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COMPOSITIONS AND METHODS FOR
TREATING ENDOMETRIOSIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the 35 U.S.C. § 371 national stage
application of PCT Application No. PCT/US2015/061393,
filed Nov. 18, 2015, where the PCT claims the benefit of
U.S. Provisional Application Ser. No. 62/081,464 filed on
Nov. 18, 2014, having the title “Compositions and Methods
for Treating Endometriosis,” both of which are herein incor-
porated by reference in their entireties.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under
Grant Number 1R21HDO075225-01A1, awarded by the
National Institutes of Health. The government has certain
rights in the invention.

SEQUENCE LISTING

This application contains a sequence listing filed in elec-
tronic form as an  ASCILtxt file entitled
Third _Revised_292103-2530_Sequence_ST25, created on
Nov. 19, 2018, and having a size of 1.747036 MB. The
content of the sequence listing is incorporated herein in its
entirety.

BACKGROUND

Endometriosis is a gynecological disease that afflicts
women of child-bearing age. Although itself benign, it is a
very painful, chronic, and inflammatory condition charac-
terized by endometriotic lesions at ectopic sites and ovarian
cysts leading to infertility and an increased risk of specific
subtypes of ovarian cancer. Characteristic symptoms of
endometriosis include chronic pelvic pain, pain during inter-
course (dyspareunia), painful periods (dysmenorrhea), and
infertility.

Endometriotic lesions are characterized by functional
endometrial-like tissue (epithelial glands and stroma) out-
side of the uterus, particularly in the peritoneal area, affect-
ing reproductive organs, the bladder and the intestinal tract.
Endometriosis is the third leading cause of gynecologic
hospitalization in the United States. Hospital surveys esti-
mate that the prevalence of endometriosis among all pre-
menopausal women is up to 10%, which equates to about
180 million affected women and adolescents worldwide.

Due to the severe pain, multiple surgeries, including
hysterectomies, and the negative impact on the reproductive
capacity, endometriosis substantially and negatively affects
the quality of life of affected adolescents and women. The
definitive causes of endometriosis are unclear. However,
eutopic endometrium deposited into the peritoneal cavity via
retrograde menstruation, is considered the source of cells
that form endometriotic lesions. Development of therapeutic
and strategies to diagnose, treat, mitigate, or eliminate the
lesions and to relieve the pain, without interfering with the
fertility potential, and prevention of further progression of
this disease are greatly needed for these patients.

BRIEF DESCRIPTION OF THE DRAWINGS

Further aspects of the present disclosure will be readily
appreciated upon review of the detailed description of its
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various embodiments, described below, when taken in con-
junction with the accompanying drawings.

FIGS. 1A-1E demonstrates results from an immunohis-
tochemical assay for LC3 in ovary tissue from a subject
having ovarian endometriosis (FIG. 1A), fallopian tissue
from a subject having fallopian endometriosis (FIG. 1B),
lesion tissue from a subject having proliferative endometrio-
sis (FIG. 1C), control proliferative endometrium control
tissue (FIG. 1D), secretory endometrium control tissue (FIG.
1E). LC3 expression was assessed by comparing the relative
expression in endometriotic tissue (FIGS. 1A-1B) to prolif-
erative endometrium from patients (FIG. 1C) and controls
(FIG. 1D).

FIGS. 2A-2B demonstrates the results from a qualitative
assessment of the intensity of L.C3 staining of FIGS. 1A-1E.
The intensity of LC3 staining in the stroma was assessed
independently from the glandular epithelium. Results are
presented as negative, weak, moderate, and strong staining
patterns.

FIG. 3 demonstrates the formation of “stone-like” struc-
tures (SLS) in endometriotic lesions. Arrows indicate exem-
plary SLSs.

FIG. 4 demonstrates the results from an immunoassay in
which protein expression of ATG7, ATG6, hVps34 in normal
endometrium cells (HES) and immortalized endometriotic
cells (IE) were evaluated. Expression is assessed relative to
a GAPDH control.

FIG. 5 demonstrates the effect of an autophagic inhibitor
on endometriotic cells in vivo. The P value between the two
groups was 0.0019.

FIGS. 6A and 6B demonstrate the expression of various
proteins in primary endometrial cell lines used to develop a
life-extended endometrial cell line. Primary endometriotic
cells were compared to endometrioid, clear cell, adenocar-
cinoma, and serous carcinoma cell lines to determine the
expression patterns of tumor promoters (EVI1, RON,
EGFR, SnoN, AKT), tumor suppressors (TGFpRII, Smad2/
3,PTEN), autophagy markers (ATGS, ATG7, beclin-1,
hVps34), epithelial markers (E-cadherin), and stromal mark-
ers (Ncadherin, vimentin).

FIGS. 7A and 7B demonstrate expression of various
proteins in primary endometrial cells lines used to develop
a life-extended endometrial cell line. Primary D endometri-
otic cells were retrovirally infected with SV40 large T
antigen and selected with puromycin. Individual colonies
were picked and grown in culture for one month. Lysate was
collected from each colony and assessed for expression of
large T antigen. Other markers were used to assess change
in cell expression due to SV40 large T antigen (EVI1, SnoN,
and autophagy markers) as well as confirmation of positive
selection of epithelial cells (absence of vimentin). Expres-
sion of p53 indicates inactivation via expression of large T
antigen.

FIGS. 8A-8L demonstrate the confirmation of absence of
vimentin and presence of cytokeratin-18 (Cy3) (epithelial
marker) was performed via immunofluorescence. T80 cells
served as a positive control for Cy3 and SKOV3 was used
a positive control for vimentin. FIGS. 8A-8D show life
extended endometrial cells. FIGS. 8E-8H show SKOV3
cells. FIGS. 8I-8L show T80 cells. FIGS. 8A, 8E, and 81
show expression cytokeratin-18 (Cy3), FIGS. 8B, 8F, and 8]
show expression of Vimentin (FITC). FIGS. 8C, 8G, and 8K
show DAPI staining. FIGS. 8D, 8H, and 8L show the
merged image of Cy3, FITC, and DAPI staining.

FIGS. 9A-9D show images of life-extended human endo-
metriotic cells treated (FIGS. 9C-9D) with hydroxychloro-
quine (HCQ) or untreated (FIGS. 9A-9B). Life-extended
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human endometriotic cells were isolated from two different
leision types and thus treated separately (C and D).

FIG. 10 shows a graph demonstrating results from a cell
viability assay in life-extended human endometriotic cells
treated with HCQ or control. Life-extended human endo-
metriotic cells were isolated from two different leision types
and thus treated separately (C and D).

FIG. 11 shows an image of a western blot demonstrating
protein content of LC3B-1, LC3B-11, and a control (Pan-
Actin) in HCQ or control treated life-extended human
endometriotic cells. Life-extended human endometriotic
cells were isolated from two different leision types and thus
treated separately (C and D).

FIG. 12 shows a diagram of a treatment regime for mice
to determine the effects of HCQ on endometriotic lesions.

FIGS. 13A-13C show graphs demonstrating the number
of endometriotic lesions per mouse (FIG. 13A), lesion area
(mm?) and lesion volume (mm?®) in mice treated with a
control (PBS) or HCQ as set forth in FIG. 12.

FIGS. 14A-14D show representative hematoxylin and
eosin (H&E) stained tissue images of uterine horn tissue
(FIGS. 14A and 14C) and lesion tissue (FIGS. 14B and 14D)
in control (PBS) and HCQ treated mice treated according to
the regimine set forth in FIG. 12. Black arrowheads indi-
cated glandular compartments and plack arrows indicate
epithelial cells within the lesions (p=0.03, per Fisher’s exact
test).

FIG. 15 shows a graph demonstrating the amount of the
cytokines/chemokines G-CSF, eotaxin, and IP-10 (in
pg/mL) present in the peritoneal fluid collected from control
mice and recipient mice using a mouse cytokine and
cehmokine magnetic bead panel assay.

FIG. 16 shows a graph demonstrating the amount of the
cytokines/chemokines G-CSF, eotaxin, and IP-10 (in
pg/mL) present in the peritoneal fluid collected from control
(PBS) treated mice and HCQ treated mice using a mouse
cytokine and cehmokine magnetic bead panel assay.

FIGS. 17A-17C demonstrate macrophages in the perito-
neal cavity of control and endometriosis-induced mice at the
time of sample collection (2-weeks post induction of endo-
metriosis). FIGS. 17A-17B demonstrate the flow cytometry
results using canonical macrophage markers CD11 b and
F4/80 in normal (FIG. 17A) and recipient mice (FIG. 17B).
FIG. 17C shows a graph demonstrating macrophage number
as a percent of total cells examined in control and recipient
mice.

FIGS. 18A-18C demonstrate macrophages in the perito-
neal cavity of control (PBS) treated and HCQ treated mice
at the time of sample collection (2-weeks post induction of
endometriosis). FIGS. 18A-18B demonstrate the flow
cytometry results using canonical macrophage markers
CD11 b and F4/80 in normal (FIG. 18A) and recipient mice
(FIG. 187B). FIG. 18C shows a graph demonstrating mac-
rophage number as a percent of total cells examined in
control and recipient mice.

FIGS. 19A-19X show images of tissue sections of uterine
horns of control (PBS) treated (FIGS. 19A-19F) and HCQ
treated (FIGS. 19G-19L) mice and ovaries of control (PBS)
treated (FIGS. 19M-19R) and HCQ treated (FIGS. 19S-
19X) mice, where the tissue sections were subjected to
various stains or immunohistochemical analysis.

FIGS. 20A-20]J show images of tissue sections of lesions
of control (PBS) treated (FIGS. 20A-20E) and HCQ treated
(FIGS. 20F-20J) mice, where the tissue sections were sub-
jected to various stains or immunohistochemical analysis.
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FIGS. 21A-21H shows representative images of positive
(FIGS. 21A-21E) and negative (FIGS. 21F-21H) staining
controls used for the antibodies used in FIGS. 20A-20J.

FIGS. 22A-22] show graphs demonstrating mRNA abun-
dance of 10 molecule involved in the autophagic pathway
(as expressed as RNA fold change) in the uterine horns and
lesions of control (PBS) and HCQ treated mice. @ indicates
individual reps of uterine horns of mice treated with PBS, il
indicated individual reps of lesions of mice treated with
PBS, A indicates individual reps of uterine horns of mice
treated with HCQ, and V¥ indicates individual reps of lesions
of mice treated with HCQ.

FIG. 23 shows a representative image of a western
analysis analyzing protein levels of various autophagic
markers in the uterine horns and lesions of mice treated with
PBS or HCQ.

FIGS. 24A-24H show graphs demonstrating normalized
protein expression of various autophagic markers in the
uterine horns and lesions of mice treated with PBS or HCQ.
@ indicates individual reps of uterine horns of mice treated
with PBS, W indicated individual reps of lesions of mice
treated with PBS, A indicates individual reps of uterine
horns of mice treated with HCQ, and V¥ indicates individual
reps of lesions of mice treated with HCQ.

FIG. 25 shows a heat map demonstrating a comparison of
RNA isolated from uterine horns of control mice to recipent
mice.

FIG. 26 shows a volcano plot that displays the fold-
changes in autophagy genes in eutopic endometria between
recipient and control mice.

FIGS. 27A-27M show graphs demonstrating mRNA
expression (expressed as a Fold-change) of various
autophagic markers in PBS treated, control, and recipent
mice. @ indicates individual reps of uterine horns from
control mice, M indicates individual reps of uterine horns
from recipient mice, and A indicates individual reps from
PBS treated mice.

FIG. 28 shows a representative image of a western blot
demonstrating protein expression of various autophagic
markers in the uterine horns of control and recipient mice.

FIGS. 29A-29H show graphs demonstrating the normal-
ized protein expression of various autophagic markers in
control and recipient mice. @ indicates individual reps of
uterine horns from control mice and M indicates individual
reps of uterine horns from recipient mice.

FIGS. 30A-30B show representative transmission elec-
tron microscopy (TEM) images of eutropic endometria of
endondometriosis-induced mice (FIGS. 30E-30G) and con-
trol mice (FIGS. 30A-30D).

FIGS. 31A-31J show representative immunohistochemi-
cal images for endometrium (controls and patients) and
lesions (fallopian tubes, ovaries, peritoneal, gastrointestinal,
and skin).

FIGS. 32A-32B show graphs demonstrating % tissue
intensity in each category (none, weak, moderate, or strong)
of stromal (FIG. 34A) and epithelial (FIG. 34B) expression.

FIG. 33 shows a diagram summary of the observed effect
of HCQ on endometriotic lesions.

FIGS. 34A-34B show images of control and HCQ treated
T-HESC human endometrial stromal cells derived from a
myoma.

FIG. 35 shows a graph demonstrating survivability of
control and HCQ treated T-HESC cells.

FIG. 36 shows an image of a representative western blot
demonstrating L.C3B-I, LC3B-II and Pan-actin protein
expression control and HCQ treated T-HESC cells.
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FIG. 37 shows an image of a representative western blot
demonstrating the protein expression various autophagic
markers and Pan-actin in T-HESC cells treated with various
siRNAs.

FIG. 38 shows a graph demonstrating cell survival (as
expressed as relative light units) of T-HESC cells after being
treated with various siRNAs.

FIG. 39 shows a diagram demonstrating a treatment
regine and sample collection time line.

FIGS. 40A-40B show representative images of control
(non-injected mice) or recipient mice. The white arrow
indicates ectopic lesions. Mice were treated as set forth in
FIG. 39.

FIGS. 41A-41H show graphs demonstrating mRNA
expression (expressed as Fold-change) of various
autophagic markers in the uterine horns and lesions in the
same recipient mouse. @ indicates individual reps of uterine
horns from recipient mice, B indicates individual reps of
lesions from the same recipient mice

FIG. 42 shows a volcano plot demonstrating the fold-
changes in autophagy genes in eutopic endometria between
recipient and control mice.

FIGS. 43A-43B show graphs demonstrating the total
positive intensity (FIG. 43A) and % of cells with a strong
intensity (FIG. 43B) using the H-score system of LC3B
protein expression (as determined by immunohistochemis-
try) in the indicated samples of controls and patients.

FIG. 44 shows images of representative western blots
demonstrating LC3B-I and LC3B-II protein expression in
various tissues of control and recipient mice.

FIGS. 45A-451 show graphs demonstrating normalized
protein expression of LC3B-II in various tissues of control
and recipient mice.

FIG. 46 shows images of representative western blots
demonstrating LC3B-I and LC3B-II protein expression in
various tissues of PBS treated and HCQ treated mice.

FIGS. 47A-47H show graphs demonstrating normalized
protein expression of LC3B-II in various tissues of of PBS
treated and HCQ treated mice.

FIG. 48 shows a table demonstrating RT> PCR and
Real-Time PCR wvalidation results for the various genes
indicated in control and recipient mice.

FIG. 49 shows a table demonstrating fold change and
P-values for various genes indicated in uterine horns from
endometriosis-induced mice relative to those from control
mice.

DETAILED DESCRIPTION

Before the present disclosure is described in greater detail,
it is to be understood that this disclosure is not limited to
particular embodiments described, and as such can, of
course, vary. It is also to be understood that the terminology
used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting.

Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated
or intervening value in that stated range, is encompassed
within the disclosure. The upper and lower limits of these
smaller ranges can independently be included in the smaller
ranges and are also encompassed within the disclosure,
subject to any specifically excluded limit in the stated range.
Where the stated range includes one or both of the limits,
ranges excluding either or both of those included limits are
also included in the disclosure.
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Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs.

All publications and patents cited in this specification are
herein incorporated by reference as if each individual pub-
lication or patent were specifically and individually indi-
cated to be incorporated by reference and are incorporated
herein by reference to disclose and describe the methods
and/or materials in connection with which the publications
are cited. The citation of any publication is for its disclosure
prior to the filing date and should not be construed as an
admission that the present disclosure is not entitled to
antedate such publication by virtue of prior disclosure.
Further, the dates of publication provided could be different
from the actual publication dates that may need to be
independently confirmed.

As will be apparent to those of skill in the art upon reading
this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and
features which can be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
disclosure. Any recited method can be carried out in the
order of events recited or in any other order that is logically
possible.

Embodiments of the present disclosure will employ,
unless otherwise indicated, techniques of molecular biology,
microbiology, nanotechnology, organic chemistry, biochem-
istry, botany and the like, which are within the skill of the
art. Such techniques are explained fully in the literature.

Definitions

As used herein, “endometriotic cell” refers to a pathologic
endometrial cell that can grow and survive outside the
endometrium as part of an endometriotic lesion.

As used herein, “endometriotic lesion” refers to a collec-
tion or population of endometriotic cells existing in a subject
or directly removed from a subject.

As used herein, “endometriosis” refers to a disease or
condition that is characterized by aberrant ectopic (outside
the uterus) growth and survival of endometrial cells that
have transformed from normal endometrial cells to patho-
logic endometrial cells.

As used herein, “autophagic” refers to relating to or
characterizing autophagy.

As used here, “autophagy” refers to the catabolic cell
mechanism that involves cell degradation of unnecessary or
dysfunctional cellular components through the actions of
lysosomes.

As used herein, “immortalized cell(s)” refers to a cell or
population of cells that have evaded normal cellular senes-
cence and can proliferate indefinitely due to a biological
difference, such as a DNA mutation or expression of an
exogenous protein, whose expression or presence, results in
an increase in the propagation capabilities compared to an
average cell found in the same source as the immortalized
cell(s). As long as cell culture conditions are maintained
properly, immortalized cells can be propagated in cell cul-
ture indefinitely (unlimited number of passages).

As used herein, “life-extended cell(s)” refers to a cell or
population of cells that can be cultured for at least between
about 3 and about 20 passages longer than a non-life
extended or normal cell(s) found in the same source. The
ability to proliferate for about 3 to about 20 passages longer
can be the result in a biological difference, such as a DNA
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mutation or expression of an exogenous protein, between the
life-extended endometriotic cell and a normal endometriotic
cell.

As used herein with reference to the relationship between
DNA, cDNA, ¢cRNA, RNA, and other nucelotides and
polynucleotides and protein/peptides, the term “correspond-
ing to” refers to the underlying biological relationship
between these different molecules. As such, one of skill in
the art would understand that operatively “corresponding to”
can direct them to determine the possible underlying and/or
resulting sequences of other molecules given the sequence
of any other molecule which has a similar biological rela-
tionship with these molecules. For example, from a DNA
sequence an RNA sequence can be determined and from an
RNA sequence a cDNA sequence can be determined.

As used herein, “life-extended endometriotic cell(s)”
refers to an endometriotic cell that has acquired a biological
difference, such as a DNA mutation or expression of an
exogenous protein, whose expression or presence, results in
an increase in the propagation capabilities of the endometri-
otic cell(s) compared to non-life extended or normal endo-
metriotic cells. Life-extended endometriotic cell(s) can have
an ability to proliferate in culture for about 3 to about 20
passages longer as compared to non-life extended or normal
endometriotic cells.

As used herein, “personalized population of cells” refers
to a population of cells containing in vitro progeny of a cell
derived from a endometriotic lesion from a subject in need
of treatment, where the population of cells is suitable for use
to determine that particular subject’s endometriotic lesion
characteristics and to test the efficacy of treatments directly
on the endometriotic lesion cells.

As used herein, “autophagic inhibitor” refers to a com-
pound, molecules (e.g., DNA, RNA proteins (e.g., antibod-
ies), or other substance that interacts with a transcript,
protein, or other molecule that is involved in the autophagy
pathway, such that autophagy is reduced as compared to a
control.

As used herein, “derivative” refers to any compound
having the same or a similar core structure to the compound
but having at least one structural difference, including sub-
stituting, deleting, and/or adding one or more atoms or
functional groups. The term “derivative” does not mean that
the derivative is synthesized from the parent compound
either as a starting material or intermediate, although this
can be the case. The term “derivative” can include salts,
prodrugs, or metabolites of the parent compound. Deriva-
tives include compounds in which free amino groups in the
parent compound have been derivatized to form amine
hydrochlorides, p-toluene sulfoamides, benzoxycarboam-
ides, t-butyloxycarboamides, thiourethane-type derivatives,
trifluoroacetylamides, chloroacetylamides, or formamides.
Derivatives include compounds in which carboxyl groups in
the parent compound have been derivatized to form salts,
methyl and ethyl esters or other types of esters or hydraz-
ides. Derivatives include compounds in which hydroxyl
groups in the parent compound have been derivatized to
form O-acyl or O-alkyl derivatives. Derivatives include
compounds in which a hydrogen bond donating group in the
parent compound is replaced with another hydrogen bond
donating group such as OH, NH, or SH. Derivatives include
replacing a hydrogen bond acceptor group in the parent
compound with another hydrogen bond acceptor group such
as esters, ethers, ketones, carbonates, tertiary amines, imine,
thiones, sulfones, tertiary amides, and sulfides.

As used herein, “isolated” means separated from constitu-
ents, cellular and otherwise, with which the polynucleotide,
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peptide, polypeptide, protein, antibody, or fragments
thereof, are normally associated in nature. A non-naturally
occurring polynucleotide, peptide, polypeptide, protein,
antibody, or fragments thereof, does not require “isolation”
to distinguish it from its naturally occurring counterpart.

