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METHODS FOR DETECTING AND TREATING ENDOMETRIOSIS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit of U.S. Provisional Application No. 62/639,112,
filed March 6, 2018, the contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The disclosures of all publications, patents, patent application publications and
books referred to in this application are hereby incorporated by reference in their entirety
into the subject application to more fully describe the art to which the subject invention
pertains.

[0003] Endometriosis is a chronic and underdiagnosed disease which affects 5-10% of
women of childbearing age and is characterized by growth of endometrial-like tissue
outside of the uterus, most often in the peritoneal cavity. Delay in diagnosis is a major
problem for management of this disorder, and treatment is often not initiated until the
disease has progressed for many years. Although the exact etiology of endometriosis
remains unknown, retrograde menstruation is recognized as a common underlying factor
leading to the deposit of menstrual effluent (ME) into the peritoneal cavity. Differences in
the cellular biology and genetics of the cells within ME are therefore likely to explain why
endometriosis develops in only a subset of women. In addition, invasive diagnostic
techniques are not preferred by patients.

[0004] The present invention addresses these needs and provides methods of

noninvasively detecting and treating endometriosis.

SUMMARY OF THE INVENTION
[0005] Herein is provided a method of non-invasively diagnosing endometriosis in a
subject comprising maintaining or culturing stromal cells, obtained from a menstrual
effluent or discharge sample from the subject, under conditions permitting decidualization,
quantifying a rate or extent of decidualization of the stromal cell, and comparing the rate of
decidualization to a control value of decidualization indicative of a subject without
endometriosis, wherein a rate or extent of decidualization of the stromal cell which is less

than that of the control value of decidualization indicates that the subject has endometriosis.
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[0006] Also provided a method of non-invasively diagnosing endometriosis in a subject
comprising maintaining stromal cells obtained from a menstrual effluent or discharge
sample from the subject, under conditions permitting decidualization, quantifying a rate or
extent of decidualization of the stromal cell, and comparing the rate of decidualization to a
control value of decidualization indicative of a subject without endometriosis, wherein a
rate or extent of decidualization of the stromal cell which is less than that of the control
value of decidualization indicates that the subject has endometriosis. In embodiments, the
cells have been obtained less than 1 hour, 2 hours, 4 hours or 6 hours prior to quantifying
the rate of decidualization.

[0007] Also provided a method of non-invasively diagnosing fertility in a subject
comprising maintaining or culturing stromal cells, obtained from a menstrual effluent or
discharge sample from the subject, under conditions permitting decidualization, quantifying
a rate or extent of decidualization of the stromal cell, and comparing the rate of
decidualization to a control value of decidualization indicative of a subject who is fertile,
wherein a rate or extent of decidualization of the stromal cell which is less than that of the
control value of decidualization indicates that the subject has infertility.

[0008] Also provided is a method of non-invasively diagnosing endometriosis in a
subject comprising quantitating expression of one or more proteins in a stromal cell
obtained from a menstrual discharge sample from the subject and comparing the expression
quantitated to a control value of expression of the one or more protein indicative of a
subject without endometriosis, wherein an amount of expression quantitated less than the
control value indicates that the subject has endometriosis.

[0009] Also provided is a method of non-invasively diagnosing endometriosis in a
subject comprising quantitating a protein modifications (e.g., phosphorylation), a gene
expression, mMRNA or microRNA levels, or an epigenetic change (e.g. DNA methylation,
histone modification, or altered chromosomal state) obtained from a menstrual discharge
sample from the subject and comparing the expression quantitated to a control value of
expression of the same indicator in a subject without endometriosis, wherein an amount of
the indicator quantitated less or more than, as appropriate, than the control value indicates
that the subject has endometriosis.

[0010] Also provided is a kit for non-invasively diagnosing endometriosis in a subject

comprising a cup for collection of menstrual effluent stromal cell, an amount of cAMP for
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effecting stromal cell decidualization, and an amount of 17-beta estradiol and/or
medroxyprogesterone for effecting stromal cell decidualization.

[0011] Also provided is a kit for non-invasively diagnosing endometriosis in a subject
comprising a menstrual cup or polyether polyurethane menstrual sponge, -either
intravaginally or as an external collection device, for collection of menstrual effluent. The
kit provides for methods of recovery of stromal cells from sponge devices using
trypsinization followed by culture of recovered stromal cells, using an amount of 8-
bromoadenosine 3°,5’-cyclic monophosphate (cAMP) for effecting stromal cell
decidualization under low serum conditions, and an amount of 17-beta estradiol and/or
medroxyprogesterone for effecting stromal cell decidualization.

[0012] Also provided is a method of treating endometriosis in a subject comprising
obtaining an identification of the subject as in need of treatment of endometriosis, wherein
the subject has been identified as having endometriosis by a method described herein, and
treating the subject by performing a laproscopic surgery with excision or ablation of
endometriosis lesions, or hysterectomy, or administering an amount of a progestin, a
gonadotropin-releasing hormone agonist or a birth control pill effective to treat
endometriosis.

[0013] Also provided is a method of identifying patients at risk for endometriosis by
identifying subclinical inflammation of the uterine lining (e.g. chronic endometritis).
[0014] Also provided is a method of preventing the progression or development of
endometriosis in a subject by administration of an inhibitors of a pro-inflammatory cytokine
(such as TNFa, and IL-1B), or by administration of a compound that attenuates a cellular
effect of a cytokines on decidualization and/or proliferation capacity of uterine stromal

fibroblast cells (SFCs).

