times.
Primary antibady or test serum was diluted in blocking
imffer as appropriate and 100 pl =zdded Lo each well.
Plates were incubated for 2 hours at 37°C and washed 3
times in PBE / Tweon-20. HRP-conjugated secondary
antibody was diluted in blocking bulfer and 160 pl added

to each well, Plates were then washed 3 times. 100 ml
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of the colorimetric HRP-substrate, ABTS was added ta each
well snd incubated for 20 minutes at room temperature.
Plates werc read at 405nm with a Dynatech plate readex
(Chanlilly, VA) Dala was analyzed using Graphpad Rrism

software.
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EXAMPLE 2
Identification of autcantigens in ectopic endometwrium,

eutopic endometrium, peritoneal fluid and sera.

gnluble endomatrial protein preparations wexe
prepared from hysterectomy tissve as described in the
materials and methods, and subjected to protein @
chromatography to remowve Igt. The resulbing Ig@-free
preparations were thoen subjected to anion exchandge
chrematography (figure la). Fractions from this column
were Lbhan analy:zed by 8DS-PASKR undery reducing conditions
{figure 1b). Protein bands on identical gels were
transferred to nitrocellulose for western blot analysis,
Development of the western hlots was carried ocut using
sera from koth pooied endometrioais patients and pooled
normal male donors as primary antibody sources. Figure
lc shows a typical example of the antigens identified in
a proliferative phase eutopic endometrium from a patient
(W134E). Actoreactive 119G was rDStfiC‘th-tU the
endometriosis patient szera (Figure 1ec) as compared to the
same blats probed with a control serum from & normal male
doner  (not shown) .

Igt g-chain hinding was detected against fraction 24
of the mono Q column with the conkrol serum but not in
viher Frachtions (not shown). Interestingly, a similar
reactivity against Irachtlon 24 was not present in blots
developed using the endometriosis serum. The molacular
wolght of the reactive proteins detected using pooled
endomebriosis sera correlate well with thase desoribed by

~other workers §, 10. A tokal cf 20 autoreactive bands

were detected on a western blot probed with pooled
endometriosis sera. B 72 kDa band was destected in
fraction 23 wilh both Tgh w-ghain specific and IgG y-
chain specific second antibodies (figurees l1c and 1d) .

This band was initially jdentified as transferrin on the

22
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basis of its molecular weight and the NaCl concentration
at which it eluted from the MoneQ column (the slution of
transferrin at this position was confirmed by western
blot analysis vsing a sheep anti-transferrin antibody,
not shown) . A 54kDa proieln was also detected in this
fraction with the IgG y-chaln specific antibody but not
the anti-IgA o-chain specifie antibody., vThis protein
elutes in & position identical ko partially desialylated
o,-ES3 (data neot shown). 0.-HSG has previously been
idertified as an autoantigen in criometriosis patients
{10} . 'The Igl reasctive band of 59kDa cbserved in
fractions 26 and 29 ig <he ¢-chain of Igh and the clution
positions correspond ta the known elution positions,
pnder these zun conditions, of monomeric and dimeric Iga
regpectively. The identily of this protein as IgA «-

chain wae confirmed by stripping and reprobing the blot

T an anti s-chain specific antibody (not shown). This
blot alss showed the pressnoe of anki-d-chain reactlve

bands in fraction 23 (the transterrin conctaining

fraction). The prasence of Igh antigens in this fraction
most Vikely arises from Igh covalently cowplexed with
other serum proteins 13+ 14 Fraotion 26 alse coulained

a rescbive band at 72 kDa apd fraction 28 and 29 had
pands at 69 kDa. These later bands showed no activity on
Lhe @-chain specific blot., The presence of an IgG
antibody in endomeiricsis patients which recognizes the
t-chain of I'gA was confirmed by western blot using highly
putified serum . Tghl (see Figure 7). In confrast, ne Iga
éutaantibcdies against endometrial antigens other than in
those fractions, which centain Igh a-chain, were
cbegerved.