As used herein, “specific binding,” “specifically bound,”
and the like, refer to binding that occurs between such paired
species as nucleotide/nucleotide, enzyme/substrate, recep-
tor/agonist, antibody/antigen, and lectin/carbohydrate that
can be mediated by covalent or non-covalent interactions or
a combination of covalent and non-covalent interactions.
When the interaction of the two species produces a non-
covalently bound complex, the binding which occurs is
typically electrostatic, hydrogen-bonding, or the result of
lipophilic interactions. Accordingly, “specific binding”
occurs between a paired species where there is interaction
between the two which produces a bound complex having
the characteristics of an antibody/antigen or enzyme/sub-
strate interaction. In particular, the specific binding is char-
acterized by the binding of one member of a pair to a
particular species and to no other species within the family
of compounds to which the corresponding member of the
binding member belongs. Thus, for example, an antibody
preferably binds to a single epitope and to no other epitope
within the family of proteins.

As used herein, “aptamer” refers to single-stranded DNA
or RNA molecules that can bind to pre-selected targets
including proteins with high affinity and specificity. Their
specificity and characteristics are not directly determined by
their primary sequence, but instead by their tertiary struc-
ture.

As used herein, “differentially expressed,” refers to the
differential production of RNA, including but not limited to
mRNA, tRNA, miRNA, siRNA, snRNA, and piRNA tran-
scribed from a gene or regulatory region of a genome or the
protein product encoded by a gene as compared to the level
of production of RNA or protein by the same gene or
regulator region in a normal or a control cell. In another
context, “differentially expressed,” also refers to nucleotide
sequences or proteins in a cell or tissue which have different
temporal and/or spatial expression profiles as compared to a
normal or control cell.

As used herein, “separated” refers to the state of being
physically divided from the original source or population
such that the separated compound, agent, particle, or mol-
ecule can no longer be considered part of the original source
or population.

As used herein, “expression” refers to the process by
which polynucleotides are transcribed into RNA transcripts.
In the context of mRNA and other translated RNA species,
“expression” also refers to the process or processes by which
the transcribed RNA is subsequently translated into pep-
tides, polypeptides, or proteins.

As used herein, “peptide” refers to two or more amino
acids where the alpha carboxyl group of one amino acid is
bound to the alpha amino group of another amino acid.
Strings of 10 or more amino acids are also referred to herein
as “polypeptides” or “proteins”.

As used herein, “polypeptides™ or “proteins” are amino
acid residue sequences. Those sequences are written left to
right in the direction from the amino to the carboxy termi-
nus. In accordance with standard nomenclature, amino acid
residue sequences are denominated by either a three letter or
a single letter code as indicated as follows: Alanine (Ala, A),
Arginine (Arg, R), Asparagine (Asn, N), Aspartic Acid (Asp,
D), Cysteine (Cys, C), Glutamine (Gln, Q), Glutamic Acid
(Glu, E), Glycine (Gly, G), Histidine (His, H), Isoleucine
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(Ile, I), Leucine (Leu, L), Lysine (Lys, K), Methionine (Met,
M), Phenylalanine (Phe, F), Proline (Pro, P), Serine (Ser, S),
Threonine (Thr, T), Tryptophan (Trp, W), Tyrosine (Tyr, Y),
and Valine (Val, V).

As used herein, “gene” refers to a hereditary unit corre-
sponding to a sequence of DNA that occupies a specific
location on a chromosome and that contains the genetic
instruction for a characteristic(s) or trait(s) in an organism.
“Gene” also refers to the specific sequence of DNA that is
transcribed into an RNA transcript that can be translated into
a polypeptide or be a catalytic RNA molecule including but
not limited to tRNA, siRNA, piRNA, miRNA, and shRNA.

As used herein, “deoxyribonucleic acid (DNA)” and
“ribonucleic acid (RNA)” generally refer to any polyribo-
nucleotide or polydeoxribonucleotide, which can be
unmodified RNA or DNA or modified RNA or DNA. RNA
can be in the form of a tRNA (transfer RNA), snRNA (small
nuclear RNA), rRNA (ribosomal RNA), mRNA (messenger
RNA), anti-sense RNA, RNAi (RNA interference con-
struct), siRNA (short interfering RNA), microRNA
(miRNA), or ribozymes.

As used herein, “nucleic acid sequence” and “oligonucle-
otide” also encompasses a nucleic acid and polynucleotide
as defined above.

As used herein, “DNA molecule” includes nucleic acids/
polynucleotides that are made of DNA.

As used herein, “nucleic acid” and “polynucleotide” gen-
erally refer to a string of at least two base-sugar-phosphate
combinations and refers to, among others, single- and
double-stranded DNA, DNA that is a mixture of single- and
double-stranded regions, single- and double-stranded RNA,
and RNA that is mixture of single- and double-stranded
regions, hybrid molecules comprising DNA and RNA that
can be single-stranded or, more typically, double-stranded or
a mixture of single- and double-stranded regions. In addi-
tion, polynucleotide as used herein refers to triple-stranded
regions comprising RNA or DNA or both RNA and DNA.
The strands in such regions can be from the same molecule
or from different molecules. The regions can include all of
one or more of the molecules, but more typically involve
only a region of some of the molecules. One of the mol-
ecules of a triple-helical region often is an oligonucleotide.
“Polynucleotide” and “nucleic acids” also encompasses
such chemically, enzymatically or metabolically modified
forms of polynucleotides, as well as the chemical forms of
DNA and RNA characteristic of viruses and cells, including
simple and complex cells, inter alia. For instance, the term
polynucleotide includes DNAs or RNAs as described above
that contain one or more modified bases. Thus, DNAs or
RNAs comprising unusual bases, such as inosine, or modi-
fied bases, such as tritylated bases, to name just two
examples, are polynucleotides as the term is used herein.
“Polynucleotide” and “nucleic acids” also includes PNAs
(peptide nucleic acids), phosphorothioates, and other vari-
ants of the phosphate backbone of native nucleic acids.
Natural nucleic acids have a phosphate backbone, artificial
nucleic acids can contain other types of backbones, but
contain the same bases. Thus, DNAs or RNAs with back-
bones modified for stability or for other reasons are “nucleic
acids” or “polynucleotide” as that term is intended herein.

As used herein, “microRNA” refers to a small non-coding
RNA molecule containing about 21 to about 23 nucleotides
found in organisms, which functions in transcriptional and
post-transcriptional regulation of transcription and transla-
tion of RNA.
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As used herein, “purified” is used in reference to a nucleic
acid sequence, peptide, or polypeptide or other compound
described herein that has increased purity relative to the
natural environment.

As used herein, “about,” “approximately,” and the like,
when used in connection with a numerical variable, gener-
ally refers to the value of the variable and to all values of the
variable that are within the experimental error (e.g., within
the 95% confidence interval for the mean) or within .+-.10%
of the indicated value, whichever is greater.

As used herein, “control” is an alternative subject or
sample used in an experiment for comparison purposes and
included to minimize or distinguish the effect of variables
other than an independent variable. A “control” can be a
positive control, a negative control, or an assay or reaction
control (an internal control to an assay or reaction included
to confirm that the assay was functional). In some instances,
the positive or negative control can also be the assay or
reaction control.

As used herein, “dosage form™ or “unit dosage form”
refers to a pharmaceutical formulation that is administered
to a subject in need of treatment and generally can be in the
form of tablets, capsules, sachets containing powder or
granules, liquid solutions or suspensions, patches, and the
like.

As used herein, “effective amount” can refer to the
amount of a compound or molecule that will elicit the
biological or medical response of a tissue, system, animal, or
human that is being sought by the researcher, veterinarian,
medical doctor or other clinician. The effective amount will
vary depending on the compound or molecule, the disorder
or condition (normal or abnormal) and its severity, the route
of administration, time of administration, rate of excretion,
drug or compound, judgment of the researcher, veterinarian,
medical doctor or other clinician, dosage form, and the age,
weight, general health, sex and/or diet of the subject to be
treated. “Effective amount” can refer to the amount of an
autophagic inhibitor, such as HCQ, that can treat, mitigate,
or prevent endometriosis, an endometriotic lesion, or other
symptom thereof. The “effective amount™ can refer to the
amount of an autophagic inhibitor, such as HCQ, that can
prevent, mitigate, and/or reduce the formation of new endo-
metriotic lesions and/or prevent progression or stage change
of endometriosis. The terms “sufficient” and “effective”, as
used interchangeably herein, can refer to an amount (e.g.
mass, volume, dosage, concentration, and/or time period)
needed to achieve one or more desired result(s). For
example, a therapeutically effective amount refers to an
amount needed to achieve one or more therapeutic effects.

As used herein, “concentrated” used in reference to an
amount of a molecule, compound, or composition, includ-
ing, but not limited to, a chemical compound, polynucle-
otide, peptide, polypeptide, protein, antibody, or fragments
thereof, that indicates that the sample is distinguishable from
its naturally occurring counterpart in that the concentration
or number of molecules per volume is greater than that of its
naturally occurring counterpart.

As used herein, “diluted” used in reference to an amount
of' a molecule, compound, or composition including but not
limited to, a chemical compound, polynucleotide, peptide,
polypeptide, protein, antibody, or fragments thereof, that
indicates that the sample is distinguishable from its naturally
occurring counterpart in that the concentration or number of
molecules per volume is less than that of its naturally
occurring counterpart.

As used herein, “pharmaceutical formulation™ refers to
the combination of an active agent, compound, or ingredient

2
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with a pharmaceutically acceptable carrier or excipient,
making the composition suitable for diagnostic, therapeutic,
or preventive use in vitro, in vivo, or ex vivo.

As used herein, “pharmaceutically acceptable carrier,
diluent, binders, lubricants, glidant, preservative, flavoring
agent, coloring agent, and excipient” refers to a carrier,
diluent, binder, lubricant, glidant, preservative, flavoring
agent, coloring agent, or excipient that is useful in preparing
a pharmaceutical formulation that is generally safe, non-
toxic, and is neither biologically or otherwise undesirable,
and includes a carrier or excipient that is acceptable for
veterinary use as well as human pharmaceutical use.

As used herein, “pharmaceutically acceptable salt” refers
to any salt derived from organic and inorganic acids of a
compound described herein. Pharmaceutically acceptable
salt also refers to a salt of a compound described having an
acidic functional group, such as a carboxylic acid functional
group, and a base. Pharmaceutically acceptable salt also
includes hydrates of a salt of a compound described herein.

As used interchangeably herein, “subject,” “individual,”
or “patient,” refers to a vertebrate, preferably a mammal,
more preferably a human. Mammals include, but are not
limited to, murines, simians, humans, farm animals, sport
animals, and pets. The term “pet” includes a dog, cat, guinea
pig, mouse, rat, rabbit, ferret, and the like. The term farm
animal includes a horse, sheep, goat, chicken, pig, cow,
donkey, llama, alpaca, turkey, and the like.

As used herein, “biocompatible” or “biocompatibility”
refers to the ability of a material to be used by a patient
without eliciting an adverse or otherwise inappropriate host
response in the patient to the material or an active derivative
thereof, such as a metabolite, as compared to the host
response in a normal or control patient.

As used herein, “therapeutic” refers to curing or treating
a symptom of a disease or condition.

The term “treating”, as used herein, can include inhibiting
and/or resolving the disease, disorder or condition, e.g.,
impeding its progress; and relieving the disease, disorder, or
condition, e.g., causing regression of the disease, disorder
and/or condition. Treating the disease, disorder, or condition
can include ameliorating at least one symptom of the par-
ticular disease, disorder, or condition, even if the underlying
pathophysiology is not affected, such as treating the pain of
a subject by administration of an analgesic agent even
though such agent does not treat the cause of the pain.
“Treating” can refer to reducing a symptom of endometrio-
sis, such as reducing the size of a lesion, reducing the
recurrence of endometriotic lesions, preventing the occur-
ance of new lesions, and/or preventing or delaying the
progression of endometriosis to a different stage.

The term “preventing”, as used herein includes preventing
a disease, disorder or condition from occurring in a subject,
which can be predisposed to the disease, disorder and/or
condition but has not yet been diagnosed as having it. As
used herein, “preventative” can refer to hindering or stop-
ping a disease or condition before it occurs or while the
disease or condition is still in the sub-clinical phase. “Pre-
venting” can refer to delaying or stopping the recurrance of
endometriotic lesions; stopping, mitigating, and/or delaying
the occurance of new endometriotic lesions; stopping, miti-
gating, and/or delaying the progression of endometriosis in
an individual.

As used herein, “mitigate” can refer to reducing a par-
ticular characteristic, symptom, or other biological or physi-
ological parameter associated with a disease or disorder,
such as endometriosis.
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As used herein, “separated” refers to the state of being
physically divided from the original source or population
such that the separated compound, agent, particle, chemical
compound, or molecule can no longer be considered part of
the original source or population.

As used herein, “tangible medium of expression” refers to
a medium that is physically tangible and is not a mere
abstract thought or an unrecorded spoken word. Tangible
medium of expression includes, but is not limited to, words
on a cellulosic or plastic material or data stored on a suitable
device such as a flash memory or CD-ROM.

As used herein, “active derivative” and the like refer to a
derivative of an autophagic inhibitor, such as HCQ, that
retains an ability to treat/mitigate plasma cell proliferation
and/or secondary complications associated with endometrio-
sis. Assays for testing the ability of an active derivative to
perform in this fashion are known to those of ordinary skill
in the art.

As used herein, “metabolite” refers to substances that
result from metabolism of a compound, such as an active
agent of a pharmaceutical formulation, such as HCQ.

As used herein, “active metabolite” refers to a metabolite
that induces a pharmaceutical or clinical effect, such as
treating or preventing endometriosis or a symptom thereof,
in a subject.

As used herein, “primary metabolite” refers to a metabo-
lite that is directly involved in growth, development, and/or
reproduction of a cell or organism.

As used herein, “secondary metabolite” refers to a
metabolite that is not directly involved in growth, develop-
ment, and/or reproduction of a cell or organism.

As used herein, “capture molecule” refers to a molecule
that is configured to specifically bind one or more biomarker
molecules of interest. A capture molecule can be a poly-
nucleotide, antibody, antigen, apatmer, affibody, polypep-
tides, peptides, or combinations thereof that specifically bind
one or more biomarkers of interest. For example, the capture
molecule can be configured to specifically bind a polynucle-
otide or polypeptide corresponding to ATG-5, ATG-7, ATG-
9, DJ-1(Park7), hVps34, beclin-1, p-ULK1, ATG1(ULK1),
p-mTOR, mTOR, integrin, Src, FAK, ILK, rkB, AKT,
LC3A, LC3 B, TSCl1, TSC2, HO-1, PTEN, ARIDIA,
PIK3CA, K-RAS, BCL-2, ATG16, ATG12, ATG10, ATG3,
LC3-1, ATG4, EVI1, RON, EGFR, SnoN, Skil. TGFBRII,
p53, Smad2/3, p-ERK, ERK, PARP, cleaved PARP, p62,
ferritin, E-cadherin, N-cadherin, vimentin cytokeratin-18
and/or combinations thereof. Representative polypeptide
and polynucleotide sequences for the aforementioned bio-
markers and any other biomarkers described herein can be
100% identical, 90-100% identical, 80-90% identical,
70-80% identical, 60-70% identical, or 50-100% identical to
any one of SEQ ID NOs: 1-314 or 100% identical, 90-100%
identical, 80-90% identical, 70-80% identical, 60-70% iden-
tical, or 50-100% identical to a sequence corresponding to
any one of SEQ ID NOs: 1-314.

As used herein “essentially discrete” as applied to features
of an array refers to the situation where 90% or more of the
features of an array are not in direct contact with other
features of the same array.

As used herein “attached” as applied to capture molecules
of an array refers to a covalent interaction or bond between
a molecule on the surface of the support and the capture
molecule so as to immobilize the capture molecule on the
surface of the support.

As used herein “operatively-linked” as applied to capture
molecules of an array refers to a non-covalent interaction
between the surface of the support and the capture molecule
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s0 as to immobilize the capture molecule on the surface of
the support. Such non-covalent interactions include by are
not limited to, entrapment by the surface substrate, ionic
bonds, electrostatic interactions, van der Walls forces,
dipole-dipole interactions, dipole-induced-dipole interac-
tions, London dispersion forces, hydrogen bonding, halogen
bonding, electromagnetic interactions, m- interactions, cat-
ion-r interactions, anion-m interactions, polar m-interactions,
and hydrophobic effects.

As used herein, “biomarker” can refer to any measurable
molecule, including but not limited to polynucleotides and
polypeptides, or compound in a subject whose presences,
absolute amount, or relative amount, is indicative of some
disease, condition, syndrome, disorder, or symptom thereof,
or state thereof, such as endometriosis.

As used herein, “body fluid” refers to any liquid or
liquid-like substance that originates in the body of a living
organism. “Body fluid” includes, but is not limited to, whole
blood, serum, bufly coat of blood or other blood fraction that
contains substantially only the white blood cells and plate-
lets, plasma, cerebral spinal fluid, urine, lymph, bile and
saliva.

As used herein, “affibody” refers to an engineered protein
that is an antibody mimetic and can specifically bind a target
molecule, and is based on a three-helix bundle domain,
where each of the three helixes contains a polypeptide
having about 58 amino acids.

As used herein, “variant” refers to a polypeptide that
differs from a reference polypeptide, but retains essential
properties. A typical variant of a polypeptide differs in amino
acid sequence from another, reference polypeptide. Gener-
ally, differences are limited so that the sequences of the
reference polypeptide and the variant are closely similar
overall and, in many regions, identical. A variant and ref-
erence polypeptide can differ in amino acid sequence by one
or more modifications (e.g., substitutions, additions, and/or
deletions). A substituted or inserted amino acid residue can
or cannot be one encoded by the genetic code. A variant of
a polypeptide can be naturally occurring such as an allelic
variant, or it can be a variant that is not known to occur
naturally.

As used herein, “wild-type” refers to the typical form of
an organism, variety, strain, gene, protein, or characteristic
as it occurs in nature, as distinguished from mutant forms
that can result from selective breeding or transformation
with a transgene.

As used herein, “diagnosis” refers to the identification or
determination of the nature and circumstances of a disease,
disorder, condition, syndrome, or symptom thereof in a
subject.

As used herein, “prognose,” refers to determining a
prognosis for a disease, disorder, condition, syndrome, or
symptom thereof.

As used herein, “prognosis” refers to a prediction or
forecast of a chance of recovery, complete or partial, from a
disease, disorder, condition, syndrome, or symptom thereof.

As used herein, “personalized population of cells” or
“personalized cell” refer to an autologous population of cells
or cells are an in vitro population of cells or cell that can be
used to diagnose and/or prognose an individual and/or test
the individual’s response to a treatment.

As used herein, “emollients” refers to an externally
applied agent that softens or soothes skin and are generally
known in the art and listed in compendia, such as the
“Handbook of Pharmaceutical Excipients”, 4" Ed., Pharma-
ceutical Press, 2003.
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As used herein, “surfactants” refers to surface-active
agents that lower surface tension and thereby increase the
emulsifying, foaming, dispersing, spreading and wetting
properties of a product.

As used herein, “emulsifiers” refers to surface active
substances which promote the suspension of one liquid in
another and promote the formation of a stable mixture, or
emulsion, of oil and water.

As used herein, “o0il” refers to a composition containing at
least about 95% wt of a lipophilic substance. Examples of
lipophilic substances include but are not limited to naturally
occurring and synthetic oils, fats, fatty acids, lecithins,
triglycerides and combinations thereof.

As used herein, “emulsion” is a composition containing a
mixture of non-miscible components homogenously
blended together. The non-miscible components can include
a lipophilic component and an aqueous component. “Emul-
sion” can also refer to a preparation of one liquid distributed
in small globules throughout the body of a second liquid.
The first liquid is the discontinuous phase and the second
liquid is the continuous phase. When oil is first liquid and
water or an aqueous solution is the second liquid, it is
referred to herein as an “oil in water emulsion”. When water
or an aqueous solution is the first liquid and oil or oleagion-
ous substance is the second liquid, it is referred to herein as
“water-in-oil” emulsion”. Either or both of the oil phase and
aqueous phase can contain one or more surfactants, emul-
sifiers, emulsion stabilizers, buffers, and other excipients.
Some emulsions can be gels or otherwise include a gel
component.

As used herein, “lotion” refers to a low- to medium-
viscosity liquid formulation. “Lotions™ can contain finely
powdered substances that are in soluble in the dispersion
medium through the use of suspending agents and dispersing
agents. “Lotions” can also have as the dispersed phase liquid
substances that are immiscible with the vehicle and are
usually dispersed by means of emulsifying agents or other
suitable stabilizers.

As used herein, “cream” refers to a viscous liquid or
semi-solid emulsion of either the “oil-in-water” or “water-
in-oil type”.

As used herein, “ointment” refers to a semisolid prepa-
ration containing an ointment base and optionally one or
more active agents.

As used herein in the context of pharmaceutical formu-
lations, “gel” refers to a semisolid system containing dis-
persions of the autophagic inhibitor in a liquid vehicle that
is rendered semisolid by the action of a thickening agent or
polymeric material (“gelling agent™) dissolved or suspended
in the liquid vehicle. The liquid can include a lipophilic
component, an aqueous component or both. “Gels” can also
be emulsions. Some gels, however, are not emulsions
because they do not contain a homogenized blend of immis-
cible components

Discussion

Endometriosis is a gynecological disease that afflicts
women of child-bearing age. Although itself benign, it is a
very painful condition characterized by endometriotic
lesions at ectopic sites leading to infertility and an increased
risk of specific subtypes of ovarian cancer.