BRIEF DESCRIPTION OF THE FIGURES

[0015] Fig. 1: ME-derived stromal fibroblast cells (SFCs) obtained from endometriosis
subjects exhibit reduced decidualization capacity which persists until at least passage 2.
Time course of IGFBP-1 secretion by vehicle and cAMP treated (0.5mM) ME-derived
SFCs isolated from endometriosis (Endo) and control subjects (n=7 control, n=7
endometriosis) in DMEM 2% fetal bovine serum. Data are shown as IGFBP-1 values for
each subject’s SFC culture and the horizontal lines represent group means. ** posterior
probabilities (Pr) <0.01 *Pr<0.05. Statistics were performed on log transformed data, as

described in the methods.
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[0016] Fig. 2. Low serum conditions are required for observing changes in ALDH1ALl
mRNA expression, thereby revealing differences between SFCs from controls and
endometriosis subjects’ ALDHI1A1 expression and other transcripts under in vifro
conditions of decidualization. ALDHIAI mRNA expression by confluent ME-SFCs
collected from controls (n=4 subjects) and endometriosis subjects (n=5 subjects) after 24hrs
in DMEM containing 2%FBS vs. DMEM 10%FBS. ALDH1A1 mRNA expression was
analyzed by qPCR and normalized to GAPDH expression. Individual data points are show,
with means as horizontal bars. *p<0.05 compared.

[0017] Fig. 3: Surface expression of podoplanin (PDPN) by ME-SFCs obtained from
endometriosis subjects and controls. Plots show average genometric mean fluorometric
intensity (MFI) for PDPN surface expression by subjects with (Endo, n=5 subjects) vs.
without (Control, n=6 subjects), as determined by flow cytometry. *p=0.03, calculated
using Mann Whitney Test. ME-SFCs obtained from healthy controls (n=6) or endometriosis
subjects (n=5) were grown to confluence in DMEM containing 10%FBS, pen-strep-
glutamine. ME-SFCs were harvested using non-enzymatic Accutase solution. Cells were
washed and analyzed by flow cytometry using either PE/Cy7-labeled anti-PDPN antibody
(BioLegend, Cat# 337013, clone NC-08) or PE/Cy7-labeled isotype control (BioLegend,
Cat# 400125). Data are shown as geometric mean fluorescence intensity (MFI) for each
subjects’ ME-SFCs; horizontal lines are the group means. P=0.03 calculated using the Mann
Whitney Test.

[0018] Fig. 4A-4B: Transient exposure of SFCs to inflammatory cytokines (TNFa

(shown) or IL-1f (not shown)) leads to persistent defects in SFC decidualization capacity.

DETAILED DESCRIPTION OF THE INVENTION

[0019] List of abbreviations: ALDH1AIl, aldehyde dehydrogenase 1 family member
Al; 17-beta estradiol, E2; 8-Bromoadenosine 3',5'-cyclic monophosphate, cAMP; insulin
growth factor binding protein-1, IGFBP-1; medroxyprogesterone acetate, MPA; menstrual
effluent, ME; mesenchymal stem cells, MSCs; paraformaldehyde, PFA; podoplanin, PDPN;
stromal fibroblast cells, SFCs.

[0020] A method of non-invasively diagnosing endometriosis in a subject comprising
maintaining a stromal cell, obtained from a menstrual discharge sample from the subject,
under low serum conditions permitting decidualization, quantifying a rate or extent of

decidualization of the stromal cell, and comparing the rate of decidualization to a control
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value of decidualization indicative of a subject without endometriosis, wherein a rate or
extent of decidualization of the stromal cell which is less than that of the control value of
decidualization indicates that the subject has endometriosis. Low serum as used herein
means a concentration of 3% serum or less. In embodiments, the serum is at a level of 2%
or less.

[0021] In embodiments, the menstrual discharge sample comprises menstrual blood. In
embodiments, the method further comprises obtaining the menstrual discharge sample from
the subject.

[0022] In embodiments, the stromal cell is contacted with 8-Br-cAMP and one or more
hormones to effect decidualization.

[0023] In embodiments, the one or more hormones comprise 17-beta estradiol and/or
medroxyprogesterone.

[0024] In embodiments, the rate or extent of decidualization is quantified by measuring
IGFBP-1 protein production, IGFBP1 mRNA expression, or changes in cell morphology by
the stromal cell.

[0025] In embodiments, ALDH1A1 expression, or ALDH1A1 mRNA levels, are
quantified.

[0026] In embodiments, the stromal cell is a stromal fibroblast cell (SFC).

[0027] In embodiments, the SFC is identified as being an SFC by being identified as
being: CD34-/CD45-/CD326-/CD31-/CD90+/CD105+/CD73+.

[0028] In embodiments, the SFC is CD140b+/CD13+CD29+/CD44+/CD49f+.

[0029] A method of non-invasively diagnosing endometriosis in a subject comprising
quantitating expression of one or more proteins in a stromal cell obtained from a menstrual
discharge sample from the subject and comparing the expression quantitated to a control
value of expression of the one or more protein indicative of a subject without endometriosis,
wherein an amount of expression quantitated less than the control value indicates that the
subject has endometriosis.

[0030] In embodiments, quantitating the one or more proteins comprises quantitating
ALDHI1ALI expression.

[0031] A method of non-invasively diagnosing endometriosis in a subject comprising
quantitating a level of ALDHIA1 mRNA in a stromal cell obtained from a menstrual
discharge sample from the subject and comparing the level quantitated to a control value of

ALDHI1A1 mRNA indicative of a subject without endometriosis, wherein an amount of
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ALDHIA1l mRNA quantitated less than the control value indicates that the subject has
endometriosis. In embodiments, the stromal cell is a stromal fibroblast cell (SFC).

[0032] In embodiments, quantitating the one or more proteins comprises is performed
indirectly by measuring a protein-encoding RNA level, for example ALDH1A1l gene
expression is determined by measuring mRNA.

[0033] A kit for non-invasively diagnosing endometriosis in a subject comprising a
menstrual cup or polyether polyurethane menstrual sponge for collection of menstrual
effluent comprising a stromal cell, an amount of cAMP for effecting stromal cell
decidualization, and an amount of 17-beta estradiol and/or medroxyprogesterone for
effecting stromal cell decidualization and culturing stromal cells. In an embodiment, the
stromal cells are cultured in DMEM containing 2% fetal bovine serum.

[0034] In embodiments, the cAMP is 8-Br-cAMP.

[0035] In embodiments, the kit further comprises one or more reagents for the culture of
stromal fibroblast cells.