An ovarian eatopic endemetrial sample from the game

patient (w1345} had antoantigenic proteins of molecular

23
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weights 54, 47, 43, and 34 EDa (not schown). The 54 koa
protein was (;-H5G as determined by a westarn blot
developed with a sheep anti-a,-HSG specific antibady. -
H8G was also delected in peritoneal lavage fluid from a
different putient (W1517) by western blot. Tn addition
to the 54 kDa antiaen, armtigens of 188, 126, 68, 43, 37,
aind 34 kN were present in the pecriteneal fluid (Lioure
2} .
Reaorivity with two molecular weight markers was ohserved
with both pooled patients and individual sera (sce
figures 1e and £igure 23). These markers were myosin at
205%T and cavbonic anhydrase IT at 42kD. Reactdvity with
tte myosin band was also seer with bolh Lhe pocled male
contrel sera and some individual male sera. 1n contracst,
reactivity with anhydrase II was specific to the
endometriosis sera and this protein has been reported by
other workers as an autoankigen in endometriosia fc B
Ta summary, auloanbigens in preparatinns from
suteopic and ectopic endeometrium and peritoneal lavage
have been identified. In agrecement with previocusly
published reports, o.-HSG, tramsferrin and carbonic
anhydrase II are autosntigens recognized by sera from
endometriosis patients. In addition, results presented
here also demonstrate that the w-chain of IgA 1= a2lso an
autpantigen recognized by the zame sera. Since these
proteing show no significani homology at the protein
level, it is unlikely that a comron peptide epitops is
shared by all four proteins. Three of the four proteins,
dz-HSG, a-chain of Tgal and pessgibly carbonic anhydrase
11, da however, share a common carbohydrate epitope.
This O-linked carbohydrate structure contains a Galpil-
3NAcGal epitope which is recognized by the jackiruit

{Artocarpus integrifolia) leetin jacalin. The results

4.
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presentad here contirm previons reports that n-H3G and
carbonic anhydrase are among the autoantigens racognized
by aubpantibedics present in endometricsis sera. The
present study extends these results to show that IgAl and
hemopexin are also autvantigens recogrnized by seva from
endematrinsie patients.

-5
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EXAMPLE 3

Jacalin preadsarption removes autovantibody binding.

o;~Heremans Schoidt glycoprotein (a,-HSG) was chosen
as a model antigen to investigate a potential role for
jacalin reactiwve carbohydrates in the endometricasis
auntcantibody response. Initial experiments using o,-HS8G
purchased from commcrcial sources proved to be
unsatisfactory. This was because of the variability of
giyeolorms present in khese preparations. In common with
most sialated glycoproteins, o,-HSG loses terminal slalic
acid residues during storage. Fully sialated ¢,-H5G from
normal human gerum was freshly prepared. In order tn
avold biasipg the preparaltion with respect tao its
carbahydrate content, lectin hased affinity purification
protocols were aveided and imstead a2 combination of anion
exchange and gel filtration chromategraphy waz used. A
three step procedure of anien cxchange on-a Moned column
At pH 8.0, fallawed by a second MonoR columl at pH 5.0, .
and a final ool filtration ctep on a superoge 1@ coluan,
resclted in the purificabion of the fully sialated

glycoform of @,-HEG with a maleacular weight of S8kDa.

whon experiments were carried out using a partially
purified o,-USG fraction from the fivst snion exchange
solumn, autoreactivity with endometricgis serum on
western blot was abolished folleowing pre-incubation with
jacalin agarose [figure 3). Fourkeen protein bands were
chacrved on SYPRO orange stalned $DS-PACE gels (figure 3
lane a) . Reactivity with endometriosis sera was oboserved
with 5 proteins (Figure 3 lane b}, The reactive proteins
had approximate molecular weights of 230, 188, 168, 120,
and 5BkDa; the 58kDa being ,-H8G. Binding by Ig% in
endometriosis sera of all of these 5 bands was abolished

follawing incubatior with jacalin agarose (figqure 3 lans

26—
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d}, indicaling that the binding of the autaantibodies was
te all of the jacalin binding proteins present in the
fraction and not just to ¢ HSG. PFrotein staining of
gels of pre- and post-zbsorbed fractien 12 ghow that the
remaval of aclivity was not caused by a non-specific
vemoval of proteins in the fraction. The protein
ccnoentrations of adscorbed and unadsorbed were adjusted
guch that total preotein loading on the gels used for
western blotting was uniform.