Endometriosis is believed to result from biological or
physiological events that resemble metastasis which can be
characterized into 6 stages: (1) shedding of cells, (2) cell
survival, (3) escape from immune surveillance, (4) adhesion
to peritoneum, (5) angiogenesis, and (6) bleeding. Although
formation of an endometriotic lesion is dependent on the
combination of these events, the first step, survival, which,
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if it occurs, will allow cells to implant and develop into an
endometriotic lesion and thus plays an important role in the
pathogenesis of endometriosis. Indeed, altered cell death
characteristics in the eutopic endometrium of women with
endometriosis will contribute to survival of retrograde endo-
metrial cells.

Anoikis is a cell death event due to decreased cell
adhesion and elimination of cells detached from substratum.
Thus, anoikis will prevent epithelial cells from shedding
from their original location (“misplaced” cells), to colonize
at ectopic sites. In cancer, anoikis resistance leads to tumor
metastases.

Mechanisms of anoikis resistance include (1) acquisition
of an epithelial-mesenchymal transition (EMT)-like pheno-
type, (2) activation of integrin and downstream signaling
mediators (i.e. Src, FAK, and ILK), (3) increased expression
of TrkB, a neurotrophic tyrosine kinase receptor (suppressor
of caspase-associated anoikis) in endometriosis patients and
certain cancers associated with cancer metastases and acti-
vation of the pro-survival PI3K/AKT pathway and (4)
autophagy which promotes survival leading to increased
attachment to the extracellular matrix (ECM). Autophagy, a
survival mechanism that is activated in response to multiple
stresses, is a “self-eating” process whereby damaged cellular
material and organelles are sequestered in autophagosomes
and degraded. Autophagy allows cells to survive given that
they re-adhere to ECM in a timely fashion. Interestingly,
detachment-induced autophagy directly results from a loss
of ECM-integrin engagement. Epithelial cells depend on
integrin-mediated cell adhesion to the ECM for proper
growth and survival. The pathways linking loss of integrin
engagement at the cell surface to activation of the
autophagic machinery remain elusive.

In sum, epithelial cells, such as endometrial cells, depend
on integrin-mediated cell adhesion to the ECM for proper
growth and survival. Cell detachment from the ECM leads
to anoikis, a cell death event, preventing colonization of
cells at ectopic sites. If autophagy is induced, cells will
escape anoikis and survive. Autophagy, a “self-eating” pro-
cess whereby damaged cellular material and organelles are
sequestered in autophagosomes and degraded, is a survival
mechanism activated in response to multiple stresses. As
demonstrated herein, dysregulation of autophagy in endo-
metriotic cells contained in endometrial lesions contributes
to aberrant cell survival. With this in mind, in one embodi-
ment, an autophagic inhibitor is administered to a subject
having endometriosis. In other embodiments, an endometri-
otic cell is contacted with an autophagic inhibitor. By
inhibition of autophagy, at least one symptom of endo-
metriosis, such as lesion size, can be reduced.

Until now, it was not known that a symptom of endo-
metriosis can be alleviated or mitigated by inhibiting
autophagy in endometrial cells or endometriotic cells.
Indeed, it was unknown how autophagy and its dysregula-
tion affect endometrial cell survival and its contribution to
the development of endometriotic lesions. This is likely due,
in part, that endometriosis is a benign tumor and autophagy
has only been correlated to metastatic tumors that are
typically affiliated with invasive cancer tumors.

With that said, disclosed herein are compositions, formu-
lations, methods, and assays that can improve the treatment,
diagnosis, and/or prognosis of endometriosis and endometri-
otic lesions. Other compositions, compounds, methods, fea-
tures, and advantages of the present disclosure will be or
become apparent to one having ordinary skill in the art upon
examination of the following drawings, detailed description,
and examples. It is intended that all such additional com-
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positions, compounds, methods, features, and advantages be
included within this description, and be within the scope of
the present disclosure.

Cell Lines

Described herein are life-extended populations of cells
generated from endometriotic lesions after in vitro culturing.
In an embodiment, a life-extended population of cells con-
tains an endometriotic cell, where the endometriotic cell is
the in vitro progeny of a cell isolated from an endometriotic
lesion, and where the endometriotic cell can have greater
protein expression of one or more of the following
autophagic markers selected from the group of ATG7,
ATGS, and hVps34 as compared to a suitable non-endo-
metriotic control cell or other control cell. Suitable non-
endometriotic control cells include, but are not limited to
ovarian cancer cells, non-diseased ovarian epithelial cells,
and surface ovarian epithelial (T80) cells. In some embodi-
ments, the life-extended cells also express large T antigen.

The life-extended population of cells can be used as a
research tool to assess the effectiveness and safety of com-
pounds to treat endometriosis. In some embodiments, the
population of cells is a personalized population of cells. This
allows the determination of the efficacy of treatments on the
cells from endometriotic lesions from the subject that will
receive the treatment.

The life-extended endometriotic cells can be prepared
from primary endometriotic cells. Primary endometriotic
cells can be maintained in a 1:1 mixture of Medium 199 and
MCDBI131 Medium supplemented with about 8% fetal
bovine serum, penicillin (100 U/mL; diluted 1:100 in com-
plete culture media)/streptomycin (100 mg/ml.; diluted
1:100 in complete culture media), and insulin (5 mg/mL)/
transferrin (5 mg/ml)/selenium (ITS) (5 pg/mL).

In some embodiments, primary endometriotic cells are
transformed them to ubiquitously or conditionally express
oncogene. In other embodiments, primary endometriotic
cells are infected with viral particles carrying and SV40
large T antigen gene, such that the transformed cells express
a SV40 large T antigen.

Pharmaceutical Formulations

Provided herein are pharmaceutical formulations contain-
ing an effective amount of an autophaghic inhibitor or active
derivative thereof in a pharmaceutical carrier appropriate for
administration to an individual in need thereof. The indi-
vidual in need thereof can have or can be suspected of
having endometriosis or an endometriotic lesion. Formula-
tions can be administered orally, intravenously, intramuscu-
larly, intravaginally, intraperitoneally, rectally, perenterally,
topically, intranasally, or subcutaneously. Suitable
autophagic inhibitors include but are not limited to chloro-
quine, hydroxychloroquine (also referred to herein as HCQ),
and Lys05, pharmaceutically acceptable salts of chloro-
quine, pharmaceutically acceptable salts of hydroxychloro-
quine, pharmaceutically acceptable salts of Lys05, antibod-
ies that specifically bind to a positive inducer of autophagy
in endometrial cells, siRNA, miRNA, piRNA, or other RNA
species that specifically binds to a positive inducer of
autophagy in endometrial cells, and other molecules, com-
pounds, or substances which bind or otherwise interact with
a protein or other molecule involved in maintaining or
increasing autophagy so as to reduce autophagy in the cell.

Parenteral Formulations

The autophagic inhibitor or active derivative thereof can
be formulated for parenteral delivery, such as injection or
infusion, in the form of a solution or suspension. The
autophagic inhibitor can be HCQ or a pharmaceutical salt
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thereof. The formulation can be administered via any route,
such as, the blood stream or directly to the organ or tissue to
be treated.

Parenteral formulations can be prepared as aqueous com-
positions using techniques is known in the art. Typically,
such compositions can be prepared as injectable formula-
tions, for example, solutions or suspensions; solid forms
suitable for using to prepare solutions or suspensions upon
the addition of a reconstitution medium prior to injection;
emulsions, such as water-in-oil (w/0) emulsions, oil-in-
water (o/w) emulsions, and microemulsions thereof, lipo-
somes, or emulsomes.

The carrier can be a solvent or dispersion medium con-
taining, for example, water, ethanol, one or more polyols
(e.g., glycerol, propylene glycol, and liquid polyethylene
glycol), oils, such as vegetable oils (e.g., peanut oil, corn oil,
sesame oil, etc.), and combinations thereof. The proper
fluidity can be maintained, for example, by the use of a
coating, such as lecithin, by the maintenance of the required
particle size in the case of dispersion and/or by the use of
surfactants. In many cases, it will be preferable to include
isotonic agents, for example, sugars or sodium chloride.

Solutions and dispersions of the autophagic inhibitor or
active derivative thereof can be prepared in water or another
solvent or dispersing medium suitably mixed with one or
more pharmaceutically acceptable excipients including, but
not limited to, surfactants, dispersants, emulsifiers, pH
modifying agents, and combination thereof.

Suitable surfactants can be anionic, cationic, amphoteric
or nonionic surface active agents. Suitable anionic surfac-
tants include, but are not limited to, those containing car-
boxylate, sulfonate and sulfate ions. Suitable anionic sur-
factants include sodium, potassium, ammonium of long
chain alkyl sulfonates and alkyl aryl sulfonates such as
sodium dodecylbenzene sulfonate; dialkyl sodium sulfosuc-
cinates, such as sodium dodecylbenzene sulfonate; dialkyl
sodium sulfosuccinates, such as sodium bis-(2-ethylthi-
oxyl)-sulfosuccinate; and alkyl sulfates such as sodium
lauryl sulfate. Suitable cationic surfactants include, but are
not limited to, quaternary ammonium compounds such as
benzalkonium chloride, benzethonium chloride, cetrimo-
nium bromide, stearyl dimethylbenzyl ammonium chloride,
polyoxyethylene and coconut amine. Suitable nonionic sur-
factants include ethylene glycol monostearate, propylene
glycol myristate, glyceryl monostearate, glyceryl stearate,
polyglyceryl-4-oleate, sorbitan acylate, sucrose acylate,
PEG-150 laurate, PEG-400 monolaurate, polyoxyethylene
monolaurate, polysorbates, polyoxyethylene octylphenyle-
ther, PEG-1000 cetyl ether, polyoxyethylene tridecyl ether,
polypropylene glycol butyl ether, Poloxamer® 401, stearoyl
monoisopropanolamide, and polyoxyethylene hydrogenated
tallow amide. Examples of amphoteric surfactants include
sodium N-dodecyl-f-alanine, sodium N-lauryl-p-iminodi-
propionate, myristoamphoacetate, lauryl betaine and lauryl
sulfobetaine.

The formulation can contain a preservative to prevent the
growth of microorganisms. Suitable preservatives include,
but are not limited to, parabens, chlorobutanol, phenol,
sorbic acid, and thimerosal. The formulation can also con-
tain an antioxidant to prevent degradation of the autophagic
inhibitor or active derivate thereof.

The formulation can be buffered to a pH of 3-8 for
parenteral administration upon reconstitution. Suitable buf-
fers include, but are not limited to, phosphate buffers, acetate
buffers, and citrate buffers.

Water-soluble polymers can be used in the formulations
for parenteral administration. Suitable water-soluble poly-

20

25

30

40

45

55

65

18

mers include, but are not limited to, polyvinylpyrrolidone,
dextran, carboxymethylcellulose, and polyethylene glycol.
Sterile injectable solutions can be prepared by incorporating
the autophagic inhibitor or active derivative thereof in the
required amount in the appropriate solvent or dispersion
medium with one or more of the excipients listed above, as
required, followed by filtered sterilization. Dispersions can
be prepared by incorporating the various sterilized
autophagic inhibitor or derivative thereof into a sterile
vehicle which contains the basic dispersion medium and the
required other ingredients from those listed above. case of
Sterile powders for the preparation of sterile injectable
solutions can be prepared by vacuum-drying and freeze-
drying techniques, which yields a powder of the autophagic
inhibitor or active derivative thereof plus any additional
desired ingredient from a previously sterile-filtered solution
thereof. The powders can be prepared in such a manner that
the particles are porous in nature, which can increase dis-
solution of the particles. Methods for making porous par-
ticles are well known in the art.

Pharmaceutical formulations for parenteral administra-
tion can be in the form of a sterile aqueous solution or
suspension of particles formed from one or more autophagic
inhibitor or active derivative thereof. Acceptable solvents
include, for example, water, Ringer’s solution, phosphate
buffered saline (PBS), and isotonic sodium chloride solu-
tion. The formulation can also be a sterile solution, suspen-
sion, or emulsion in a nontoxic, parenterally acceptable
diluent or solvent such as 1,3-butanediol.

In some instances, the formulation can be distributed or
packaged in a liquid form. In other embodiments, formula-
tions for parenteral administration can be packed as a solid,
obtained, for example by lyophilization of a suitable liquid
formulation. The solid can be reconstituted with an appro-
priate carrier or diluent prior to administration.

Solutions, suspensions, or emulsions for parenteral
administration can be buffered with an effective amount of
buffer necessary to maintain a pH suitable for ocular admin-
istration. Suitable buffers include, but are not limited to,
acetate, borate, carbonate, citrate, and phosphate buffers.

Solutions, suspensions, or emulsions for parenteral
administration can also contain one or more tonicity agents
to adjust the isotonic range of the formulation. Suitable
tonicity agents include, but are not limited to, glycerin,
mannitol, sorbitol, sodium chloride, and other electrolytes.

Solutions, suspensions, or emulsions for parenteral
administration can also contain one or more preservatives to
prevent bacterial contamination of the ophthalmic prepara-
tions. Suitable preservatives include, but are not limited to,
polyhexamethylenebiguanidine (PHMB), benzalkonium
chloride (BAK), stabilized oxychloro complexes (otherwise
known as Purite®), phenylmercuric acetate, chlorobutanol,
sorbic acid, chlorhexidine, benzyl alcohol, parabens, thime-
rosal, and mixtures thereof.

Solutions, suspensions, or emulsions for parenteral
administration can also contain one or more excipients, such
as dispersing agents, wetting agents, and suspending agents.

Topical Formulations

The autophagic inhibitor or active derivative thereof can
be formulated for topical administration. The autophagic
inhibitor can be HCQ or a salt thereof Suitable dosage forms
for topical administration include creams, ointments, salves,
sprays, gels, lotions, emulsions, liquids, and transdermal
patches. The formulation can be formulated for transmu-
cosal, transepithelial, transendothelial, or transdermal
administration. The topical formulations can contain one or
more chemical penetration enhancers, membrane permeabil-
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ity agents, membrane transport agents, emollients, surfac-
tants, stabilizers, and combination thereof.

In some embodiments, the conjugates can be administered
as a liquid formulation, such as a solution or suspension, a
semi-solid formulation, such as a lotion or ointment, or a
solid formulation. In some embodiments, the autophagic
inhibitor is formulated as liquids, including solutions and
suspensions, such as eye drops or as a semi-solid formula-
tion, such as ointment or lotion for topical application to the
skin, to the mucosa, such as the eye, to the vagina, or to the
rectum.

The formulation can contain one or more excipients, such
as emollients, surfactants, emulsifiers, penetration enhanc-
ers, and the like.

Suitable emollients include, without limitation, almond
oil, castor oil, ceratonia extract, cetostearoyl alcohol, cetyl
alcohol, cetyl esters wax, cholesterol, cottonseed oil,
cyclomethicone, ethylene glycol palmitostearate, glycerin,
glycerin monostearate, glyceryl monooleate, isopropyl
myristate, isopropyl palmitate, lanolin, lecithin, light min-
eral oil, medium-chain triglycerides, mineral oil and lanolin
alcohols, petrolatum, petrolatum and lanolin alcohols, soy-
bean oil, starch, stearyl alcohol, sunflower oil, xylitol and
combinations thereof. In some embodimenst, the emollients
can be ethylhexylstearate and ethylhexyl palmitate.

Suitable surfactants include, but are not limited to, emul-
sifying wax, glyceryl monooleate, polyoxyethylene alkyl
ethers, polyoxyethylene castor oil derivatives, polysorbate,
sorbitan esters, benzyl alcohol, benzyl benzoate, cyclodex-
trins, glycerin monostearate, poloxamer, povidone and com-
binations thereof. In some embodiments, the surfactant can
be stearyl alcohol.

Suitable emulsifiers include, but are not limited to, acacia,
metallic soaps, certain animal and vegetable oils, and vari-
ous polar compounds, anionic emulsifying wax, calcium
stearate, carbomers, cetostearyl alcohol, cetyl alcohol, cho-
lesterol, diethanolamine, ethylene glycol palmitostearate,
glycerin monostearate, glyceryl monooleate, hydroxpropyl
cellulose, hypromellose, lanolin, hydrous, lanolin alcohols,
lecithin, medium-chain triglycerides, methylcellulose, min-
eral oil and lanolin alcohols, monobasic sodium phosphate,
monoethanolamine, nonionic emulsifying wax, oleic acid,
poloxamer, poloxamers, polyoxyethylene alkyl ethers, poly-
oxyethylene castor oil derivatives, polyoxyethylene sorbitan
fatty acid esters, polyoxyethylene stearates, propylene gly-
col alginate, self-emulsifying glyceryl monostearate, sodium
citrate dehydrate, sodium lauryl sulfate, sorbitan esters,
stearic acid, sunflower oil, tragacanth, triethanolamine, xan-
than gum and combinations thereof. In some embodiments,
the emulsifier can be glycerol stearate.

Suitable classes of penetration enhancers include, but are
not limited to, fatty alcohols, fatty acid esters, fatty acids,
fatty alcohol ethers, amino acids, phospholipids, lecithins,
cholate salts, enzymes, amines and amides, complexing
agents (liposomes, cyclodextrins, modified celluloses, and
diimides), macrocyclics, such as macrocylic lactones,
ketones, and anhydrides and cyclic ureas, surfactants,
N-methyl pyrrolidones and derivatives thereof, DMSO and
related compounds, ionic compounds, azone and related
compounds, and solvents, such as alcohols, ketones, amides,
polyols (e.g., glycols).

Suitable emulsions include, but are not limited to, oil-in-
water and water-in-oil emulsions. Either or both phases of
the emulsions can include a surfactant, an emulsifying agent,
and/or a liquid non-volatile non-aqueous material. In some
embodiments, the surfactant can be a non-ionic surfactant.
In other embodiments, the emulsifying agent is an emulsi-
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fying wax. In further embodiments, the liquid non-volatile
non-aqueous material is a glycol. In some embodiments, the
glycol is propylene glycol. The oil phase can contain other
suitable oily pharmaceutically acceptable excipients. Suit-
able oily pharmaceutically acceptable excipients include,
but are not limited to, hydroxylated castor oil or sesame oil
can be used in the oil phase as surfactants or emulsifiers.

Lotions containing an autophagic inhibitor are also
described herein. In some embodiments, the lotion can be in
the form of an emulsion having a viscosity of between 100
and 1000 centistokes. The fluidity of lotions can permit rapid
and uniform application over a wide surface area. Lotions
can be formulated to dry on the skin leaving a thin coat of
their medicinal components on the skin’s surface.

Creams containing an autophagic inhibitor are also
described herein. The cream can contain emulsifying agents
and/or other stabilizing agents. In some embodiments, the
cream is in the form of a cream having a viscosity of greater
than 1000 centistokes, typically in the range of 20,000-50,
000 centistokes. Creams, as compared to ointments, can be
easier to spread and easier to remove.

One difference between a cream and a lotion is the
viscosity, which is dependent on the amount/use of various
oils and the percentage of water used to prepare the formu-
lations. Creams can be thicker than lotions, can have various
uses, and can have more varied oils/butters, depending upon
the desired effect upon the skin. In some embodiments of a
cream formulation, the water-base percentage can be about
60% to about 75% and the oil-base can be about 20% to
about 30% of the total, with the other percentages being the
emulsifier agent, preservatives and additives for a total of
100%.

Also described herein are ointments containing an
autophagaic inhibitor and a suitable ointment base. Suitable
ointment bases include hydrocarbon bases (e.g., petrolatum,
white petrolatum, yellow ointment, and mineral oil); absorp-
tion bases (hydrophilic petrolatum, anhydrous lanolin, lano-
lin, and cold cream); water-removable bases (e.g., hydro-
philic ointment), and water-soluble bases (e.g., polyethylene
glycol ointments). Pastes typically differ from ointments in
that they contain a larger percentage of solids. Pastes are
typically more absorptive and less greasy that ointments
prepared with the same components.

Also described herein are gels containing an autophagic
inhibitor, a gelling agent, and a liquid vehicle. Suitable
gelling agents include, but are not limited to, modified
celluloses, such as hydroxypropyl cellulose and hydroxy-
ethyl cellulose; carbopol homopolymers and copolymers;
and combinations thereof. Suitable solvents in the liquid
vehicle include, but are not limited to, diglycol monoethyl
ether; alklene glycols, such as propylene glycol; dimethyl
isosorbide; alcohols, such as isopropyl alcohol and ethanol.
The solvents can be selected for their ability to dissolve the
drug. Other additives, which can improve the skin feel
and/or emolliency of the formulation, can also be incorpo-
rated. Such additives include, but are not limited, isopropyl
myristate, ethyl acetate, C,,-C,5 alkyl benzoates, mineral
oil, squalane, cyclomethicone, capric/caprylic triglycerides,
and combinations thereof.

Also described herein are foams that include the
autophagic inhibitor. Foams can be an emulsion in combi-
nation with a gaseous propellant. The gaseous propellant can
include hydrofluoroalkanes (HFAs). Suitable propellants
include HFAs such as 1,1,1,2-tetrafluoroethane (HFA 134a)
and 1,1,1,2,3,3,3-heptafluoropropane (HFA 227), but mix-
tures and admixtures of these and other HFAs that are
currently approved or can become approved for medical use
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are suitable. The propellants can be devoid of hydrocarbon
propellant gases, which can produce flammable or explosive
vapors during spraying. Furthermore, the foams can contain
no volatile alcohols, which can produce flammable or explo-
sive vapors during use.

Buffers can be used to control pH of a composition. The
buffers can buffer the composition from a pH of about 4 to
a pH of about 7.5, from a pH of about 4 to a pH of about 7,
or from a pH of about 5 to a pH of about 7. In some
embodiments, the buffer can be triethanolamine.

