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(57) Abstract: The invention relates to the combinations of the novel biological markers that can be used in the diagnosis of endometrio-
sis. The objective of the invention is to detect biological markers that are expressed differently in eMSCs isolated from endometrial
biopsy samples in the diagnosis of endometriosis compared to healthy eMSCs.

[Continued on next page]



WO 2022/245324 A2 | /1100000000000 00

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

— in black and white; the international application as filed
contained color or greyscale and is available for download
Jrom PATENTSCOPE



WO 2022/245324 PCT/TR2022/050458

NOVEL BIOLOGICAL MARKERS IN THE DIAGNOSIS OF

ENDOMETRIOSIS
5
Field of the Invention
The present invention relates to the combinations of the novel biological markers
that can be used in the diagnosis of endometriosis.
10

Background of the Invention

Endometriosis is a discase defined as the implantation of the endometrial tissue,
which lines the inner layer of the uterus of women of reproductive age and is lost

15  upon thickening every month during menstruation since the adolescence period,
outside of the uterus to the other parts of the body [1], [2]. Considering the
prevalence of endometriosis, it is seen in 10-15% of reproductive age women and
9-50% in the infertile groups. although these values might increase up to
approximately 50% in adolescents with the chronic pelvic pain and dysmenorthea

20 complaint [3]. Clinical symptoms such as headache [4], arthralgia, myalgia [5],
allergies, hypothyroidism, fibromyalgia, chronic fatigue syndrome [6] and
predisposition to vaginal yeast infection [7] are common in the endometriosis
disorder. These symptoms related to the disease significantly affect the women’s
daily life activities and reduce their life quality [8] and furthermore this discase

25  might even cause infertility in women, making them feel inadequate. At this point,
it is essential to apply novel diagnosis and treatment methods for endometriosis to
improve the quality of daily life of the patients and to relieve the patients
psychologically.

30  Previous studies in the literature and the report published by American Society for
Reproductive Medicine have shown that "laparoscopy”, i.e., surgical intervention,

1
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has become the "gold standard" in the diagnosis of endometriosis [9] and brings
many risks with it. For example, in addition to the risks of every surgical
intervention, risks such as injury to the intra-abdominal organs such as bladder,
bowel, ureter and subsequent internal bleeding, reduced ovarian reserves with

5 damage to the ovaries and reduced probability of fertility can be listed as the risks
in endometriosis patients [10], [11]. In particular, the surgical intervention poses a
high risk in patients whose priority is to overcome the infertility factor caused by
endometriosis [11]. Although monoclonal antibody of CA125 glycoprotein, which

is one of the serum markers, is used in the diagnosis of endometriosis, it has been

10  determined by studies that the results of this marker are questionable and its
sensitivity is low, especially in endometriosis types that have spread to the

peritoneal region [12].

Accumulating evidence in the literature suggests that there is a need for alternative
15  diagnosis methods instead of the current diagnosis techniques with low-sensitivity,
which have high costs and cause complications that the patient may experience after
the surgery and prevent the patient from returning to social life in a short time. In
light of these information, in the study, which is the subject of the patent
application, it is aimed to define biological markers necessary for developing a
20  novel diagnosis technique for endometriosis., which is cost-effective, painless and

will not exhaust the patient psychologically with a concept such as “surgery”.

Endometriosis disecase is named after the “endometrium” and although
endometriosis was described in 1860 [1], its etiology and pathogenesis are still
25 unclear today [13], [14]. Different identification tables and theories have been
created in the pathogenesis of endometriosis. These are retrograde
menstruation/transplantation [2], [15], coclomic metaplasia [16], cellular immunity
change [17], [18], [19], [20], metastasis [21], genetic factors [22], [23],
environmental factors [24] and the interaction of specific genes with the
30 environment [25]. The most emphasized theory introduced in the 1920s, states that
the disease develops from the spread of endometrial tissue into the peritoneal cavity