The carbohydrate siracture recognized by jacalin is
very specific and binding iz dependent on the presence of
the Tf. Jacalin recognizes the disaccharide Galfil-
3GalNAc, which is presenl: wilhin some O;J.inked
oligosaccharides. Gaifl-3GalMAc is expressed by a very
1imilLed number of The many plasma proteins, These
proteins include Igal, IgD, Cl-inhibitor, hemopexin,
plasminagen, gl-antitrypsin, oal-macroglubulin, 85-a3
glycoprotain, choricnic gonadotropin (hC3) and «)-HSG
(15}, With regard .to bhCE, it is of interest that the
recepbor for h(d expresses alsc expresses '[f-like antigern
and that autoantibodies found in infertile patients both
with and withoul. concomitant endometricsis bind to the

receptor 2.

27-
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TXAMELE 4
Removal of Carbohydrate Abolishes Aukoantibody Binding.

Removal of proteins recognized by the antoantibodies
by jacslin does not in itself determine whether a common
carbohydrate epitope(s) iz involved. To determine
whether Lhoe carhohydrate is essential for the resognition
of o HSU by the endomebricsis autocantibodies, weactivity
wilh deglycosylated o;-BSS was investigated. o.-HSG
carbohydrate was removed in a two step proccdure. Flrst,
neuraminidase was used to cleave terminal sialic acid.
Sceand, complete removal of carhohydrabe was then
arhieved using a further EndoF/PNG'ase digestion step.
Untreated, neuraminidase treated, and deglycosylated a,-
HS3 were then subjected to woastern blob analysis at egual
protein loads (Figure 4}. Removal of sialic acid and all
carbohydrate was confirmsd by reduction in molecular
welght as shown hy reactivity with sheen anti-o,-HSG
{Figure 4 lanes A-Q).

The sheecp anti-o,-HSC antibedy ¢ reactive with the
peptide and shows no reactivity with other jacalin
binding proteins on double immuncdiffusion (daka nol
shown) . Removal of terminal sialic acid with
neuraminidase reduced veactivity with palient @erum
(Figure 4 laces D and E}. The remaining reaclivity in
thig fraction was at the same melecular welght as the
undigesked o, H8G, indicating that the autcantibody
binding is dependént on the presence of terminal sialic
acid. Complete removal of carbebydrats by nenraminidase
treatment followed by EndoF/PNG'ase digestion completely
abolisned reactivilky (Figure 4 lane Fj. This veduction
in sutoantibody binding following neuraminidase was not

restricted to w,-H3G since similar treatment of the

-28-
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partially puriiied o,-HSG fraction resulted in reduced

binding to all 5 reactive proteins {Figure 3 lane c}.

Table 1
Correlation of Identified Endometriosis Antigens and

Jacalin Binding Activity

Antigen Eadumelrios

5 AnLigen vacalin Reacciviey

Tn ikiz Sxudy/ Li Uhia study/

lpwnlisked studyl ipuhlished veactiviiy)
a-nsE ves/ ! e f 2
farbonic anhydrase I/IL vee /5 na/unknown
Hemonaxin ¥es/no ves /300
Iga ¥es/no '|'P,s,’1m:’1pln=

reviowed ia o

o2z chsoluhl:‘!_bsrm Hofaazs an a

slevated lectin like jacalin
208 Receptax el Ho/

Thege results show thabk (with the exception of
tranaferrin) a commror cavbohydrate epitope 1s recognized
on a, HeG, carbonic anhydrase, bemopexin znd the a-chain
of Ignl (see tzble 1 for a summary of antigens idencified

in this, and publiched studles, and their jacalin
reactivity). This conclusicn was reacined on bhe basis
that: all of the ldentified ankigens {with the exception
of transferrin and carbonic anhydrase II) are known to
bind the lcetin jacalin, and that “he removal of

carbohydrale from the antigens removed the abllity of

endometricsis sera to bind thege antigens.
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EXAWMPLE 5
Binding of Autcantibody to Bovine Fatuin

