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DIAGNOSTIC ASSAY FOR _ENDOMETRIOSIS

BACKGROUND OF THE INVENTION

Endometriosis is a common disorder
characterized by the growth of endometrial cells at
extrauterine (ectopic) sites. It is a common disease

which may affect up to 10% of reproductive age women

(1}, Although the etiology of endometriosis remains
eniématic, altered cellular and humoral immune function
is clearly a feature of established disease (2-4).
Autoantibodies to endometrial antigens and
deposition of complement components have been described
in a number of studies (reviewed in 2)_and a number of
serum, peritoneal fluid and endometrial antigens have
been described. Perhaps the best characterized tissue
antigens described, thus far, are the human chorionic
gonadotropin receptor (5) and isoforms I and II of the
enzyme carbonic anhydrase 6-8. Antibodies to
transferrin and o,-Heremans Schmidt glycoprotein (o,-HSG)
have also been described and proposed as diagnostic
markers 9, 10 While considerable work has been carried
out in terms of measuring the incidence of these
antibodies in endometriosis, reproductive diseases, and
other autoimmune diseases, the nature of the epitopes

"involved has received scant attention. The identified

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

In accordance with the present invention, it

has been surprisingly found that a common carbohydrate



WO 01/79846 PCT/US01/12802

10

15

20

25

30

35

moiety is present on the different aforementioned
endometrial antigens. The common carbohydrate moiety is
the Thomsen-Friedenreich related antigen, GalPl-3GalNAc,
also referred to as Tf antigen or Tf-like antigen. As
used herein, Tf-like antigen also encompasses Tf
antigen. Tf antigen is a cryptic disaccharide structure
masked by sialic acid. The sialic acid moieties may be
removed by sialidases such as neuraminidase. Tf antigen
is present on human erythrocytes and is a tumor-
associated antigen in epithelial tissues.

The present invention provides diagnostic
methods based on autoantibody reactivity with Tf;like
antigen. The diagnostic methods are helpful in
determining the presence of endometriosis in a patient
and are an improvement over the current invasive methods

of diagnosis.

SUMMARY OF THE INVENTION

The present invention provides methods for
diagnosing endomeériosis in a patient. 1In one
embodiment of the invention, a method for diagnosing
endometriosis in a patient comprises the steps of

(a) obtaining a serum sample from said
patient, (b) incubating
Thomsen-Friedenreich (Tf)-like antigen with said serum
sample,

| (¢) detecting autoantibody reactivity with the
Tf-1like antigen in said sample, and;

(d) correlating an increased level of
autoantibody reactivity to the Tf-like antigen in the
serum sample with a diagnosis of endometriosis in said
patient.

Antibody reactivity may be determined by

immunoassays such as immunometric or competitive assays.

2-
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In one embodiment of the invention, an
immunometric assay comprises the steps of:

(a) immobilizing Tf-like antigen on a solid
support,

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

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

(d) separating free labeled antibody from
bound antibody,

(e) measuring the signal generated by the
solution containing the solid support and;

(f) correlating an increase in signal strength
with a diagnosis of endometriosis in the patient.

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

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

(b) separating bound labeled antibodies from
free autoantibodies,

(c) measuring the sgignal generated by the
labeled 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 endometriosis in the patient.

In another embodiment of the invention, a
competitive immunoassay comprises the steps of:
(a) preparing a reaction mixture by incubating

a first antibody which is bound to Tf-like antigen with
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different concentrations of a serum sample from a
patient,

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

(c) separating free labeled second antibody
from bound antibody,

(d) measuring the signal generated by the
gsecond antibody in the reaction mixture; and

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

In those cases where the antibody is enzyme
labeled, the additional steps 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure la is an elution profile showing MonoQ
anion exchange chromatography of homogenized eutopic
endometrium from an endometriosis patient. The
homogenate was passed through a protein G column to
remove IgG prior to loading on the MonoQ column.
Initial peaks prior to the start of the salt gradient
represent multiple 1ml homogenate loads. Elution
conditions: 50mM Tris/HC1l pH8.0. Elution was in the
same buffer with a linear 0-0.5 NaCl gradient (stepped
to 1M NaCl) and is denoted by the dashed line. Fractiomns
corresponding to the gel loading (Figures 1b-d) are
indicated along the top of the graph.

Figure 1b shows a 5-15% gradient gel of selected
column fractions indicated in Figure la run under

reducing conditions and stained with SYPRO Orange.

Figure 1lc is an autoradiograph displaying proteins in
the homogenate fractions recognized by igG present in
pooled endometriosis serum. Stripping and reprobing of
the same blot using pooled normal male serum showed no
reactivity with the same bands. IgG binding activity
was detected in fraction 24 using control sera but
similar binding was not seen with endometriosis sera.
The 45.2kDa molecular weight marker carbonic anhydrase
II shows reactivity. This same reactivity was not

observed with the control sera.

Figure 1d is an autoradiograph showing IgA binding
activity of the endometriosis sera. Probing of the blot

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

of a primary serum showed that IgA was present in these
fractions.

