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MARKERS FOR ENDOMETRIAL CANCER

FIELD OF THE INVENTION

The 1nvention relates to the detection diagnosis, and prognosis of uterine cancer. The
invention relates to the surprising finding that biomarkers corresponding to ACAATL,
APIM2, CGN, DDRI1, EPS8L2, FASTKDI1, GMIP, IKBKE, P2RX4, P4HB, PHKG?2,
PPFIBP2, PPP1IR16A, RASSF7, RNF183, SIRT6, TIP3, EFEMP2, SOCS2, and DCN
are differentially expressed in control samples as compared to samples from patients
having endometrial cancer and are therefore useful for detecting endometrial cancer.
In particular these biomarkers having excellent sensitivity, specificity, and/or the
ability to separate affected from non affected individuals. Furthermore, the inventors
found that the differential expression of these biomarkers in primary endometrial
cancer tumor tissue 1s correlated to their expression level in uterine fluid samples as
compared to control values. Thus these biomarkers are robust in that they are found
to be differentially expressed in several different types of samples from affected and

individuals.

BACKGROUND OF THE INVENTION

Each year in Europe there are about 150,000 new cases of endometrial cancer and
about 46,000 women die from the disease (Ferlay efr al. (2007) Ann. Onc. 18:581-
592). In the United States, about 41,000 new case of endometrial carcinoma are
diagnosed per year and 7,300 women die each year (see American Cancer Society
statistics available on the internet). The incidence and death rate from endometrial

cancer are increasing.

Endometrial cancer (EC) is the most frequent invasive tumors of the female genital
tract and the fourth most common in women in western countries (Jemal er al. (2008)
CA Cancer J Clin 58:71-96). New methods for the diagnosis, prognosis, and

classification of endometrial cancer are needed to combat this deadly disease.

Often endometrial cancer is detected early, in its initial stages, by presentation of

disease-related symptoms. Unfortunately, 20% of patients present with myometrial
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invasion and/or lymph node affectation, which are main indicators related to poor
prognosis, decrease in survival rate, and more advanced disease. The primary

therapeutic modality for endometrial cancer 1s surgical treatment.

Common symptoms of uterine cancer (e.g., endometrial cancer) include unusual
vaginal bleeding or discharge, trouble urinating, pelvic pain, and pain during
intercourse. Uterine cancer usually occurs after menopause. Other risk factors for
endometrial cancer include being obese, taking estrogen-alone hormone replacement
therapy, treatment with tamixofen and having a genetic predisposition to cancer (e.g.,
Lynch Syndrome). The standard treatment for endometrial cancer varies depending
on the stage of the disease. Treatment usually involves surgery to remove the uterus
which 1s called a hysterectomy, although other options include hormone therapy and

radiotherapy.

Methods routinely used in the clinic for diagnosing endometrial cancer include
biopsy followed by cytological analysis and/or trans-vaginal ultrasound. ‘The
diagnosis of endometrial carcinoma is usually done by pathology examination of an
endometrial aspirate (20-30%), and by biopsy-guided hysteroscopy (70-80%). The
rate of success of diagnosis with hysteroscopy i1s over 90%, with false positives in
the case of precursor lesions of the endometrial adenocarcinoma (hyperplasias);
endometrial polyps, that present a non-negligible degree of malignancy (0-4.8%) and
must be removed although asymptomatic or benign appearance; or in the case of
diffuse forms of endometrial adenocarcinomas that are difficult to differentiate from
an endometrial hyperplasia. Thus, there is a need for a less invasive diagnostic test
based on molecular markers. Such a less 1invasive test based on molecular markers
would allow for more routine screening of uterine cancer. A diagnostic test based ot
molecular markers obtained in a less invasive manner and that has sensitivity and
specificity comparable to that of the endometrial biopsy can preclude unnecessary

hysteroscopy.

Endometrial carcinomas can be classified into low grade (type I) and high-grade
(type 2). Type I endometrioid endometrial cancer (sometimes called estrogen
dependent), which represent approximately 80% of new cases, are low grade tumors

associated with estrogen stimulation, usually developed in peri- or post-menopausal
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women and are usually preceded by endometrial hyperplasia with or without atypia.
Type II non-endometrioid endometrial cancer usually affects older women, are less

differentiated and of worse prognosis, not associated with estrogen stimulation, and

are related to atrophic endometrium or, occasionally, with endometrial polyps.

Type I cancers are typically known to have alterations in PTEN, KRASZ, DNA
mismatch repair defects, CTNNBI1, and have near diploid karyotype. Type Il cancers
typically have TP53 mutations and ErBB2 overexpression and are mostly non-
diploid. Sugiyama et al. ((2003) Clin. Can. Res. 9:5589-5600) reported that certain
genes are selectively up or down regulated in type I versus type Il endometrial
cancers. For example, they found that MLH1 was down-regulated in type I cancers
as well as other genes related to DNA damage signaling and repair like O°-methyl-
guanine DNA methyltransferase, DNA polymerase a catalytic subunit, and Ku
(p70/p80) antigen. VEGF-C was found to be upregulated in type I cancers at the
protein and mRNA level as compared to type II cancers. KRAS was found to be
upregulated in type Il cancers. STAT1 was upregulated 1in type I cancers and STAT?2
was upregulated in type Il cancers. Konecny et al. ((2009) British Journal of Cancer
100, 89-95) report that the rate HER2 gene amplification as measured by
fluorescence in situ hybridization was greater in type II cancers whereas EGFR
expression as measured by IHC techniques was significantly lower in type Il cancers.
Deng et al. ((2005) Clin. Can. Res. vol. 11, no 23:8258-8264) report that EIG121 1s a

marker for type I estrogen associated cancers.

Uterine cancers are also classified histologically according to cell-type. The most
common cell-type is referred to endometrioid and represents around 80% of the
newly diagnosed cases. Other less common uterine cancers are referred to as serous
and clear cell carcinomas. Most of the type I cancers are of the endometrioid cell-
type whereas the type II cancers are more likely to be non-endometrioid uterine
cancers. Type II cancers are more likely to metastasize and have a poorer prognosis
than type I cancers. Type I cancers typically have a better prognosis and respond

better to therapy.

A number of studies have examined gene-expression profiles for classifying uterine

cancers. Sugiyama et al. ((2003) Clin. Canc. Res. 9:5589-5600) report that between
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the type I and II cancers 45 gene were highly expressed in type I cancers and 24
highly expressed in type I cancers. Risinger ef al. ((2003) Canc. Res. 63:6-11) report
that microarray analysis of different histologic subtypes of endometrial cancer have
distinct gene expression profiles. They found that 191 genes exhibited greater than
2-fold difference in expression between endometrioild and non-endometrioid

endometrial cancers.

A number of endometrial cancer biomarkers for endometrial cancer have been
identified. Elevated levels of CA 125, CA 15-3, and CA 19-9 are associated with
shorter survival time. CA 125 correlates with tumor size and stage and 1s an

independent predictor of the extrauterine spread.

Serum markers for the detection of uterine cancer have been reported in the
literature. Yurkovetsky et al. ((2007) Gyn. Onc. 107:58-635) identified that prolactin
is a serum biomarker with sensitivity and specificity for endometrial cancer. They
found serum CA 125 CA 15-3 and CEA are higher in patients with Stage III disease
as compared to stage I. A five-biomarker panel of prolactin, GH, eotaxin, E-selectin,

and TSH discriminated endometrial cancer from ovarian and breast cancer.

Another important issue for clinicians for diagnosis of endometrial cancer relates to
synchronous cancers. Guirguis et al. (Gyn. Onc. (2008) 108:370-376) have reported
that 10% of ovarian cancer patients have a tumor in the endometrium and 5-25% ot
patients with endometrial cancer also have a tumor in the ovary. Determining the
primary site of a cancer has important treatment implications. Stage III endometrial
carcinoma is treated with surgery followed by chemotherapy and/or radiation; while
dual primary stage I ovarian and endometrial cancers have a better prognosis and

may not require adjuvant therapy.

Current methods of diagnosing endometrial cancer often create discomfort to the
patient and sometimes rely on subjective interpretation of visual images. There 1s a
need for less invasive methods of screening for endometrial cancer which are less
subjective 1n interpretation. In addition there 1s a need for new markers that are
useful for the early detection of endometrial cancer. Current methods for detecting

endometrial cancer include the dilation and curettage method which is considered the



CA 02767914 2012-01-12
WO 2011/009637 PCT/EP2010/004550

5
gold standard, but this method is invasive, can cause significant discomfort, and may
require a trained pathologist for interpretation, and therefore i1s not suitable as a
general screening tool. Another less invasive method for diagnosing endometrial
cancer 1nvolves transvaginal ultrasound which measures the thickness of the
endometrium. In a study of patients having post-menopausal bleeding, using a cutoff
of 4 mm, 1t was found that transvaginal ultrasound had 100% sensitivity and 60%
| specificity (Gull et al. (2003) Am. J. Obstet. Gynecol. 188(2):401-408). In women
without vaginal bleeding, the sensitivity of the endometrial thickness measurement
was 17% for a threéhold 6 mm and 33% for a threshold of 5 mm (Fleischer et al.
(2001) Am. J. Obstet. Gynecol. 184:70-75). TVS has a high rate of false positives
since other conditions besides endometrial cancer can produce a thicker
endometrium. One potential problem with the use of TVS in pre- and pen-
menopausal women is that the thickness of the endometrium varies as a function of
the phase of the menstrual cycle. Furthermore, women taking tamoxifen also have
thicker endometrium. Therefore there 1s a need for techniques and markers that can
complement and/or improve the ability of TVS 1n the diagnosis of endometrnial

cCancer.

Cleary there is room for improvement in the tools currently available for screening

for endometrial cancer.

BRIEF SUMMARY OF THE INVENTION

The invention relates to the surprising finding that biomarkers corresponding to

ACAA1, APIM2, CGN, DDRI1, EPS8L2, FASTKDI1, GMIP, IKBKE, P2RX4, P4HB,
PHK G2, PPFIBP2, PPP1IR16A, RASSF7, RNF183, SIRT6, TIP3, EFEMP2, SOCS2,
and DCN are differentially expressed in control samples as compared to samples
from patients having endometrial cancer and are therefore useful for detecting
endometrial cancer. In particular these biomarkers having excellent sensitivity,
specificity, and/or the ability to separate affected from non affected individuals.
Furthermore, the inventors found that the differential expression of these biomarkers
in primary endometrial cancer tumor tissue is correlated to their expression level 1n
uterine fluid samples as compared to control values. Thus, these biomarkers are
robust in that they are found to be differentially expressed in several different types

of samples from affected individuals as compared to non-affected individuals.
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Therefore, the present invention relates to an in vitro diagnostic method for the
diagnosis of endometrial cancer or an increased likelthood of endometrial
comprising detecting the level of

(1) from 1 to 17 biomarker(s) chosen from ACAA1, API1M2, CGN, DDR1, EPS8L?2,
FASTKD1, GMIP, IKBKE, P2RX4, P4HB, PHKG2, PPFIBP2, PPP1R16A, RASSF7,
RNF183, SIRT6, and TJP3 in a sample from a patient wherein an increased level of
said from 1 to 17 biomarkers compared to a control value indicates a diagnosis of
endometrial cancer or increased likelihood of endometrial cancer and/or

(2) detecting thé level of from 1 to 3 biomarkers chosen from EFEMP2, SOCS2, and
DCN, wherein a decreased level of EFEMP2, SOCS2, and/or DCN compared to a
control value indicates a diagnosis of endometrial cancer or increased likelihood of

endometrial cancer.