Preservatives can be included to prevent the growth of
fungi and microorganisms. Suitable preservatives include,
but are not limited to, benzoic acid, butylparaben, ethyl
paraben, methyl paraben, propylparaben, sodium benzoate,
sodium propionate, benzalkonium chloride, benzethonium
chloride, benzyl alcohol, cetylpyridinium chloride, chlo-
robutanol, phenol, phenylethyl alcohol, and thimerosal.

In certain embodiments, the formulations can be provided
via continuous delivery of one or more formulations to a
patient in need thereof. For topical applications, repeated
application can be done or a patch can be used to provide
continuous administration of the noscapine analogs over an
extended period of time.

Enteral Formulations

The autophagic inhibitors can be prepared in enteral
formulations, such as for oral administration. The
autophagic inhibitor can be HCQ), active derivative thereof,
or pharmaceutical salt thereof. Suitable oral dosage forms
include tablets, capsules, solutions, suspensions, syrups, and
lozenges. Tablets can be made using compression or mold-
ing techniques well known in the art. Gelatin or non-gelatin
capsules can prepared as hard or soft capsule shells, which
can encapsulate liquid, solid, and semi-solid fill materials,
using techniques well known in the art.

Formulations containing an autophagic inhibitor are pre-
pared using pharmaceutically acceptable carriers. As gener-
ally used herein “carrier” includes, but is not limited to,
diluents, preservatives, binders, lubricants, disintegrators,
swelling agents, fillers, stabilizers, and combinations
thereof. Polymers used in the dosage form include, but are
not limited to, suitable hydrophobic or hydrophilic polymers
and suitable pH dependent or independent polymers. Suit-
able hydrophobic and hydrophilic polymers include, but are
not limited to, hydroxypropyl methylcellulose, hydroxypro-
pyl cellulose, hydroxyethyl cellulose, carboxy methylcellu-
lose, polyethylene glycol, ethylcellulose, microcrystalline
cellulose, polyvinyl pyrrolidone, polyvinyl alcohol, polyvi-
nyl acetate, and ion exchange resins. “Carrier” also includes
all components of the coating composition which can
include plasticizers, pigments, colorants, stabilizing agents,
and glidants.

Formulations containing an autophagic inhibitor can be
prepared using one or more pharmaceutically acceptable
excipients, including diluents, preservatives, binders, lubri-
cants, disintegrators, swelling agents, fillers, stabilizers, and
combinations thereof.

Delayed release dosage formulations can be prepared as
described in standard references such as “Pharmaceutical
dosage form tablets”, eds. Liberman et. al. (New York,
Marcel Dekker, Inc., 1989), “Remington—The science and
practice of pharmacy”, 20th ed., Lippincott Williams &
Wilkins, Baltimore, Md., 2000, and “Pharmaceutical dosage
forms and drug delivery systems”, 6th Edition, Ansel et al.,
(Media, Pa.: Williams and Wilkins, 1995). These references
provide information on excipients, materials, equipment and
process for preparing tablets and capsules and delayed
release dosage forms of tablets, capsules, and granules.
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These references provide information on carriers, materials,
equipment and process for preparing tablets and capsules
and delayed release dosage forms of tablets, capsules, and
granules.

The formulations containing an autophagic inhibitor can
be coated with a suitable coating material, for example, to
delay release once the particles have passed through the
acidic environment of the stomach. Suitable coating mate-
rials include, but are not limited to, cellulose polymers such
as cellulose acetate phthalate, hydroxypropyl cellulose,
hydroxypropyl methylcellulose, hydroxypropyl methylcel-
Iulose phthalate and hydroxypropyl methylcellulose acetate
succinate; polyvinyl acetate phthalate, acrylic acid polymers
and copolymers, and methacrylic resins that are commer-
cially available under the trade name EUDRAGIT® (Roth
Pharma, Westerstadt, Germany), zein, shellac, and polysac-
charides.

Coatings can be formed with a different ratio of water
soluble polymer, water insoluble polymers and/or pH depen-
dent polymers, with or without water insoluble/water
soluble non polymeric excipient, to produce the desired
release profile. The coating can be performed on a dosage
form (matrix or simple) which includes, but is not limited to,
tablets (compressed with or without coated beads), capsules
(with or without coated beads), beads, particle compositions,
“ingredient as is” formulated as, but not limited to, suspen-
sion form or as a sprinkle dosage form.

Additionally, the coating material can contain conven-
tional carriers such as plasticizers, pigments, colorants,
glidants, stabilization agents, pore formers and surfactants.
Optional pharmaceutically acceptable excipients include,
but are not limited to, diluents, binders, lubricants, disinte-
grants, colorants, stabilizers, and surfactants.

Diluents, also referred to as “fillers,” can be used to
increase the bulk of a solid dosage form so that a practical
size is provided for compression of tablets or formation of
beads and granules. Suitable diluents include, but are not
limited to, dicalcium phosphate dihydrate, calcium sulfate,
lactose, sucrose, mannitol, sorbitol, cellulose, microcrystal-
line cellulose, kaolin, sodium chloride, dry starch, hydro-
lyzed starches, pregelatinized starch, silicone dioxide, tita-
nium oxide, magnesium aluminum silicate and powdered
sugar. The usual diluents include inert powdered substances
such as starches, powdered cellulose, especially crystalline
and microcrystalline cellulose, sugars such as fructose,
mannitol and sucrose, grain flours and similar edible pow-
ders. Typical diluents include, for example, various types of
starch, lactose, mannitol, kaolin, calcium phosphate or sul-
fate, inorganic salts such as sodium chloride and powdered
sugar. Powdered cellulose derivatives are also useful.

Binders can impart cohesive qualities to a solid dosage
formulation, and thus can ensure that a tablet or bead or
granule remains intact after the formation of the dosage
forms. Suitable binder materials include, but are not limited
to, starch, pregelatinized starch, gelatin, sugars (including
sucrose, glucose, dextrose, lactose and sorbitol), polyethyl-
ene glycol, waxes, natural and synthetic gums such as
acacia, tragacanth, sodium alginate, cellulose, including
hydroxypropylmethylcellulose,  hydroxypropylcellulose,
ethylcellulose, and veegum, and synthetic polymers such as
acrylic acid and methacrylic acid copolymers, methacrylic
acid copolymers, methyl methacrylate copolymers, amino-
alkyl methacrylate copolymers, polyacrylic acid/polymeth-
acrylic acid and polyvinylpyrrolidone. Typical tablet binders
include substances such as starch, gelatin and sugars such as
lactose, fructose, and glucose. Natural and synthetic gums,
including acacia, alginates, methylcellulose, and polyvi-
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nylpyrrolidone can also be used. Polyethylene glycol, hydro-
philic polymers, ethylcellulose and waxes can also serve as
binders.

Lubricants can be included to facilitate tablet manufac-
ture. Suitable lubricants include, but are not limited to,
magnesium stearate, calcium stearate, stearic acid, glycerol
behenate, polyethylene glycol, tale, and mineral oil. A
lubricant can be included in a tablet formulation to prevent
the tablet and punches from sticking in the die. The lubricant
can be chosen from such slippery solids as talc, magnesium
and calcium stearate, stearic acid and hydrogenated veg-
etable oils.

Disintegrants can be used to facilitate dosage form dis-
integration or “breakup” after administration, and generally
include, but are not limited to, starch, sodium starch glyco-
late, sodium carboxymethyl starch, sodium carboxymethyl-
cellulose, hydroxypropyl cellulose, pregelatinized starch,
clays, cellulose, alginine, gums or cross linked polymers,
such as cross-linked PVP (Polyplasdone® XL from GAF
Chemical Corp).

Stabilizers can be used to inhibit or retard drug decom-
position reactions which include, by way of example, oxi-
dative reactions. Suitable stabilizers include, but are not
limited to, antioxidants, butylated hydroxytoluene (BHT);
ascorbic acid, its salts and esters; Vitamin E, tocopherol and
its salts; sulfites such as sodium metabisulphite; cysteine and
its derivatives; citric acid; propyl gallate, and butylated
hydroxyanisole (BHA).

Additional Active Agents

In some embodiments, one or more additional active
agents are included in the pharmaceutical formulation that
can contain an autophagic inhibitor such as HCQ. Suitable
additional active agents include, but are not limited to,
antipyretics, immunomodulators, chemotherapeutics and
analgesics.

Suitable antipyretics include, but are not limited to, non-
steroidal anti-inflammants (e.g. ibuprofen, naproxen, keto-
profen, and nimesulide), aspirin and related salicylates (e.g.
choline salicylate, magnesium salicylae, and sodium sali-
caylate), paracetamol/acetaminophen, metamizole, nabume-
tone, phenazone, and quinine.

Suitable immunomodulators include, but are not limited
to, prednisone, azathioprine, 6-MP, cyclosporine, tacroli-
mus, methotrexate, interleukins (e.g. IL-2, IL-7, and 1L.-12),
cytokines (e.g. interferons (e.g. IFN-a, IFN-f, IFN-g, IFN-
K, IFN-w, and IFN-y), granulocyte colony-stimulating fac-
tor, and imiquimod), chemokines (e.g. CCL3, CCL26 and
CXCL7), cytosine phosphate-guanosine, oligodeoxynucle-
otides, glucans, antibodies, and aptamers).

Suitable chemotherapeutics include, but are not limited to,
paclitaxel, brentuximab vedotin, doxorubicin, 5-FU (fluo-
rouracil), everolimus, pemetrexed, melphalan, pamidronate,
anastrozole, exemestane, nelarabine, ofatumumab, bevaci-
zumab, belinostat, tositumomab, carmustine, bleomycin,
bosutinib, busulfan, alemtuzumab, irinotecan, vandetanib,
bicalutamide, lomustine, daunorubicin, clofarabine, cabo-
zantinib, dactinomycin, ramucirumab, cytarabine, cytoxan,
cyclophosphamide, decitabine, dexamethasone, docetaxel,
hydroxyurea, decarbazine, leuprolide, epirubicin, oxalipla-
tin, asparaginase, estramustine, cetuximab, vismodegib,
aspargainase erwinia chyrsanthemi, amifostine, etoposide,
flutamide, toremifene, fulvestrant, letrozole, degarelix,
pralatrexate, methotrexate, floxuridine, obinutuzumab, gem-
citabine, afatinib, imatinib mesylatem, carmustine, eribulin,
trastuzumab, altretamine, topotecan, ponatinib, idarubicin,
ifosfamide, ibrutinib, axitinib, interferon alfa-2a, gefitinib,
romidepsin, ixabepilone, ruxolitinib, cabazitaxel, ado-tras-
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tuzumab emtansine, carfilzomib, chlorambucil, sargra-
mostim, cladribine, mitotane, vincristine, procarbazine,
megestrol, trametinib, mesna, strontium-89 chloride,
mechlorethamine, mitomycin, busulfan, gemtuzumab ozo-
gamicin, vinorelbine, filgrastim, pegfilgrastim, sorafenib,
nilutamide, pentostatin, tamoxifen, mitoxantrone, pegaspar-
gase, denileukin diftitox, alitretinoin, carboplatin, pertu-
zumab, cisplatin, pomalidomide, prednisone, aldesleukin,
mercaptopurine, zoledronic acid, lenalidomide, rituximab,
octretide, dasatinib, regorafenib, histrelin, sunitinib, siltux-
imab, omacetaxine, thioguanine (tioguanine), dabrafenib,
erlotinib, bexarotene, temozolomide, thiotepa, thalidomide,
BCG, temsirolimus, bendamustine hydrochloride, triptore-
lin, aresnic trioxide, lapatinib, valrubicin, panitumumab,
vinblastine, bortezomib, tretinoin, azacitidine, pazopanib,
teniposide, leucovorin, crizotinib, capecitabine, enzaluta-
mide, ipilimumab, goserelin, vorinostat, idelalisib, ceritinib,
abiraterone, epothilone, tafluposide, azathioprine, doxifluri-
dine, vindesine, and all-trans retinoic acid.

Suitable analgesics include, but are not limited to, parac-
etamol/acetaminophen, non-steroidal anti-inflammants (e.g.
ibuprofen, naproxen, ketoprofen, and nimesulide), COX-2
inhibitors (e.g. rofecoxib, celecoxib, and etoricoxib), opioids
(e.g. morphine, codeine, oxycodone, hydrocodone, dihydro-
morphine, pethidine, buprenorphine), tramadol, norepineph-
rine, flupiretine, nefopam, orphenadrine, pregabalin, gaba-
pentin,  cyclobenzaprine, scopolamine, methadone,
ketobemidone, piritramide, and aspirin and related salicy-
lates (e.g. choline salicylate, magnesium salicylae, and
sodium salicaylate).

Treatments

It is demonstrated herein that autophagy can remove
endometrial cells from a normal apoptotic pathway, which
can allow the cells to survive and develop into ectopic
lesions. Therefore, in some embodiments, autophagy can be
inhibited in an endometrial cell, endometriotic cell, or
endometriotic lesion cell, or populations thereof, by con-
tacting the cell or population of cells with an effective
amount of an autophagic inhibitor or active metabolite
thereof. In some embodiments, contacting the cell with an
autophagic inhibitor can include administering an
autophagic inhibitor or pharmaceutical formulation thereof
to a subject in need thereof as described elseswhere herein.
Suitable autophagic inhibitors include, but are not limited to,
chloroquine, hydroxychloroquine, and Lys05, pharmaceuti-
cally acceptable salts of chloroquine, pharmaceutically
acceptable salts of hydroxychloroquine, pharmaceutically
acceptable salts of Lys05, pharmaceutically acceptable for-
mulations containing an effective amount of chloroquine,
Lys05 or hydroxychloroquine, active derivatives of chloro-
quine, Lys05 or hydroxychloroquine, antibodies that spe-
cifically bind to a positive inducer of autophagy in endo-
metrial cells, siRNA, miRNA, piRNA, or other RNA species
that specifically binds to a positive inducer of autophagy in
endometrial cells, and other molecules, compounds, or sub-
stances which bind or otherwise interact with a protein or
other molecule involved in maintaining or increasing
autophagy so as to reduce autophagy in the cell. In some
embodiments, ATGS and/or ATG7 mRNAs can be targeted
using siRNAs or other RNA species that can specifically
bind with the ATGS and/or ATG7 mRNA. In other embodi-
ments, enometriotic cells are contacted with compounds,
molecules, or pharmaceutical formulations thereof that dis-
rupt the interaction between beclin-1 and hVps34. In further
embodiments, endometriotic cells are contacted with com-
pounds, molecules, or pharmaceutical formulations thereof
that inhibit activation of ATG1/ULKI.



US 10,695,341 B2

25

In some embodiments, the binding of an RNA species or
other molecule to a protein or other molecule in the
autophagic pathway results in a reduction in the expression
and/or function of the bound protein or other molecule.

The effective amount of the autophagic inhibitor, such as
HCQ, or pharmaceutical formulation thereof can range from
about 1 mg/kg to about 200 mg/kg. In some embodiments,
the effective amount ranges from about 10 mg/kg to about 60
mg/kg. If further embodiments, the effective amount ranges
from about 1 mg to about 700 mg. In some embodiments the
effective amount can be about 400 mg to about 600 mg. In
further embodiments, the endometrial cell, endometriotic
cell, or endometriotic lesion cell has a greater expression of
at least one of the following autophagic markers selected
from ATG7, ATGS, and hVps34 as compared to a control
cell or population of control cells.

In other embodiments, an effective amount of the
autophagic inhibitor, such as HCQ, or pharmaceutical for-
mulation thereof can be administered to a subject having
endometriosis, an endometriotic lesion, or suspected of
having endometriosis or an endometriotic lesion. Adminis-
tration can be systemic or localized. In some embodiments,
the autophagic inhibitor is as described above. The effective
amount can be administered one or more times per day. In
an embodiment, the effective amount is administered once
daily. In some embodiments, the effective amount can be
about 400 mg to about 600 mg given once daily. In another
embodiment, the effective amount is administered twice
daily. The effect amount can be administered one or more
times per week. In some embodiments the effective amount
is administered 1 day per week. In other embodiments, the
effective amount is administered 2 to 7 days per week. The
effective amount can be administered more than one time per
month. In some embodiments, the effective amount is
administered 2 times per week.

In some embodiments, the effective amount of an aut-
phagic inhibitor or pharmacuetical formulation thereof, can
be administered in a dosage form. The effective amount can
be divided into multiple dosage forms. For example, the
effective amount can be split into two dosage forms and the
one dosage forms can be administered, for example, in the
morning, and the second dosage form can be administered in
the evening. Although the effective amount is given over two
doses, in one day, the subject receives the effective amount.
In some embodiments the effective amount is about 400 to
about 600 mg per day.

The dosage form can be formulated for oral, vaginal,
intravenous, transdermal, subcutaneous, intraperitoneal, or
intramuscular administration. The effective amount can
range from about 1 mg/kg to about 200 mg/kg. In some
embodiments, the effective amount ranges from about 10
mg/kg to about 60 mg/kg. The effect amount can be admin-
istered with or without food. Administration with food is
such that there is food present in the stomach at the same
time that the effective amount is administered or shortly
thereafter. In other embodiments, an effective dose of about
400 mg to 600 mg can be administered orally once daily
with food or a glass of milk. In some embodiments, an initial
effective dose of about 400 mg to about 600 mg can be
administered orally once daily with food or a glass of milk
until an improvement in at least one symptom is achieved,
which is followed by a maintenance dose of about 50% of
the initial dose given orally once daily.

Assays

Also described herein are assays for detecting biomarkers
of endometriosis or endometriotic lesion, diagnosing, and/or
prognosing endometriotic lesions and endomentriosis.
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Alteration of expression and/or activation of ATG-5, ATG-7,
ATG-9, DJ-1(Park7), hVps34, beclin-1, p-ULK1, ATGI
(ULK1), p-mTOR, mTOR, integrin, Src, FAK, ILK, rkB,
AKT, LC3A, LC3 B, TSC1, TSC2, HO-1, PTEN, ARIDI1A,
PIK3CA, K-RAS, BCL-2, ATG16, ATG12, ATG10, ATG3,
LC3-1, ATG4, EVI1, RON, EGFR, SnoN, Skil. TGFBRII,
p53, Smad2/3, p-ERK, ERK, PARP, cleaved PARP, p62,
ferritin, E-cadherin, N-cadherin, vimentin cytokeratin-18
and/or combinations thereof. can be involved in the patho-
genesis of endometriotic lesions. Evaluation of one or a
combination of the aforementioned biomarkers can provide
previously unappreciated information that can aid in an
improved, more accurate, and/or earlier diagnosis or prog-
nosis than conventional techniques.

Capture Molecules

Described herein are capture molecules configured to
specifically bind a biomarker that can be involved in the
pathogenesis of endometriosis and/or endometriotic lesions.
The capture molecules can be an antibody or fragment
thereof, aptamer, affibody, polynucleotide, peptide, or poly-
peptide. In some embodiments, the capture molecule is a
polynucleotide. In other embodiments, the capture molecule
is an antibody or fragment thereof. The antibody can be a
polyclonal antibody. Methods of producing polyclonal anti-
bodies are generally known in the art. In some embodiments,
the antisera containing a polyclonal antibody is affinity
purified against an epitope or antigen the polyclonal anti-
body was raised against to obtain only the antibody(ies) or
fragment(s) thereof that specifically binds the epitope or
antigen. Methods of affinity purification of polyclonal anti-
bodies are generally known in the art. The antibody can be
a monoclonal antibody. Methods of producing monoclonal
antibodies are generally known in the art. In some embodi-
ments, the antibody is contained in an antiserum or culture
media. In other embodiments, the antibody is provided as a
lyophilized or dried product that can be reconstituted to a
desired concentration.

The antibody can be used at any concentration or dilution.
In some embodiments, the antibody is diluted 1:1 to 1:500,
000 in a suitable diluent. Suitable diluents are generally
known, are commercially available, and include but are not
limited to water, dimethyl sulfoxide (DMSO), ethanol and
mixtures thereof. The diluent can contain one or more
preservatives, protease inhibitors, salts, and pH indicators,
blocking substrates, including but not limited to bovine
serum album.

Biomarkers

The capture molecules described herein can be configured
to specifically bind to a biomarker as described herein. In
some embodiments, the biomarker can be involved in the
pathogenesis of endometriosis. The biomarker can be
involved in the autophagic pathway, the development of
anoikis resistance, and/or the activation status of a cell. The
biomarker can be a oligonucleotide, polynucleotide, peptide,
polypeptide, lipid, fatty acid, a polysaccharide, primary
metabolite, secondary metabolite, terpenes, or combinations
thereof.

The biomarkers involved in pathogenesis of endometri-
otic lesions can be ATG-5, ATG-7, ATG-9, DJ-1(Park7),
hVps34, beclin-1, p-ULK1, ULK, ATG1, p-mTOR, mTOR,
p-AMK, AMK, integrin, Src, FAK, ILK, rkB, PI3K, AKT,
LC3A (LC3-1), LC3 B (LC3-II), TSCI1, TSC2, HO-1,
PTEN, ARID1A, PIK3CA, K-RAS, PI3K111, BCL-2,
ATG16, ATG12, ATG10, ATG3, LC3-1, ATG4, EVI1, RON,
EGFR, SnoN, Skil. TGFBRII, p53, Smad2/3, p-ERK, ERK,
PARP, cleaved PARP, p62, ferritin, E-cadherin, N-cadherin,
vimentin cytokeratin-18 and/or combinations thereof.
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Assays Using the Capture Molecules

The capture molecules described herein can be used in an
assay to detect and/or quantify an amount of one or more
biomarkers present in a sample or component thereof
obtained from a subject. The sample can be a bodily fluid,
an amount of bodily tissue, organ or bone, cell obtained from
a subject, population of cells obtained from a subject, or a
cell or population of cells obtained from a subject and
cultured in vitro.