Figure 2 is a western blot of peritoneal fluid
(W1517) run out on a 5-15% SDS-PAGE gel under reduced
and alkylated conditions. The western blot was then

-5-
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incubated with either sheep anti-human o,-HSG followed by
HRP-goat anti-sheep (lane a) or with a 1:100 dilution of
endometriosis sera followed by HRP-goat IgG g-chain
specific antibody (1:1000 dilution). Clearly visible
are 0,-HSG in lane a and bands of equivalent molecular
weight in lane b.

Figure 3a is an SDS-PAGE gel showing a partially
purified fraction of o,-HSG (MonoQ column, pH 8.0) .
Fourteen protein bands are visible after staining with
SYPRO Orange.

Figure 3b is a western blot of a gel run with
partially purified fraction of o,-HSG and probed with
endometriosis sera HRP goat anti-human IgG antibody.
Five protein bands were detected.

Figure 3c is a western blot as described in Figure
3b except that the protein fraction was treated with
neuraminidase prior to electrophoresis. A@tibédy binding
to all of the proteins is clearly reduced.

Figure 3d is a western blot as described for Figure
3b except that the a,-HSG fraction was subjected to
preadsorption with jacalin agarose prior to
electrophoresis. All antibody binding is removed.

Figure 3e shows autoreactivity with myosin and
carbonic anhydrase II 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

endometriosis sera HRP goat anti-human IgG antibody

which demonstrates that deglycosylation of o,-HSG

abolishes autoantibody binding. Neuraminidase was used
to cleave terminal sialic acid (lanes B, E, H).

Complete removal of carbohydrate was then achieved using
EndoF/PNG'ase digestion (lanes C, 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-o,-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
undigested 0,-HSG, indicating that the autoantibody
binding is dependent on the presence of terminal sialic
acid. Complete removal of carbohydrate by neuraminidase
treatment followed by EndoF/PNG'ase digestion completely
abolished reactivity (lame F). No equivalent reactivity

was observed using pooled male control sera (lanes G-I).

Figure 5a demonstrates that desialylation of bovine
fetuin increases reactivity with endometriosis sera. As
measured by ELISA, a slight but significant increase in
binding is seen following treatment with neuraminidase.
Figure 5b is a SYPRO Orange stained gel showing the ‘
molecular weight reduction in fetuin folléwing
neuraminidase treatment. Lane A is untreated; lane B is
neuraminidase treated.

Figure 6 both graphically and by radioautography
depicts that binding to the 72kDa antigen and carbonic
anhydrase II is inhibited in the presence of a,-HSG.

Figure 7 is a western blot analysis of purified

proteins following transfer to nitrocellulose from 5-15%

gradient gels run reduced and alkylated. Purified
hemopexin (lane A), 0,-HSG (lane B), and serum IgAl (lane

C) are autoantigens recognized by IgG antibodies in

‘éndometriosis sera.

DETAILED DESCRIPTION OF THE INVENTION
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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 autoantibodies in a patient's
serum reacting with Thomsen-Friedenreich (Tf) antigen,
including Tf-like antigen. As used herein, Tf-like
antigen also encompasses Tf antigen. Increased levels
of autoantibodies in a serum sample which bind Tf-like
antigen, when compared to normal serum levels of
autoantibodies which bind Tf-like antigen, correlate

with a diagnosis of endometriosis in the patient.

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

well known methods.

There are many different types of immunocassays
which may be used in the methods of the present
invention. Any of the well known immunQaséays may be
adapted to detect the level of autoantibodies in a sefum
sample which react with the Tf-like antigen, such as
e.g., enzyme linked immunoabsorbent assay (ELISA),
fluorescent immunosorbent assay (FIA), chemical linked
immunosorbent assay (CLIA), radioimmuno assay (RIA), and
immunoblotting. For a review of the different

immunoassays which may be used, see: The Immunoassay
Handbook, David Wild, ed., Stockton Press, New York,

1994. Preferably, a competitive immunoassay with solid
phase separation or an immunometric assay for antibody
testing is used. See, The Immunoassay Handbook, chapter
2.

In a typical assay, the reagents include a serum
sample from a patient, the autoantibodies to be detected
(contained in the serum sample), Tf-like antigen, and

means for produéing a detectable signal.

-8-
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Thus, in one embodiment of the invention, the
method for diagnosing endometriosis in a patient employs
an immunometric assay for antibody testing. In this
embodiment, the Tf-like antigen is 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 liquid phase. An
antibody that recognizes a constant region in human
autoantibodies present in the serum which have reacted
with the Tf-like antigen is added. This antibody is an
anti-human immunoglobulin and is also part of a signal
producing system. Anti-human immunoglobulin which is
specific for IgA, IgG, or IgM heavy chain constant
regions may be employed. After separating the solid
support from the liquid phase, the support phase is
examined for a detectable signal{ The presence of the
signal on the solid support indicates that
autoantibodies to Tf-like antigen preseht in the serum
sample have bound to 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 to the amount
of bound and/or uhbound label i.e., the amount 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. Examples of labels include
fluorescers, enzymes, chemiluminescers, photosensitizers
or suspendable particles. The signal is detected and
may be measured by detecting enzyme activity,
luminescence or light absorbance. Radiolabels may also
be used and levels of radiocactivity detected and

measured using a scintillation counter.
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Examples of enzymes which may be used to label the
anti-human immunoglobulin include B-D-galactosidase,
horseradish peroxidase, alkaline phosphatase, and
glucose-6-phosphate dehydrogenase ("G6PDH"). Examples
of fluorescers which may be used to label the anti-human
immunoglobulin include fluorescein, isothiocyanate,
rhodamine compounds, phycoerythrin, phycocyanin,
allophycocyanin, o-phthaldehyde and fluorescamine.