Accordingly, the present invention relates to an in vitro diagnostic method for the
diagnosis of endometrial cancer comprising

(1) detecting the level of from 1 to 17 biomarker(s) chosen from P4HB, GMIP,
IKBKE, FASTKDI1, DDRI1, SIRT6, PHKG2, ACAAl, APIM2, EPS8L2, P2RX4,
PPFIBP2, PPP1R16A, CGN, RASSF7, RNF183, and TJP3 in a sample from a patient
wherein an increased level of said from 1 to 17 biomarkers compared to a control

value indicates the existence of endometrial cancer and/or
(2) detecting the level of from 1 to 3 biomarkers chosen from EFEMP2, SOCS2, and
DCN, wherein a decreased level of EFEMP2, SOCS2, and/or DCN compared to a

control value indicates the existence of endometrial cancer.

The biomarkers of Table 1 were found to be differential expressed between
endometrial cancer samples and normal samples as determined by microarray studies
(see Table 1 in the Detailed Description of the Invention). The inventors have found
that individually each of the biomarkers of Table 1 have predictive value for the
diagnosis of endometrial cancer. Furthermore, the levels of combinations of markers
of Table 1 have additional predictive value for the diagnosis of endometrial cancer
(See Example 5). For example, the inventors have surprisingly found that sub-
groups of the biomarkers of Table 1 having from 2-20 biomarkers in various
combinations to give fingerprint patterns have excellent predictive value for

diagnosis or detection of endometrial cancer. Generally, if more than one of the
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biomarkers of Table 1 are differentially expressed in a sample, this increases the
likelihood that the individual has endometrial cancer. Moreover, the inventors have
also found that addition of other biomarkers besides those listed in Table 1, to the
fingerprint pattern also can increase predictive value, and can be useful for
classifying endometrial cancers, for differential diagnosis of diseases other than
endometrial cancer, and for endometrial cancer prognosis. Table 1 lists the
ENSEMBL accession numbers for the genes, mRNA, and proteins corresponding to
the biomarkers of the invention. Some of the biomarkers have alternative transcripts.
The invention relates to determining the differential expression of any of these
alternative transcripts (or protein isoforms) as long as it expression 1s correlated with
the absence or presence of endometrial cancer. Preferred transcripts (or protein
isoforms) for detecting endometrial cancer are those which were detected with the

array probes as indicated in the Examples.

The inventors have also found that the markers of Table 1 can be detected in uterine
fluid samples and that the level of expression of these markers are correlated in

primary tumor and uterine fluid (e.g., obtained by a uterine wash or aspiration).

The invention therefore provides methods for determining the level of from 1 to 20
of the biomarkers listed in Table 1 in a test sample. The method can comprise
providing or obtaining a test sample from the patient; determining the level of from 1
to 20 of the biomarkers of Table 1 in the sample; and comparing the level of the
biomarker(s) in the test sample(s) to a control value (e.g., control sample, control
value, or control score). A higher level of biomarker(s) which was found to be
overexpressed in endometrial cancer as shown i1n Table 1 in the test sample obtained
from the patient compared to the control value (e.g., control sample, control value,
and/or control score) indicates endometrial cancer, an increased likelihood of
endometrial cancer, and/or a precancerous condition (e.g., endometrial hyperplasia).
A lower level of biomarker(s) which was found to be underexpressed in endometrial
cancer as shown in Table 1 in the test sample obtained from the patient compared to
level 1in the control value (e.g., control sample, control value, and/or control score)
indicates endometrial cancer, an increased likelihood of endometrial cancer, and/or a
precancerous condition (e.g., endometrial hyperlasia). The level of the biomarker(s)

can be determined using appropriate assays, including RT-PCR, quantitative PCR,
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multiplex PCR, Northern hybridization, microarray analysis, two-hybrid assays such
as GAL4 DNA binding domain based assays, antibody based assays, EIA, blot
assays, sandwich assays, and the like. The level of the biomarkers of Table 1 can be
determined in body fluids and tissues for the diagnosis of endometrial cancer. The
level of the biomarkers of Table 1 can be determinéd in tumor tissue obtained by
biopsy for example. The level of the biomarkers of Table 1 can be determined 1n
samples obtained from ﬁterine aspirates and/or fluid. The level of the biomarkers of

Table 1 can be determined in blood, serum, or plasma.

The bioﬁlarkers of Table 1 include ACAA1l, APIM2, CGN, DDRI1, EPSS8L2,
FASTKD1, GMIP, IKBKE, P2RX4, P4HB, PHKG2, PPFIBP2, PPP1R16A, RASSF7,
RNF183, SIRT6, and TIP3, which were found to be upregulated in endometrial
cancer and DCN, SOCS2, and EFEMP2 which were found to be down regulated 1n
endometrial cancer in these studies. In one embodiment, the biomarkers for use 1n
the method of the invention for detecting endometrial cancer or an increased
likelthood of endometrial cancer include from 1 to 17 of the upregulated biomarkers

listed in Table 1 and from 1 to 3 of the downregulated markers listed in Table 1.

In one embodiment, the invention provides a method for diagnosing endometrial
cancer comprising obtaining a sample from an individual and determining the level
of one or more biomarkers chosen from ACAA1l, APIM2, CGN, DDRI1, EPS8L2,
FASTKD1, GMIP, IKBKE, P2RX4, P4AHB, PHKG2, PPFIBP2, PPPIR16A, RASSE7,
RNF183, SIRT6, TIP3, EFEMP2, SOCS2, and DCN wherein if said markers are
differentially expressed compared to a control value, then the individual 1s diagnosed
with endometrial cancer and/or an increased likelithood of endometrial cancer.
According to one aspect of this embodiment, the sample 1s chosen from a tissue
sample and a fluid sample. In one aspect, the fluid sample is a uterine fluid sample
or uterine aspirate. According to one aspect of this embodiment, the level of mRNA
corresponding to the biomarker is determined. According to one aspect of this

embodiment, the level of protein corresponding to the biomarker 1s determined.

Accordingly, the present invention relates to an in vitro diagnostic method for the

diagnosis of endometrial cancer comprising
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(1) detecting the level of one or more biomarker(s) chosen from P4HB, GMIP,
IKBKE, FASTKDI1, DDRI1, SIRT6, PHKG2, ACAA1l, APIM2, EPS8L2, P2RX4,
PPFIBP2, PPP1R16A, CGN, RASSF7, RNF183, and TJP3 in a sample from a patient
wherein an increased level of said one or more biomarkers compared to a control
value indicates the existence of endometrial cancer and/or

(2) detecting the level of one or more biomarkers chosen from EFEMPZ, SOCS2, and
DCN., wherein a decreased level of EFEMP2, SOCS2, and/or DCN compared to a

control value indicates the existence of endometrial cancer.

In a further embodiment, the present invention relates to an 1n vitro diagnostic
method for the diagnosis of endometnal cancer comprising

(1) detecting the level of from 1 to 17 biomarker(s) chosen from P4HB, GMIP,
IKBKE, FASTKD1, DDR1, SIRT6, PHKG2, ACAA1l, APIM2, EPS8L2, P2RXA4,
PPFIBP2, PPP1R16A, CGN, RASSF7, RNF183, and TJP3 in a sample from a patient
wherein an increased level of said from 1 to 17 biomarkers compared to a control

value indicates the existence of endometrial cancer and/or

(2) detecting the level of from 1 to 3 biomarkers chosen from EFEMP2, SOCS2, and
-DCN, wherein a decreased level of EFEMP2, SOCS2, and/or DCN compared to a

control value indicates the existence of endometrial cancer.

In one embodiment, the in vitro diagnostic method comprises detecting the level of
P4HB. In another embodiment, the in vitro diagnostic method comprises detecting
the level of EFEMP2. In a further embodiment the in vitro method comprises
detecting the level of IKBKE. In a further embodiment the in vitro diagnostic method

comprises detecting the level of GMIP.

In accordance with the in vitro diagnostic method of the invention, the the level of
one or more of GMIP, IKBKE, or EFEMP2 may be detected in addition to P4HB.
The in vitro diagnostic method may further comprise detecting the level of oné or
more of P4HB, IKBKE, or GMIP in addition to EFEMP2. The in vitro diagnostic
method may further comprise detecting the level of one or more of GMIP, EFEMP?2,
or P4HB in addition to IKBKE. It is also envisaged that the in vitro diagnostic
method may further comprise detecting the level of FASTKD1, DDR1, SIRT6, and/or

PHKG2. The in vitro diagnostic method may further comprise detecting the level of
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from 1 to 12 biomarkers chosen from ACAA1l, AP1M2, EPS8L2, P2RX4, PPFIBP2,

PPP1R16A, CGN, RASSF7, RNF183, TIP3, SOCS2, and DCN.

In one embodiment, the patient has a risk factor for endometrial cancer or is being
screened for endometrial cancer. Further, the sample from the patient may be
(obtained) from a patient with abnormal uterine bleeding. In other words, the patient
may suffer from abnormal uterine bleeding. The sample from said patient may also
be (obtained) from a patient having an endometrium with increased thickness. The

patient may, accordingly, have an endometrium with increased thickness.

The sample from the patient may be (obtained) from a pre-menopausal, peri-
menopausal, or post-menopausal patient. Accordingly, the patient 1s a pre-
menopausal, peri-menopausal, or post-menopausal patient. In one embodiment, the
patient is pre-menopausal. In another embodiment, the patient is peri-menopausal. In

a further embodiment, the patient is post-menopausal.

The sample may be a tissue sample, blood and/or serum, and/or uterine fluid.
In one embodiment, the sample is a uterine fluid sample. The uterine fluid sample

may be obtained by aspiration.

In one embodiment, the level of the biomarkers is determined with an antibody in

accordance with the present invention. The level of the biomarker(s) may also be

determined by RT-PCR.

The following markers may be detected in accordance with the in vitro diagnostic
method of the present invention: P4HB, IKBKE, EFEMP2, SOCS2, FASTKDI,
GMIP, DDR1, SIRT6, PHKG?2, EPS8L2, PPP1R16A, P2RX4, RASSF7, and/or TJP3.
Also the following markers may be detected in accordance with the in vitro
diagnostic method of the present invention: P4AHB, IKBKE, SOCS2, GMIP, DDRI,
SIRT6, PHKG?2, EPS8L2, PPPIR16A, P2RX4, RASSF7, and/or TIP3.
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The markers to be detected may be P2RX4, P4HB, PHKG2, PPFIBP2, and/or
SOCS2. The markers to be detected may also be P4HB, RASSF7, RNF183 and/or
[KBKE.