[0036] In embodiments, the kit further comprises one or more reagents for measurement
of IGFBP-1 concentrations in supernatant of cultured stromal fibroblast cells by ELISA.
[0037] In embodiments, the kit further comprises one or more reagents in order to
measure morphological changes of SFCs that quantitatively reflect decidualization capacity.
[0038] A method of treating endometriosis in a subject comprising obtaining an
identification of the subject as in need of treatment of endometriosis, wherein the subject
has been identified as having endometriosis by a method described herein, and treating the
subject by performing a laproscopic surgery with excision or ablation of endometrial lesions
or hysterectomy, or administering an amount of a progestin, a gonadotropin-releasing
hormone agonist or a birth control pill effective to treat endometriosis.

[0039] A method of treating and or preventing endometriosis in a subject identified as at
risk for endometriosis by the methods described herein and administering to the subject
locally or systemically an anti-inflammatory agent that targets a cytokine. In embodiments,
the cytokines are TNFalpha and/or IL lbeta. Anti-inflammatory agents directed to
cytokine(s) are known in the art, including certain organic small molecules (see, e.g.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3752337/, incporated by reference;
anticytokines may also be biologics, e.g. monoclonal antibodies or fusion proteins directed

agsint a known cytokine such as TNFalpha or IL-1beta).
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[0040] All combinations of the various elements described herein are within the scope
of the invention unless otherwise indicated herein or otherwise clearly contradicted by
context.

[0041] This invention will be better understood from the Experimental Details, which
follow. However, one skilled in the art will readily appreciate that the specific methods and
results discussed are merely illustrative of the invention as described more fully in the

claims that follow thereafter.

EXPERIMENTAL DETAILS
[0042] Patients with and without endometriosis were consented to provide ME. ME was
analyzed by flow cytometry for CD45- and CD45+ cell populations or used to isolate
stromal fibroblast cells. ME-derived stromal fibroblast cells were assessed using
decidualization assays following the addition of cAMP and IGFBP-1 concentrations in the
culture supernatants were measured by ELISA. In addition, RNA was collected and
analyzed by RNA-Seq and qPCR for markers of decidualization and to identify
differentially expressed genes in ME-derived stromal fibroblast cells obtained from controls
and subjects with endometriosis (xcAMP).
[0043] Results: Flow cytometry analysis of cell subsets within the CD45+ fraction of
ME revealed a significant decrease in the number of uterine NK cells in endometriosis
patients compared with controls (p<0.01). No other significant differences within either the
CD45+ or CD45- cell populations were observed. Most strikingly, ME-derived stromal
fibroblast cells cultured from endometriosis subjects showed impaired decidualization
potential compared with controls.
[0044] Highly significant differences in decidualization response were detected by
measuring IGFBP-1 production at multiple time points after cCAMP stimulation (p=0.0025 at
6 hrs; p=0.0045 at 24hrs; p=0.0125 at 48hrs). RNA-Seq and qPCR analyses were used to
identify genes differentially expressed by ME-derived stromal fibroblast cells obtained from
endometriosis and control subjects.
[0045] Highly significant differences in decidualization response can also be detected
by morphological changes observed in live cells (SFC) at 24 to 48 hours.
[0046] Subject Recruitment and Enrollment - Endometriosis subjects were recruited
through the Research OutSmarts Endometriosis (ROSE) study (see world wide web at

feinsteininstitute.org/rose-research-outsmarts-endometriosis/; IRB#13-376A) and control
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subjects were recruited from the Genotype and Phenotype (GaP) registry (see world wide
web at feinsteininstitute.org/robert-s-boas-center-for-genomics-and-humangenetics/gap-
registry/; IRB#13-627A); both studies were approved by the Institutional Review Board
(IRB) of Northwell Health. Briefly, women of reproductive age who were not pregnant or
breast-feeding, did not use an internal birth control device (e.g. IUD) and were menstruating
and willing to provide ME sample(s) were recruited and consented. Women who reported
the diagnosis of endometriosis, as determined by laparoscopic surgery and were at least one
year post-op following endometrial lesion removal, were recruited via the ROSE study (22
to 43 years old). Control subjects who self-reported no history suggestive of a diagnosis of
endometriosis were recruited through the GaP registry (21 to 47 years old). For functional
decidualization experiments using ME from endometriosis patients and controls, only
subjects who reported that they were not using hormonal birth control were included.

[0047] Collection of menstrual effluent (ME) - ME was collected for up to 6-10 hrs per
collection on days 0, 1, or 2 of the menstrual phase when flow is the heaviest, where day 0
is the first day of the menstrual cycle, using the DivaCup (a menstrual cup produced by
Diva International Inc., Ontario, Canada) as described previously [25] or using a soft
internal menstrual sponge (Gynotex), or external sponge placed on a menstrual pad. ME
from menstrual cups was transferred to a sterile S0mL conical tube containing 1mg
NormocinTM (Invivogen, San Diego, CA) and 500 units penicillin streptomycin (Gibco),
placed in a refrigerated box and transported by express shipment to the lab within
approximately 24 hrs. ME-containing menstrual sponges were transferred into a sterile 50ml
collection cup containing 10ml sterile saline containing 2.5 mg Normocin TM and 1000
units penicillin streptomycin (Gibco). In pilot experiments no differences were observed in
freshly obtained ME vs. 24 hr refrigerated/shipped ME, based on cellular composition
determined by flow cytometry, viability of non-CD66+ cells by flow cytometry, or
isolation/culture success of ME-derived SFCs. These observations are consistent with those
of van der Molen and colleagues, who reported that CD45+/CD66- ME cells remained
viable for at least 72 hr post collection [26]. Menstrual sponges were washed with PBS and
trypsinized with Trypsin-EDTA (0.05%) to collect ME-cells. In pilot experiments no
differences were observed in freshly obtained ME using a menstrual cup vs. soft menstrual
sponge based on isolation/culture success/decidualization capacity of ME-derived SFCs.
[0048] Flow cytometry of ME and cultured SFCs - After removing the soluble fraction
from whole ME following a brief centrifugation and lysis of red blood cells with BD Pharm
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Lyse (BD Biosciences, Billerica, MA), samples (from n= 8 endometriosis and n=14 control

subjects) were passed through a 35um cell strainer attached to polystyrene FACS tube

(Thermo Fisher Scientific, Bridgewater, NJ). ME-cells were then pelleted and incubated

with Human Fc¢ Block (BD Biosciences) for 20min. After a brief wash, cells were incubated

with either the CD45+ or CD45- panels of antibodies listed in Table 1 or the appropriate

isotype control antibodies. All cells were subjected to Aqua live/dead viability staining

(Thermo Fisher) and then stained with antibodies in Table 1 for 30min at 4°C. The cells
were washed twice with 1% FBS in PBS and fixed with 3% paraformaldehyde (PFA) if not

being analyzed same day. All data were collected on the LSR II Flow Cytometer (BD) and

analyzed using FlowJo software (version 10.115; Ashland, OR).
[0049] Table 1: FACS Staining Panels for fresh ME.