Chemiluminescers include e.g., isoluminol.

Free labeled antibody is separated from bound
antibody and if necessary, an appropriate substrate with
which the label, e.g., enzyme, reacts is added and

allowed to incubate.

In a preferred embodiment, the anti-human
immunoglobulin is enzyme labeled with either horseradish

peroxidase or alkaline phosphatase.

The amount of color, fluorescence, 1uminescence,
or radiocactivity present in the reaction (depending on
the signal producing system used) is proportionate to
the amount of autoantibodies in a patient's serum which
react with the Tf-like antigen. Quantification of
optical density may be performed using
spectrophotometric methods. Quantification of
radiolabel signal may be performed using scintillation

counting.

Increased levels of autoantibodies reacting with
Tf-like antigen over normal serum levels correlate with

a diagnosis of endometriosis 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. Immun. 129(5):
2021-4) known to bind to Tf, may be used. Other
monoclonal antibodies which bind to Tf-1like antigen and
which may be used as antibody in the competitive
immunoassay include 155H7 and 170H82 (Longenecker et al.
1987, J. Nat. Cancer Inst., 78(3): 489-96, A78-G/A7
(Karsten et al. 1995, Hybridoma 14(1): 37-44), HB-T1
(DAKO Co.), RS1-114 and AHB-25B (Stein et al. 1989,
Cancer Res. 49(1): 32-7), HT8 (Metcalfe et al., 1984,
Br. J. Cancer 49(3): 337-42), 161H4 (Longenecker et al.,
1987), HH8 (Clausen et al. 1988), and BW835 (Hanish et
al, 1995, Cancer Res. 55(18): 4036-40). As described
above, the antibody may be labeled with a fluorescer,
enzyme, chemiluminescer, photosensitizer, suspendable
particles, or radioisotope. Preferably, the known
antibody is enzyme labeled. 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
is then measured. A decrease in optical density or
radiocactivity from before and after addition of the
serum sample or between experimental and control
samples, is indicative that autoantibodies in the serum
sample have bound to Tf. Decreased optical density or
radiolabeled signal when compared to experimental serum
samples from normal patients, correlates with a

diagnosis of endometriosgis in a patient.

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

-11-
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the ekception that it is not labeled. The first
antibody is incubated with different concentrations of a
serum sample from a patient. A constant amount of a
second antibody is then added to the sample. The second
antibody recognizes constant regions of the heavy chains
of the first antibody. For example, the second antibody
may be an antibody which recognizes constant regions of
the heavy chains of mouse immunoglobulin which has
reacted with the Tf-like antigen (anti-mouse
immunoglobulin). The second antibody is labeled with a
fluorophore, chemilophore or radioisotope, as described
above. Free labeled second antibody is separated from
bound antibody. If an enzyme-labeled antibody is used,
an appropriate substrate with which the enzyme label
reacts is added and allowed to incubate. A decrease in
optical density or radioactivity from before and after
addition of the serum sample or between experimental and
control samples is indicative that autoantibodies in the
serum sample have bound to TE. Decreased optical
density or radioactivity when compared to experimental
serum samples from normal patients correlates with a

diagnosis of endometriosis in a patient.

Enzymes may be covalently linked to Tf-like antigen
reactive antibodies for use in the methods of the
invention using well known methods. There are many well
known conjugation methods. For example, alkaline
phosphatase and horseradish peroxidase may be conjugated
to antibodies using glutaraldehyde. Horseradish
peroxidase may also be conjugated using the periodate
method. Commercial kits for enzyme conjugating
antibodies are widely available. Enzyme conjugated
anti-human and anti-mouse immunoglobulin specific
antibodies are available from multiple commercial

sources.

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

available streptavidin-horseradish peroxidase detection
systems.

Enzyme labeled antibodies produce different signal

sources, depending on the substrate. Signal generation
involves the addition of substrate to the reaction
mixture. Common peroxidase substrates include

ABTS®(2,2'~azinobis(ethylbenzothiazoline—6—sulfonate)),
OPD (O-phenylenediamine) and TMB (3,3', 5,5'-

tetramethylbenzidine). These substrates require the

presence of hydrogen peroxide. p-nitrophenyl phospate

is a commonly used alkaline phosphatase substrate.
During an incubation period, the enzyme gradually
converts a proportion of the substrate to its end
product. At the end of the incubation period, a
stopping reagent is added which stops enzyﬁe activity.
Signal strength is determined by measuring optical

density, usually via spectrophotometer.

Alkaline phosphatase labeled antibodies may also be
measured by fluorometry. Thus in the immunoassays of
the present invention, the substrate 4-
methylumbelliferyl phosphate (4-UMP) may be used.
Alkaline phosphatase dephosphorylated 4-UMP to form 4-
methylumbelliferone (4-MU), the fluorophore. Incident
light is at 365 nm and emitted light is at 448 nm.