In one embodiment, the in vitro diagnostic method comprises the detection of from 2

to 20 markers.

Preferably, the combination of the following markers 1s detected: P4HB, EFEMP?2,
SIRT6, GMIP, FASTKD1 and DDRI1. Also preferred is the detection of a
combination of the following markers: P4HB, EFEMP2, SIRT6, GMIP, FASTKDI1
and PHKG2. Also preferred is the detection of a combination of the following
markers: P4HB, EFEMP2, SIRT6, ACAAl, APIM2, EPS8L2, IKBKE, P2RX4,
PPFIBP2 and PPP1R16A.

The following marker combinations are also preferably detected in accordance with

the present invention:

GMIP, IKBKE, PFHB, EFEMP2;
DDRI1, FASTKDI1, GMIP, IKBKE, P4HB, PHKG?2, SIRT6, EFEMP2;
P4HB, EFEMP2, IKBKE, GMIP, FASTKDI.

In context of the present invention combinations of markers which include a
combination with P4HB (i.e. set of markers including P4HB) are particularly

preferred.

Also envisaged herein is the detection of the following combination of markers:
DDRI1, FASTKDI, GMIP, IKBKE, P4AHB, PHKG2, SIRT6, EFEMP2; SOCS2;
P4HB, SOCS2;

GMIP, IKBKE, P4HB, SOCS2;

GMIP, IKBKE, P4HB, SOCS2, FASTKDI1;

GMIP, IKBKE, P4HB, SOCS2, DDRI1;

GMIP, IKBKE, P4HB, SOCS2, PHKG2;

GMIP, IKBKE, P4HB, SOCS2, SIRT®6;

GMIP, IKBKE, P4HB, SOCS2, ACAAL;
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GMIP, IKBKE, P4HB, SOCS2, AP1M2:

GMIP, IKBKE, P4HB, SOCS2, EFEMP2;

GMIP, IKBKE, P4HB, SOCS2, EPSSL2;

GMIP, IKBKE, P4HB, SOCS2, P2RX4;

GMIP, IKBKE, P4HB, SOCS2, PPFIB2;

GMIP, IKBKE, P4HB, SOCS2, PPP1R16A;

GMIP, IKBKE, P4HB, SOCS2, ACAAL, FASTKDI;
GMIP, IKBKE, P4HB, SOCS2, FASTKDI1, PHKG?2;
GMIP, IKBKE, P4HB, SOCS2, FASTKD1, SIRTS6;
GMIP, IKBKE, P4HB, SOCS?2:

One or more additional biomarkers may be detected 1n accordance with the herein
disclosed in vitro diagnostic method. The one or more additional biomarkers may be
chosen from differential diagnosis biomarkers, prognostic biomarkers, biomarkers
useful for detecting endometrial cancer, biomarkers for classify endometrial cancer
and auxiliary biomarkers for detecting endometrial cancer. In one embodiment, the

one or more additional biomarkers are chosen from differential diagnosis biomarkers.

The one or more auxiliary biomarkers may be chosen from prognostic markers. The
one or more auxiliary biomarkers may be chosen from endometrial cancer

classification markers.

In a further embodiment, the present invention relates to a nucleic acid chosen from
IKBKE mRNA, cDNA, or a complement thereof;

P4HB mRNA, cDNA, or a complement thereof;

SOCS2 mRNA, cDNA, or a complement thereo;f

GMIP mRNA, cDNA, or a complement thereof;

DDRI1 mRNA, ¢cDNA, or a complement thereof;

EPS8L2 mRNA, cDNA, or a complement thereof; and

PPP1R16A mRNA, cDNA, or a complement thereof,

for use in diagnosing endometrial cancer.

The invention also relates to a nucleic acid chosen from

Primers for IKBKE;
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Primers for P4HB:
Primers for SOCS2;
Primers for GMIP;
Primers for DDRI1;
Primers for EPS8L2; and
Primers for PPP1R16A;

for use in diagnosing endometrial cancer.

In one embodiment, the invention relates to a nucleic acid chosen from

probe for IKBKE;
probe for P4HB;

probe for SOCS2;
probe for GMIP;

probe for DDR1;
probe for EPS8L2; and
probe for PPP1R16A,

for use in diagnosing endometrial cancer.

Also a kit comprising two or more of the herein desribed probes for use in
diagnosing endometrial cancer is envisaged in context of the present invention.
Further, a kit comprising primers for two or more herein disclosed primers/primer
pairs for use in diagnosing endometrial cancer is envisaged in context of the present

invention.

In a further embodiment, the present invention relates to an antibody chosen from

an antibody to IKBKE;

an antibody to P4HB;

an antibody to SOCS2;

an antibody to GMIP;

an antibody to DDRI1;

an antibody to EPS8L2; and
an antibody to PPP1R16A,

for use 1n diagnosing endometrial cancer.
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Accordingly, a kit comprising antibodies to two or more herein disclosed antibodies
for use in diagnosing endometrial cancer is envisaged. The invention further relates
to a kit for obtaining uterine fluid for use in diagnosing endometrial cancer by

assessing the levels of from 1-20 biomarkers as defined and described herein.

The in vitro diagnostic method of the present i1nvention may comprise
determining/detecting the level of 2 biomarkers, 3 biomarkers, 4 biomarkers, 5

biomarkers, 7 biomarkers, 10 biomarkers, 15 biomarkers or 20 biomarkers.

In one embodiment, the present invention relates to an in vitro diagnostic method for
diagnosing endometrial cancer comprising obtaining a uterine fluid aspirate sample
from a patient having a symptom or risk factor for endometrial cancer and
determining the level of from 1 to 100 biomarkers markers that are differentially
expressed in endometrial cancer as compared to control values representative of
individuals not affected by endometrial cancer, wherein (1) if the levels of 1 to 100
biomarkers are upregulated in the endometrial aspirate sample in the patient and 1n
the control value then the patient has an increased likelihood of having endometrial
cancer and wherein (2) if the level of the 1 to 100 biomarkers are downregulated in
the aspirate sample and then the patient has an increased likelihood of having

endometrial cancer.

The present invention further relates to a nucleic acid chosen from
ACAA1 mRNA, cDNA, or a complement thereof;
AP1IM2 mRNA, cDNA, or a complement thereof;
CGN mRNA, cDNA, or a complement therco;t
FASTKD1 mRNA, cDNA, or a complement thereof;
P2RX4 mRNA, cDNA, or a complement thereof;
RASSF7 mRNA, ¢cDNA, or a complement thereof;
RNF183 mRNA, cDNA, or a complement thereof;
PHKG2 mRNA, cDNA, or a complement thereof;
PPFIBP2 mRNA, cDNA, or a complement thereof,
SIRT6 mRNA, ¢cDNA, or a complement thereof,

TIP3 mRNA, cDNA, or a complement thereof;
EFEMP2 mRNA, ¢cDNA, or a complement thereof; and
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DCN mRNA, cDNA, or a complement thereof,

for use in diagnosing endometrial cancer.

Also subject of the present invention is a nucleic acid chosen from

Primers for ACAAT;
Primers for AP1M2;
Primers for CGN;
Primers for FASTKDI1;
Primers for P2RX4:
Primers for RASSSF7;
Primers for RNF183:
Primers for SIRT®6;
Primers for PPFIBP2;
Primers for PHKG2;
Primers for TJP3;
Primers for EFEMP?2;and
Primers for DCN;

for use 1n diagnosing endometrial cancer.

In a further embodiment, the present invention relates to a nucleic acid chosen from
probe for ACAAIL;
probe for AP1M2;
probe for CGN;

probe for FASTKDI1,;
probe for P2RX4;
probe for RASSF7;
probe for RNF183;
probe for SIRT6;

probe for PPFIBP2;
probe for PKHG2;
probe for TJP3;

probe for EFEMP2; and
probe for DCN,

for use in diagnosing endometrial cancer.
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In another embodiment, the invention relates to an antibody chosen from
an antibody to ACAAI;

an antibody to AP1M2;

an antibody to CGN;

an antibody to FASTKD1;
an antibody to P2RX4;

“an antibody to RASSF7;

an antibody to RNF183;

an antibody to SIRT6;

an antibody to PPFIBP2;

an antibody to PKHG2;

an antibody to TJP3;

an antibody to EFEMP2; and
an antibody to DCN,

for use in diagnosing endometrial cancer.

The antibody/antibodies, nucleic acid(s), probes, primer(s)/primer pair(s), and/or
kit(s) described and defined herein are useful in the in diagnosis of endometrial
cancer 1n accordance with the present invention. Therefore the antibody/antibodies,
nucleic acid(s), probes, primer(s)/primer pair(s), and/or kit(s) described and defined
herein are for use in diagnosing endometrial cancer. Similarly, also the use of the
antibody/antibodies, nucleic acid(s), probes, primer(s)/primer pair(s), and/or kit(s)
for the preparation of a diagnostic composition for diagnosing endometrial cancer is
envisaged. Also a diagnostic composition for use in.diagnosing endometrial cancer
and comprising the herein described and defined antibody/antibodies, nucleic acid(s),
probes, primer(s)/primer pair(s), and/or kit(s) is envisaged in context of the present

invention.

Diagnosing endometrial cancer may, in this context, comprise or relate to a .
diagnostic method practised on the human or animal body which comprises or
includes the features relating to

(i) the diagnosis for curative purposes stricto sensu representing the deductive

medical or veterinary decision phase as a purely intellectual exercise,
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(i1) the preceding steps which are constitutive for making that diagnosis, and
(ii1) the specific interactions with the human or animal body which occur when

carrying those out among these preceding steps which are of a technical nature.

In a further embodiment, the present invention relates to an in vitro diagnostic
method for diagnosing endometrial cancer comprising providing or obtaining a
uterine fluid sample from‘a human patient having a symptom or risk factor for a
gynecological cancer and determining the level of RNA expression of from 2 to 9
biomarkers chosen from P4HB, EFEMP2, GMIP, IKBKE, DDRI1, FASTKD1, SIRT6,
PKHG?2, and SOCS2 by quantitative PCR wherein an increased level of from 1 to 7
biomarkers chosen from P4HB, GMIP, IKBKE, DDR1, FASTKDI1, SIRT6, and
PKHG2 and/or a decreased level of EFEMP2 or SOCS2 as compared to control
indicates the existence of endometrial cancer. Preferably, the gynecological cancer

is endometrial cancer.

In one embodiment, the expression level of 2 to 8 biomarkers chosen from P4HB,
EFEMP2, GMIP, IKBKE, DDR1, FASTKDI1, SIRT6, and PKHG2 may be
determined. The 2 to 8 biomarkers may also be chosen from P4HB, GMIP, IKBKE,
DDR1, FASTKDI1, SIRT6, PKHG2, and SOCS2.