CD45+ Staining Panel

\Fluorochrome \Antigen Cat. No
PE CD20 555623
FITC CDl16 302006
APC CD56 555518
Pacific Blue CD66b 305112
APC-Cy7 CD3 557757
PerCP-Cy5.5 CD14 562692
PE-Cy7 CD45 557748
CD45- Staining Panel

\Fluorochrome \Antigen Cat. No
PE CD105 560839
PerCP-Cy5.5 CD326 347199
APC CD73 560847
FITC CD90 555595
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APC-Cy7 CD31 563653
PE-Cy7 CD45 557748
Aqua (AmCyan) Live/Dead 134966
CD45+ Staining Panel Isotype Controls

\Fluorochrome \Antigen Cat. No
PE Mouse IgG,,, x 555743
FITC Mouse IgG, 349041
APC Mouse IgG,, k 555751
Pacific Blue Mouse IgM, K 401619
APC-Cy7 Mouse IgGl1, K 557873
PerCP-Cy5.5 Mouse [gG2b, K 558304
PE-Cy7 Mouse IgG, 348798
CD45- Staining Panel Isotype controls

\Fluorochrome \Antigen Cat. No
PE Mouse IgG, 349043
APC Mouse IgG,, « 555751
PerCP-Cy5.5 Mouse IgG,, k 552834
FITC Mouse IgG, 349041
APC-Cy7 Mouse IgG1, K 557873
PE-Cy7 Mouse IgG, 348798

[0050] For in-depth profiling, cultured SFCs (passage 2 from n= 6 endometriosis and n=
5 control subjects), as described below, were lifted with ACCUTASE™ (STEMCELL
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TECHNOLOGIES, Cambridge, MA) at confluence and resuspended in Brilliant Stain
Buffer (BD Biosciences) with the staining antibody panels listed in Table 3 or appropriate
isotype control antibodies for 30 min at 4°C, washed twice with 1%FBS in PBS, and fixed
with 2% PFA. All data were collected on the LSR II Flow Cytometer (BD) and analyzed
using FlowlJo software (version 10.115; Ashland, OR).
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[0051] Table 2: ME-SFC Staining Panels

PCT/US2019/020868

Fluorochrome Antigen Company Cat. No.

PERCP-Cy5.5 CD105 BD Pharmingen 560819
Brilliant violet 510 |[CD90 BioLegend 328125
Brilliant violet 421 |[CD73 BioLegend 344007
APC CD140b BioLegend 323608
Brilliant violet 711 |CD44 BioLegend 103057
PE-Cy7 Podoplanin BioLegend 337013
PE CD49f BioLegend 313611
PERCP-Cy5.5 Isotype BD Pharmingen 552834
Brilliant violet 510 [Isotype BioLegend 400171
Brilliant violet 421 [Isotype BioLegend 400157
APC Isotype BioLegend 400121
Brilliant violet 711 [Isotype BioLegend 400653
PE-Cy7 Isotype BioLegend 400521
PE Isotype BioLegend 400507

[0052] ME-derived stromal fibroblast cell (SFC) isolation and culture - Whole ME
(500uL-1000uL) was plated in T75 flasks in SFC media: 10% FBS (MSC-qualified, Gibco),
1X glutamine (Gibco), 100 units/ml penicillin-streptomycin (Gibco), and 100pug/ml
Normocin TM in DMEM (Gibco). Flasks were incubated at 37°C/5%CO2 for 48-72 hrs in
order to isolate SFCs by adherence. After washing, adherent cells (passage 0, p0) were
cultured to 80%-90% confluence before lifting with trypsin/EDTA, subculturing after a 1:6
dilution, and subsequently freezing stock cells at passage 1 (p1).

[0053] Decidualization Assays Using ME-derived SFCs — Fresh or cryopreserved ME-
derived SFCs (p0, pl or p2)) were defrosted and plated in 24-well plates in SFC media; at
confluence SFCs were incubated at 37°C/5%CO0O2 in decidualization media (2% FBS MSC-
qualified, 1X glutamine, 100units/ml penicillin-streptomycin, and 100ug/ml NormocinTM
in Phenol Red Free DMEM with either 0.5mM 8-Bromoadenosine 3',5'-cyclic
monophosphate (cAMP, Sigma-Aldrich, St. Louis, MO) £ 10nM 17-beta estradiol (E2)
(Tocris, Minneapolis, MN) and 1uM medroxyprogesterone acetate (MPA, Sigma-Aldrich)
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or vehicle (PBS for studies with cAMP alone or 0.01% ethanol for studies with cAMP + E2
+MPA). Cells were stimulated for 6 hrs, 24 hrs, and 48 hrs, at which point supernatants and
cell lysates were collected from each well for the time course experiment. Supernatants
were analyzed for IGFBP-1 concentrations by ELISA (Duoset, R&D Systems, Minneapolis,
MN) and results were normalized to cell lysate protein concentrations using the Bio-Rad
Protein Assay Kit (Bio-Rad, Hercules, CA). Alternatively, results are normalized to cell
number as observed by live cell counting in cell culture wells.