For use in the methods of the present in&ention,
Tf-like antigen may be obtained from various sources.
For example, Tf-like antigen may be purified from
conditioned culture medium used to cultivate tumor cell
lines such as the adenocarcinoma cell line LS174T,
obtainable through the American Type Culture Collection
(ATCC). Transitional cell carcinoma lines may also

-13-
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serve as source of Tf-like antigen. Tf-like antigen may
be purified from such conditioned culture medium by
affinity chromatograpy using an MAb 49H.8-CnBr activated
Sepharose column. Gel filtration may also be performed
for additional purification. Still further purification
of Tf-like antigen may be achieved by utilizing lectin
affinity chromatography with insolubilized peanut
agglutinin (PNA) or other lectin. PNA may be obtained

from E-Y Laboratories, San Mateo, California.

Purified serum proteins bearing Tf-like antigens
such as IgA, hemopexin, and alpha-2-Heremans Schmidt may
also be used as antigens. A preferred source of Tf-like
antigen is commercially synthesized Tf-like antigens
covalently linked to bovine serum albumin. Tf-like
antigen and its glycoforms are available from commercial
vendors such as BioCarb as recently described by
Dahlenborg et al. (1997) In. J. Cancer 70:63-71.

Alternatively, Tf-like antigens may be obtained by
custom synthesis from commercial vendors. Monoclonal
antibodies which react with Tf-like antigen are readily
available.

MAb49.H (isotype IgM) may be prepared and purified
as reported by Rahman et al., (1982) J. Immunol.

129:2021-2024 and Longenecker et al. (1984) Int. J.
Cancer 33:123-129. The disclosure of these articles and

other articles cited in this application are

incorporated herein as if fully set forth.

In order to practice the methods of the present
invention, the relevant immunoassay must be
standardized. Since Tf-like antigen is usually
associated with a glycoprotein, 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

-14-
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preparation (IRP) should be obtained. The National
Institute for Biological Standards and Control (NIBSC,
Blanche Lane, South Mimms, Potters Bar, Herts EN63QG)
may prepare such a sample of Tf-like antigen and assign
an international unit (IU). Multiple sets of secondary
standards, from which future lots of calibrators may be

assigned values, should also be prepared.

The immunoassays of the present invention 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 curve is plotted. The
concentrations of the unknown samples are determined by
interpolation. Interpolation is best carried out by a

computer program. For a discussion on calibration, see

The Immunoassay Handbook, chapter 2.

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

a patient for autocantibody binding.

The following examples further illustrate the

invention.

-15-
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EXAMPLE 1

Materials and methods

Preparation of tissue homogenate

Fresh ectopic and eutopic endometrium, peritoneal
fluid, and serum were obtained from hysterectomy
patients with the informed consent of the patients.
Fresh tissue (1-2 grams) was added to 10 ml ice-cold PBS
containing Complete Protease Inhibitor Cocktaild
(Boehringer Mannheim, Indianapolis, IN) and maintained
at 4 C throughout the preparation. The tissue was
homogenized for 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 tissue homogenate was
0.22 mm filtered and stored at 20°C. ‘

Preparation of serum

Peripheral venous blood (60 ml) was drawn from
healthy volunteers into glass vacutainer tubes (no
additive) and allowed to clot for 4 hours at room
temperature. Serum was then removed to -sterile tubes

and delipidated by centrifugation at 12000 g for 30
minutes at 4°cC.

Purification of tissue autoantigens

Following homogenization, tissue antigens were
passed through a Protein G FPLC column (Amersham
Pharmacia, Piscataway, NJ) to remove IgG. Proteins not
retained by the protein G column were then applied to an
anion exchange column (MonoQ FPLC, Amersham Pharmacia,
Piscataway, NJ) following equilibration in 50mM sodium

phosphate pH 8.0. Bound proteins were eluted from the

-16-
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column using a linear 0-0.5 M NaCl gradient in the same
buffer, followed by a step gradient to 1 M NaCl also in
the same buffer. All proteins of interest eluted prior
to the 1 M NaCl gradient.

Purification of Serum Autoantigens

a,-HSG was purified from normal 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 o,-HSG was used in some
experiments as indicated in the test. Further
purification was carried out on a second anion exchange
column (Mono Q) equilibrated with 20 mM piperazine
buffer pH 5.0 and eluted in the same buffer using a NaCl
gradient as described above. A final homogeneous
preparation of «o,-HSG was obtained following gel
filtration on an FPLC Superose 12 column (Amersham
Pharmacia, Piscataway, NJ). 0,-HSG concentrations were
monitored by ELISA. |

IgAl was purified from whole serum by anion exchange
chromatography and jacalin agarose affinity
chromatography as previously described (11).

Transferrin and Hemopexin were purified from whole serum
by metal chelate chromatography on a column packed with
Chelating Sepharose Fast Flow (Amersham Pharmacia,
Piscataway, NJ) charged with Zn®" ions. The column and
serum were pre-equilibrated in 20 mM sodium phosphate
buffer containing 150 mM NaCl. Zinc 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 analysis) were separately pooled and further
purified on a mono Q anion exchange column at pH 8.0 as
already described. - This protocol resulted in an

electrophoretically pure hemopexin preparation.