Bovine fetuin, the homologue of human a,-HS8G, bears
the save jacalin binding carbohydrate molety as human a,-
H3G. Sheep antiserum raised against human 5G peptide
does not show cross-reactivity with bovine fetuin,
suggesting cignificanl differences in antigenicity
between the twe species desnite considerable sequence
homelogy. Sera from endometriosis patients show positive
reactivity by ZLISA and western blot with bovine fetuin
(Figure 5). HNeuraminidace treakment of fetuin, in
contrast to -HSE, slightly increased autcantibody
reactivity on ELISA (Figure 5). However, nore complete
desialylation, or complete deglycosylaticn of boevine
fetuin abolished anltibody bindirg, giving additional
evidence that the autocantibody response in endometriosis
patients is carbohydrate dependent {pot shown}. Thc
increase in binding Lo fztuin following incomplete
neuraninidase treatment may result from bovine fetuin

being more heavily sialated than its human counterpart.

=30-
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EXAMPLE 6
D-Galactose dependency of avtoantibody birding.

Jacalin binding is dependent on the presence of a
Galbkl-3MacGal wnoliety. If the autcantibedy response
invelves this epitope, binding should be competitively
inhibited by N-galactose, as is the case for 2acalin
binding. pinding of cndomctricosis Igd Lo a.-HS8& on
western blots wae complelaiy abolished in the prosence of
N.8M D-Galaclosce, indicabting Lhat D- Galactose may form a
part of the epitope recognized by the autoantibodies (not
skhown} .
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EXBDMPLE 7
Sarum autcankigens reccgnized by endometriosis serum
share a common epitope.

Since a vommon carbohydrate epitope accounts for the
autoreactivity with the different antigens identified
above, then autoantibedy binding should be blocked in the

vegence of an excess of a differeni. antigen. This
proved to be the case: addition of a 10 fold excess of
highly puritied a.-HSG or bovine fetuin both inhibited
binding of autcantibody te carbonic anhydrase IT and the
72KPa antigen (Figure &),

5 hemepexlin, rather than transferrin, the 72kDa
autoantigen in endometriosis? Of the ancigens described
thus faxr, all, with the cxception of transferrin, express
the 0-linked carbohydrates recognized by jacalin. HNo
such carbahydrate strucktures are expressed on
trans*errin, and jacalin docs Dot bind to transferrin 15
Thig leaves three pogsibililies: either an anti-
transferrin responce distinet from the jacalin
carbohydral.e response is presant in endometriosis sera.
or the reactivity which purifies with transferwin is
against a4 colitaminant’in Lhe transferrin preparations, or
both. Two reactive proteins of ~70kDa wers found in Lhe
arion exchange fractions of eutopic endometrivm Wi3415.
Ore eluted eacly in the salt gradient in the same
fracLion as kransferrin. The olher protein eluted at
higher salt concentralion in the same fractions as IgA.
Examination of the Swiss 2D database indlcates that
jaéalin-binding proleins of similar molecular weight and
isnelectric point include hemopexin. When hemopexin was
purified by ¥ni metol chelate chromatography snd anlon
exchange chromatograghy, a homogeneous prepavation wag
obtained. Tdentity was conlirmed by western blotting of

Fractions with & hemopexin specific antibody. when

.32-
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tested against endomekriosis patient serum this protein
wAas racdognized as an autoantigen (Figure 7}, Wostern
blot analysis of tLhe same protein with an antibedy
specific for transferrin showed no reactivity with the
purified hemopexin. When fractions from the same column
were investigated for the transferrin recactivity, an
carlier peak from the anicen exchange column was found to
contain transferrin. Western blot analysis of the
transierrin-containing fractions with anti-hemopexin
revealed the presence of hemopexin with similar mobllity
To transferrin on SUS-VACE. Double immunodiffusion
showed no lines of identity when anti-kremopexin and anti-
transierrin were pracipitated againgt the peak
tranuferrin fraction, indicating that the antiscra were
antigen gpecific (not shown). The presence of jacalin
binding activity in this transferrin preparation was
confirmed by the presence of a precipitin line ip doubls
immunodiffusion against jacalin {(not shown) . Further
experirent.s are currently urderway to Jetermine The
natura of the antigen which co-purifies with Lransferrin,
but it im of interest thakt the 72kba hinding activity wasg
inhibited by the asdition of a pure a,-HSG preparation
(figqure 6] .
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What is claimed is:

~- A method for diagnosing endometriosis in a
patient, said method comprising:

{a) obtaining a serum samplc from said patient,

(b) incvbating Thomsen Friedenrsich (Tf)-like
antigen witk said serum sample,

(¢} detecting autoantibody reactivity with the Tf-
like antigen in the sample, and;

{d} correlating an increased level of auteantibody
raactivity to the Tf-like antigen in the scrum sample

with a diagnosis of endometricsis in said patient .

Z. The method of claim 1 wherein the
glroantibody reactivity le determined by immuncassay.

3. The methed of claim 2 wherein the
immunoussay lg an immunometric amsay.

4. The method of claim 2 wherein the

immmoassay ig a competitive immunoassay.

5. The method of ¢laim 3 cowmprising:

(a) immckilizing Tf-1like antigen on a solid
support,

(k) ndding an aliquot of serum sample from a
patient to the Tf-like sntigen bound on the solid support
and incubating,
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{c} ndding a labeled anti-human immunoglebulin
to the solid suppori. wherein said anti-human
immunoglebulin is part ¢f 2 signal preoducing system,

{d] separating free laneled antibody from bound
antibody,

(&) measuring the signal generated by the
solurion containing the sollé support; and

(f} correiating an increase in signal strength
with a diagnosis of endomelriosis in the patient.

6. The competitive immunoassay of claim 4
comprising:

{a} preparing a reaction mixture by incubating
a constant amount of & labeled antibody bound ko Tf-like
antigen with different concentrations of a serum sample
from a patisnt wherein said labeled anlibody is part of a
signal producing system,

(2} separating bound labeled.antibodies Lrom
free autoantibhodies

(¢} measuring the signal generated by the
labeled antibody in Lthe redction mixture, and;

(d) correlating a decrease in signal strength
after addition of the serum gample Trom w patient with a
diagnosis of endomclriosis in the patient,

7. The competitive immunoassay of cleim 4
comprising:

(a) preparing a reaction mixture by incubating
A lirel antibody whizh is kound to Tf-like antigen with
different concentrations of a serum sample from a
patient,

(b} adding a constant amount of a gegond

antibedy to the reacticr mixture wherein gaid second

45
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antibody recodrnizes a constant region of the heavy chain
af the first anlibody and whereln the second antibody is
_abeled and part of a sigral producing system,

(e} geparating free laheled =zecond antibody
from vourd antibody,

(d} measuring the signal gernerated by the
gecond antibody in the reactiocn mixture, and;

(e} correlating a decreased level of signal
strength with a diagnosis of endometricsis in the
patient.

g, The method ol claim 3 wherein the anbtinody is
rinzyme-labeled and the additlonal steps of adding a
substrate to the sclid support which reacts wilh the
enzyme-labeled anti-human immunoglubulin followad by
incubating are performed between steps (d] and (a].

9. The method of claim & wherein ﬁhe antibody is
enzymo-labeled and the additional steps of adding a
substrate to the solld support which reacts with the
enzyme-labeled anti-buman immunoglobul in Lollowed by

incubating are performed betwsen steps by and {c).

15. The method of claim ? whersin the second
antibody is enzyme-labeled and the additional steps of
adding & gubstrate to the solid support whleh reacts with
the enzyme-labelsd anti-buman immuncglobulin followed by
incubating are perforried boLween steps (c) and (d).

11. The method of any of claims 5, &, or 7 whersin

the labeled antibody is radiclabeled.
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12. The wothod of any of claims 5, §
Lhe labeled antibody is biotin labeled.
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