The assay can contain the steps of contacting a sample or
component thereof with a capture molecule as described
herein that is configured to specifically bind to a biomarker
as described herein and detecting the presence of specific
binding of the biomarker by the capture molecule as com-
pared to a control. The control can be an assay control, a
negative control capture molecule (specifically binds to a
molecule not involved in the pathogenesis of endometriotic
lesions), positive control capture molecule (specifically
binds to a molecule known to be involved in the pathogen-
esis of endometriotic lesions), a negative control sample (a
sample derived from a non-endometriotic tissue, subject,
cell, or population of cells), a positive control sample (a
sample derived from an endometriotic tissue, cell, or popu-
lation of cells or subject with endometriosis). The assay can
be configured to be used to aid in the diagnosis, treatment,
or prognosis of endometriosis and endometriotic lesions by
the specific capture molecule or combination of capture
molecules included in the assay.

The assay can also contain the step of processing the
sample prior to contacting the sample or component thereof
with the capture molecule. The step of processing the
sample, where the sample is whole blood, can contain the
step of processing the whole blood to form a processed
blood plasma fraction. Methods of obtaining blood plasma
from whole blood are generally known in the art. In these
embodiments, the processed blood plasma fraction is con-
tacted with the capture molecule as opposed to the whole
blood. In other embodiments, the step of processing the
sample, where the sample is whole blood, can contain the
step of processing the whole blood to form a processed white
blood cell fraction. Methods of obtaining a white blood cell
fraction or buffy coat are generally known in the art. In these
embodiments, the processed white blood cell fraction is
contacted with the capture molecule as opposed to whole
blood.

The assay can also contain the step of processing a tissue
sample prior to contacting the tissue sample with the capture
molecule. The tissue can be fixed in a suitable fixing solution
prior to contacting the capture molecule. Suitable fixing
solutions are generally known in the art and include, but are
not limited to, paraformaldehyde and dilutions thereof. The
tissue can be embedded in a suitable substrate prior to
contacting the capture molecule. Suitable substrates include,
but are not limited to, paraffin, agar, gelatin, or other wax

The sample or component thereof can be processed using
any suitable chemical method, physical method, or combi-
nations thereof to release, concentrate, separate and/or iso-
late the biomarker(s) or other components of the sample
prior to contacting the sample with the capture molecule.

The assay can also contain the step of quantifying or
calculating an amount of a biomarker present in the sample
and/or the step of quantifying an amount of biomarker that
is specifically bound to a capture molecule. In some embodi-
ments, the amount of biomarker present in the sample is
quantified by quantifying the amount of biomarker that is
specifically bound to a capture molecule. Specific binding of
the biomarker and the capture molecule can result in a
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measurable, detectable, and/or quantifiable signal in binding
assays, such as immunoassays. Methods of quantifying the
amount of biomarker specifically bound to a capture mol-
ecule based on a measureable, detectable, and/or quantifi-
able signal in a binding assay are generally known in the art.

In some embodiments, the step of detecting the presence
of specific binding of the biomarker by the capture molecule
and/or the step of detecting, measuring, and/or quantifying
the amount of biomarker specifically bound by the capture
molecule is performed, at least in part, using a method
selected from an array, polymerase chain reaction (PCR),
quantitative PCR (qPCR), real-time PCR, real-time qPCR,
flow cytometry, a western blot, an enzyme linked immu-
nosorbant assay, immunohistochemistry, immunocytochem-
istry, in situ hybridization, nucleotide sequencing, mass
spectrometry, 1-D gel electrophoresis, 2-D gel electropho-
resis, high-performance liquid chromatography, liquid chro-
matography, affinity chromatography, or combinations
thereof.

In further embodiments, the assay can contain the steps of
contacting a sample or component thereof as described
herein with a plurality of capture molecules, where each
capture molecule is configured to specifically bind to a
biomarker that can be involved in the pathogenesis of
endometriotic lesions, and detecting the presence of specific
binding of at least one biomarker by at least one of the
capture molecules in the plurality of capture molecules. In
some embodiments, the plurality of capture molecules in the
assay is configured such that biomarkers related to the
autophagic pathway, development of anoikis resistance,
activation status of the cell, or combinations thereof that
may be present in a sample or component thereof can be
evaluated by the assay. In some embodiments, the plurality
of capture molecules can be configured such that the
autophagic biomarkers LC3A, ATG7, ATGS, beclin-1, and
hVps34 can be detected. In some embodiments, the plurality
of capture molecules is configured such that the activation
status biomarkers p-ULK/ATG1, p-mTOR, pAMK can be
detected. In further embodiments, the plurality of capture
molecules is configured such that the autophagic biomarkers
LC3A, ATG7, ATGS, beclin-1, and hVps34 and the activa-
tion status biomarkers p-ULK/ATG1, p-mTOR, pAMK can
be detected.

The assay can be configured such that each capture
molecule in the plurality of capture molecules is configured
to each specifically bind to a different biomarker. In other
embodiments, the assay can be configured such that at least
two of the capture molecules specifically bind to a different
biomarker. In further embodiments, the assay can be con-
figured such that at least two of the capture molecules
specifically bind to the same biomarker. In embodiments
where the assay contains the step of contacting a sample
obtained from a subject with a plurality of capture mol-
ecules, the assay can further contain any additional steps as
described herein, including, but not limited to, quantifying
the specific binding of one or more biomarkers by one or
more capture molecules and processing the sample or com-
ponent thereof.

Arrays

Also described herein are arrays, including, microarrays
that can be used to detect one or more molecules of interest
(biomarkers) present in a sample. In an array, one or more
capture molecules are attached to or operatively linked to a
support in essentially discrete locations on the support. The
capture molecules are as described herein. The discrete
locations on the support where the capture molecule(s) are
attached to or operatively linked are individually referred to
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as a feature of the array and collectively as features. The
features can be arranged in any desired arrangement on the
support. The arrangement can be such that each feature has
its own coordinate so as to allow identification of the capture
molecule and/or biomarker detected at any given discrete
location in the array according to the coordinate of the
feature. These arrays can also be referred to as “ordered
arrays”. The features can be arranged on the support to be
0.01 nm to 1 cm apart from another feature on the support.
A single feature can contain a single capture molecule
(singleplex) or can contain more than one capture molecules
(multiplex).

The support can be solid or semi-solid. The support can be
rigid or be flexible. The support can contain one or more
specialized layers that affect the functionality or perfor-
mance of the array. The support can be two-dimensional or
three-dimensional. The support can be made of glass, such
as silicon dioxide or borosilicate; plastic, such as polysty-
rene, nylon, polyvinylidene difluoride; a fibrous material,
such as cellulose, carboxy methyl cellulose, or nitrocellu-
lose; a gel, such as agarose, a hydrogel, or polyacrylamide,
The support can be formed into any desired shape, including
but not limited to a square, a rectangle, a circle, a cube, a
rectangular prism, or other regular or irregular polygonal
shape or its corresponding three-dimensional shape. The
support can have a length, a width, a height, a radius, and/or
a diameter. The length of the support can range from about
1 um to about 10 cm. The height of the support can range
from about 1 um to about 10 cm. The width of the support
can range from about 1 um to about 10 cm. The radius of the
support can range from about 1 pm to about 10 cm. The
diameter of the support can range from about 1 pm to about
10 cm.

The support can contain a single layer to which the
capture molecule is attached or operatively linked. In these
embodiments, the support can also be referred to as the
surface layer. In other embodiments, the support can contain
more than one layer. In embodiments with more than one
layer, the layer to which the capture molecule is attached or
operatively linked is referred to as the surface layer. The
surface layer can be modified to affect the interaction and/or
reduce non-specific binding between a capture molecule and
the support and/or the capture molecule and the biomarker.
In some embodiments, surface layer is modified to enhance
the interaction between the capture molecule and the surface
layer and/or the interaction between the capture molecule
and its corresponding biomarker. The modification of the
surface layer can also reduce non-specific binding by the
capture molecule and/or the biomarker.

In some embodiments, the surface layer is modified with
a chemical modification. Suitable chemical modifications
include, but are not limited to, reactive hydroxide groups,
reactive primary, secondary, tertiary, and/or quaternary
amine groups, a monolayer of a reactive antibody including
but not limited to anti-glutathione S-transferase (anti-GST)
antibodies, reactive epoxide groups, reactive methacrylate
groups, aldehyde reactive groups, reactive A/G proteins that
bind immunoglobulins, and 3-D film coatings, which are
polymeric coatings containing activated covalent binding
sites. In some embodiments, 3-D film polymeric coatings
include, but are not limited to, polysaccharides and hydro-
philic polymers. In some embodiments, the 3-D film acti-
vated covalent binding sites include, but are not limited to,
N-hydroxy succamide esters. The surface layer can be
modified to be positively charged, neutral, or negatively
charged. The surface layer can be modified to be hydro-
philic, hydrophobic, or to contain a mix of hydrophobic and
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hydrophilic regions. In some embodiments, the modifica-
tions are patterned on the surface layer to form discrete
functionalized areas to which the capture molecule is
attached or operatively-linked. In some embodiments having
mixed hydrophobic and hydrophilic regions, the hydrophilic
regions are separated by hydrophobic regions. In other
embodiments, having mixed hydrophobic and hydrophilic
regions, the hydrophobic regions are separated by hydro-
philic regions.

In some embodiments, the surface layer is a gel, including
but not limited to agarose, a hydrogel, or polyacrylamide. In
some embodiments the support contains multiple discrete
gel surface layers. These gel surface layers are also referred
to as pads and can be arranged on the support in an ordered
arrangement such that each gel pad is a feature of the array.
In some embodiments, the same capture molecule(s) are
attached to or operatively linked to all the gel pads forming
the surface layer of the support. In other embodiments, at
least two of the gel pads have at least one different capture
molecule attached or operatively linked thereto.

The support can be configured to have one or more three
dimensional discrete indentations or depressions in the sur-
face layer. The capture molecule(s) can be attached or
operatively linked to the indentation. The three dimensional
indentions can be square, rectangular, round, or irregular
shaped. The three dimensional indentations can form wells
or channels. One or more indentations can be connected to
another indentation by a three dimensional connector chan-
nel extending between the one or more wells. In some
embodiments, the connector channel is a microfluidic chan-
nel. In some embodiments, the microfluidic channel contains
wicking paper. A dimension of the indentation can range
from about 1 pm to about 10 cm. In some embodiments, a
length of an indentation ranges from about 1 pm to about 10
cm. In further embodiments, a width of an indentation can
range from about 1 pm to about 10 cm. In additional
embodiments, a height of an indentation can range from
about 1 um to about 10 cm. In other embodiments, the radius
of an indentation can range from about 1 um to about 10 cm.
In further embodiments, the diameter of an indentation can
range from about 1 um to about 10 cm. The indentations can
be so dimensioned so as to hold a specific volume. In some
embodiments, the specific volume ranges from about 1 nl. to
about 1,000 mL. In a single array, the indentations can all be
about the same dimension. In other embodiments, at least
two of the indentations differ in at least one dimension. Any
surface of an indentation can be modified as described above
with respect to modification of the surface layer.

The support can also contain additional layers beneath the
surface layer and within the support. The additional layers
can be directly beneath the surface layer or contain other
layers, such as the support, between the additional layer and
the surface layer. The additional layer can improve the signal
to noise ratio, affect signal production produced by the
binding of a capture molecule to a biomarker or other
substrate, and affect other properties or performance param-
eters of the array. In some embodiments the additional layer
is a dielectric layer. The dielectric layer can improve the
reflection of the signal produced upon binding of a capture
molecule and a biomarker.

In some embodiments, the array is a tissue microarray,
which refers to a block of paraffin or other tissue embedding
material that contains at least two tissue samples, where the
tissue samples are positioned at discrete locations and
arranged in a known order. The tissue samples can be core
biopsies. The block can then be sliced and a slice of this
block can be attached to or operatively linked to a suitable
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solid support. Suitable solid supports are described else-
where herein. The block or slice thereof can then be con-
tacted with a capture molecule and specific binding of a
biomarker and the capture molecule can be detected. In
some embodiments, more than one slices of the block are
attached or operatively linked to the solid support.

Methods of Diagnosing and Prognosing Endometriosis
and Endometriotic Lesions

Also described herein are methods of diagnosing and
prognosing endometriosis and endometriotic lesions of a
subject. The methods of diagnosing and/or prognosing endo-
metriosis and endometriotic lesions of a subject can be
performed using one or more of the capture molecules,
assays, kits, and arrays described herein.

Some methods of diagnosing and/or prognosing endo-
metriosis and/or endometriotic lesions can include the steps
of contacting a sample or component thereof with a capture
molecule configured to bind a biomarker as described
herein, detecting the presence of specific binding of the
biomarker by the capture molecule, and diagnosing a stage,
symptom, presence, and/or state of endometriosis and/or an
endometriotic lesion when the presence of specific binding
of the biomarker by the capture molecule is detected as
compared to a control. In some embodiments, LC3A, LC3B,
ATG7, ATGS, hVps34, and/or DJ1 (Park 7) can be detected
in the sample. The sample can be a bodily fluid, an amount
of'bodily tissue, organ or bone, cell obtained from a subject,
population of cells obtained from a subject, or a cell or
population of cells obtained from a subject and cultured in
vitro. The sample or component thereof can be obtained
from subject having or suspected of having endometriosis or
a endometriotic lesion.

The control can be an assay control, a negative control
capture molecule (specifically binds to a molecule not
involved in the pathogenesis of endometriotic lesions),
positive control capture molecule (specifically binds to a
molecule known to be involved in the pathogenesis of
endometriotic lesions), a negative control sample (a sample
derived from a non-endometriotic tissue, subject, cell, or
population of cells), a positive control sample (a sample
derived from an endometriotic tissue, cell, or population of
cells or subject with endometriosis).

Other methods of diagnosing and/or prognosing endo-
metriosis and/or an endometriotic lesion can include the
steps of contacting a sample or component thereof with a
capture molecule configured to bind a biomarker as
described herein, detecting the presence of specific binding
of the biomarker by the capture molecule, and diagnosing a
stage, symptom, presence, and/or state of endometriosis
and/or an endometriotic lesion when the presence of specific
binding of the biomarker by the capture molecule is not
detected as compared to a control.

Further methods of diagnosing and/or endometriosis and/
or an endometriotic lesion can include the steps of contact-
ing a sample or component thereof with a capture molecule
configured to bind a biomarker as described herein, detect-
ing the presence of specific binding of the biomarker by the
capture molecule, quantifying an amount of biomarker spe-
cifically bound by the capture molecule, and diagnosing
and/or prognosing a subject with endometriosis or an endo-
metriotic lesion when the amount of specifically bound
biomarker is greater than a control. In some embodiments,
the amount of LC3A, LC3B, ATG7, ATGS, hVps34, and/or
DIJ1 (Park 7) can be greater than the control. The amount can
be an absolute amount or a relative amount. The amount can
be relative to a control amount, a reference amount, and/or
a standard amount. An absolute amount can be calculated
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from a standard curve. The amount of specifically bound
biomarker can be about 0% to about 50% greater than the
control, 50% to 100% greater than the control, about 100%
to about 500% greater than the control, or greater than about
500% than a control.

Other methods of diagnosing and/or prognosing endo-
metriosis and/or an endometriotic lesion can include the
steps of contacting a sample or component thereof with a
capture molecule configured to bind a biomarker as
described herein, detecting the presence of specific binding
of the biomarker by the capture molecule, quantifying an
amount of biomarker specifically bound by the capture
molecule, and diagnosing and/or prognosing a subject with
endometriosis or an endometriotic lesion when the amount
of specifically bound biomarker is less than the control. The
amount can be an absolute amount or a relative amount. The
amount can be relative to a control amount, a reference
amount, and/or a standard amount. An absolute amount can
be calculated from a standard curve. The amount of specifi-
cally bound biomarker can be about 0% to about 50% less
than the control, 50% to 100% less than the control, about
100% to about 500% less than the control, or less than about
500% than the control. Specific binding of the biomarker
and the capture molecule can result in a measurable, detect-
able, and/or quantifiable signal in binding assays, such as
immunoassays. Methods of quantifying the amount of bio-
marker specifically bound to a capture molecule based on a
measureable, detectable, and/or quantifiable signal in a
binding assay are generally known in the art.

In other methods of diagnosing endometriosis and/or
prognosing an endometriotic lesion can include the steps of
contacting a sample or component thereof as described
herein obtained from a subject with a plurality of capture
molecules, where each capture molecule is configured to
specifically bind to a biomarker as described herein, detect-
ing the presence of specific binding of at least one biomarker
by at least one of the capture molecules in the plurality of
capture molecules, and diagnosing and/or prognosing endo-
metriosis and/or endometriotic lesions if the presence of at
least one of biomarker bound by at least one of the capture
molecules of the plurality of capture molecules is detected.
In other embodiments, diagnosing endometriosis and/or
endometriotic lesions occurs if the presence of at least two,
three, or four biomarkers bound by one or more capture
molecules of the plurality of molecules is detected. In some
embodiments, the plurality of capture molecules in the assay
is configured such that biomarkers related to the autophagic
pathway, development of anoikis resistance, activation sta-
tus of the cell, or combinations thereof can be evaluated by
the method. In some embodiments, LC3A, LC3B, ATG7,
ATGS, hVps34, DI1 (Park 7), and/or combinations thereof
can be detected in the sample.

The amount can be relative to a control amount, a
reference amount, and/or a standard amount. An absolute
amount can be calculated from a standard curve. The amount
of specifically bound biomarker can be about 0% to about
50% less than the control, 50% to 100% less than the
control, about 100% to about 500% less than the control, or
less than about 500% than the control. Specific binding of
the biomarker and the capture molecule can result in a
measurable, detectable, and/or quantifiable signal in binding
assays, such as immunoassays. Methods of quantifying the
amount of biomarker specifically bound to a capture mol-
ecule based on a measureable, detectable, and/or quantifi-
able signal in a binding assay are generally known in the art.

In other methods of diagnosing and/or prognosing endo-
metriosis and/or an endometriotic lesion can include the
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steps of contacting a sample or component thereof as
described herein obtained from a subject with a plurality of
capture molecules, where each capture molecule is config-
ured to specifically bind to a biomarker as described herein,
detecting the specific binding of at least one biomarker by at
least one of the capture molecules in the plurality of capture
molecules, quantifying an amount of a biomarker that is
specifically bound by a capture molecule in the plurality of
capture molecules, and diagnosing and/or prognosing endo-
metriosis and/or endometriotic lesions if the amount of at
least one of biomarker bound by the capture molecule is
greater than a control. In other embodiments, diagnosing
and/or prognosing endometriosis and/or endometriotic
lesions occurs if the amount of at least two biomarkers
bound by one or more capture molecules of the plurality of
molecules is greater than the control. In some embodiments,
the plurality of capture molecules in the assay is configured
such that biomarkers related to the autophagic pathway,
development of anoikis resistance, activation status of the
cell, or combinations thereof can be evaluated by the
method. In some embodiments, the amount of LC3A, LC3B,
ATG7, ATGS, hVps34, DI1 (Park 7), and/or combinations
thereof can be greater than a control.

The amount can be relative to a control amount, a
reference amount, and/or a standard amount. An absolute
amount can be calculated from a standard curve. The amount
of specifically bound biomarker can be about 0% to about
50% less than the control, 50% to 100% less than the
control, about 100% to about 500% less than the control, or
less than about 500% than the control. Specific binding of
the biomarker and the capture molecule can result in a
measurable, detectable, and/or quantifiable signal in binding
assays, such as immunoassays. Methods of quantifying the
amount of biomarker specifically bound to a capture mol-
ecule based on a measureable, detectable, and/or quantifi-
able signal in a binding assay are generally known in the art.

In other methods of diagnosing and/or prognosing endo-
metriosis and/or an endometriotic lesion can include the
steps of contacting a sample or component thereof as
described herein obtained from a subject with a plurality of
capture molecules, where each capture molecule is config-
ured to specifically bind to a biomarker as described herein,
detecting the specific binding of at least one biomarker by at
least one of the capture molecules in the plurality of capture
molecules, quantifying an amount of a biomarker that is
specifically bound by a capture molecule in the plurality of
capture molecules, and diagnosing and/or prognosing endo-
metriosis and/or endometriotic lesions if the amount of at
least one of biomarker bound by the capture molecule is less
than a control. In other embodiments, diagnosing and/or
prognosing endometriosis and/or endometriotic lesions
occurs if the amount of at least two biomarkers bound by one
or more capture molecules of the plurality of molecules is
less than the control. In some embodiments, the plurality of
capture molecules in the assay is configured such that
biomarkers related to the autophagic pathway, development
of anoikis resistance, activation status of the cell, or com-
binations thereof can be evaluated by the method.

The amount can be relative to a control amount, a
reference amount, and/or a standard amount. An absolute
amount can be calculated from a standard curve. The amount
of specifically bound biomarker can be about 0% to about
50% less than the control, 50% to 100% less than the
control, about 100% to about 500% less than the control, or
less than about 500% than the control. Specific binding of
the biomarker and the capture molecule can result in a
measurable, detectable, and/or quantifiable signal in binding
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assays, such as immunoassays. Methods of quantifying the
amount of biomarker specifically bound to a capture mol-
ecule based on a measureable, detectable, and/or quantifi-
able signal in a binding assay are generally known in the art.