-17-
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Transferrin was not however resolved from hemopexin in
the transferrin preparation.

Modification of carbohydrate-epitopes on glycoproteins

Terminal sialic acid moieties were removed from
glycoproteins by treatment with agarose-conjugated
neuraminidase. One milligram of protein in 0.5 ml was
incubated with 5 Units of neuraminidase (Sigma, St Louis,
MO) in 50 mM sodium acetate, 150 mM sodium chloride, 4 mM
calcium chloride, pH 5.5 overnight at 37°C. Agarose

beads were removed by centrifugation at 4000 g for 5

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

Core carbohydrate groups were removed from
glycoproteins by treatment with endoglycosidase F (Endo
F) and peptide-N-glycosidase F (PNG'ase F). This was
obtained as a commercial kit from Glyko (Novato, CA).
Forty micrograms of neuraminidase-treated protein were
denatured by heating to 100°C for 2 minutes in the
presence of 20 mM sodium phosphate pH 7.5, 50 mM EDTA,
0.1 % v/v SDS, 0.5 % b-mercaptoethanol. To avoid
inhibition of PNG'ase F by SDS, 0.1% Tween-20 was added
to the denatured sample after cooling. The denatured
protein was then incubated with 667 deglycosylation Units
(DGU) of the Endo F / PNG'ase F mix at 37°C for 18 hours.

Removal of jacalin-reactive glycoproteins from
samples was achieved by pre-adsorption with an excess of
jacalin-conjugated agarose beads (Vector, Burlingame,
CA). Samples were incubated with jacalin-conjugated

agarose for 30 minutes at room temperature before

~céntrifugation at 4000g for 5 minutes. Supernatants were

removed and stored at 4°C.

Antibodies and Glycoproteins
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Immunoglobulin-fractions of sheep anti-human o, HSG
and sheep anti-human transferrin were obtained from
Biodesign International (Kennebunk, ME). Goat anti-human
hemopexin antiserum was obtained from Kent Laboratories
(Redmond,WA) . HRP-conjugated rabbit anti-sheep IgG and
HRP-conjugated rabbit anti-goat IgG were both from
Jackson Immunoresearch Laboratories (West Grove, PA).
HRP-conjugated goat-anti human IgA (a-chain specific) and
HRP-conjugated goat-anti human IgG (g-chain specific)
were purchased from (Sigma). Commercial o,-HSG was

obtained from Calbiochem-Novabiochem (L.a Jolla, CA).

SDS~-PAGE

SDS-PAGE was performed according to the method of
Laemmli (12). Briefly, equal volumes of 2x gel loading
buffer were added to protein samples and boiled for 5
minutes. Where appropriate, proteins were resolved under
reducing conditions (5 % v/v b-mercaptoethanol in gel
loading buffer). Re-association of reduced proteins was
prevented by adding iodoacetamide (final concentration 60
mM) to samples after boiling. Protein samples were
resolved using 4 % -15 % gradient gels (Biorad, Hercules,
CA) . For direct visualization of proteins, gels were
placed in 0.02 % v/v SYPRO-Orange (Biorad, Hercules, CA)
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

(Alpha Innotech Corporation, San Leandro, CA) .

Immunoblotting

Proteins were transferred to nitrocellulose

membranes from SDS-gels using a Biorad Transblot SD semi-
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dry blotter. Ponceau Red staining confirmed transfer of
proteins to nitrocellulose membranes. Membranes were
blocked overnight at 4°C in 5 % w/v fat-free powdered
milk, 0.5 % Tween-20 in PBS. Primary antibody or serum
5 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 PBS. The HRP-conjugated
secondary antibodies were diluted in 3 % w/v fat-free
milk powder with 0.05 % v/v Tween-20 in PBS. Membranes
10 were incubated for 2 hours at room temperature before
washing 6 times for 5 minutes as described. Proteins
were then detected by enhanced chemiluminescence (ECL)
(Amersham Pharmacia, Piscataway, NJ). Where appropriate,
nitrocellulose membranes were stripped and re-probed by
15 washing twice for 5 minutes per wash in 0.9 % w/v NaCl
before agitation in 100 mM Glycine-HCl pH 1.5 for 30
minutes at room temperature. Membranes were then washed
3 times for 5 minutes per wash with PBS pH 7.4. The
membranes were blocked and'probed with antibodies as
20 described.

Enzyme Linked Immunosorbent Assay (ELISA)

Wells of Falcon Microtest III microtitre plates

(Becton Dickinson, Oxnard, CA) were coated overnight at
4°C with 10 pl protein diluted to 100 pl in sodium

25 carbonate buffer pH9.2. Plates were then washed 3 times
in PBS containing 0.05 % v/v Tween-20. Wells were
blocked with 3'% w/v BSA in PBS / Tween-20 (blocking
buffer) for 1 hour at 37°C before washing 3 times.
Primary antibody or test serum was diluted in blocking

30 .buffer as appropriate and 100 pl added to each well.
Plates were incubated for 2 hours at 37°C 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
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of the colorimetric HRP-substrate, 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 analyzed using Graphpad Prism

5 software.
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EXAMPLE 2

Identification of autoantigens in ectopic endometrium,

eutopic endometrium, peritoneal fluid and sera.