[0054] RNA-Seq and qPCR - Total cellular RNA was isolated following stimulation of
ME-derived SFCs (collected from n=7 endometriosis subjects and n=7 control subjects)
with either 0.5mM cAMP or vehicle for 6 hrs, as described above using the mirVanaTM
miRNA Isolation Kit and treated with the DNAfreeTM kit (Ambion) to remove DNA
(Ambion). Supernatants were also collected and analyzed for IGFPB-1 by ELISA, as
described above. RNA sequencing was performed using the Illumina mRNA TrueSeq
Stranded method. The raw image files from the NextSeq sequencer were demultiplexed and
converted to FASTQ files using Illumina's bcl2fastq BaseSpace App. The FASTQ files
were aligned to the hgl9 human reference genome from GENCODE using the STAR2
aligner and the digital gene counts quantified using HTSeq. The differential expression
analysis was done using DESeq?2.

[0055] ALDHI1A1 expression was assessed by qPCR using RNA collected from ME-
SFCs following 6hr treatment with vehicle or 0.5mM cAMP (n=7 endometriosis subjects
and n=7 control subjects). qPCR was performed with probes and primers designed using
ProbeFinder online software (left primer: ccaaagacattgataaagccataa (SEQ ID NO:1); right
primer: cacgccatagcaattcacc (SEQ ID NO:2)) and probe #82 of the Universal ProbeLibrary
(Roche, Basel, Switzerland). qPCR, using GAPDH as control, was performed on the Roche
LightCycler 480 qPCR machine using the following conditions: 2 min at 50°C, 10 min at
95°C, followed by 40 cycles of 15 seconds at 95°C and 1 min at 60°C. Relative changes in
gene expression were calculated as fold-changes using the comparative Ct (AACt method)
and statistical analysis was done through the Mann-Whitney Test [27]. ALDHI1A1
expression differences are dependent on serum concentrations.

[0056] In vitro exposure of ME-SFCs to inflammatory cytokines (e.g. TNFa) reduces
decidualization capacity. Acute exposure: ME-SFCs (p1) were plated in 96-well plates in
DMEM 10%FBS pen-strep-glutamine and treated with either vehicle or TNFa (1pg/ml-
10ng/ml); 24 hrs later the media was replaced with DMEM 2%FBS pen-strep-glutamine
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and ME-SFCs were treated with vehicle of cAMP (0.5mM) to induce decidualization. After
24 hrs, culture supernatants were collected and IGFBP-1 protein levels were measured by
ELISA. Long-term studies: ME-SFCs (pl-p2) were plated in T25 flasks in DMEM
10%FBS, pen-strep-glutamine and treated with either vehicle or TNFa (0. 1ng/ml-1.0ng/ml)
on days 0 and 5; ME-SFCs were subcultured as needed and on day 30 ME-SFCs were
trypsinized and plated in DMEM 2% FBS pen-strep-glutamine and treated with vehicle or
cAMP (0.5mM) (25 days after the final TNFo treatment). Twenty four hours later, the
culture supernatants were collected and IGFBP-1 protein levels were measured by ELISA.
[0057] Statistical Analyses - Flow cytometry analyses of the cellular composition of
whole ME: All analyses were carried out separately for each cell population. For each cell
population within the CD45+ and CD45- subsets, a linear mixed model was used to
examine the association between group and that population using SAS Version 9.4 (SAS
Institute Inc., Cary, NC). The mixed models approach was used to account for the
hierarchical nature of the data (namely, multiple samples from one or more cycles within a
subject). Time of day (evening, overnight) and day of cycle collection was started (0, 1-2)
were included as covariates in the model to adjust for any effects they might have on cell
population.

[0058] Transformations (namely log or arcsine square root) were used to better meet the
assumptions of the linear model. However, as the results obtained from the models using
transformed data did not differ qualitatively from those using the raw data, results using the
raw data are presented for ease of interpretation.

[0059] SFC Decidualization Time Course: To determine differences in IGBFP-1 protein
levels between treatments and cases/controls, a Bayesian hierarchical model was
implemented. The data consists of normalized measurements of IGFBP-1 protein levels of 7
endometriosis cases and 7 controls, across four different treatments (CAMP, vehicle for
cAMP alone, ethanol vehicle, and cAMP+MPA+E2). Each treatment has protein
measurements for all the subjects at three different time points (6 hrs, 24 hrs, and 48 hrs).
[0060] The response variable - protein levels - was log-transformed in order to adjust
for heteroscedasticity in the original scale and the covariate included was an indicator
variable for whether a subject was a case or a control, and indexed according to the
treatment and time period in which the subjects were analyzed. For the hierarchical
structure, subjects were nested within treatments at each time point. A model assuming

normally distributed residuals estimated both the mean protein content at each level; a group



WO 2019/173418 PCT/US2019/020868

=-15-

parameter was used to estimate the effect of being in the case/control group. The posterior
probability of the group effect being zero was assessed. Data was arranged using R (version
3.3.2) and the model was implemented in Stan (version 2.16.2) using the R interface. The
model is estimated using the No-U-Turn sampler algorithm [28] a version of Hamiltonian
Monte Carlo [29]. Once posterior draws were estimated, the model was simulated for each
draw, resulting in the generated quantities. All other data were analyzed using the Mann-

Whitney test.

Results

[0061] ME Contains CD45+ and CD45- Cell Populations and ME Collected from
Endometriosis - Subjects Has Fewer Uterine NK Cells: Flow cytometric analysis was
performed on fresh ME collected from control and endometriosis subjects for endometriosis
and control subjects CD45+ (n=14 control, n=8 endometriosis) and CD45- (n=14 control,
n=6 endometriosis). Box plots were constructed from the cellular composition CD45+
subsets (CD66b+ granulocytes [Granulo], CD14+ monocytes [Mono]|, CD20+ B cells,
CD3+ T cells, and CD56+ uterine natural killer (uNK) cells) (C) and CD45- subsets (CD45-
CD326+ epithelial cells [Epith], CD31+ endothelial cells [Endo], CD326-/CD31- cells, and
CD73+/CD90+/CD105+ [SFCs] (D) found in menstrual effluent from women with and
without endometriosis. The CD66b+ and CD66b- populations were normalized to the
CD45+ population cell counts and the CD14+ Mono, CD20+ B Cells, CD3+ T cells, and
CD56+ uNK cell populations were normalized to CD66b-population cell counts. The Epith,
Endo, CD326-/CD31- cells, and SFC populations were normalized to the CD45- population
cell counts.