The detection of the level may comprise contacting said one or more biomarkers with
primers and reagents capable of amplifying specifically said one or more biomarkers
and detecting the level of said amplified one or more biomarkers with a probe or
probes that hybridize to said amplified biomarker. The probe hybrids specifically to

sald amplified biomarker.

The following combinations of biomarkers may. in particular, be detected in
accordance with the method of the present invention: P4HB and EFEMP2; P4HB and
IKBKE; P4HB and GMIP; EFEMP2 and IKBKE; EFEMP2 and P4HB; P4HB, GMIP,
and IKBKE; P4HB, GMIP, and IKBKE.

Also the following combination of markers may be detected in accordance with the
present method, wherein said combination comprises IKBKE and P4HB; IKBKE and
SOCS2; P4HB and SOCS2; GMIP and IKBKE; GMIP and P4HB; GMIP and SOCS2;
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GMIP, SOCS2, and IKBKE; GMIP, SOCS2, and P4HB; GMIP, IKBKE, and P4HB;
IKBKE,P4HB, and SOCS2; GMIP, IKBKE, P4HB, and SOCS2; GMIP, SOCSZ,
IKBKE, and EPS8L2; GMIP, SOCS2, P4HB, and EPS8L2; GMIP, IKBKE, P4HB,
and EPS8L2; IKBKE, P4HB, SOCS2, and EPS8L2; GMIP, IKBKE, P4HB, SOCS2,
and DDR1; GMIP, IKBKE, P4HB, SOCS2, EPS8L2, and PPP1R16A; GMIP, IKBKE,
P4HB, SOCS2, PHKG2, and RASSF7; GMIP, IKBKE, P4HB, SOCS2, EPS8L2, and
DDR1; GMIP, IKBKE, P4HB, SOCS2, EPS8L2, PPP1RI16A, and DDR1; DDRI,
EPSSL2, GMIP, IKBKE, P2RX4, P4HB, PHKG?2, PPP1R16A, RASSF7, SIRTS,
TJP3, and SOCS2; or DDRI1, EPS8L2, GMIP, IKBKE, P2RX4, P4HB, PHKG?2,
PPP1R16A, RASSF7, SIRT6, TIP3, RNF183 and SOCS2.

Further, the following combination of markers may be detected in accordance with
the present method, wherein said combination comprises GMIP, IKBKE, P4HB,
SOCS2 and FASTKD1; GMIP, IKBKE, P4HB, SOCS2 and DDR1; GMIP, IKBKE,
P4HB, SOCS2 and PHKG2; GMIP, IKBKE, P4HB, SOCS2 and SIRT6; GMIP,
IKBKE, P4HB, SOCS2 and ACAA1; GMIP, IKBKE, P4HB, SOCS2 and EFEMP2;
GMIP, IKBKE, P4HB, SOCS2 and EPS8L2; GMIP, IKBKE, P4HB, SOCS2 and
P2RX4; GMIP, IKBKE, P4HB, SOCS2 and PPFIBP2; GMIP, IKBKE, P4HB, SOCS2
and PPPIR16A; GMIP, IKBKE, P4HB, SOCS2, ACAA1 and FASTKDI; GMIP,
IKBKE, P4HB, SOCS2, PHKG2 and FASTKD1; GMIP, IKBKE, P4HB, SOCS2,
SIRT6 and FASTKDI1; ACAA1, APIM2, EPS8L2, IKBKE, P2RX4, P4HB, PPFIBP2,
PPP1R16A, SIRT6, and EFEMP2; GMIP, IKBKE, P4HB, and EFEMP2; DDRI,
FASTKDI, PHKG2, SIRT6, SOCS2, GMIP, IKBKE, P4HB, and EFEMP2; DDRI,
FASTKDI1, PHKG2, SIRT6, GMIP, IKBKE, P4HB, and EFEMP2; or P4HB,
EFEMP2, IKBKE, GMIP, and FASTKD1.

Further, the following combination of markers may be detected in accordance with
the present method, wherein said combination comprises GMIP, IKBKE, P4HB,
EFEMP2 and FASTKD1; GMIP, IKBKE, P4HB, EFEMP2and DDR1; GMIP, IKBKE,
P4HB, EFEMP2 and PHKG?2; GMIP, IKBKE, P4HB, EFEMP2 and SIRT6; GMIP,
[IKBKE, P4HB, EFEMP2 and ACAA1; GMIP, IKBKE, P4HB, SOCS2 and EFEMP2;
GMIP, IKBKE. P4HB, EFEMP2 and EPS8L2; GMIP, IKBKE, P4HB, EFEMP2 and
P2RX4; GMIP, IKBKE, P4HB, EFEMP2 and PPFIBP2; GMIP, IKBKE, P4HB,
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EFEMP2and PPP1R16A; GMIP, IKBKE, P4HB, EFEMP2, ACAA1 and FASTKDI;
GMIP, IKBKE, P4HB, EFEMP2, PHKG2 and FASTKDI1; or GMIP, IKBKE, P4HB,
EFEMP2, SIRT6 and FASTKD1.

The methods of the present invention ﬁlay further comprise providing a uterine fluid
sample obtained from a patient with a pipelle device or syringe wherein the patient
has a risk fac‘tor or symptom of endometrial cancer; contacting said sample with an
agent capable of preserving, preventing, or lessening the degradation of RNA 1n said
uterine fluid sample; determining in said sample the expression level of mRNA
corresponding to from 1 to 20 herein described markers (preferably 2 to 8 markers)
and one or more endogenous genes using quantitative PCR; normalizing the
expression level of from 1 to 20 (preferably 2 to 8 markers) herein described
biomarkers with the one or more endogenous genes; comparing the normalized level
of the from 1 to 20 (preferably 2 to 8 markers) biomarkers to a control value wherein
differential expression of froml to 20 (preferably 2 to 8 markers) of the biomarkers

indicates endometrial cancer or an increased likelihood of endometrial cancer.

The present invention relates further to an in vitro diagnostic method comprising
providing a uterine fluid sample obtained from a patient with a pipelle device or
syringe wherein the patient has a risk factor or symptom of endometrial cancer;
contacting said sample with an agent capable of preserving, preventing, or lessening
the degradation of RNA 1in said uterine fluid sample; determining in said sample the
expression level of mRNA corresponding to from 1 to 20 herein described markers
(preferably 2 to 8 markers) and one or more endogenous genes using quantitative
PCR; normalizing the expression level of from 1 to 20 (preferably 2 to 8 markers)
herein described biomarkers with the one or more endogenous genes; comparing the
normalized level of the from 1 to 20 (preferably 2 to 8 markers) biomarkers to a
control value wherein differential expression of froml to 20 (preferably 2 to 8
markers) of the biomarkers indicates endometrial cancer or an increased likelihood of

endometrial cancer.

The one or more endogenous genes may be chosen from POLR2A;, B2M, PFNI1,
HMBS, G6PD, and PABPNI.
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In one embodiment, the invention provides a method for diagnosing endometrial
cancer comprising obtaining a sample from an individual and determining the level
of from 1-17 biomarkers chosen from ACAA1, APIM2, CGN, DDRI1, EPS8L2,
FASTKD1, GMIP, IKBKE, P2RX4, P4HB, PHKG2, PPFIBP2, PPP1R16A, RASSE7,
RNF183, SIRT6, TJP3, and/or from 1 to 3 biomarkers chosen from EFEMP2,
SOCS2, and DCN wherein if said markers are differentially expressed compared to a
controi value, then the individual 1s diagnosed with endometrial cancer and/or an
increased likelihood of endometrial cancer. In a specific aspect of this embodiment,
when thé level of from 1 to 17 biomarkers chosen trom ACAAIl, APIM2, CGN,
- DDR1, EPS8L2, FASTKD1, GMIP, IKBKE, P2RX4, P4HB, PHKG2, PPFIBP2,
PPPIR16A, RASSF7, RNF183, SIRT6, TJP3, are increased relative to a control
value and/or the level from 1 to 3 biomarkers chosen from EFEMP2, SOCS2. and
DCN are decreased relative to control value then this indicates endometrial cancer or
an increased chance of having endometrial cancer. According to one aspect of this
embodiment, the sample 1s chosen from a tissue sample and a fluid sample. In one
aspect, the fluid sample is a uterine fluid sample or uterine aspirate. According to
one aspect of this embodiment, the level of mRNA corresponding to the biomarker is
determined. According to another aspect of this embodiment, the level of protein

corresponding to the biomarker 1s determined.

Amongst the biomarkers of Table 1, the levels of CGN, P4HB, PPP1R16A, IKBKE,
RASSF7, RNF183, and TJP3, were found to have the highest mean level of
overexpression in the RT-PCR studies as compared to their expression in normal
samples (e.g., not having endometrial cancer). Thus, given that the RT-PCR
experiments demonstrated a high level of overexpression in a statistically significant
manner (all p-values are less than 0.0001 for the sample set studied) for these
markers, they represent preferred markers for diagnosis of endometrial cancer and/or
an increased likelithood of having endometrial cancer. Therefore, the levels of CGN,
P4HB, PPP1RI16A, IKBKE, RASSF7, RNF183, and TJP3 are excellent predictors of
endometrial cancer and/or an increased likelihood of having endometrial cancer. The
levels of these markers are less likely to give a false positive as compared to other
markers whose expression levels are not as high and/or as significant. In one
embodiment, the invention provides a method for diagnosing endometrial cancer

comprising obtaining a sample from an individual and determining the level of one
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or more biomarkers chosen from CGN, P4HB, PPP1R16A, IKBKE, RASSF7,
RNF183, and TJP3 wherein if one or more of said markers are differentially
expressed compared to a control value, then the individual 1s diagnosed with
endometrial cancer and/or an increased likelihood of cancer. Fingerprint
patterns/expression profiles having from 1-7 biomarkers chosen from CGN, P4HB,
PPP1R16A, IKBKE, RASSF7, RNF183, and TJP3 and from 1-13 biomarkers chosen
from ACAA1l, APIM2, DDRI1, EPS8L2, FASTKDI, GMIP, P2RX4, PHKG2,
PPFIBP2, SIRT6, EFEMP2, SOCS2, and DCN, are one example of a set preferred
profiles for diagnosing and/or predicting an increased likelthood of endometrial
cancer. Specific examples of such profiles are described below. According to one
aspect of this embodiment, the sample is chosen from a tissue sample and a fluid
sample. In one aspect, the fluid sample is a uterine fluid sample or uterine aspirate.
According to one aspect of this embodiment, the level of mRNA corresponding to the
biomarker is determined. According to one aspect of this embodiment, the level of

protein corresponding to the biomarker 1s determined.