Soluble endometrial protein preparations were

5 prepared from hysterectomy tissue as described in the
materials and methods, and subjected to protein G
chromatography to remove IgG. The resulting IgG-free
preparations were then subjected to anion exchange
chromatography (figure la). Fractions from this column

10 were then analyzed by SDS-PAGE under reducing conditions
(figure 1b). Protein bands on identical gels were
transferred to nitrocellulose for western blot analysis.
Development of the western blots was carried out using
sera from both pooled endometriosis patients and pooled

15 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
(W1345). Autoreactive IgG was restricted to the
endometriosis patient sera (Figure 1lc) as compared to the

20 same blots probed with a control serum from a normal male

donor (not shown).

IgG g-chain binding was detected against fraction 24
of the mono Q column with the control serum but not in
other fractions (not shown). Interestingly, a similar

25 reactivity against fraction 24 was not present in blots
developed using the endometriosis serum. The molecular
weight of the reactive proteins detected using pooled
endometriosis sera correlate well with those described by
Apther workers 6, 10. A total of 10 autoreactive bands

30 were detected on a western blot probed with pooled
endometriosis sera. A 72 kDa band was detected in

fraction 23 with both IgA a-chain specific and IgG y-

chain specific second antibodies (figures 1lc and 1d).

This band was initially identified as transferrin on the
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basis of its molecular weight and the NaCl concentration
at which it eluted from the MonoQ column (the elution of
transferrin at this position was confirmed by western
blot analysis using a sheep anti-transferrin antibody,

not shown). A 54kDa protein was also detected in this
fraction with the IgG y-chain specific antibody but not
the anti-IgA a-chain specific antibody. This protein
elutes in a position identical to partially desialylated
0,-HSG (data not shown). «,-HSG has previously been
identified as an autoantigen in endometriosis patients
(10). The IgG reactive band of 59kDa observed in
fractions 26 and 29 is the a-chain of IgA and the elution

positions correspond to the known elution positions,

under these run conditions, of monomeric and dimeric igA
respectively. The identity of this protein as IgA a-
chain was confirmed by stripping and reprobing the blot
with an anti a-chain specific antibody (not shown) . This
blot also showed the presence of anti-a-chain reactive

bands in fraction 23 (the transferrin containing
fraction). The presence of IgA antigens in this fraction
most likely arises from IgA covalently complexed with
other serum proteins 13, 14, Fraction 26 also contained
a reactive band at 72 kDa and fraction 28 and 29 had
bands at 69 kDa. These later bands showed no activity on
the a-chain specific blot. The presence of an IgG
antibody in endometriosis patients which recognizes the

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

purified serum IgAl (see Figure 7). 1In contrast, no IgA

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

An ovarian ectopic endometrial sample from the same

patient (wl345) had autoantigenic proteins of molecular
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weights 54, 47, 43, and 34 KDa (not shown). The 54 kDa

protein was o,-HSG as determined by a western blot

developed with a sheep anti-o,-HSG specific antibody. o,-
HSG was also detected in peritoneal lavage fluid from a
different patient (W1517) by western blot. In addition
to the 54 kDa antigen, antigens of 186, 126, 68, 43, 37,
and 34 kDa were present in the peritoneal fluid (figure
2).

Reactivity with two molecular weight markers was observed
with both pooled patients and individual sera (see
figures 1lc and figure 3). These markers were myosin at
205kD and carbonic anhydrase II at 42kD. Reactivity with
the myosin band was also seen with both the pooled male
control sera and some individual male sera. In contrast,
reactivity with anhydrase II was specific to the
endometriosis sera and this protein has been reported by
other workers as an autoantigen in endometriosis 7: 8.

In summary, autoantigens in preparations from
eutopic and ectopic endometrium and peritoneal lavage
have been identified. In agreement with previously
published reports, «,-HSG, transferrin and carbonic
anhydrase II are autoantigens recognized by sera from
endometriosis patients. In addition, results presented
here also demonstrate that the oa-chain of IgA is also an
autoantigen recognized by the same sera. Since these
proteins show no significant homology at the protein
level, it is unlikely that a common peptide epitope is
shared by all four proteins. Three of the four proteins,

.a,-HSG, a-chain of IgAl and possibly carbonic anhydrase

II, do however, share a common carbohydrate epitope.
This O-linked carbohydrate structure contains a Galfl-

3NAcGal 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 autoantibodies present in endometriosis sera. The
present study extends these results to show that IgAl and

5 hemopexin are also autoantigens recognized by sera from
endometriosis patients.
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EXAMPLE 3

Jacalin preadsorption removes autoantibody binding.

o,-Heremans Schmidt glycoprotein (a,-HSG) was chosen
as a model antigen to investigate a potential role for
jacalin reactive carbohydrates in the endometriosis
autoantibody response. Initial experiments using o,-HSG
purchased from commercial sources proved to be
unsatisfactory. This was because of the variability of
glycoforms present in these preparations. In common with

most sialated glycoproteins, 0,-HSG loses terminal sialic

acid residues during storage. Fully sialated a,-HSG from
normal human serum was freshly prepared. In order to
avoid biasing the preparation with respect to its
carbohydrate content, lectin based affinity purification
protocols were avoided and instead a combination of anion
exchange and gel filtration chromatography was used. A
three step procedure of anion exchange Qn"é MonoQ column
at pH 8.0, followed by a second MonoQ column at pH 5.0, .
and a final gel filtration step on a superose 12 column,
resulted in the purification of the fully sialated