In other methods of diagnosing and/or prognosing endo-
metriosis and/or an endometriotic lesion can include the
steps of contacting a sample or component thereof as
described herein obtained from a subject with a plurality of
capture molecules, where each capture molecule is config-
ured to specifically bind to a biomarker as described herein,
detecting the specific binding of at least one biomarker by at
least one of the capture molecules in the plurality of capture
molecules, quantifying an amount of a biomarker that is
specifically bound by a capture molecule in the plurality of
capture molecules, and diagnosing and/or prognosing endo-
metriosis and/or endometriotic lesions if the amount of at
least one biomarker bound by the capture molecule is less
than a control and the amount of at least one biomarker
bound by the capture molecule is greater than a control. In
other embodiments, diagnosing and/or prognosing endo-
metriosis and/or endometriotic lesions occurs if the amount
of at least two biomarkers bound by one or more capture
molecules of the plurality of molecules is less than the
control and the amount of at least two biomarkers bound by
one or more capture molecules of the plurality of molecules
is greater than the a control. In some embodiments, the
plurality of capture molecules in the assay is configured such
that biomarkers related to the autophagic pathway, devel-
opment of anoikis resistance, activation status of the cell, or
combinations thereof can be evaluated by the method. In
some embodiments, the amount of LC3A, LC3B, ATG7,
ATGS, hVps34, DI1 (Park 7), and/or combinations thereof
can be greater than a control.

The amount can be relative to a control amount, a
reference amount, and/or a standard amount. An absolute
amount can be calculated from a standard curve. The amount
of specifically bound biomarker can be about 0% to about
50% less than the control, 50% to 100% less than the
control, about 100% to about 500% less than the control, or
less than about 500% than the control. Specific binding of
the biomarker and the capture molecule can result in a
measurable, detectable, and/or quantifiable signal in binding
assays, such as immunoassays. Methods of quantifying the
amount of biomarker specifically bound to a capture mol-
ecule based on a measureable, detectable, and/or quantifi-
able signal in a binding assay are generally known in the art.

Any of the methods of diagnosing and/or prognosing
described herein can also contain the steps of obtaining the
sample from the subject prior to contacting or component
thereof with a capture molecule or plurality thereof. In other
embodiments, any of the methods described above can also
contain the step of processing the sample as previously
described herein.

In some embodiments of the methods of diagnosing
and/or prognosing described herein, the step of detecting the
presence of specific binding of the biomarker by the capture
molecule and/or the step of detecting, measuring, and/or
quantifying the amount of biomarker specifically bound by
the capture molecule can be performed, at least in part, using
a method selected from an array, polymerase chain reaction
(PCR), quantitative PCR (qPCR), real-time PCR, real-time
qPCR, flow cytometry, a western blot, an enzyme linked
immunosorbant assay, immunohistochemistry, immunocy-
tochemistry, in situ hybridization, nucleotide sequencing,
mass spectrometry, 1-D gel electrophoresis, 2-D gel elec-
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trophoresis, high-performance liquid chromatography, lig-
uid chromatography, affinity chromatography, or combina-
tions thereof.

The methods of diagnosing and/or prognosing described
herein can also contain the step of processing the sample
prior to contacting sample with the capture molecule. The
step of processing the sample, where the sample is whole
blood, can contain the step of processing the whole blood to
form a processed blood plasma fraction. Methods of obtain-
ing blood plasma from whole blood are generally known in
the art. In these embodiments, the processed blood plasma
fraction is contacted with the capture molecule as opposed
to the whole blood. In other embodiments, the step of
processing the sample, where the sample is whole blood, can
contain the step of processing the whole blood to form a
processed white blood cell fraction. Methods of obtaining a
white blood cell fraction or bufly coat are generally known
in the art. In these embodiments, the processed white blood
cell fraction is contacted with the capture molecule as
opposed to whole blood.

The methods of diagnosing and/or prognosing described
herein can also contain the step of processing a tissue sample
prior to contacting the tissue sample with the capture mol-
ecule. The tissue can be fixed in a suitable fixing solution
prior to contacting the capture molecule. Suitable fixing
solutions are generally known in the art and include, but are
not limited to, paraformaldehyde and dilutions thereof. The
tissue can be fixed in a suitable substrate prior to contacting
the capture molecule. Suitable substrates include, but are not
limited to, paraffin, agar, gelatin, or other wax.

The sample or component thereof can be processed using
any suitable chemical method, physical method, or combi-
nations thereof to release, concentrate, separate and/or iso-
late the biomarker(s) or other components of the sample
prior to contacting the sample with the capture molecule.

Kits

Kits Containing Autophagic Inhibitors

The autophagic inhibitors described herein can be pre-
sented as a combination kit. As used herein, the terms
“combination kit” or “kit of parts” refers to the compound or
pharmaceutical formulations and additional components that
are used to package, sell, market, deliver, and/or administer
the combination of elements or a single element, such as the
active ingredient, contained therein. Such additional com-
ponents include but are not limited to, packaging, syringes,
blister packages, bottles, and the like. When one or more of
the components (e.g. active agents) contained in the kit are
administered simultaneously, the combination kit can con-
tain the active agents in a single dosage form (e.g. a tablet)
or in separate dosage forms.

When the agents are not administered simultaneously, the
combination kit can contain each agent in separate pharma-
ceutical formulations. The separate pharmaceutical formu-
lations can be contained in a single package or in separate
packages within the kit. In some embodiments, the combi-
nation kit also includes instructions printed on or otherwise
contained in a tangible medium of expression. The instruc-
tions can provide information regarding the content of the
autophagic inhibitor or pharmaceutical formulations con-
taining the autophagic inhibitor contained therein, safety
information regarding the content of the compound(s) or
pharmaceutical formulation(s) contained therein, informa-
tion regarding the dosages, indications for use, and/or rec-
ommended treatment regimen(s) for the compound(s) and/or
pharmaceutical formulations contained therein. In some
embodiments, the instructions provide directions for admin-
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istering the autophagic inhibitor or pharmaceutical formu-
lation containing an autophagic inhibitor to a subject having
endometriosis.

Kits Containing the Capture Molecules

Also described herein are kits containing one or more
capture molecules described herein. In some embodiments,
the kit can contain one or more antibodies or fragments
thereof configured to specifically bind a biomarker described
herein. The kit can contain polynucleotides configured to
specifically bind a biomarker described herein The kit can
also contain a reagent for performing an array, polymerase
chain reaction (PCR), quantitative PCR (qPCR), real-time
PCR, real-time qPCR, flow cytometry, a western blot, an
enzyme linked immunosorbant assay, immunohistochemis-
try, immunocytochemistry, in situ hybridization, nucleotide
sequencing, mass spectrometry, 1-D gel electrophoresis, 2-D
gel electrophoresis, high-performance liquid chromatogra-
phy, liquid chromatography, affinity chromatography, or
combinations thereof. The kit can contain instructions fixed
in a tangible medium of expression where the instructions
provide for diagnosing and/or prognosing endometriosis
and/or an endometriotic lesion.

EXAMPLES

Now having described the embodiments of the present
disclosure, in general, the following Examples describe
some additional embodiments of the present disclosure.
While embodiments of the present disclosure are described
in connection with the following examples and the corre-
sponding text and figures, there is no intent to limit embodi-
ments of the present disclosure to this description. On the
contrary, the intent is to cover all alternatives, modifications,
and equivalents included within the spirit and scope of
embodiments of the present disclosure.

Example 1: Tissue Microarray for Evaluation of
Autophagy in Endometriotic Lesions

A tissue microarray (TMA) was used to evaluate
autophagy in endometriotic lesions. The TMA contained
endometriotic ectopic lesions from various sites together
with eutopic endometrium. Specifically, the TMA contained
endometriotic ectopic lesions from various sites together
with eutopic (normal and from endometriosis patients) endo-
metrium from specific phases of the endometrium cycle 30.
A total of 164 core biopsies obtained from 83 tissue blocks
were used to construct the tissue microarray (TMA). For
most blocks, 2 different core biopsies were included in the
TMA. The total number of cores on the TMA are 29 ovarian
endometriosis, 16 fallopian tube endometriosis, 34 perito-
neal endometriosis, 4 skin (umbilical) endometriosis, 7
gastrointestinal (GU), 22 eutopic endometrium of patients
with endometriosis (EE), 14 control proliferative phase
endometrium (PE), and 38 control secretory phase endome-
trium (SE).

As shown in FIGS. 1A-1E, the levels of LC3A were
assessed using an antibody which detects both the soluble
and autophagosomal-bound forms of the LC3A protein.
There existed three patterns of LC3A immunoreactivity: (1)
diffuse cytoplasmic, (2) cytoplasmic/perinuclear, and (3)
“stone-like” structures (SLS) which are round large and
densely stained amorphous components enclosed within
cytoplasmic vacuoles. High levels of SL.S LC3A structures
were previously observed to be correlated with tumor
aggressiveness and/or disease progression. The intensity of
stromal LC3 A expression was reduced in the ectopic lesions
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(ovarian and fallopian) relative to the intensity in the epi-
thelial glands (FIGS. 2A-2B), which displays increased
LC3A expression with clear SLS structures (FIG. 3). Fur-
thermore, as presented in FIG. 4, relative to HES (a normal
endometrial epithelial cell line), life-extended endometriotic
cells (abbreviated “IE”) displays increased expression of
autophagic markers (i.e. ATG7, ATGS, and hVps34). Col-
lectively, the results suggest that the glandular epithelia of
endometriotic lesions have increased LC3-II expression,
which can correlate with increased levels of autophagic flux
in the epithelium of lesions.

Example 2: Effect of an Autophagic Inhibitor on
Life-Extended Endometriotic Cells

Life-extended endometriotic (IE) cells were treated with
25 uM chloroquine for up to about 96 hours. Cells were then
stained with crystal violet and measured for overall growth
at an absorbance of 570 n, using a Bioteck plate reader.

Chloriquine is an inhibitor of autophagic flux, which
inhibits the autophagosome-lysosome fusion and likely
leads to an accumulation of autophagosomes in the IE cell
line. Furthermore, it was observed that cellular survival was
dramatically inhibited upon chloroquine (CQ) treatment
(FIG. 11). Moreover, it was observed that there was also a
marked increase in LC3-II levels (FIG. 12). These results
suggest that life-extended endometriotic cells can be
“addicted” to autophagy for cellular survival. Cells addicted
to autophagy are dependent on autophagy for cell survival.
In other words, without autophagy, cells addicted to
autophagy succumb to cell death.

Example 3: Effect of Hydroxychloroquine on
Endometriosis In Vivo

To determine the effect of hydroxychloroquine on endo-
metriosis in vivo, mice (6-8 week old C57BL/6 background
mice) were fed on a mouse diet and given ad libitum access
to water and kept on a light/dark cycle of 12/12 h under
controlled conditions. Prior to any invasive procedure, the
mice were anesthetized using Isofluorane (initial vaporizer
flow rate of 3-5%) implemented once prior to an invasive
procedure. The mice were also given Ketoprofen (10 mg/kg)
subcutaneously as a post-operative analgesic agent for the
first 24 hours and then as needed. All surgical procedures
were performed under sterile conditions.

Mice were ordered at 3-5 weeks of age to receive them
and allow them to acclimate to the housing conditions prior
to the start of the investigation when the mice are about 6 to
about 8 weeks of age. As endometriosis is an estrogen
dependent disease, donor mice were supplemented with
estrogens (either in pellet-form or via injection of 17-f-
estradiol) to closely represent the in vivo conditions as well
as generating a uniform hormone profile in the absence of
normal animal cycling. Donor mice used were C57BL/6
mice (wild type) (Jackson laboratories). All recipient mice
were in the C57BL/6 genetic background. Donor mice were
treated with 17-f-estradiol (estrogen dependency of the
growth of endometriotic lesions is a well-known phenom-
enon). This will be administered 1 week prior to collection
of uterine horns and endometrial fragment injection. Estro-
gen dependency of the growth of endometriotic lesions is a
known phenomenon. Following 1 week of estrogen treat-
ment, donor mice were euthanized, uterine horns removed
and subdivided into 2 equal fragments that can then be
minced and injected into 2 recipient mice as described
below. One uterine horn can be injected into 1 recipient
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mouse, while the other uterine horn can be into the second
recipient mouse. In this way, sufficient uterine horn tissue
can be collected from a single donor mouse to be subdivided
into 2 recipient mice.

Endometrial fragments were obtained by peeling off the
serosa and myometrium gently followed by mincing using a
razor blade. The fragments were suspended in about 0.6 ml
of phosphate buffered saline and were injected with an
18-gauge needle through the abdominal wall below the
umbilicus into the peritoneal cavity of recipient mice with a
ratio of one donor to two recipients (equivalent quantities).
This procedure was performed under anesthetic using Iso-
fluorane (initial vaporizer flow rate of 3-5%) implemented
once prior to the invasive procedure as well as Ketoprofen
(10 mg/kg) subcutaneously as a post-operative analgesic
agent for the first 24 hours and then as needed. All surgical
procedures were performed under sterile conditions.

At two weeks post-induction, the lesions were developed
and formed cyst-like structures. When the lesions had devel-
oped to this point, the mice were euthanized. Lesions were
identified, removed, and analyzed.

To assess the effect of hydroxychloroquine on lesion
formation, two groups of C57BL/6 mice were used: The first
group received daily intraperitoneal injections with
hydroxychloroquine at 60 mg/kg in 100 ul of PBS and the
second group received 100 pl of PBS and a one-time
treatment with hydroxychloroquine (60 mg/kg) (HCQ) dis-
solved in PBS) on the day of endometrial fragment implan-
tation. Mice were euthanized for evaluation of lesions on 14
days after the start of treatment. The abdomen was inspected
and lesions were excised from surrounding tissue. Results
are shown in FIG. 5, which demonstrates the effectiveness of
hydroxychlorquine on endometriotic lesions.

Example 4: Development of Life-Extended
Endometriotic Cells

Primary endometriotic were maintained in 1:1 mixture of
Medium 199 and MCDB131 with 8% setal bovine serum
and penicillin/streptomycin along with insulin/transferrin/
selenium (ITS) (streptomycin (100 mg/mlL; diluted 1:100 in
complete culture media), and insulin (5 mg/ml )/transferrin
(5§ mg/mL)/selenium (5 pg/mL)). SV40 large T antigen was
used to immortalize the primary cells. The LargeT antigen
pBABE-puro vector was obtained from Addgene. Retroviral
particles were generated utilizing HEK293T cells. These
cells were transfected with pCGP and pVSVG vector. Col-
lections of retroviral media were collected at 48 h and 72 h
post-transfection. These particles were filtered (removal of
HEK293T cells) and then used to infect the primary endo-
metriotic cells. After infection, cells were treated with
puromycin (2.5 pg/ml.) to select for positively infected cells.
Six colonies were isolated and were expanded and validated
for future use.

Example 5: Characterization of the Life-Extended
Endometriotic Cells

Life extended endometriotic cells were characterized
prior to (primary Endometrial cells) and after large T antigen
expression (life-extended). As demonstrated in FIGS. 6A
and 6B Primary endometriotic cells derived from endome-
trial tissue of a patient having endometriosis (Primary C and
D) were compared to endometrioid (TOV112D cells), clear
cell ovarian cancer cell line (TOV21G), endometrial adeno-
carcinoma (MFE 296, MFE319, AN3-CA, KLE, HEC-1A),
and serous epithelial ovarian carcinoma cell lines
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(OVCARS, HEY, SKOV3) to determine the protein expres-
sion patterns (profiles) of tumor promoters (EVI1, RON,
EGFR, SnoN, AKT), tumor suppressors (TGFpRII, Smad2/
3, PTEN), autophagy markers (ATGS, ATG7, beclin-1,
hVps34), epithelial markers (E-cadherin), and Stromal
Markers (Ncadherin, vimentin). A normal immortalized
ovarian surface epithelia cell (T80) was also evaluated in
tandem. Protein expression was evaluated by western blot.
All cells evaluated were mycoplasma-negative and STR
(short tandem repeat) profiled to validate the cell lines and
screen for Hel.a cell contamination.

As demonstrated in FIGS. 6A and 6B, the primary cells
expressed tumor suppressors PTEN and Smad2/3 with unde-
tectable levels of the tumor promoters EVI1 and SnoN/Skil..
Expression of E-cadherin was not able to be detected
expression in both the primary C and D cell lines although
a low level of expression of the stromal markers, vimentin
and N-cadherin, was observed. These results suggest that the
primary cell lines contain characteristics of stromal cells.
Indeed, visual observation of the primary cells under the
light microscope clearly demonstrated the presence of two
distinct cell types, one with honeycomb morphology repre-
sentative of an epithelial-like endometriotic cell population
with another cell type of a more elongated, fibroblast-like
morphology. Furthermore, after several passages in culture,
the population shifted greatly in favor of the stromal-like
morphology suggesting that the stromal-like cell population
were capable of outgrowing the slower growing epithelial
population (data not shown). In addition, it was observed
that the cell line growth capacity slowed markedly after 10
passages in culture, which hindered long-term studies.

Primary D endometriotic cells were retrovirally infected
with SV40 large T antigen and selected with puromycin.
Individual colonies were picked and grown in culture for
one month. Lysate was collected from each colony and
assessed for expression of large T antigen. Other markers
were used to assess change in cell expression due to SV40
large T antigen (EVI1, SnoN, and autophagy markers) as
well as confirmation of positive selection of epithelial cells
(absence of vimentin). Expression of p53 indicates inacti-
vation via expression of large T antigen. The results of the
protein expression analysis in these cells are shown in FIGS.
7A and 7B. Confirmation of the absence of vimentin and
presence of cytokeratin-18 (Cy3) (epithelial marker) was
performed via immunofluorescence. T80 cells serve as a
positive control for Cy3 and SKOV3 a positive control for
vimentin. These results are shown in FIGS. 8A-8L.

A decreased expression of the stromal marker vimentin
(relative to primary cells) was observed (FIGS. 7A and 7B)
in the life-extended cells (IE), which suggests the successful
selection of the epithelial-like population of endometriotic
cells. The epithelial nature of the selected populations was
confirmed via immunofluorescence staining for cytokeratin-
18 (an epithelial marker) and vimentin (a mesenchymal
marker) (FIGS. 8 A-8L). T80 cells were utilized as a positive
control for cytokeratin-18 and a negative control for vimen-
tin. SKOV3 ovarian cancer cells were utilized as a positive
control for vimentin and cytokeratin-18. These results sug-
gest that endometriotic SV40 large T antigen expressing
cells had strong expression of cytokeratin-18 with undetect-
able expression of vimentin.

As demonstrated in FIGS. 7A and 7B, stable expression of
SV40 Large T antigen does not significantly alter the protein
expression of EV11 and SnoN (tumor promoting singals),
Smad2/3 (tumor suppressor), ATG7, ATGS, beclin-1, and
hVps34 (autophagy markers) as compared to primary
endomtriotic cells that do not express the SV40 large T
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antigen. As compared to clear cell ovarian cancer (TOV21G)
and endometrioid ovarian cancer (TOV112D). The only
observed difference in expression between these lines and
the life-extended (IE) cells and these lines was the observed
increase in p53. This increase could be due to the role of
large T antigen in inactivating p53, which could result in an
inability of p53 to turnover.

The life extended endometrial cells generated from trans-
forming primary endometrial cells with SV40 Large T
antigen (IE cells) were observed to have a unique STR
profile. As Ras and PIK3CA are considered important
mediators in the transition from endometriosis to clear cell
ovarian cancer, the mutational status of the genes in the life
extended (IE) cells was assessed. Briefly, genomic DNA
from IE cells was isolated and primers for PIK3CA (spe-
cifically at exons 9 and 20) as well as K-Ras (specific for the
GTP binding site) were synthesized and utilized for sequenc-
ing. Their sequences were compared to the normal sequence
expression derived from T80 parental cells to confirm no
mutations were present. In determine if the IE cells lack
markers of other potentially contaminating cell types,
genomic DNA from the IE cells was isolated and a short
tandem repeat (STR) profiling analysis (via Genetica Labo-
ratories) was completed. STR is the analysis of repeated
segments of DNA (roughly 2-6 base pairs) spread through
the genome. In brief, Genetica provides a highly sensitive
DNA screen of the cell lines provided and compares them
with available data bases. The service is useful for both
human and mouse cell types and allows for certainty of cross
contamination down to 5% of the DNA. The assessment
included a survey of a database of cell lines including cells
from ATCC. The analysis indicated that the IE cells were
unique in origin from any other cell type in the databases
available to Genetica.

Example 6

Abbreviations:

ATG, autophagy-related gene; BNIP3, BCL2/Adenovirus
E1B 19 kDa Interacting Protein; CKS8, cytokeratin 8;
EIF2AK3, eukaryotic translation initiation factor 2-alpha
kinase 3; ERa, estrogen receptor alpha; FBS, Fetal Bovine
Serum; GABARAPL1, GABA(A) receptor-associated pro-
tein like 1; G-CSF, granulocyte colony-stimulating factor;
GI, gastrointestinal tract; HCQ, hydroxychloroquine; IGF1,
insulin-like growth factor 1; IP-10, 10 kDa interferon
gamma-induced protein; IRGM1, immunity-related GTPase
family M1; ITS, insulin transferrin selenium; [.C3B, micro-
tubule-associated protein 1 light chain 3 beta; PE, phospha-
tidylethanolamine; PIK3C3, phosphatidylinositol 3-kinase,
catalytic subunit type 3; PBS, phosphate buffered saline;
PRKAA1, AMP-activated, alpha 1 catalytic subunit; PR,
progesterone receptor; PTEN, phosphatase and tensin
homolog; SQSTM1, Sequestosome 1; STR, short tandem
repeat; SV40, simian virus 40; TEM, transmission electron
microscopy; TMA, tissue microarray; ULK1, unc-51 like
autophagy activating kinase 1.