Amongst the biomarkers of Table 1, the level of some biomarkers were found to be
able to differentiate samples from patients having cancer as compared to normal
samples (or control) and samples from patients in the secretory phase of the
menstrual cycle. Therefore, the levels of ACAA1, DDR1, EPS8L2, GMIP, IKBKE,
P2RX4, P4HB, PHKG2, PPFIBP2, RASSF7, SIRT6, TIP3, SOCS2, and DCN are
excellent predictors of endometrial cancer in pre- and post-menopausal women and
in peri-menopausal women, the levels of these markers are less likely to give a false
positive as compared to other markers who expression level varies as a function of
cycle. In one embodiment, the invention provides a method for diagnosing
endometrial cancer comprising obtaining a sample from an individual and
determining the level of one or more biomarkers chosen from ACAA1l, DDRI,
EPS8L2, GMIP, IKBKE, LSR, P2RX4, P4HB, PHKG2, PPFIBP2, RASSF7, SIRT6,
TIP3, SOCS2, and DCN wherein if one or more of said markers are differentially
expressed compared to a control value, then the individual is diagnosed with
endometrial cancer and/or an increased likelihood of endometrial cancer. Fingerprint
patterns/expression profiles having from 1-15 markers chosen from ACAA1, DDRI,
EPS8L2, GMIP, IKBKE, P2RX4, P4HB, PHKG2, PPFIBP2, PPP1R16A, RASSF7,
SIRT6, TIP3, SOCS2, and DCN and from 1 to 5 markers chosen from AP1M2, CGN,
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FASTKDI1, RNF183, and EFEMP2 are oné example of a set preferred profiles for
diagnosing and/or predicting an increased likelihood of endometrial cancer since the
expression level of at least one of the markers in the profile does not vary as a
function of menstrual cycle phase. Specific examples of such profiles are described
below. According to one aspect of this embodiment, the sample 1s chosen from a
tissue sample and a fluid sample. In one aspect, the fluid sample is a uterine fluid
sample or uterine aspirate. According to one aspect of this embodiment, the level of
mRNA corresponding to the biomarker is determined. According to one aspect of

this embodiment, the level of protein corresponding to the biomarker is determined.

In one embodiment, the invention provides a method for diagnosing endometrial

cancer comprising obtaining a sample from an individual and determining the level

of one or more biomarkers chosen from IKBKE, P4HB, SOCS2, GMIP, DDRI,
EPS8L2, PPP1R16A, P2RX4, PHKG2, RASSF7, SIRT6, TIP3, APIM2, RNFI183,
and DCN wherein if one or more of said markers are differentially expressed
compared to a control value, then the individual is diagnosed with endometrial and/or
an increased likelihood of endometrial cancer. According to one aspect of this
embodiment, the sample is chosen from a tissue sample and a fluid sample. In one
aspect, the fluid sample is a uterine fluid sample or uterine aspirate. According to
one aspect of this embodiment, the level of mRNA corresponding to the biomarker is
determined. According to one aspect of this embodiment, the level of protein

corresponding to the biomarker i1s determined.

In one embodiment, the invention provides a method for diagnosing endometrial

cancer comprising obtaining a sample from an individual and determining the level

of one or more biomarkers chosen from IKBKE, P4HB, SOCS2, GMIP, DDRI,
EPS8L2. PPP1R16A, P2RX4, PHKG2, RASSF7, SIRT6, and TJP3, wherein 1f one or
more of said markers are differentially expressed compared to a control value, then
the individual is diagnosed with endometrial cancer and/or an increased likelihood of
endometrial cancer. According to one aspect of this embodiment, the sample 1s
chosen from a tissue sample and a fluid sample. In one aspect, the fluid sample 1s a
uterine fluid sample or uterine aspirate. According to one aspect of this embodiment,

the level of mRNA corresponding to the biomarker is determined. According to one
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aspect of this embodiment, the level of protein corresponding to the biomarker 1s

determined.

In one embodiment of the invention, preferred biomarkers for diagnosing
endometrial cancer and/or diagnosing an increased likelihood of endometrial cancer
are IKBKE, P4HB, SOCS2, GMIP, DDRI1, EPS8L2, and PPPIR16A. In one aspect,
the level of the biomarker in primary tumor i1s determined. In one aspect, the level of
the biomarker in blood, plasma, or serum 1s determined. In one aspect, the level of
the biomarker uterine fluid i1s determined. Thus, the method according to this
embodiment, comprise obtaining a sample and determining the level of from 1 to 7
biomarkers chosen from IKBKE, P4HB, SOCS2, GMIP, DDRI1, EPS8L2, and
PPP1R16A wherein differential expression of one or more of these biomarkers as
compared to a control value indicates endometrial cancer and/or an increased risk of
having endometrial cancer. In one aspect of this invention, the protein level of the
biomarker is determined and/or estimated. In another aspect, the mRNA expression

level 1s determined and/or estimated.

In one embodiment of the invention, preferred biomarkers for diagnosing

endometrial cancer and/or an increcased likelihood of endometrial cancer include
GMIP, IKBKE, P4HB., RASSF7, DDR1, RNF183, EFEMP2 and SOCS2. GMIP,
[KBKE, PAHB, RASSF7, DDRI1, RNF183, EFEMP?2 and SOCS2 were found to have

excellent AUROC values and therefore are unexpectedly good classifiers in the
sample set studied. In one aspect, the level of the biomarker in primary tumor is
determined. In one aspect, the level of the biomarker in blood, plasma, or serum 1is
determined. In one aspect, the level of the biomarker uterine fluid is determined.
Thus, the method according to this embodiment, comprise obtaining a sample and
determining the level of from 1 to 8 biomarkers chosen from GMIP, IKBKE, P4HB,
RASSF7, DDRI1, RNF183, EFEMP2 and SOCS2 wherein differential expression of
one or more of these biomarkers as compared to a control value indicates endometrial
cancer and/or an increasea risk of having endometrial cancer. In one aspect of this
invention, the protein level of the biomarker is determined and/or estimated. In

another aspect, the mRNA expression level is determined and/or estimated.
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In one embodiment of the invention, preferred biomarkers for diagnosing
endometrial cancer and/or diagnosing an increased likelihood of endometrial cancer
include P2RX4, P4AHB, PHKG?2, PPFIBP2 and SOCS2. As a result of these studies 1t
was found that P2RX4, P4HB, PHKG2, PPFIBP2 and SOCS2 have excellent
specificity for endometrial cancer diagnosis. In one aspect, the level of the
biomarker in primary tumor is determined. In one aspect, the level of the biomarker
in' blood, plasma, or serum 1s determined. In one aspect, the level of the biomarker
uterine fluid 1s determined. Thus, the method according to this embodiment,
comprise obtaining a sample and determining the level of from 1 to 5 biomarkers
chosen from P2RX4, P4HB, PHKG2, PPFIBP2 and SOCS2 wherein differential
expression of one or more of these biomarkers as compared to a control value
indicates endometrial cancer and/or an increased risk of having endometrial cancer.
In one aspect of this invention, the protein level of the biomarker is determined
and/or estimated. In another aspect, the mRNA expression level 1s determined and/or

estimated.

In one embodiment of the invention, preferred biomarkers for diagnosing

endometrial cancer and/or diagnosing an increased likelihood of endometrial cancer

include IKBKE, P4HB, RASSF7, and RNF183. As a result of these studies 1t was
found that IKBKE, P4HB, RASSF7, and RNF183 have excellent sensitivity for
endometrial cancer diagnosis. In one aspect, the level of the biomarker in primary
tumor i1s determined. In one aspect, the level of the biomarker in blood, plasﬁia, or
serum 1S determined. In one aspect, the level of the biomarker uterine fluid 1s
determined. Thus, the method according to this embodimeht, comprise obtaining a
sample and determining the level of from 1 to 4 biomarkers chosen from IKBKE,
P4HB, RASSF7, and RNF183 wherein differential expression of one or more of these
biomarkers as compared to a control value indicates endometrial cancer and/or an
increased risk of having endometrial cancer. In one aspect of this invention, the
protein level of the biomarker 1s determined and/or estimated. In another aspect, the

mRNA expression level 1s determined and/or estimated.

In one embodiment, the invention provides a method for diagnosing endometrial

cancer comprising obtaining a sample from an individual and determining the level

of from 2 to 7 biomarkers chosen from GMIP, IKBKE, P4HB, SOCS2, EPS8L2,
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PPP1R16A, and TIP3 wherein if said markers are differentially expressed compared
t0 a control value, then the individual is diagnosed with endometrial cancer and/or an
increased likelihood of endometrial cancer. As result of the studies disclosed herein,
it was surprisingly found that combinations (e.g., profiles and/or fingerprint patterns)
of biomarkers chosen-from GMIP, IKBKE, P4HB, SOCS2, EPS8L2, PPP1R16A,'and
TIP3 have excellent sensitivity and specificity for endometrial cancer and the
AUROC values for various combinations of these markers are indicative of the
ability of these markers to separate patients having endometrial cancer from those

not having endometrial cancer.

According to one aspect of this embodiment, the sample is chosen from a tissue
sample and a fluid sample. In one aspect; the fluid sample 1s a uterine fluid sample
or uterine aspirate. According to one aspect of this embodiment, the level of mRNA
corresponding to the biomarker is determined. According to one aspect of this

embodiment, the level of protein corresponding to the biomarker 1s determined.

In one embodiment, the invention provides a method for diagnosing endometrial
cancer comprising obtaining .a sample from an individual and determining the level
of from 2 to 9 biomarkers chosen from GMIP, IKBKE, P4HB, SOCS2, EFEMP2,
PHKG2, SIRT6, DDR1, and FASTKD1 wherein if said markers are differentially
expressed compared to a control value, then the individual 1s diagnosed with
endometrial cancer and/or an increased likelihood of endometrial cancer. As result
of the studies disclosed herein, it was surprisingly found that combinations (e.g.,
profiles and/or fingerprint patterns) of biomarkers chosen trom GMIP, IKBKE,
P4HB, SOCS2, EFEMP2, PHKG2, SIRT6, DDR1, and FASTKDI1 have excellent
sensitivity and specificity for endometrial cancer and the AUROC values for various
combinations of these markers are indicative of the ability of these markers to
separate patients having endometrial cancer from those not having endometrial
cancer. According to one aspect of this embodiment, the sample is chosen from a
tissue sample and a fluid sample. In one aspect, the fluid sample is a uterine fluid
sample or uterine aspirate. According to one aspect of this embodiment, the level of
mRNA corresponding to the biomarker is determined. According to one aspect of
this embodiment, the level of protein corresponding to the biomarker i1s determined.

In one specific aspect of this embodiment, the in vitro diagnostic method comprises
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providing a uterine fluid sample obtained from a patient with a pipelle device or
syringe wherein the patient has a risk factor or symptom of endometrial cancer;
contacting said sample with an agent capable of preserving, preventing, or lessening
the degradation of RNA in said uterine fluid sample; determining in said sample the
expression level of mRNA corresponding to said from 2 to 9 markers and one or
more endogenous genes using quantitative PCR; normalizing the expression level of
said from 2 to 9 biomarkers with the one or more endogenous genes; comparing the
normalized level of the from 2 to 9 biomarkers to a control value wherein differential
expression of from 2 to 9 of the biomarkers indicates endometrial cancer or an
increased likelihood of endometrial cancer. In one specifc aspect of this method,
said one or more endogenous genes are chosen from POLR2A, B2M, PFN1, HMBS,
G6PD, and PABPNI.