[0062] The results showed, after gating out dead cells, ME is mainly comprised of
CD45+ cells, with the CD45-cell populations contributing on average 1.6 £+ 0.3% for control
subjects and 1.9 + 0.5% for endometriosis subjects. The CD45+ population includes
granulocytes, monocytes, T cells, B cells, and natural killer (NK) cells. The vast majority of
NK cells found in ME are uterine NK (uNK) cells based on their lack of CD16 expression
and high expression of CD56. Depending on the ME sample the CD66b+ population made
up the majority of the CD45+ population, with 55.6 + 5.1% for control subjects and 56.7 +
6.5% for endometriosis subjects. The CD66b+ granulocyte population was variable between
subjects and samples collected, possibly due to the poor viability of granulocytes. In order

to account for the variability of the granulocyte population between samples, the data was
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normalized by adjusting the cell count of the population of interest (monocytes, T cells, B
cells, or uNK cells) to the cell count of the CD45+ CD66b- population.

[0063] Although, no significant differences between ME collected from endometriosis
vs. control subjects were found for granulocytes, monocytes, T cells, or B cells, there were
significantly less uNK cells (p= 0.01) in ME collected from endometriosis subjects
compared to control subjects.

[0064] The CD45- populations analyzed included epithelial cells, endothelial cells, and
stromal fibroblast cells (SFCs). There were no significant differences found in the
percentages of epithelial cells (CD31-, CD326+/EPCAM) or endothelial cells (CD31+,
CD326-) among total CD45- cells when comparing ME obtained from control to
endometriosis subjects. The SFC population was defined as: CD45-/CD326-/CD31-
/CD90+/CD105+/CD73+ and no significant differences in the SFC populations were found
when comparing fresh ME obtained from endometriosis subjects to control subjects.

[0065] Next, cultured ME-derived SFCs (p1) were assessed for surface markers by flow
cytometry. Cultured ME-derived SFCs express CD73, CD90, CD105, and CD140b but not
CD45 or CD326. Flow cytometry gating of cultured ME-derived SFCs showed a CD45-
CD326-population. The CD45- population of ME derived SFCs from endometriosis (n=7)
and control (n=7) subjects at passage 1 were further analyzed by flow cytometry for CD90,
CD73, CD140b, and CD105 expression. CD105 expression is lower on endometriosis-SFCs
when compared to control subject-SFCs. In addition, ME-SFCs expressed the fibroblast
marker CD140b, as well as other markers found on stromal cells (Table 2). No significant
differences in CD90 or CD73 expression (based on geometric mean fluorescence intensity,
gMFI) were found when comparing cultured ME-SFCs derived from endometriosis to
control subjects. Of particular interest, PDPN expression (MFI) was significantly higher on
endometriosis SFCs (n=5) than control SFCs (n=6) (p=0.03).

[0066] Cultured ME-derived SFCs from Endometriosis Subjects Have Reduced
Decidualization Capacity: It has been reported that endometrial stromal cells cultured from
endometrial biopsies and hysterectomy samples obtained from endometriosis subjects have
a reduced potential to decidualize when compared to those obtained from control subjects
[12, 30]. In order to investigate whether similar differences are observed using cultured
SFCs derived from ME, in vifro decidualization assays were performed at 3 different time
points: 6 hrs, 24 hrs, and 48 hrs post 0.5mM cAMP vs. vehicle using passage 2 SFCs

obtained from control and endometriosis subjects. Decidualization was assessed by
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measuring IGFBP-1 concentrations in the culture supernatants by ELISA. As expected,
stimulation with cAMP induced decidualization of MESFCs, as determined by enhanced
IGFBP-1 production, which was detectable at 6 hrs and continued to increase through 48
hrs. Significantly less IGFBP-1 was produced following both vehicle-treatment and cAMP-
treatment at all three time points by ME-SFCs obtained from endometriosis subjects when
compared to control subjects (p <0.05). Similarly, the addition of MPA and E2 to cAMP
induced decidualization, as determined by IGFBP-1 levels.

[0067] ME-SFCs obtained from endometriosis subjects produced significantly less
IGFBP-1 following stimulation when compared to control ME-SFCs. Additionally,
individual subject’s ME-SFCs that produce high or low amounts of IGFBP-1 do so
consistently across all three-time points. Cell morphologic changes were correlated with
IGFBP1 production and thus also reflect dedidualization.

[0068] Gene Expression Analysis of Cultured ME-SFCs Derived From Endometriosis
Subjects. RNA-Seq was performed on cultured ME-SFCs isolated from a small number of
endometriosis (n=3) and control (n=3) subjects following cCAMP or vehicle-treatment for 6
hrs. Many of the genes previously reported to be increased during decidualization were also
increased in the decidualizing SFCs from both endometriosis subjects and controls. These
genes included IGFBP1, SST, PRL, BCL2L11, WNTSA, and FOXO1. When comparing
ME-SFCs obtained from endometriosis and control subjects, differentially regulated genes
were observed in both vehicle-treated and cAMP-treated cultures.

[0069] The most striking difference between the control and endometriosis SFCs was
the high expression of ALDH1AL1 (encoding aldehyde dehydrogenase 1 family member Al)
in control SFCs, regardless of treatment. These findings were confirmed using qPCR for a
larger number of ME-SFCs (n=7 subjects per group). These differences were unaffected by
stimulation with cAMP. Although the relative lack of expression in the endometriosis SFCs
remained significant, there was an outlier in the endometriosis group which was not readily
explained by any particular subject characteristic. The reduction in ALDH1A1 mRNA
expression requires a 24hr culture period in DMEM 2%FBS (from standard 10%FBS
culture conditions).