Introduction:

Endometriosis is a chronic, painful, and debilitating dis-
ease in which endometrium-like glandular and stromal cells
grow outside the uterine cavity.[1, 2] It is an inflammatory
and estrogen-dependent disease that affects 6-10% of
women during their reproductive years and up to 50% of
women receiving fertility treatments. [3] Sampson’s hypoth-
esis (the most accepted theory) states that shed endometrial
tissue during menses reaches the peritoneal cavity by exiting
the uterus through the fallopian tubes by retrograde men-
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struation. [4-6] These shed endometrial cells survive,
implant, and grow at ectopic locations, developing into
endometriotic lesions. [5, 7]

Epithelial cells normally undergo anoikis, a mechanism of
programmed cell death, upon detachment from the extra-
cellular matrix. [8] Without being bound to theory,
autophagy could potentially alter the anoikis response in
endometrial cells. This cellular pathway is involved in
cellular homeostasis. [9, 10] Under conditions of stress,
changes in autophagic flux can lead to altered cellular
survival. [9, 10] Autophagy is a complex process that begins
with the formation of double-membrane vesicles, termed
autophagosomes, which engulf cytoplasmic components.
Briefly, autophagosomes fuse with lysosomes to degrade
and recycle their cargo comprised of oxidized proteins,
lipids, and damaged organelles. Presently, there is limited
evidence that autophagy contributes to the development and
progression of endometriosis. In a surgical induction model
of murine endometriosis, increased expression of ATG9A,
an autophagic mediator that is involved in vesicle formation
[11], was detected in the eutopic endometria from endo-
metriosis-induced mice. [12] In human endometriomas
(ovarian endometriosis), there was a reduction of LC3-II
(the conjugated form of L.C3) protein compared to control
eutopic endometrial tissue. [13] In contrast, an independent
study reported that the protein expression of LC3-II was
elevated while p62 (which binds ubiquitinated cargo for
degradation) was decreased in ovarian endometriomas com-
pared to eutopic endometria of disease-free participants.
[14]

This Example evaluates the therapeutic effects of a lyso-
somotropic and autophagic flux inhibitor, hydroxychloro-
quine (HCQ), [15-17] on human endometriotic cells and in
an established mouse model of endometriosis. The results
demonstrate a non-hormonal treatment for this still incurable
and common disease.

Results:

Hydroxychloroquine Alters Human Endometrial and
Endometriotic Cell Survival as Well as Lesion Number and
Histopathology in a Mouse Model of Endometriosis.

To assess whether an autophagic flux inhibitor could alter
the survival capacity of cells isolated from human endo-
metriotic lesions, we treated life-extended human endo-
metriotic cells (isolated from two individual patients derived
from different types of lesions and thus were tested sepa-
rately) with 25 uM hydroxychloroquine (HCQ). This dose
was selected based on our previous studies. [18] As shown
in FIGS. 9A and 9B, a marked reduction was observed in
cell survival of human endometriotic cells from two differ-
ent types of lesions (p<0.0001) following 5 days of HCQ
treatment. To validate the activity of HCQ, a western blot
analysis for LC3B was performed, which showed that
LC3B-II increased with HCQ treatment in these human
endometriotic cells (FIG. 9C). A similar reduction in cell
survival and increase in LC3B-II protein was noted in the
T-HESC human endometrial stromal cells (derived from
myoma, FIGS. 37-38). To confirm the effect of autophagy
inhibition, we performed siRNA knockdown for ATGS,
beclin-1, ATG7, PIK3C3, and LC3B in human endometrial
and endometriotic cells. Greater than 90% knockdown effi-
ciency of the above described autophagic mediators in
T-HESC cells was achieved (FIG. 37). Protein levels of p21
(a cyclin-dependent kinase inhibitor involved in cell cycle
arrest) increased with siRNA targeting beclin-1, ATG7, and
LC3B. Therefore, these autophagic mediators were investi-
gated to evaluate their effects on cell viability using the
CellTiter-glo assay in these cells. As shown in FIG. 38, the
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cell viability of T-HESC was significantly reduced in all of
these knockdown conditions, particularly with ATG7. With-
out being bound to theory these observations suggest that the
use of HCQ (or targeting autophagic mediators) can be
detrimental to both human endometrial and endometriotic
cell survival.

To determine whether treatment with HCQ alters the
formation of endometriotic lesions, an induced model of
murine endometriosis in which mice receive injections of
uterine horn fragments that develop into lesions within 2
weeks was utilized. [19, 20] Receipient (endometriosis-
induced) mice were treated with 60 mg/kg HCQ21 or
phosphate-buffered saline (PBS, FIG. 12). This treatment
was repeated once every seven days post-induction. Mice
that were neither injected with uterine horn fragments nor
treated were used as controls (FIG. 39). All of the mice were
euthanized at the same time (14 days after endometriosis
induction for both the PBS and HCQ treatment groups).
Ectopic lesions that developed in the recipient mice (white
arrow, FIGS. 40A-40B) were counted, measured, and col-
lected for RNA and protein analysis, as well as for histo-
logical staining. No lesions were observed in the control
group (labeled as N, FIGS. 40A-40B). The majority (87.5%)
of endometriosis-induced mice developed lesions. At the
time of collection, we noted that the endometriotic lesions
varied in size, color, and location across the treatment
groups. As shown in FIGS. 13A-13C, there was a significant
reduction in the number of lesions that developed in mice
treated with HCQ compared to those treated with PBS
(p=0.0007; PBS-treated mice, n=24 [with a total of 46
lesions| and HCQ-treated mice, n=25 [with a total of 18
lesions]).

A randomly selected subset of the collected lesions and
uterine horns were processed for staining with hematoxylin
and eosin (H&E) (pathologically confirmed endometriotic
lesions from PBS and HCQ-treated mice, n=15 each; uterine
horns derived from PBS-treated mice, n=10; and uterine
horns derived from HCQ-treated mice, n=10). Interestingly,
as shown in FIGS. 14A-14D, an irregular epithelium pattern
was observed in 5 out of 10 uterine horns derived from
HCQ-treated mice compared to those derived from PBS-
treated mice. In addition, we noted that the ectopic growths
from HCQ-treated mice did not histologically resemble
endometriotic lesions (i.e., did not contain the expected
glandular components) while those treated with PBS did
(FIGS. 14A-14D, black arrowheads indicate glandular com-
partments while black arrows indicate epithelial cells within
the lesions) (p=0.03, per Fisher’s exact test). Together, these
results demonstrate that HCQ reduces the number of endo-
metriotic lesions and alters the cellular organization within
these tissues.

Altered Levels of Peritoneal Macrophages and IP-10
Cytokine from HCQ-Treated Mice.

To investigate changes in the inflammatory response to
endometriosis, 32 cytokines/chemokines were quantified in
the peritoneal fluid collected from control (n=4) and recipi-
ent (n=3) mice using a mouse cytokine and chemokine
magnetic bead panel assay. Of the 32 analyzed cytokines/
chemokines, it was identified that G-CSF, eotaxin, and IP-10
(also known as CXCL10) were within the sensitivity and
detection limits of the assay. FIG. 15. In contrast, it was
identified that IP-10 was significantly increased (p=0.0079)
in peritoneal fluid obtained from HCQ-treated mice (n=5)
compared to PBS-treated mice (n=5) while G-CSF and
eotaxin remained unchanged (FIG. 16).

Macrophage numbers in control, recipient (untreated),
PBS-treated, and HCQ-treated recipient mice was also
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evaluated. There was no significant change in the macro-
phage numbers present in the peritoneal cavity of control
and endometriosis-induced mice at the time of sample
collection (2 weeks post-induction), using the canonical
macrophage markers CD11b and F4/80 (FIGS. 17A-17C).
However, a significant increase (p=0.0079) in macrophage
numbers in HCQ-treated mice compared to PBS-treated
mice (FIGS. 18A-18C) was observed. These data indicate
that HCQ alters the inflammatory response of endometrio-
sis-induced mice.

HCQ Induces Cellular Disorganization in Murine Endo-
metriotic Lesions and Eutopic Endometria.

To determine whether HCQ treatment alters the histopa-
thology (tissue organization) of the recipient’s uterine horns
and other tissues, a murine tissue microarray (IMA) com-
prised of 113 cores and performed H&E as well as immu-
nohistochemical staining was developed. The TMA con-
tained uterine horns and ovaries from 10 PBS- and 10
HCQ-treated mice, as well as a mammary gland, a kidney,
a lymph node and a small intestine from a PBS-treated
mouse for use as antibody controls. Based on H&E staining,
we observed that the luminal epithelium of the uterine horn
endometrium from HCQ-treated mice had an irregular pat-
tern (FIGS. 19A-19X). Vimentin and cytokeratin 8 (CK8)
appeared to be appropriately localized to the stromal and
epithelial compartments, respectively, independently of
HCQ treatment. Estrogen receptor o (ERa) was primarily
localized to the epithelial cell layer of the endometrial
glands, while progesterone receptor (PR) appeared to be
evenly distributed between the stromal and epithelial cell
compartments. [24] However, the PR staining was compara-
tively much weaker to that for ERa.. Again, no differences
were noted in the tissues from PBS and HCQ-treated mice
for ERa and PR staining pattern or intensity. LC3B expres-
sion appeared more intense in HCQ-treated mice relative to
PBS-treated mice in both the stromal and epithelial com-
partments (FIGS. 19A-19X). The same immunohistochemi-
cal markers were also stained for in ovaries, but no marked
differences in the intensity or localization pattern of any of
these proteins in these tissues from HCQ-treated mice
relative to those from PBS-treated mice were observed.

Induction of Endometriosis Down-Regulates mRNA and
Protein Expression of Autophagic Markers in Ectopic Com-
pared to Eutopic Murine Endometrium.

To determine whether the expression of autophagic
mediators in uterine horns and lesions differs between PBS
and HCQ-treated mice, real-time PCR was used to quantify
the mRNA transcript levels of 10 major molecules involved
in the autophagic pathway. In PBS-treated animals, it was
determined that the mRNA levels of ATGS (p=0.0294),
ATG4B (p=0.0004), ATG2B (p=0.0440), and beclin-1
(p<0.0001) were significantly decreased in the analyzed
endometriotic lesions compared to uterine horns (uterine
horns from PBS-treated mice, n=14; lesions from PBS-
treated mice, n=28; uterine horns from HCQ-treated mice,
n=15; and lesions from HCQ-treated mice, n=7) (FIG. 4a).
Due to limited sample availability, LC3B and ATG2B were
analyzed using a smaller number of samples (i.e., For LC3B:
uterine horns from PBS-treated mice, n=9; lesions from
PBS-treated mice, n=18; uterine horns from HCQ-treated
mice, n=10; and lesions from HCQ-treated mice, n=4. For
ATG2B: uterine horns from PBS-treated mice, n=5; lesions
from PBS-treated mice, n=10; uterine horns from HCQ-
treated mice, n=5; and lesions from HCQ-treated mice,
n=2). No significant differences were noted between lesions
and uterine horns from HCQ-treated C57BL/6 mice (likely
due to smaller lesion numbers available in the HCQ group
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although similar trends were apparent). However, lesions
obtained from these HCQ-treated mice had a significant
increase in ATGS (p=0.0499) and ATG3 (p=0.0248) com-
pared to lesions from PBS-treated mice (FIGS. 22A-22]). A
certified pathologist confirmed epithelial and stromal com-
ponents in the lesions analyzed. Lesions (independent
blocks and not on the above-described TMA [see Materials
and Methods section of this Example]) were also immunos-
tained for CK8, vimentin, ERc, and PR, and LC3B (FIGS.
20A-20J). The epithelial cells of the glands were positive for
CKS8, ERa, and PR expression which provides supporting
data that the collected lesions originated from endometrial
tissue (FIGS. 20A-20J). An absence of glandular compo-
nents was observed in four out of the seven stained lesions
from HCQ-treated mice as demonstrated by CKS8, ERa, and
PR immunohistochemical staining. These results (with the
H&E data presented in FIGS. 14A-14D) suggest that HCQ
alters the organization of ectopic growths in the murine
model of endometriosis. FIGS. 21A-21H displays represen-
tative images of positive and negative staining controls for
the antibodies used.

The Balb/c mouse strain was also used for the induction
model to demonstrate that the changes observed in
autophagy gene expression are independent of the mouse
genetic strain used. [20] In this model, it was identified that
the mRNA levels of ATG7 (p=0.0174), ATG4B (p=0.0020),
and beclin-1 (p<0.0001) were significantly reduced in endo-
metriotic lesions (n=8) compared to uterine horns (n=8)
derived from the same recipient mice (FIGS. 41A-41F).

Protein levels of autophagic markers were analyzed in
both lesions and uterine horns from PBS and HCQ-treated
mice (FIG. 23) from the following groups: (1) PBS-treated
mice: uterine horns (n=15), (2) HCQ-treated mice: uterine
horns (n=15), (3) PBS-treated mice: lesions (n=10), and (4)
HCQ-treated mice: lesions (n=7). LC3B-I, LC3B-II, LC3A-
I, and LC3A-II were decreased in lesions compared to
uterine horns from both PBS- and HCQ-treated mice.
Expression of GABARAPL1-I was detected in uterine horns
collected from both groups of treated mice and was
decreased in the lesions; however, the conjugated form,
GABARAPLI-II, was not observed in any of the murine
specimens. A decrease was also observed in p62 in endo-
metriotic lesions relative to uterine horns that was indepen-
dent of HCQ treatment. FOXO1 and AMPKa protein levels
in the uterine horns were variable amongst the samples
analyzed, although they were both reduced within the
lesions (FIGS. 23 and 24A-H). To determine whether HCQ
treatment altered expression of autophagic mediators in
other organs, various tissue specimens (kidneys, thymus,
spleen, lung, pancreas, heart, and liver) were harvested from
each treatment group (5 PBS-treated mice and 5 HCQ-
treated mice) and LC3B levels were assessed (FIGS. 46 and
47A-47H). The lung and heart showed differences in LC3B-
II expression following HCQ treatment. Overall, these
results suggest that the protein expression of autophagic
mediators is dysregulated in endometriotic lesions.

RNA Expression of Autophagic Markers is Dysregulated
in Eutopic Endometria Upon Induction of Endometriosis.

Eutopic endometria from patients with endometriosis
differs from the eutopic endometria from endometriosis-free
subjects. [25, 26] To identify changes in the expression of
key autophagic markers in this context, an RT2-PCR
autophagy focused profiler array was used to analyze RNA
isolated from uterine horns from control (non-induced) and
recipient (untreated). The uterine horns from recipient mice
were compared with those from PBS-treated recipient mice
to verify there was no significant change that occurred upon
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intraperitoneal injection with PBS. Three representative
samples were selected from each group based on RNA
quality. A heat map comparing gene expression in RNA
isolated from uterine horns from control mice to recipient
mice is shown in FIG. 25. The results indicated that there is
a subset of autophagy genes that is differentially expressed.
A volcano plot is shown in FIG. 26 that displays the
fold-changes in autophagy genes in eutopic endometria
between recipient and control mice. Dysregulated genes
were identified (with statistical significance) between these
two groups of samples. IGF1 was the an autophagic marker
that was significantly increased (p=0.044); the remaining 12
markers were all significantly decreased (BNIP3, p=0.015;
ATGY9B, p=0.015; LC3A, p=0.007; LC3B, p=0.0012;
PRKAAIL, p=0.023; ATG4C, p=0.031; FAS, p=0.003;
IRGM1, p=0.025; GABARAPLI1, p=0.045; PTEN,
p=0.048; EIF2AK3, p=0.043; and SQSTMI, p=0.054). As
shown in FIG. 42, significant changes upon PBS treatment
in the RT2-PCR array were not observed.

To validate these “top hits” (i.e., increased by at least
2-fold with p<0.05) identified from the autophagic pathway
RT2-PCR profiler array, we performed real-time PCR using
TagMan FAM-labeled probes/primers (FIGS. 27A-27M and
48) Using this approach, 10 of the 13 “top hits” were
validated (FIGS. 27A-27M): ATG4C (p=0.0167), ATG9B
(0.0113), EIF2AK3 (p=0.0068), FAS (p=0.0034), LC3A
(p=0.0306), LC3B (p=0.0040), GABARAPLI1 (p=0.0360),
PTEN (p=0.0295), SQSTM1 (p=0.0008), and PRKAAI
(p=0.0065) were significantly reduced. It was observed that
the expression of EIF2AK3 (p=0.0014) was increased
(FIGS. 27A-27M). Taken together, these data suggest that
autophagy is dysregulated in the eutopic endometria of
endometriosis-induced mice.

Increased LLC3 Protein and Lipid Droplets in Eutopic
Endometria of Endometriosis-Induced Mice Compared to
Eutopic Endometria of Controls.

To determine whether the RNA level changes of key
autophagic markers observed between the eutopic endome-
tria of endometriosis-induced mice (n=10) and non-induced
(control) mice (n=10) translated to protein level changes,
their protein levels were assessed via western blot analyses.
As shown in FIGS. 28 and 29A-29H and 49, beclin-1
(2.20-fold change, p=0.0330), LC3B-I (4.00-fold change,
p=0.0185), LC3B-II (6.76-fold change, p=0.0364), LC3A-II
(1.97-fold change, p=0.0135), and GABARAPL.1 (1.95-fold
change, p=0.0334) were significantly increased in uterine
horns from endometriosis-induced mice relative to those
from control mice. LC3A-I and LC3B-I have an expected
molecular weight of approximately 16 kDa, while LC3A-II
and LC3B-II have an expected molecular weight of approxi-
mately 14 kDa.27. When GABARAPL1 expression was
assessed, the conjugated form was not detected. While not
being bound to theory, this observation suggests that the
primary form expressed in these tissues is the cytosolic form
(GABARAPLI-I). To assess if the increased levels of LC3B
were specific to the uterine horns in the endometriosis-
induced mice, LC3B protein levels were analyzed in homo-
genates prepared from kidneys, thymus, spleen, lung, pan-
creas, heart, liver, and ovaries from both recipient (n=3) and
control (n=4) mice. Out of the nine tissues analyzed, only the
left kidney, spleen, and liver appeared to show differences in
LC3B-II levels (FIGS. 44 and 45A-451).

To test whether the observed increases in LC3A and
LC3B correlated with an increase in autophagosome forma-
tion in the eutopic endometria of endometriosis-induced
mice, TEM was performed (FIGS. 30A-30G). Although no
autophagosomes were identified in eutopic endometria from

10

15

20

25

30

35

40

45

50

55

60

65

46

control mice (FIGS. 30A-D) and eutopic endometria from
endometriosis-induced mice (FIGS. 30E-G), an increase
was observed in lipid droplet numbers in the epithelial cells
of eutopic endometria from endometriosis-induced mice. In
addition, it was also observed that more “unhealthy” elec-
tron-dense epithelial cells in uterine horns from endometrio-
sis-induced mice (FIG. 30E) compared to control mice (FIG.
30A). Together and without being bound by theory, these
results suggest that expression of autophagic mediators (i.e.,
LC3) is dysregulated in the eutopic endometria of endo-
metriosis-induced mice which is associated with an accu-
mulation of lipid droplets in the epithelial cells.

Immunohistochemical Staining of LLC3B in the Epithe-
lium and Stromal Components of Eutopic and Ectopic
Endometrium in Patients with Endometriosis.

The cellular localization of LC3B within human eutopic
and ectopic endometrium was assessed by applying an
immunohistochemical (IHC) approach using a human endo-
metriosis and endometrium tissue microarray. [28] Repre-
sentative IHC images for endometrium (controls and
patients) and lesions (fallopian tubes, ovaries, peritoneal,
gastrointestinal, and skin) are shown (FIGS. 31A-31J). It
was noted that LC3B was localized primarily to the epithe-
lium although staining was also noted in the stroma. To
quantify the intensity of LC3B expression at these specific
cellular locations, we segmented the sections using the
H-score system into strong, moderate, weak, or no expres-
sion (FIGS. 32A-32B). The proportion of strong expression
was elevated in the epithelial cells of the proliferative
endometrium from cases (40.6%) and those from ovarian
and fallopian tube lesions (38.8% and 38.0%, respectively).
The endometriotic tissue with the highest proportion of
strong stromal expression was the gastrointestinal tract (GI)
(17.4%), followed by proliferative endometrium from con-
trols (14.1%), proliferative endometrium from endometrio-
sis patients (13.6%), and secretory endometrium from con-
trols (12.0%) (FIGS. 32A-32B). A significant difference in
LC3B expression in the epithelium of secretory endome-
trium compared to proliferative endometrium (p=0.0193)
was observed (FIG. 43B). A significant increase in the
expression in the epithelium of fallopian tube and ovarian
endometriotic lesions compared to epithelium from the
secretory endometrium of controls (p=0.0220 and p=0.0097,
respectively) was also observed. In the stroma of peritoneal
endometriotic lesions, [LC3B was decreased compared to the
stroma of proliferative endometrium from controls
(p=0.0101). In addition, relative to the stroma, positive
LC3B immunostaining was significantly more elevated in
the epithelial component of the lesions in the fallopian tube,
ovarian, and peritoneum but not in lesions derived from the
gastrointestinal tract and the skin (FIG. 43A). Together and
without being bound by theory, LC3B expression and local-
ization was predominant in the epithelium relative to the
stromal components in all tissue types assessed.

Materials and Methods:

Ethics and Tissue Microarray.