In one embodiment, the invention provides a method for diagnosing endometrial

cancer comprising obtaining a sample from an individual and determining the level

of from 2 to 8 biomarkers chosen from GMIP, IKBKE, P4HB, EFEMP2, PHKG?2,
SIRT6, DDR1, and FASTKD1 wherein if said markers are differentially expressed
compared to a control value, then the individual is diagnosed with endometrial
cancer and/or an increased likelihood of endometrial cancer. As result of the studies

disclosed herein, it was surprisingly found that combinations (e.g., profiles and/or

fingerprint patterns) of biomarkers chosen from GMIP, IKBKE, P4HB, EFEMP2,
PHK G2, SIRT6, DDR1, and FASTKDI1 have excellent sensitivity and specificity for
endometrial cancer and the AUROC wvalues for various combinations of these
markers are indicative of the ability of these markers to separate patients having
endometrial cancer from those not having endometrial cancer. According to one
aspect of this embodiment, the sample is chosen from a tissue sample and a fluid
sample. In one aspect, the fluid sample is a uterine fluid sample or uterine aspirate.
According to one aspect of this embodiment, the level of mRNA corresponding to the
biomarker is determined. According to one aspect of this embodiment, the level of
protein corresponding to the biomarker is determined. According to one aspect of
this embodiment, the level of 2 to 8 biomarkers are determined by quantitative PCR.
In one specific aspect of this embodiment, the in vitro diagnostic method comprises
providing a uterine fluid sample obtained from a patient with a pipelle device or

syringe wherein the patient has a risk factor or symptom of endometrial cancer;
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contacting said sample with an agent capable of preserving, preventing, or lessening
the degradation of RNA in said uterine fluid sample; determining in said sample the
expression level of mRNA corresponding to said from 2 to 9 markers and one or
more endogenous genes using quantitative PCR; normalizing the expression level of
sald from 2 to 8 biomarkers with the one or more endogenous genes; comparing the
normalized level of the from 2 to 8 biomarkers to a control value wherein differential
expression of from 2 to 8 of the biomarkers indicates endometrial cancer or an

increased likelithood of endometrial cancer. In one specifc aspect of this method,
said one or more endogenous genes are chosen from POLR2A, B2M, PFN1, HMBS,
G6PD, and PABPNI.

In one embodiment, the invention provides a method for diagnosing endometrial
cancer comprising obtaining a sample from an individual and determining the level
of from 2 to 8 biomarkers chosen from GMIP, IKBKE, P4HB, SOCS2, PHKG2,
SIRT6, DDR1, and FASTKDI1 wherein 1f said markers are differentially expressed
compared to a control value, then the individual i1s diagnosed with endometrial
cancer and/or an increased likelithood of endometrial cancer. As result of the studies
disclosed herein, it was surprisingly found that combinations (e.g., profiles and/or
fingerprint patterns) of biomarkers chosen from GMIP, IKBKE, P4HB, SOCS2,
PHKG2, SIRT6, DDR1, and FASTKDI1 have excellent sensitivity and specificity for
endometrial cancer and the AUROC values for various combinations of these
markers are indicative of the ability of these markers to separate patients having
endometrial cancer from those not having endometrial cancer. According to one
aspect of this embodiment, the sample 1s chosen from a tissue sample and a fluid
sample. In one aspect, the fluid sample 1s a uterine fluid sample or uterine aspirate.
According to one aspect of this embodiment, the level of mRNA corresponding to the
biomarker is determined. According to one aspect of this embodiment, the level of
protein corresponding to the biomarker is determined. According to one aspect of
this embodiment, the level of 2 to 8 biomarkers are determined by quantitative PCR.
In one specific aspect of this embodiment, the in vitro diagnostic method comprises
providing a uterine fluid sample obtained from a patient with a pipelle device or
syringe wherein the patient has a risk factor or symptom of endometrial cancer;
contacting said sample with an agent capable of preserving, preventing, or lessening

the degradation of RNA in said uterine fluid sample; determining in said sample the
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expreséion level of mRNA corresponding to said from 2 to 8 markers and one or
more endogenous genes using quantitative PCR; normalizing the expression level of
said from 2 to 8 biomarkers with the one or more endogenous genes; comparing the
normalized level of the from 2 to 8 biomarkers to a control value wherein differential
expression of from 2 to 8 of the biomarkers indicates endometrial cancer or an

increased likelihood of endometrial cancer. In one specifc aspect of this method,
said one or more endogenous genes are chosen from POLR2A, B2M, PFN1, HMBS,
G6PD, and PABPNI.

In one embodiment, the present invention provides a method for characterizing a
sample obtained from a patient for prognostic, diagnostic and/or pharmacogenomic
uses. Characterization of a sample obtained from a patient by determining the levels
of one or more of the biomarkers of Table 1 can be used to provide information
regarding diagnosis of endometrial cancer, disease progression, diagnosis of
endometrial cancer type (and/or subtype), and selection of an appropriate therapeutic
treatment. According to the method of the invention, a sample 1s obtained from an
individual. The individual can be a healthy person, an individual diagnosed with
cancer, an individual suspected of having cancer, an individual displaying one or
more symptoms of cancer and/or an individual desiring screening for cancer. The
method comprises the step of determining the level of the biomarker(s) of Table 1 in
a sample obtained from a patient. Alternative methods for determining the
biomarkers at the RNA and/or protein (IHC, mRNA expression analysis, et¢) can be
used in these methods. Detection of increased levels of from 1 to 17 the biomarkers
of Table 1 that were found to be upregulated in endometrial cancer and/or detection
of decreased levels of from 1 to 3 biomarkers that were found to be downregulated in
endometrial cancer, compared to a control value, indicates that the patient has

increased likelihood of having endometrial cancer.

In one embodiment, the invention provides a method for diagnosing a gynecological
cancer comprising the use of diagnostic reagents for assaying for or detecting from 1
to 20 of the biomarkers listed in Table 1. In a more specific aspect of this
embodiment, the diagnostic reagents are used for detecting the level of from 1 to 20
of the biomarkers listed in Table 1, for the diagnosis of endometrial cancer. In a

more specific aspect of this embodiment, the diagnostic reagents are used for
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detecting the level of from 1 to 20 of the biomarkers listed in Table 1, for the
detection of endometrial cancer. In one aspect of this embodiment, the level of the
mRNA corresponding to from 1 to 20 biomarkers is determined. In one aspect of this
embodiment, the level of the mRNA corresponding to from 2 to 17 biomarkers is
determined. In one aspect of this embodiment, the level of the mRNA corresponding
to from 3 to 15 biomarkers is determined. In one aspect of this embodiment, the level
of a protein or polypeptide corresponding to from 1 to 20 biomarkers is determined.
In one aspect of this embodiment, the level of a protein or polypeptide corresponding
to from 2 to 17 biomarkers is determined. In one aspect of this embodiment, the
level of a protein or polypeptide corresponding to from 3 to 15 biomarkers 1s
determined. In one aspect of this embodiment, the sample that 1s analyzed 1s a tumor
sample. In one aspect of this embodiment, the sample is analyzed 1s a uterine fluid
sample. In one aspect of this embodiment, the sample that 1s analyzed 1s a serum,
blood, or plasma sample. In one aspect, the sample 1s that 1s used 1s obtained by
using a soft, straw-like device (pipelle) that is used to suction off a small sample of
lining from the uterus (e.g., uterine fluid). In one aspect, the sample 1s obtained by
using a sharp-edged tool called a curette by scraping a small sample and collecting 1t
with a syringe or suction (e.g., dilation and curettage). In one aspect, the sample 1s
obtained by using an electronic suction device (e.g., Vabra aspiration). In one
aspect, the sample is obtained by using a spray of liquid (jet 1rrigation) to wash ott
some of the tissue that lines the uterus. In some aspects, a brush may be used to
remove some of the lining before the washing 1s done. In one aspect, a blood, serum,

or plasma sample is analyzed for from 1 to 20 of the biomarkers of the invention.

In microrarray studies, GMIP was found to be overexpressed in samples from
patients having endometrial cancer as compared to normal values (non-affected). In
RT-PCR studies this result was confirmed and a p-value of less than 0.0001 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of GMIP was
also found to be correlated in primary tumor and uterine fluid. Thus, GMIP is an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer. Furthermore, fingerprint patterns/profiles having GMIP are
expected to be useful for diagnosing endometrial cancer and/or an increased

likelihood of endometrial cancer. In one embodiment, the invention provides a
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method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an individual and
determining the level of GMIP and from 2 to 19 other biomarkers chosen from Table
1 wherein 1f said markers are differentially expressed compared to a control value,
then the individual is diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. Eor example, GMIP alone has AUROC value 1n
Table 6 of 0.88 IKBKE alone has an AUROC value of 0.90, when these two markers
are combined together in a profile the AUROC value 0.92 with a substantial increase
in specificity (increased AUROC value indicate increased ability to separate the
population). According to one aspect of this embodiment, the sample is chosen from
a tissue sample and a fluid sample. In one aspect, the fluid sample is a uterine fluid
sample or uterine aspirate. According to one aspect of this embodiment, the level of
mRNA corresponding to the biomarker is determined. According to one aspect of

this embodiment, the level of protein corresponding to the biomarker 1s determined.

In microrarray studies, IKBKE was found to be overexpressed in samples from
patients having endometrial cancer as compared to normal values (non-affected). In
RT-PCR studies this result was confirmed and a p-value of less than 0.0001 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of IKBKE was
also found to be correlated in primary tumor and uterine fluid. Thus, IKBKE 1s an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer. Furthermore, fingerprint patterns/profiles having IKBKE are
expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an individual and
determining the level of IKBKE and from 2 to 19 biomarkers chosen from Table 1
wherein if said markers are differentially expressed compared to a control value, then
the individual is diagnosed with endometrial cancer and/or an increased likelihood of
endometrial cancer. For example, IKBKE alone has AUROC value in Table 6 of
0.90, P4HB alone has an AUROC value of 0.97, when these two markers are
combined together in a profile the AUROC value 0.98 with a substantial increase in

specificity to 100% (increased AUROC value indicate increased ability to separate
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the population). According to one aspect of this embodiment, the sample 1s chosen
from a tissue sample and a fluid sample. In one aspect, the fluid sample 1s a uterine
fluid sample or uterine aspirate. According to one aspect of this embodiment, the
level of mRNA corresponding to the biomarker is determined. According to one

aspect of this embodiment, the level of protein corresponding to the biomarker 1s

determined.