[0070] In vitro exposure to inflammatory cytokines such as TNF and IL1 reduces
decidualization capacity acutely and this effect persists for up to 25 days, despite removal of
TNF and multiple cell passages. Thus, short term exposure to TNF and/or IL1 leads to

prolonged decidualization defects. In panel A, TNF alpha exposure at very low doses
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dramatically reduces decidualization capacity of SFCs from a normal (non-endometriosis)
subject at 24 hours. Cell viability is not affected by these exposures (data not shown) and
similar effects are observed with IL-1B(0.01-10ng/ml) (data not shown). These results have
been reported previously in the literature. However, it was also shown that these
decidualization defects persist for at least 25 days after TNFa, is removed from the culture
with reductions in IGFBP1 production after decidualization with cAMP alone, or with
cAMP and medroxyprogesterone. These data suggest that a permanent change in

decidualization capacity of SFCs results from transient exposure to inflammatory cytokines.

Discussion

[0071] Almost all women experience retrograde menstruation, a process by which
menstrual effluent (ME) shed from the endometrium is effluxed through the fallopian tubes
into the peritoneal cavity, where it implants on the serosal surface [6]. Evidence that
effluixed ME is likely to be a major source of cells responsible for the formation of
peritoneal endometriosis lesions in patients is supported by studies in baboons showing that
consecutive intraperitoneal injections of shed menses results in endometriosis lesions in the
peritoneal cavity and by the presence of spontaneous endometriosis in menstruating non-
human primates, along with the complete absence of endometriosis in non-menstruating
mammals [16, 31, 32]. The findings suggest that analysis of ME shed from the
endometrium can be harmnessed to investigate the pathobiology of endometriosis and to
develop early, non-invasive diagnostic methods for endometriosis.

[0072] Individual differences in the cellular content of ME offer a potential tool for
investigating why only 5-10% of females actually develop endometriosis, given the ubiquity
of retrograde menstruation. A relatively small number of published studies have analyzed
the composition of ME, comparing it to that of peripheral blood; these studies primarily
focused on phenotyping the CD45+ cell populations [26, 33]. Consistent with previous
reports it was found that ME is mainly comprised of CD66b+ granulocytes, followed by
CD3+ lymphocytes, CD56bright uNK cells, and then CD14+ monocytes and CD20+ B
cells|26, 33]). The variability that observed among the various subpopulations of CD45+
cells was similar to that previously reported [26, 33]. Neither of these previous studies
compared ME obtained from endometriosis subjects to controls. Despite the variability in
the cellular composition of ME, it was found that endometriosis subjects had significantly

lower percentages of uNK cells when compared to controls. uNK cells are
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CD56bright/CD16-, unlike peripheral blood NK cells which are CD56dim/CD16+. uNK
cells are proposed to play an important role in endometrial vascularization and
decidualization, as well as the development of decidualization-related infertility observed in
women with endometriosis [22].

[0073] Decidualization is a process in which endometrial stromal fibroblast-like cells
differentiate into specialized secretory decidual cells during the mid-secretory phase to
prepare the uterus for implantation and placental development [22-24]. A very recent study
reveals that uNK cells target and eliminate senescent endometrial stromal fibroblast-like
cells, and this may be an important process for successful decidualization [34]. A reduction
in uNK cells found in ME collected from subjects with endometriosis may be linked to the
impaired elimination of senescent uterine cells that compromises the decidualization
process — which is implicated in the infertility observed in patients with endometriosis.
Future studies will focus on more detailed analyses of the NK cell population found in ME
collected from controls and subjects with endometriosis.

[0074] Several previous studies have highlighted the regenerative capacity of ME-
derived CD45-mesenchymal and stromal cells [17-21]. The CD45- cell fraction contributes
to approximately 1.5-2% of the total non-RBC portion of ME. The majority of these cells
were not endothelial or epithelial cells, but rather CD73/CD90/CD105 expressing cells. No
significant differences were observed in these subpopulations of CD45- cells found in ME
collected from endometriosis subjects vs. controls. However, this did not include a
distinction between the endometrial MSC and SFC populations in the ME; this could be
addressed in future studies using CD146/CD140b markers, as described by studies of
endometrial biopsies [12]. Among cultured SFCs, we have observed a higher level of
expression of podoplanin (PDPN) in stromal cells derived from patients with endometriosis.
Podoplanin has been associated with increased proliferative and invasive capacity of
fibroblasts populations and are expanded in the inflammatory lesions of rheumatoid
arthritis. These data suggest that the phenotypic changes of SFCs observed in endometriosis
patients may be functionally related to the proliferative and invasive behavior of
intraperitoneal endometriotic lesions. ME

[0075] A major innovation of this study over prior studies profiling the cellular
composition of ME is that functional assessment of the SFCs (of the CD45- fraction) were
included. Taking advantage of the fact that defects in stromal cell decidualization (obtained

from invasive uterine biopsies) have been reported in the setting of endometriosis [30, 37,
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38], ME-derived SFCs obtained from controls and endometriosis subjects were compared
for their decidualization response using cAMP. It was demonstrated that a reduced
decidualization response by ME-derived SFCs is clearly associated with endometriosis. In
fact, ME-SFCs obtained from women with endometriosis exhibit significantly reduced
IGFBP-1 expression in the absence of decidualization stimuli. These differences persist
over time in culture and likely reflect a quantitative impairment in decidualization capacity,
as well as a relative increase in proliferative capacity. This difference is observed with
cAMP alone, as well as when decidualization is induced in the presence of cAMP + MPA +
E2.

[0076] Interestingly, impaired decidualization capacity in control subjects” SFCs was
occasionally observed. This may reflect the presence of asymptomatic endometriosis in
these individuals. Alternatively, genetic variation may influence the decidualization
response in the absence of endometriosis. Genetic differences play a significant role in risk
for endometriosis; a recent meta-analysis of over 170,000 endometriosis patients and almost
200,000 controls revealed 14 genetic regions of interest, including WNT4, GREBI, IL1A,
and CDKN2B [39]. The examination of phenotypic diversity of ME may also shed light on
the mechanisms of genetic predisposition [40]. This of interest in decidualization capacity in
control subjects who carry genetic risk alleles for endometriosis [40]. For example, WNT4
plays a direct role in the decidualization response, and WNT4 risk haplotypes for
endometriosis have been reported to contain an estrogen response element that may regulate
its expression [41].