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

When experiments were carried out using a partially
purified o,-HSG fraction from the first anion exchange
column, autoreactivity with endometriosis serum on
western blot was abolished following pre-incubation with
jacalin agarose (figure 3). Fourteen protein bands were
observed on SYPRO orange stained SDS-PAGE gels (figure 3

lane a). Reactivity with endometriosis sera was observed

with 5 proteins (figure 3 lane b). The reactive proteins
had approximate molecular weights of 230, 188, 168, 120,
and 58kDa; the 58kDa being o,-HSG. Binding by IgG in

endometriosis sera of all of these 5 bands was abolished

following incubation with jacalin agarose (figure 3 lane
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d), indicating that the binding of the autoantibodies was
to all of the jacalin binding proteins present in the
fraction and not just to 0,-HSG. Protein staining of
gels of pre- and post-absorbed fraction 13 show that the
removal of activity was not caused by a non-specific
removal of proteins in the fraction. The protein
concentrations of adsorbed and unadsorbed were adjusted
such that total protein loading on the gels used for
western blotting was uniform.

The carbohydrate structure recognized by jacalin is
very specific and binding is dependent on the presence of
the Tf. Jacalin recognizes the disaccharide Galfl-
3GalNAc, which is present within some O;linked
oligosaccharides. Galfl-3GalNAc is expressed by a very
limited number of the many plasma proteins. These
proteins include IgAl, IgD, Cl-inhibitor, hemopexin,
plasminogen, al-antitrypsin, o2-macroglubulin, 8S-a3
glycoprotein, chorionic gonadotropin (hCG) and a,-HSG
(15) . With regard.to hCG, it is of interest that the
receptor for hCG expresses also expresses Tf-like antigen
and that autoantibodies found in infertile patients both
with and without concomitant endometriosis bind to the

receptor °.
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EXAMPLE 4

Removal of Carbohydrate Abolishes Autoantibody Binding.

Removal of proteins recognized by the autoantibodies
by jacalin does not in itself determine whether a common
carbohydrate epitope(s) is involved. To determine
whether the carbohydrate is essential for the recognition

of 0,-HSG by the endometriosis autoantibodies, reactivity

with deglycosylated o,-HSG was investigated. o,-HSG
carbohydrate was removed in a two step procedure. First,
neuraminidase was used to cleave terminal sialic acid.
Second, complete removal of carbohydrate was then
achieved using a further EndoF/PNG'ase digestion step.
Untreated, neuraminidase treated, and deglycosylated o,-
HSG were then subjected to western blot analysis at equal
protein loads (Figure 4). Removal of sialic acid and all
carbohydrate was confirmed by reduction in molecular
weight as shown by reactivity with sheep anti-o,-HSG

(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 D and E). The remaining reactivity in
this fraction was at the same molecular weight as the
undigested o,-HSG, indicating that the autoantibody

binding is dependent on the presence of terminal sialic

acid. Complete removal of carbohydrate by neuraminidase

treatment followed by EndoF/PNG'ase digestion completely
abolished reactivity (Figure 4 lane F). This reduction
in autoantibody binding following neuraminidase was not

restricted to dz—HSG since similar treatment of the
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partially purified 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 Endometriosis Antigen Jacalin Reactivity

In this Study/ In this study/

(published study) (published reactivity)
o-HSG Yes/9'10 ' Yes/63
Carbonic anhydrase I/II Yes / 6-8 no /unknown
Hemopexin Yes/no Yes/ls'40
IgA Yes/no Yes/multiple

reviewed in

CD23 No/soluble form No/acts as a Gal-GalNac

3-55

lectin like jacalin 4,63
N0/66

elevated 3
hCG Receptor No/5

These results show that (with the exception of
transferrin) a common carbohydrate epitope is recognized
on a,-HSG@, carbonic anhydrase, hemopexin and the a-chain
of IgAl (see table 1 for a summary of antigens identified
in this, 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 known to
bind the lectin jacalin, and that the removal of
carbohydrate from the antigens removed the ability of

endometriosis sera to bind these antigens.
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EXAMPLE 5

Binding of Autoantibody to Bovine Fetuin

Bovine fetuin, the homologue of human a,-HSG, bears
the same jacalin binding carbohydrate moiety as human a,-
HSG. Sheep antiserum raised against human SG peptide
does not show cross-reactivity with bovine fetuin,
suggesting significant differences in antigenicity
between the two species despite considerable sequence
homology. Sera from endometriosis patients show positive
reactivity by ELISA and western blot with bovine fetuin
(Figure 5). Neuraminidase treatment of fetuin, in
contrast to -HSG, slightly increased autoantibody
reactivity on ELISA (Figure 5). However, more complete
desialylation, or complete deglycosylation of bovine
fetuin abolished antibody binding, giving additional
evidence that the autoantibody response in endometriosis
patients is carbohydrate dependent (not shown) . The
increase in binding to fetuin following. irnicomplete
neuraminidase treatment may result from bovine fetuin

being 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 moiety. If the autoantibody response
involves this epitope, binding should be competitively
inhibited by D-galactose, as is the case for jacalin
binding. Binding of endometriosis IgG to a,-HSG on
western blots was completely abolished in the presence of
0.8M D-Galactose, indicating that D-Galactose may form a

part of the epitope recognized by the autoantibodies (not
shown) .
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EXAMPLE 7

Serum autoantigens recognized by endometriosis serum

share a common epitope.