All protocols in this study were approved by the Institu-
tional Review Board (IRB) at the Ponce Research Institute
(Ponce, Puerto Rico). Samples in the tissue microarray
(TMA) were obtained in a de-identified fashion from
archived samples at a private pathology laboratory (South-
ern Pathology Laboratories in Ponce, Puerto Rico). Details
regarding the human tissue microarray (TMA) used in this
study have been previously described. [28] Briefly, the TMA
contains 164 cores, which is comprised of lesions (from the
ovaries (n=29), fallopian tubes (n=16), peritoneum (n=34),
skin (n=4), and gastrointestinal tract (n=7)), eutopic endo-
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metrium from endometriosis patients (n=22), as well as
secretory (n=38) and proliferative (n=14) endometrium from
endometriosis-free patients. The patients and controls
recruited into this biobank were not currently or have been
for at least 3 months prior to surgery on any hormonal
medication.

Animal Handling.

C57BL/6 Mouse Model.

Five-week-old C57BL/6 female mice were purchased
from Jackson laboratories. All animals were maintained
under standard 12 h photoperiod; food and water were
available ad libitum throughout the study. All experimental
procedures and animal care were approved by the Animal
Care and Use Committee (IACUC) of the University of
South Florida (R IS00000101), in accordance with the
principles described in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health. All
surgical procedures were performed under aseptic condi-
tions using anesthesia. The mouse model of endometriosis
was performed as previously described. [19, 20] Donorani-
mals received a peritoneal injection of 3 pg/mouse of
p-estradiol-17-valerate (Sigma, St. Louis, Mo.); the dose
utilized was based on previously reported data.20 One week
after estrogen injection, donor animals were euthanized and
each uterine horn was collected and minced using a Kirkland
Tissue Mincer (Kirkland Products) with sterile normal
saline. The minced material was centrifuged at 1,500 rpm for
1 min. Endometriosis was induced by injecting the uterine
horn fragments intraperitoneally into the recipient animal.
Mice were then randomly divided into two groups: HCQ-
treatment animals were intraperitoneally injected with 100
ul of 60 mg/kg of HCQ (# AC26301, Fisher Scientific,
Pittsburgh, Pa.) while control treatment animals received an
intraperitoneal injection of 100 pl sterile PBS. The dose for
HCQ utilized was based on previously published data and
was comparable to doses used in treating patients with
autoimmune diseases. [21] A second HCQ treatment was
administered one week after endometriosis induction, using
the same dose. Two weeks after induction, mice were
euthanized and tissues (including lesions) were snap-frozen
into liquid nitrogen. Lesions were measured using a caliper.
Volume of the lesions was calculated according to the
formula: 4/3mr”R. [52]

Balb/c Mouse Model

Eight-week-old Balb/c female mice were obtained from
the Charles River Laboratories (Calco, Como, Italy) and
handled as previously described [19, 20] and in accordance
with the European Union guidelines as well as with the
approval of the Institutional Animal Care and Use Commit-
tee of San Raffaele Scientific Institute (Protocol n. 484)
(Milan, Italy). Briefly, donor mice were injected with 17f3-
estradiol (AMSA, Rome, Italy; 3 ng/mouse) and sacrificed
one week later. The uterus was removed and fragmented,
after scraping to remove the myometrium, using scissors.
The endometrial tissues were weighed and resuspended in
saline with ampicillin (I mg/ml). Two recipient mice
received an intraperitoneal injection, using a syringe con-
taining half of the resuspension (Day 0). Mice were eutha-
nized by administering a lethal dose of anesthetic on day 12.
The abdomen was opened and lesions were isolated and
collected by an operator blinded to the experiment.

Cell Culture of Life-Extended Human Endometriotic and
T-HESC Cells, HCQ Treatment, siRNA Transfection, and
Survival Assay.

Primary human endometriotic cells culture conditions and
life extension have been previously described. [18] These
cells were derived from two different types of lesions (two
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independent patients) which were assessed separately as
described below. Briefly, cells were maintained in MCDB
131:Medium 199 (1:1 ratio) supplemented with 8% FBS,
penicillin/streptomycin, and insulin/transferrin/selenium
(ITS). Cells were life-extended using SV40 Large T antigen.
Retroviral particles generated in HEK293T were used to
infect the primary cells. Media containing puromycin (2.5
ng/ml) was used to select primary cells resistant colonies. In
addition, we obtained the T-HESC cell line, which are
human endometrial stromal cells derived from a uterine
myoma (ATCC, Manassas, Va.). This cell line was main-
tained in phenol red-free DMEM/F12 (1:1) containing 8%
charcoal-dextran treated FBS, 500 ng/ml. puromycin, 1%
ITS+ Premix (BD Bioscience, San Jose, Calif.), and 15 mM
HEPES. The cell lines used in the present study were tested
to be mycoplasma negative and STR (short tandem repeat)
profiled (Genetica DNA Laboratories, Cincinnati, Ohio).
Endometriotic cells were seeded at 50,000 cells/well in a
24-well plate, whereas T-HESC cells were seeded at 250,000
cells/well in a 6-well plate. A 50 mM hydroxychloroquine
(HCQ) (# AC26301, Fisher Scientific, Pittsburgh, Pa., USA)
stock was prepared in phosphate-buffered saline (PBS) (and
0.22 um filter sterilized); it was used at a final concentration
of 25 uM in complete media. [18, 53] Cells were treated for
18 hours with HCQ prior to protein harvest and western
blotting analyses. For survival studies, cells were seeded at
a density of 5,000 cells/well in a 96-well opaque plate and
treated with 25 pM HCQ during five days. Cell viability was
then assessed using CellTiter-glo reagent (Promega, Madi-
son, Wis.). [18]

For siRNA transfection studies, T-HESC cells were
seeded at 350,000 cells/well in a 6-well plate. After over-
night adherence, cells were then transfected with either
non-targeting control siRNA, ATGS, beclin-1, ATG7,
PIK3C3, or LC3B siRNA according to previously described
methods. [18, 54] The day after the second round of siRNA
transfection, cells were re-seeded at 5,000 cells/well in
opaque 96-well plates. Three days post re-seeding, cell
viability was assessed using CellTiter-glo reagent as
described above.

Immunohistochemistry of LC3B.

Samples in the TMA were collected in a de-identified
fashion from archived samples in a Pathology Lab as
described in Human Subjects above. Briefly, slides were
deparaffinized and stained using the automated system Ven-
tana Discovery XT (Ventana Medical Systems, Tucson,
Ariz.) with EZ Prep solution. The heat-antigen retrieval
method was performed at a pH of 8.0. The primary antibody,
LC3 (AP1802a) which detects LC3B was obtained from
Abgent (San Diego, Calif.) and diluted at a ratio of 1:25 in
Dako antibody diluent (Carpenteria, Calif.) followed by a 32
min incubation at room temperature. Human breast cancer
tissue was used as a positive control and the primary
antibody was omitted for the negative control. Ventana
OmniMap Anti-Rabbit Secondary antibody and the Ventana
ChromoMap kit as the detection system were used. Hema-
toxylin was used as the counterstain.

The LC3 stained TMA was then scanned using the Ape-
rio™ ScanScope XT (Vista, Calif.) with a 200x magnifica-
tion and a 0.8 numerical aperture objective lens via the
Basler tri-linear-array detection. Each core was then seg-
mented using the TMA block software associated with the
Spectrum program (version 10.2.5.2352) followed by
manual segmentation into epithelial and stromal regions
under the supervision of a pathologist. Image analysis was
performed using an Aperio Positive Pixel Count® v9.0
algorithm with the following thresholds: Hue Value=0.1;
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Hue Width=0.5; Color Saturation Threshold=0.04; IWP
(High)=220;  IWP(Low)=IP(High)=175;  IP(low)=ISP
(High)= 100; ISP(Low)=0 to segment positive staining of
various intensities. The data was then compiled for each core
in the separate epithelium and stromal regions, which was
represented by percent positivity, then directly correlated
with protein expression.

RNA Isolation, Real-Time PCR, and RT2-PCR.

Total RNA was isolated using the RNeasy kit following
the manufacturer’s instructions (QIAGEN, Valencia, Calif.).
RNA concentration and purity was determined using a 1000
NanoDrop (Thermo Scientific, Pittsburgh, Pa.). Lesion mass
varied by samples, and this was reflected in the RNA
amounts obtained (range of mass: 0.9 mg to 25 mg). Three
RNA samples from uterine horns, having a 260/280 ratio
higher than 1.8 and a 260/230 ratio higher than 1.7, were
selected from recipient, donor, HCQ-treated, and PBS-
treated animals (12 samples in total) for RT2-PCR analyses.
Synthesis of ¢cDNA was performed using 0.5 pg of total
RNA, after DN A elimination step using the RT2 First Strand
kit per manufacturer instructions (QIAGEN, Valencia,
Calif.). After DNA elimination, the reaction mix was incu-
bated at 42° C. for 15 min, followed by 95° C. for 5 min
using a DNA Engine® Peltier Thermal cycler (Bio-Rad,
Hercules, Calif.). A total of 102 ul of the cDNA reaction mix
was added to the master mix containing 1,248 pl of RN Ase-
free water and 1,350 pl of 2x RT2 SYBR green master mix.
Twenty-five ul of the master mix were carefully added to
each well of the RT2 profiler PCR autophagy array. Quan-
tification was performed using the Applied Biosystems
cycler (Life Technologies, Grand Island, N.Y.). The PCR
cycling program included activation for 10 min at 95° C.,
followed by 40 cycles for 15 seconds at 95° C. with 1 min
at 60° C. The PCR cycling program finalized with a melt
curve analysis and data was analyzed using the QIAGEN
web-based software.

For real-time PCR studies, the One-step Master Mix
(Applied Biosystems, Foster City, Calif.) was utilized with
the following probes and primers as previously described:
18 LC3B, Mm00782868_sH; ATG4B, Mm01701111_m1,;
ATG9A, Mm01264420_ml; ATGS5, Mm00504340_ml1,
ATG7, MmO00512209_ml; ATG3, MmO00471287_ml,
PIK3C3, Mm00619489_ml; ULKI1, Mm00437238 ml;
ATG9B, Mm01157883_gl; Beclin-1, Mm01265461_m1,
ATG2B, Mm00512973_ml; ATG4C, Mm01259886_m1,;
BNIP3, Mm01275600_g1; EIF2AK3, Mm00438700_ml;
FAS, Mm01204974_m1; LC3A, Mm00458725_g1; GABA-
RAPL1, MmO00457880_ml; IGF1, Mm00439560_ml;
IRGM1, MmO00492596_m1; SQSTM1 (p62),
Mm00448091_m1; PRKAAI, Mm01296700_m1; PTEN,
Mm00477208_m1. CT values were normalized to -Actin
(Mm00607939_s1) and RNA-fold changes were determined
using the 24 equation.

Protein Isolation, SDS-PAGE, and Western Blot Analy-
ses.

Tissues used for protein analyses included uterine horns,
ectopic lesions, ovaries, thymus, kidneys, heart, pancreas,
spleen, and liver. Samples were flash frozen in liquid nitro-
gen and stored at —80° C. until use. Tissues were homog-
enized in ice-cold lysis buffer containing 1% Triton X-100,
50 mM HEPES, 150 mM NaCl, 1 mM MgCl12, 1 mM EGTA,
10% glycerol, and protease inhibitor cocktail (Roche, India-
napolis, Ind.) using a PowerGen 125 homogenizer (Fisher
Scientific, Pittsburgh, Pa.). Samples were centrifuged at
14,000 rpm for 10 min at 4° C. The supernatants were
collected and total protein concentration was determined
using the BCA assay (ThermoScientific, Rockford, Ill.), and
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a Bio Tek synergy 2 microplate reader (Winooski, Vt.).
Samples were normalized and then run onto 10 or 12%
SDS-polyacrylamide gels prepared in a Criterion® Cassette
system (Bio-Rad, Hercules, Calif.) as previously described.
[54] The following antibodies and dilutions were used:
LC3B rabbit polyclonal (#2775, 1:1,000), LC3A rabbit
monoclonal (#4599 (D50G8), 1:1,000), Beclin-1 rabbit
polyclonal (#3738, 1:1,000), GABARAPL1 rabbit mono-
clonal (#13733 (E1J4E), 1:1,000), AMPKa. rabbit monoclo-
nal (#2603 (23A3), 1:500), FOXO1 rabbit monoclonal
(#2880 (C29H4), 1:1,000), and Pan-Actin rabbit polyclonal
(#4968, 1:500) were all obtained from Cell Signaling Tech-
nology (Danvers, Mass.). The p62 mouse monoclonal anti-
body (#610832, 1:1,000) was obtained from BD Biosciences
(San Jose, Calif.).

Hematoxylin/Eosin Staining, Tissue Microarray Con-
struction, and Immunohistochemistry.

Collected samples were immediately preserved in 10%
neutral buffered formalin at the animal facility. Samples
were embedded in paraffin, sectioned, and transferred to
slides for hematoxylin/eosin and immunohistochemical
staining. A pathologist reviewed each case and delimited the
region of interest, containing epithelial and stromal cells, for
each specimen. A mouse tissue microarray was prepared at
the Tissue Core Facility at the Moffitt Cancer Center. The
mouse tissue microarray contained a total of 113 core
samples, which included 10 uterine horns and 10 ovaries
from both PBS and HCQ treated mice. As control specimens
for the utilized antibodies, the TMA included mouse mam-
mary tissue, liver, small intestine, and lymph nodes from a
PBS treated mouse. Lesions were analyzed from indepen-
dent blocks. Slides were stained using a Leica Bond RX
automated system (Leica Biosytems, Buffalo Grove, I11.)
following manufacturers instructions with proprietary
reagents. Slides were deparaffinized on an automated system
with Dewax Solution (Leica Biosystems). The antigen
retrieval method used for Progesterone Receptor (PR) was
enzymatic with Enzyme Solution 1 at 15 min (Leica), for
vimentin and Estrogen Receptor (ER) was heat induced with
Epitope Retrieval Solution 1 at 20 min (Leica), for cytok-
eratin 8 (CK-8) was heat induced with Epitope Retrieval
Solution at 10 min (Leica), and for LC3B was heat-induced
with Epitope Retrieval Solution 1 at 10 min (Leica Biosys-
tems). All antibodies were diluted in Dako antibody diluent
(Carpenteria, Calif.): PR (# ab131486, 1:500, Abcam, Cam-
bridge, Mass.), vimentin (#5741 (D21H3), 1:100, Cell Sig-
naling, Danvers, Mass.), ERa (# ab32063 (E115), 1:200,
Abcam, Cambridge, Mass.), Cytokeratin-8 (# ab53280
(EP1628Y), 1:200, Abcam, Cambridge, Mass.), and LC3B
(# ab51520, 1:1,500, Abcam, Cambridge, Mass.) and incu-
bated for 30 min. The Leica Bond Polymer Refine Detection
System was used with a polymer incubation for 8 min.
Hematoxylin was used as counterstain and slides were
dehydrated and covered with a coverslip, following standard
histological protocol.

Analysis of Murine Peritoneal Inflammatory Molecules.

After animals were euthanized, 1 ml of sterile PBS was
injected into the peritoneal cavity, the abdominal area was
gently massaged, and the fluid collected. The collected fluid
was centrifuged at 1,390 rpm for 5 min at 4° C. and the
resulting supernatant was then stored at —-80° C. Levels of
chemokines and cytokines were analyzed using a MCY-
TOMAG-70K-PX32 (Millipore, Billerica, Mass.) following
manufacturer’s instructions. Briefly, 200 pul of wash buffer
was added to each well and incubated for 10 min at room
temperature in a plate shaker. After incubation, the wash
buffer was decanted and the plate was inverted and tapped
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on absorbent towel several times. Then, 25 pul of assay buffer
was added to each well followed by 25 ul of concentration
standards, assay controls, or samples. The premixed bottle
was vortexed and 25 pl of the beads were added to each well.
The plate was incubated overnight at 4° C., protected from
light. Then the plate was incubated for 1 min on the
hand-held magnet and the well content was gently decanted
and tapped on absorbent pads. Each well was washed twice
using 200 pl of wash buffer, followed by the incubation on
the hand-held magnet. Antibody detection solution was
allowed to warm to room temperature, and then 25 pl was
added to each well and incubated for 1 h at room tempera-
ture on a plate shaker, protected from light. Next, 25 ul of
Streptavidin-Phycoerythrin was added to each well contain-
ing the detection antibodies and incubated for 30 min at
room temperature protected from light on a plate shaker.
After the incubation, the plate was washed twice as previ-
ously described and 150 pl of Sheath Fluid was added to
each well. The plate was analyzed using MAGPIX™ instru-
ment and XxPONENT software solutions, version 4.2.

Flow Cytometry.

The pellet obtained after centrifugation of the peritoneal
fluid wash (see above) was utilized for macrophage staining.
When necessary, red blood cell lysis was performed accord-
ing to the manufacturer’s protocol (eBioscience, San Diego,
Calif.). The cell pellets were resuspended in 1 ml cold PBS
and transferred to flow cytometry tubes. Samples were
centrifuged for 1 min at 1,390 rpm. The supernatant was
decanted and cells were resuspended in 100 pl of PBS. Cells
were blocked using 0.5 pg of Mouse BD Fc, Block™
(#553141, BD Pharmingen, San Jose, Calif.) for 5 min on
ice. The cells were incubated in 0.4 pg of APC Rat anti-
mouse CD11b clone M1/70 (#553312, BD Pharmingen, San
Jose, Calif.) and anti mPE-F4/80/EMR1 (# FABS5580C,
R&D Systems, Minneapolis, Minn.)) at room temperature
for 30 min, protected from light. After incubation, 700 pl of
PBS was added to each tube and centrifuged for 1 min at 4°
C. The supernatant was decanted, and the cells were resus-
pended in 300 pl in PBS and analyzed by flow cytometry.

Transmission Electron Microscopy.

Following induction of anesthesia, the abdominal cavity
of the mice was opened to expose the uterine horns. Both
uterine horns were removed and cut in cross sections of 2-3
mm long pieces, which were then rinsed in 0.1 M phosphate
buffer to remove excess blood, and placed in 2.5% glutar-
aldehyde in 0.1 M sodium phosphate buffer, pH 7.2 at 4° C.
The tissue was fixed in glutaraldehyde at 4° C. for 24 h.
Following fixation, the tissue was rinsed in buffer, sliced into
1 mm thick rings and post-fixed in 1% osmium tetroxide at
4° C. for 2 h. Following buffer and distilled water rinses, the
tissue was dehydrated through a graded series of acetone
dilutions, cleared with propylene oxide, infiltrated over-
night, embedded in LX 112 epoxy resin mix (Ladd
Research, Williston, Vt.) and polymerized at 70° C. Entire
cross sections of the uterine horns were obtained at 0.25
um-0.35 pm thickness and 70-80 nm thickness, and stained
with 1% toluidine blue stain (for light microscopy) or 8%
uranyl acetate and Reynold’s lead citrate (for electron
microscopy) respectively. The endometrium of both control
and experimental animals was observed and photographed
using an FEI Morgagni TEM (Hillsboro, Oreg.) with an
AMT ActiveVu camera (Woburn, Mass.).

Statistical Analyses.

All analyses were performed using GraphPad Prism soft-
ware (version 6.04, La Jolla, Calif.). To calculate the sig-
nificance of the observed disorganization of epithelial cells
in eutopic endometria from endometriosis-induced mice

10

15

20

25

30

35

40

45

50

55

60

52

treated with HCQ (compared to those treated with PBS, as
a control), we used the Fisher’s exact test. All other statis-
tical analyses were calculated using the non-parametric
student t-test and error bars displayed represent standard
errors of the mean (SEM). Statistical significance was set at
p=<0.05 (* indicates p=<0.05, ** indicates p=<0.01, *** indi-
cates p=<0.001, and **** indicates p<0.0001).
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We claim:

1. A method of treating endometriosis in a subject in need
thereof comprising:

administering an autophagic inhibitor to the subject in an

amount effective to treat endometriosis in the subject.

2. The method of claim 1, wherein the autophagic inhibi-
tor is selected from the group consisting of chloriquine,
Lys05, hydroxychloriquine, pharmaceutically acceptable
salts thereof, ATG5 siRNA, ATG7 siRNA, or combinations
thereof.

3. The method of claim 1, wherein the autophagic inhibi-
tor is hydroxychloriquine.

4. The method of claim 1, wherein the effective amount
ranges from about 1 mg/kg to about 200 mg/kg.

5. The method of claim 1, wherein the effective amount is
administered in a dosage form formulated for oral, vaginal,
intravenous, transdermal, subcutaneous, intraperitoneal, or
intramuscular administration.
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6. A method comprising:

contacting an endometriotic lesion cell with an autophagic
inhibitor in an amount effective to treating the
edometriotic lesion.

7. The method of claim 6, wherein contacting an endo-
metriotic lesion cell with an effective amount of an
autophagic inhibitor prevents recurrance of an endometriotic
lesion cell.

8. The method of claim 6, wherein the autophagic inhibi-
tor is selected from the group consisting of chloriquine,
Lys05, hydroxychloriquine, pharmaceutically acceptable
salts thereof, ATG5 siRNA, ATG7 siRNA, or combinations
thereof.

9. The method of claim 6, wherein the autophagic inhibi-
tor is hydroxychloriquine.

10. The method of claim 6, wherein the effective amount
ranges from about 1 mg/kg to about 200 mg/kg.

11. The method of claim 6, wherein the endometriotic
lesion cell has greater expression as compared to a control
cell of at least one autophagic marker selected from the
group consisting of ATG7, ATGS, and hVps34.
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