[0077] A large registry of normal controls (GaP) with GWAS genotype data and
subjects has been established for recall for phenotypic studies based on a genotype of
interest [42, 43]. This offers the possibility of examining a variety of endometriosis risk
haplotypes with regard to their impact on decidualization capacity in various populations.
The use of ME as a source of SFCs makes such studies possible without the need for
invasive procedures. One of the major benefits of this study is to open up the possibility of
carrying out population-based genotype-phenotype studies that are relevant to better
understanding the underlying pathogenesis of endometriosis. Another benefit of the
invention, which permits sampling throughout menstruation and/or monthly, is informing
the use of early, non-invasive diagnostic methods. The long delay between symptom onset
and diagnosis in this disease is well established [3, 44], and no laboratory diagnostic makers

have emerged to replace, or even guide, the performance of the gold standard of
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laparoscopic surgery and histologic confirmation. The expression of BCL6 [45] has been
reported to be altered in secretory phase endometrial biopsies and may be useful
diagnostically, but this approach will require invasive biopsy procedures. Other possible
diagnostic markers for endometriosis include CA-125 [46], VEGF, microRNAs,
immunologic markers, and soluble ICAM levels [47-55]. However, none of these can
identify endometriosis patients with both high sensitivity and specificity. It is clear that the
need for a non-invasive diagnostic marker or method remains, and that the analysis of ME
provides this.

[0078] Although significant decidualization by ME-derived SFCs (based on IGFBP-1
protein release) was observed within 6 hr of cAMP simulation, and culturing ME is a usable
method, a direct assessment of freshly isolated stromal cells from ME is most preferred
based on gene expression, epigenetic analysis or other phenotypic changes in these cells.
The fact that gene expression differences, such as ALDHIAIl, can be observed in
unstimulated cultured SFCs is significant.

[0079] This study is the first to demonstrate that uNK cells are significantly reduced in
ME obtained from endometriosis subjects and that ME-derived SFCs from subjects with
endometriosis exhibit significantly impaired decidualization, along with lower expression of
ALDHI1A1 than controls.

[0080] Decidualization defects may arise through many different genetic and
environmental mechanisms, and these may suggest different approaches to therapy. Indeed
it is possible that decidualization and gene expression changes defects in eutopic
endometrium may in some cases arise as a result of the presence of endometriosis lesions in
the peritoneum, as suggested by studies in the baboon [16]. In this context it will be of
interest to study ME phenotypes before and after surgical or medical treatments and to
correlate these findings with the presence or absence of persistent infertility. ME is
particularly useful for these types of studies because it can be collected in a non-invasive
manner repeatedly over several months.

[0081] In addition, the data herein indicate that chronic subclinical inflammation
(increased TNFa or IL1) in the lining of the uterus (such as in chronic endometritis) may be
an important factor that reduces decidualization capacity (and enhances proliferative
capacity) of SFCs. This may be a common underlying factor in the predisposition to

endometriosis, and infertility.
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What is claimed is:

1. A method of non-invasively diagnosing endometriosis in a subject comprising
maintaining a stromal cell, obtained from a menstrual discharge sample from the subject,
under conditions permitting decidualization, quantifying a rate or extent of decidualization
of the stromal cell, and comparing the rate of decidualization to a control value of
decidualization indicative of a subject without endometriosis, wherein a rate or extent of
decidualization of the stromal cell which is less than that of the control value of

decidualization indicates that the subject has endometriosis.

2. The method of Claim 1, wherein the menstrual discharge sample comprises

menstrual blood.

3. The method of Claim 1, further comprising obtaining the menstrual discharge

sample from the subject.

4, The method of any of Claims 1-3, wherein the stromal cell is contacted with 8-Br-

cAMP and one or more hormones to effect decidualization.

5. The method of Claim 4, wherein the one or more hormones comprise 17-beta

estradiol and medroxyprogesterone.

6. The method of any of Claims 1-5, wherein the rate or extent of decidualization is

quantified by measuring IGFBP-1 production by the stromal cell.

7. The method of any of Claims 1-6, wherein the stromal cell is a stromal fibroblast
cell (SFC).

8. The method of Claim 7, wherein the SFC is identified as being an SFC by being
identified as being:

CD45-/CD326-/CD31-/CD90+/CD105+/CD73+.

9. The method of Claim 8, wherein the SFC 1s CD140b+.
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10. A method of non-invasively diagnosing endometriosis in a subj.

quantitating expression of one or more proteins in a stromal cell obtained from a menstrual
discharge sample from the subject and comparing the expression quantitated to a control
value of expression of the one or more protein indicative of a subject without endometriosis,
wherein an amount of expression quantitated less than the control value indicates that the

subject has endometriosis.

11. The method of Claim 10, wherein quantitating the one or more proteins comprises

quantitating ALDH1 A1 expression.

12. The method of Claim 10 or 11, wherein quantitating the one or more proteins

comprises measuring protein-encoding RNA levels.

13. A kit for non-invasively diagnosing endometriosis in a subject comprising a cup for
sterile collection of menstrual effulent comprising a stromal cell, an amount of cAMP for
effecting stromal cell decidualization, and an amount of 17-beta estradiol and/or

medroxyprogesterone for effecting stromal cell decidualization.

14. The kit of Claim 13, wherein the cAMP is 8-Br-cAMP.

15. The kit of Claim 13, further comprising one or more reagents for the culture of

stromal fibroblast cells.

16. The kit of any of Claims 13-15, further comprising one or more reagents for
measurement of IGFBP-1 concentrations in supernatant of cultured stromal fibroblast cells

by ELISA.

17. A method of treating endometriosis in a subject comprising obtaining an
identification of the subject as in need of treatment of endometriosis, wherein the subject
has been identified as having endometriosis by the method of any of Claims 1-12, and
treating the subject by performing a laproscopic surgery or hysterectomy, or administering
an amount of a progestin, a gonadotropin-releasing hormone agonist or a birth control pill

effective to treat endometriosis.
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