In microrarray studies, P4HB was found to be overexpressed in samples from
patients having endometrial cancer as compared to normal values (non-atfected). In
RT-PCR studies this result was confirmed and a p-value of less than 0.0001 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of P4HB was
also found to be correlated in primary tumor and uterine fluid. Thus, P4HB is an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer. Furthermore, fingerprint patterns/profiles having P4HB are
expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an individual and
determining the level of P4HB and from 2 to 19 other biomarkers chosen from Table
1 wherein if said markers are differentially expressed compared to a control value,
then the individual 1s diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. For example, P4HB alone has AUROC value 1n
Table 6 of 0.97, SOCS2 alone has an AUROC value of 0.93, when these two markers
are combined together in a profile the AUROC value 1 with a substantial increase in
specificity to 100% (increased AUROC value indicate increased ability to separate
the population). According to one aspect of this embodiment, the sample 1s chosen
from a tissue sample and a fluid sample. In one aspect, the fluid sample is a uterine
fluid sample or uterine aspirate. According to one aspect of this embodiment, the
level of mRNA corresponding to the biomarker 1s determined. According to one
aspect of this embodiment, the level of protein corresponding to the biomarker is

determined.
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In microrarray studies, SOCS2 was found to be underexpressed in samples from
patients having endometrial cancer as compared to normal values (non-affected). In
RT-PCR studies this result was confirmed and a p-value of less than 0.0001 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of SOCS2 was
also found to be correlated in primary tumor and uteriﬁe fluid. Thus, SOCS2 i1s an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer. Furthermore, fingerprint patterns/profiles having SOCS2 are
expected to be useful for diagnosing endometrial cancer and/or an i1ncreased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer ahd/or an increased likelihood of
endometrial cancer comprising bbtaining a sample from an individual and
determining the level of SOCS2 and from 2 to 19 other biomarkers chosen from
Table 1 wherein if said markers are differentially expressed compared to a control
value, then the individual is diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. For example, SOCS2 alone has AUROC value 1n
Table 6 of 0.93, GMIP alone has an AUROC value of 0.88, when these two markers
are combined together in a profile the AUROC value 0.999 with a substantial
increase in sensitivity to 100% (increased AUROC value indicate increased ability to
separate the population). According to one aspect of this embodiment, the sample 1s
chosen from a tissue sample and a fluid sample. In one aspect, the fluid sample 1s a
uterine fluid sample or uterine aspirate. According to one aspect of this embodiment,
the level of mRNA corresponding to the biomarker 1s determined. According to one
aspect of this embodiment, the level of protein corresponding to the biomarker 1s

determined.

In microrarray studies, EPS8L2 was found to be overexpressed in samples from
patients having endometrial cancer as compared to normal values (non-atfected). In
RT-PCR studies this result was confirmed and a p-value of less than 0.002 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of EPS8L2 was
also found to be correlated in primary tumor and uterine fluid. Thus, EPS8L2 1s an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelithood

of endometrial cancer. Furthermore, fingerprint patterns/profiles having EPS8L2 are
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expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an individual and
determining the level of EPS8L2 and from 2 to 19 other biomarkers chosen from
Table 1 wherein if said markers are differentially expressed compared to a control
value, then the individual is diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. For example, when EPS8L2 is combined with
GMIP, IKBKE, P4HB, SOCS2, and DDR1 the AUROC value is 1 and the sensitivity
is nearly 96% and the specificity is 100% (see Table 11). According to one aspect of
this embodiment, the sample is chosen from a tissue sample and a fluid sample. In
one aspect, the fluid sample is a uterine fluid sample or uterine aspirate. According
to one aspect of this embodiment, the level of mRNA corresponding to the biomarker
is determined. According to one aspect of this embodiment, the level of protein

corresponding to the biomarker is determined.

In microrarray studies, RASSF7 was found to be overexpressed in samples from
patients having endometrial cancer as c‘ompared to normal values (non-affected). In
RT-PCR studies this result was confirmed and a p-value of less than 0.0005 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of RASSE7 was
also found to be correlated in primary tumor and utefine fluid. Thus, RASSF7 1s an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer. Furthermore, fingerprint patterns/profiles having RASSF 7/ are
expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an individual and
determining the level of RASSF7 and from 2 to 19 other biomarkers chosen from
Table 1 wherein if said markers are differentially expressed compared to a control
value, then the individual is diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. For example, when RASSE7 is combined with
DDR1, EPS8L2, GMIP, IKBKE, P2RX4, P4HB, PHKG2, PPPIR16A, SIRT6, TIP3
and SOCS?2 the AUROC value is 1 and the sensitivity is 100% and the specificity 1s
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100% (see Table 11). According to one aspect of this embodiment, the sample 1s
chosen from a tissue sample and a fluid sample. In one aspect, the tluid sample 1s a
uterine fluid sample or uterine aspirate. According to one aspect of this embodiment,
the level of mRNA corresponding to the biomarker is determined. According to one

aspect of this embodiment, the level of protein corresponding to the biomarker 1s

determined.

In microrarray studies, DDR1 was found to be overexpressed in samples from
patients having endometrial cancer as compared to normal values (non-affected). In
RT-PCR studies this result was confirmed and a p-value of less than 0.02 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of DDR1 was
also found to be correlated in primary tumor and uterine fluid. Thus, DDRI 1s an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer. Furthermore, fingerprint patterns/profiles having DDRI1 are
expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an individual and
determining the level of DDR1 and from 2 to 19 other biomarkers chosen from Table
1 wherein if said markers are differentially expressed compared to a control value,
then the individual 1s diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. For example, when DDRI1 1s combined with
EPS8L2, GMIP, IKBKE, P2RX4, PAHB, PHKG2, PPP1R16A, SIRT6, TIP3, SOCS2,
and RNF183 the AUROC value is 1 and the sensitivity is 100% and the specificity 1s
100% (see Table 11). According to one aspect of this embodiment, the sample 1s
chosen from a tissue sample and a fluid sample. In one aspect, the fluid sample 1s a
uterine fluid sample or uterine aspirate. According to one aspect of this embodiment,
the level of mRNA: corresponding to the biomarker is determined. According to one
aspect of this embodiment, the level of protein corresponding to the biomarker 1s

determined.

In microrarray studies, PPP1R16A was found to be overexpressed in samples from

patients having endometrial cancer as compared to normal values (non-affected). In
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RT-PCR studies this result was confirmed and a p-value of less than 0.0001 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of PPPIR16A
was also found to be correlated in primary tumor and uterine fluid. Thus, PPPIR16A
is an excellent biomarker for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. Furthermore, fingerprint patterns/profiles having
PPP1R16A are expected to be useful for diagnosing endometrial cancer and/or an
increased likelihood of endometrial cancer. In one embodiment, the invention
provides a method for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer comprising obtaining a sample from an individual and
determining the level of PPP1R16A and from 2 to 19 other biomarkers chosen from
Table 1 wherein if said markers are differentially expressed compared to a control
value, then the individual is diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. For example, when PPP1R16A i1s combined with
GMIP, IKBKE, P4HB, SOCS2, and EPS8L2 the AUROC value 1s nearly 1 and the
sensitivity is nearly 92% and the specificity 1s 100% (see Table 11). According to
one aspect of this embodiment, the sample is chosen from a tissue sample and a fluid
sample. In one aspect, the fluid sample is a uterine fluid sample or uterine aspirate.
According to one aspect of this embodiment, the level of mRNA corresponding to the
biomarker is determined. According to one aspect of this embodiment, the level of

protein corresponding to the biomarker is determined.

In microrarray studies, PHKG2 was found to be overexpressed in samples from
patients having endometrial cancer as compared to normal values (non-atfected). In
RT-PCR studies this result was confirmed and a p-value of less than 0.0001 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of PHKG2 was
also found to be correlated in primary tumor and uterine fluid. Thus, PHKG?2 is an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer. Furthermore, fingerprint patterns/profiles having PHKG2 are
expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of

endometrial cancer comprising obtaining a sample from an individual and
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determining the level of PHKG2 and from 2 to 19 other biomarkers chosen from
Table 1 wherein if said markers are difterentially expreséed compared to a control
value, then the individual i1s diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. For example, when PHKG2 i1s combined with
DDR1, EPS8L2, GMIP, IKBKE, P2RX4, P4HB, PPP1IR16A, SIRT6, TIP3, SOCS2,
and RNF183 the AUROC value is 1 and the sensitivity is 100% and the specificity is
100% (see Table 11). According to one aspect of this embodiment, the sample 1s
chosen from a tissue sample and a fluid sample. In one aspect, the fluid sample is a
uterine fluid sample or uterine aspirate. According to one aspect of this embodiment,
the level of mRNA corresponding to the biomarker 1s determined. According to one
aspect of this embodiment, the level of protein corresponding to the biomarker i1s

determined.

In microrarray studies, P2RX4 was found to be overexpressed in samples from
patients having endometrial cancer as compared to normal values (non-affected). In
RT-PCR studies this result was confirmed and a p-value of less than 0.0005 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of P2RX4 was
also found to be correlated in primary tumor and uterine fluid. Thus, P2RX4 i1s an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer. Furthermore, fingerprint patterns/profiles having P2RX4 are
expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an 1individual and
determining the level of P2RX4 and from 2 to 19 other biomarkers chosen from
Table 1 wherein if said markers are differentially expressed compared to a control
value, then the individual is diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. For example, when P2RX4 1s combined with
DDR1, EPS8L2, GMIP, IKBKE, P4HB, PHKG2, PPPIR16A, SIRT6, TIP3, SOCS2,
and RNF183 the AUROC value is 1 and the sensitivity is 100% and the specificity is
100% (see Table 11). According to one aspect of this embodiment, the sample 1s
chosen from a tissue sample and a fluid sample. In one aspect, the fluid sample is a

uterine fluid sample or uterine aspirate. According to one aspect of this embodiment,
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the level of mRNA corresponding to the biomarker 1s determined. According to one

aspect of this embodiment, the level of protein corresponding to the biomarker 1s

determined.

In microrarray studies, ACAA1l was found to be overexpressed in samples from
patients having endometrial cancer as compared to normal values (non-atfected). In
RT-PCR studies this result was confirmed and a p-valﬁe of less than 0.0001 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of ACAAl was
also found to be correlated in primary tumor and uterine fluid. Thus, ACAAI 1s an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer. Furthermore, fingerprint patterns/profiles having ACAA1 are
expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an individual and
determining the level of ACAA1 and from 2 to 19 other biomarkers chosen from
Table 1 wherein if said markers are differentially expressed compared to a control
value, then the individual i1s diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. According to one aspect of this embodiment, the
- sample is chosen from a tissue sample and a fluid sample. In one aspect, the tluid
sample is a uterine fluid sample or uterine aspirate. According to one aspect ot this
embodiment, the level of mRNA corresponding to the biomarker 1is
determined.According to one aspect of this embodiment, the level of protein

corresponding to the biomarker 1s determined.