Since a common carbohydrate epitope accounts for the
autoreactivity with the different antigens identified
above, then autoantibody binding should be blocked in the
presence of an excess of a different antigen. This
proved to be the case: addition of a 10 fold excess of
highly purified a,-HSG or bovine fetuin both inhibited
binding of autoantibody to carbonic anhydrase II and the
72kDa 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 O-linked carbohydrates recognized by jacalin. No
such carbohydrate structures are expressed on
transferrin, and jacalin does not bind to. transferrin 15.
This leaves three possibilities: either an anti-
transferrin response distinct from the jacalin
carbohydrate response is present in endometriosis sera,
or the reactivity which purifies with transferrin is
against a contaminant in the transferrin preparations, or
both. Two reactive proteins of ~70kDa were found in the
anion exchange fractions of eutopic endometrium W1345.
One eluted early in the salt gradient in the same
fraction as transferrin. The other protein eluted at
higher salt concentration in the same fractions as Igh.

Examination of the Swiss 2D database indicates that

4faéalin—binding proteins of similar molecular weight and

isoelectric point include hemopexin. When hemopexin was
purified by Zn®* metal chelate chromatography and anion
exchange chromatography, a homogeneous preparation was
obtained. Identity was confirmed by western blotting of

fractions with a hemopexin specific antibody. When
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tested against endometriosis patient serum this protein
was recognized as an autoantigen (Figure 7). Western
blot analysis of the same protein with an antibody
specific for transferrin showed no reactivity with the
purified hemopexin. When fractions from the same column
were investigated for the transferrin reactivity, an
earlier peak from the anion exchange column was found to
contain transferrin. Western blot analysis of the
transferrin-containing fractions with anti-hemopexin
revealed the presence of hemopexin with similar mobility
to transferrin on SDS-PAGE. Double immunodiffusion
showed no lines of identity when anti-hemopexin and anti-
transferrin were precipitated against the peak
transferrin fraction, indicating that the antisera were
antigen specific (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). Further
experiments are currently underway to détermine the
nature of the antigen which co-purifies with transferrin,
but it is of interest that the 72kDa binding activity was
inhibited by the addition of a pure a,-HSG preparation
(fEigure 6) .
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CLAIMS

What is claimed is:

1. A method for diagnosing endometriosis in a

patient, said method comprising:
(a) obtaining a serum sample from said patient,

(b) incubating Thomsen-Friedenreich (Tf)-like

antigen with said serum sample,

(c) detecting autoantibody reactivity with the Tf-

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 endometriosis in said patient.

2. The method of claim 1 wherein the

autoantibody reactivity is determined by immunoassay.

3. The method of claim 2 wherein the

immunoassay is an immunometric assay.

4. The method of claim 2 wherein the

immunoassay is a competitive immunoassay.

5. The method of claim 3 comprising:

(a) immobilizing Tf-like antigen on a solid

‘support,

(b) adding an aliquot of serum sample from a
patient to the Tf-like antigen bound on the solid support

and incubating,
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(c¢) adding a labeled anti-human immunoglobulin
to the solid support wherein said anti-human
immunoglobulin is part of a signal producing system,

(d) separating free labeled antibody from bound
antibody,

(e) measuring the signal generated by the
solution containing the solid support; and

(f) correlating an increase in signal strength

with a diagnosis of endometriosis in the patient.

6. The competitive immunoassay of claim 4
comprising:

(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 said labeled antibody is part of a
signal producing system, '

(b) separating bound labeled.antibodies from

free autoantibodies,

(c) measuring the signal generated by the
labeled 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 endometriosis in the patient.

7. The competitive immunoassay of claim 4
comprising:

(a) preparing a reaction mixture by incubating

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

different concentrations of a serum sample from a

patient,

(b) adding a constant amount of a second

antibody to the reaction mixture wherein said second .
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antibody recognizes a constant region of the heavy chain
of the first antibody and wherein the second antibody is
labeled and part of a signal producing system,

(c) separating free labeled second antibody
5 from bound antibody,

(d) measuring the signal generated by the
second antibody in the reaction mixture, and;

(e) correlating a decreased level of signal
strength with a diagnosis of endometriosis in the
10 patient.

8. The method of claim 5 wherein the 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 (d) and (e).

9; The method of claim 6 wherein fhe antibody is
enzyme-labeled and the additional steps of adding a
790 substrate to the solid support which reacts with the
enzyme-labeled anti-human immunoglobulin followed by

incubating are performed between steps (b) and (c).

10. The method of claim 7 wherein the second
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 (c) and (d).

30 11. The method of any of claims 5, 6, or 7 wherein
the labeled antibody is radiolabeled.
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12. The method of any of claims 5, 6, or 7 wherein
the labeled antibody is biotin labeled.
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