In microrarray studies, APIM2 was found to be overexpressed in samples from
patients having endometrial cancer as compared to normal values (non-affected). In
RT-PCR studies this result was confirmed and a p-value of less than 0.0001 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of APIM2 was
also found to be correlated in primary tumor and uterine fluid. Thus, APIM2 is an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelthood

of endometrial cancer. Furthermore, fingerprint patterns/profiles having AP1M?2 are
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expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelithood of
endometrial cancer comprising obtaining a sample from an 1ndividual and
determining the level of API1M2 and from 2 to 19 other biomarkers chosen from
Table 1 wherein if said markers are differentially expressed compéred to a control
value, then the individual 1s diagnosed with endofnetrial cancer and/or an increased
likelihood of endometrial cancer. According to one aspect of this embodiment, the
sample is chosen from a tissue sample and a fluid sample. In one aspect, the fluid
sample is a uterine fluid sample or uterine aspirate. According to one aspect of this

embodiment, the level of mRNA corresponding to the biomarker ts determined.

In microrarray studies, CGN was found to be overexpressed in saniples from patients
having endometrial cancer as compared to normal values (non-affected). In RT-PCR
studies this result was confirmed and a p-value of less than 0.0001 was obtained for
aspirate samples from non-affected individuals versus aspirates from individuals
having endometrial cancer comparisons. The expression of CGN was also found to
be correlated in primary tumor and uterine fluid. Thus, CGN 1s an excellent
biomarker for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer. ‘Furthermore, fingerprint patterns/profiles having CGN are
expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an individual and
determining the level of CGN and from 2 to 19 other biomarkers chosen from Table
1 wherein if said markers are differentially expressed compared to a control value,
then the individual is diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. According to one aspect of this embodiment, the
sample is chosen from a tissue sample and a fluid sample. In one aspect, the fluid
sample i1s a uterine fluid sample or uterine aspirate. According to one aspect of this

embodiment, the level of mRNA corresponding to the biomarker is determined.

In microrarray studies, FASTKD1 was found to be overexpressed in samples from

patients having endometrial cancer as compared to normal values (non-affected). In
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RT-PCR studies this result was confirmed and a p-value of less than 0.0001 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of FASTKDI
was also found to be correlated in primary tumor and uterine fluid. Thus, FASTKDI
is an excellent biomarker for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. Furthermore, fingerprint patterns/profiles having
FASTKDI1 are expected to be useful for diagnosing endometrial cancer and/or an
increased likelihood of endometrial cancer. In one embodiment, the 1nvention
provides a method for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer comprising obtaining a sample from an individual and
determining the level of FASTKDI1 and from 2 to 19 other biomarkers chosen from
Table 1 wherein if said markers are differentially expressed compared to a control
~ value, then the individual is diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. According to one¢ aspect of this embodiment, the
sample is chosen from a tissue sample and a fluid sample. In one aspect, the fluid
sample is a uterine fluid sample or uterine aspirate. According to one aspect of this

embodiment, the level of mRNA corresponding to the biomarker is determined.

In microrarray studies, PPFIBP2 was found to be overexpressed in samples from
patients having endometrial cancer as compared to normal values (non-affected). In
RT-PCR studies this result was confirmed and a p-value of less than 0.02 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of PPFIBP2 was
also found to be correlated in primary tumor and uterine fluid. Thus, PPFIBP2 1s an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer. Furthermore, fingerprint patterns/profiles having PPFIBP2
are expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an 1ndividual and
determining the level of PPFIBP2 and from 2 to 19 other biomarkers chosen from
Table 1 wherein if said markers are differentially expressed compared to a control
value, then the individual is diagnosed with endometrial cancer and/or an increased

likelihood of endometrial cancer. According to one aspect of this embodiment, the
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sample is chosen from a tissue sample and a fluid sample. In one aspect, the fluid
sample is a uterine fluid sample or uterine aspirate. According to one aspect of this

embodiment, the level of mRNA corresponding to the biomarker 1s determined.

In microrarray studies, RNF183 was found to be overexpressed in samples trom
patients having endometrial cancer as compared to normal values (non-affected). In
RT-PCR studies this result was conﬁrmed and a p-value of less than 0.0001 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of RNF183 was
also found to be correlated in primary tumor and uterine fluid. Thus, RNF183 i1s an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer. Furthermore, fingerprint patterns/profiles having RNF183 are
expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an individual and
determining the level of RNF183 and from 2 to 19 other biomarkers chosen from
Table 1 wherein if said markers are differentially expressed compared to a control
value, then the individual 1s diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. For example, when RNF183 1s combined with
DDR1, EPS8L2, GMIP, IKBKE, P2RX4, PAHB, PHKG2, PPPIRI16A, SIRT6, TIP3,
and SOCS2 the AUROC value 1s 1 and the sensitivity 1s 100% and the specificity is
100% (see Table 11). According to one aspect of this embodiment, the sample 1s
chosen from a tissue sample and a fluid sample. In one aspect, the fluid sample 1s a
uterine fluid sample or uterine aspirate. According to one aspect of this embodiment,

the level of mRNA corresponding to the biomarker 1s determined.

In microrarray studies, SIRT6 was found to be overexpressed in samples from
patients having endometrial cancer as compared to normal values (non-affected). In
RT-PCR studies this result was confirmed and a p-value of less than 0.000]1 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having endometrial cancer comparisons. The expression of SIRT6 was
also found to be correlated in primary tumor and uterine fluid.  Thus, SIRT6 1s an

excellent biomarker for diagnosing endometrial cancer and/or an increased likelihood
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of endometrial cancer. Furthermore, fingerprint patterns/profiles having SIRT6 are
expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an individual and
determining the level of SIRT6 and from 2 to 19 other biomarkers chosen from Table
1 wherein if said markers are differentially expressed compared to a control value,
then the individual is diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. For example, when SIRT6 is combined with
DDR1, EPS8L2, GMIP, IKBKE, P2RX4, P4HB, PHKG2, PPPIR16A, TIP3, SOCS2,
and RNF183 the AUROC value is 1 and the sensitivity is 100% and the specificity is
100% (see Table 11). According to one aspect of this embodiment, the sample 1s
chosen from a tissue sample and a fluid sample. In one aspect, the fluid sample 1s a
uterine fluid sample or uterine aspirate. According to one aspect of this embodiment,

the level of mRNA corresponding to the biomarker 1s determined.

In microrarray studies, TJP3 was found to be overexpressed in samples from patients
having endometrial cancer as compared to normal values (non-affected). In RT-PCR
studies this result was confirmed and a p-value of less than 0.0001 was obtained for
aspirate samples from non-affected individuals versus aspirates from individuals
having endometrial cancer comparisons. The expression of TIP3 was also found to
be correlated in primary tumor and uterine fluid. Thus, TIP3 is an excellent
biomarker for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer. Furthermore, fingerprint patterns/profiles having TJP3 are
expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an individual and
determining the level of TIP3 and from 2 to 19 other biomarkers chosen from Table
1 wherein if said markers are differentially expressed compared to a control value,
then the individual is diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. For example, when TJP3 is combined with DDRI1,
EPS8L2, GMIP, IKBKE, P2RX4, P4HB, PHKG2, PPPIR16A, SIRT6, SOCS2, and
RNF183 the AUROC value is 1 and the sensitivity i1s 100% and the specificity 1s
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100% (see Table 11). According to one aspect of this embodiment, the sample 1s
chosen from a tissue sample and a fluid sample. In one aspect, the fluid sample 1s a
uterine fluid sample or uterine aspirate. According to one aspect of this embodiment,

the level of mRNA corresponding to the biomarker 1s determined.

In microrarray studies, EFEMP2 was found to be overexpressed in samples from
patients having endométrial cancer as compared to normal values (non-affected). In
RT-PCR studies this result was confirmed and a p-value of less than 0.0001 was
obtained for aspirate samples from non-affected individuals versus aspirates from
individuals having' endometrial cancer comparisons. The expression of EFEMP2 was
also found to be correlated in primary tumor and uterine fluid. Thus, EFEMP2 1s an
excellent biomarker for diagnosing endometrial cancer and/or an increased likelihood
of endometrial cancer. Furthermore, fingerprint patterns/profiles having EFEMP?2
are expected to be useful for diagnosing endometrial cancer and/or an increased
likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer comprising obtaining a sample from an individual and
determining the level of EFEMP2 and from 2 to 19 other biomarkers chosen from
Table 1 wherein if said markers are differentially expressed compared to a control
value, then the individual is diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. According to one aspect of this embodiment, the
sample is chosen from a tissue sample and a fluid sample. In one aspect, the fluid
sample is a uterine fluid sample or uterine aspirate. According to one aspect of this

embodiment, the level of mRNA corresponding to the biomarker is determined.

In microrarray studies, DCN was found to be overexpressed in samples from patients
having endometrial cancer as compared to normal values (non-affected). In RT-PCR
studies this result was confirmed and a p-value of less than 0.005 was obtained for
aspirate samples from non-affected individuals versus aspirates from individuals
having endometrial cancer comparisons. The expression of DCN was also found to
be correlated in primary tumor and uterine fluid. Thus, DCN 1s an excellent
biomarker for diagnosing endometrial cancer and/or an increased likelihood of
endometrial cancer. Furthermore, fingerprint patterns/profiles having DCN are

expected to be useful for diagnosing endometrial cancer and/or an i1ncreased
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likelihood of endometrial cancer. In one embodiment, the invention provides a
method for diagnosing endometrial cancer and/or an increased likelithood of
endometrial cancer cOmprising obtaining a sample from an 1ndividual and
determining the level of DCN, and from 2 to 19 other biomarkers chosen from Table
1 wherein if said markers are differentially expressed compared to a control value,
then the individual is diagnosed with endometrial cancer and/or an increased
likelihood of endometrial cancer. According to one aspect of this embodiment, the
sample 1s chosen from a tissue sample and a fluid sample. In one aspect, the fluid
sample is a uterine fluid sample or uterine aspirate. According to one aspect of this

embodiment, the level of mRNA corresponding to the biomarker 1s determined.

In one embodiment, the invention provide an in vitro diagnostic method for the
diagnosis of endometrial cancer or an increased likelihood of endometrial
comprising detecting the level of (1) from 1 to 17 biomarker(s) chosen from ACAAL,
AP1IM2, CGN, DDRI, EPS8L2, FASTKD1, GMIP, IKBKE, P2RX4, P4HB, PHKG2,
PPFIBP2, PPP1R16A, RASSF7, RNF183, SIRT6, and TJP3 in a sample from a
patient wherein an increased level of said from 1 to 17 biomarkers compared to a
control value indicates a diagnosis of endometrial cancer or increased likelihood of
endometrial cancer and/or (2) detecting the level of from 1 to 3 biomarkers chosen
from EFEMP2, SOCS2, and DCN, wherein a decreased level of EFEMP2, SOCS2,
and/or DCN compared to a control value indicates a diagnosis of endometrial cancer
of increased likelihood of endometrial cancer. In one preferred aspect, the method of
diagnosing endometrial cancer or an increased likelihood of endometrial cancer
involves using one or more upregulated biomarkers and one or more downregulated

biomarkers according to Table 1.

In one aspect of this embodiment, the patient has a risk factor for <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>