2
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by retrograde menstruation [2], [18]. The presence of endometrial tissue in the form
of subperitoneal implants indicates a pathological condition. This causes the
attachment of the refluxing endometrial tissue fragments to the peritoneal surface,
followed by the initiation of invasion and the development of the disease.
5  According to Sampson, there are viable cells still living in the menstrual blood,
which must be discarded with the menstrual cycle every month. He proposed that
these viable cells can migrate to different regions instead of being discarded from
the body, adhere to the region and to other neighboring organs they have migrated
to and proliferate [2]. The human endometrium structure, which Sampson
10  mentioned in his studies, and which was also the subject of the studies conducted
later in the literature, has a chimeric cell population consisting of many different
cell types [26]. In this chimeric structure, there are stromal cells, fibroblasts,
endothelial cells, lymphoid cells, and smooth muscle cells and mesenchymal stem
cells surrounding the endometrial wall. It has been hypothesized that endometrial
15  stem cells are shed together with their niche cells into the peritoneal cavity through
retrograde menstruation in women who develop endometriosis [27], [28], [29], [30]
and this was found to support Sampson's theory. In animal experimental studies, it
has been shown that mesenchymal stem cells isolated from menstrual blood taken
from baboons with continuing menstrual cycle could induce experimental
20  environment for the development of endometriosis [31]. The fact that the adhesion
and migration properties are high in endometrial mesenchymal cells (eMSC) has
led to the idea that tissue transglutaminase (TG2) enzyme loses its cross-linking
property and is highly synthesized in these cells as a specific cell adhesion molecule
[32], [33], [34], [35], [36] and it is hypothesized that thus the cells that should be
25  located in the endometrium have the ability to migrate to other locations to create
endometriosis. In line with this information, differences in the surface markers of
¢MSCs, which are abundant in the chimeric structure of the endometrium and have
a high potential to migrate between healthy and endometriosis patients, were
examined and determined.
30

Summary of the Invention
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The objective of the invention is to list the possible biological markers that are
expressed differently in eMSCs isolated from endometrial biopsy samples in the
diagnosis of endometriosis compared to healthy ¢eMSCs. Biological markers
5 selected from the list of markers whose expression was observed to change in eMSC
samples of 5 patients were also pathologically evaluated in the endometriosis focal
tissues of 17 patients diagnosed with endometriosis and then identified as

biomarkers.

10  Another objective of the invention is to develop a diagnosis kit, in which gene or
protein expressions of tissue transglutaminase (TG2), cluster of differentiation 146
(CD146), platelet derived growth factor receptor (PDGFR), Integrin Beta 1 and
Sushi domain containing protein 2 (SUSD2, or also synonymously called W5C5)
markers that are differentially expressed in endometriosis eMSCs, are used alone

15  or in combination.

In this way, it would be possible to make a diagnosis with a biopsy sample instead
of the surgical diagnosis that is currently required for the definitive diagnosis of
endometriosis in patients.

20

Detailed Description of the Invention

The invention titled “NOVEL BIOLOGICAL MARKERS IN THE DIAGNOSIS
OF ENDOMETRIOSIS”, developed to achieve the above mentioned objectives, is

25  illustrated in the accompanying figures, in which:

Figure 1.  Characterization of healthy control endometrial mesenchymal
stem cells (heMSCs) from endometrial tissues taken from
individuals without endometriosis diagnosis by flow cytometry is

30 represented by a black filled curve and + values represent the
standard deviation for 5 different heMSCs. Cells incubated with
4
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isotype IgG antibody were used as negative control (NC) and
represented by a hollow gray curve.
Figure 2.  Characterization of patient endometrial mesenchymal stem cells
(peMSCs) from endometrial tissues taken from five different
5 patients with endometriosis diagnosis by flow cytometry is
represented by a black filled curve and + values represent the
standard deviation for 5 different peMSCs. Cells incubated with
isotype IgG antibody were used as negative control (NC) and
represented by a hollow gray curve.

10 Figure 3. TG2 protein level in all isolated eMSCs. (a). TG2 protein bands
in five different groups were visualized by Western Blot
technique. (b). Analysis of TG2 protein isolated from different
control (heMSC) and patient (peMSC) mesenchymal stem cells
of five different groups. (¢). Mean value and statistical analysis

15 of TG2 protein isolated from different heMSCs and peMSCs of
five different groups. All cells used were at passage 3 and isolated
by the non-enzymatic procedure. The value of P <0.0001 is
symbolized by ****

Figure 4. Western Blot results showing the protein levels of TG2 silenced

20 by shRNA technique in all isolated eMSCs. (a). Membrane
images of the results of SCR and shRNA results applied to control
and patient samples in five different groups. (b). Analysis of SCR
and shRNA applied to each control and patient sample in five
different groups. (c). The mean average values of the analysis of

25 SCR and shRNA applied to control and patient samples in five
different groups. As a result of the statistical analysis, statistically
non-significant p value is denoted by "ns", while significant p
<0.00001 value is denoted by *****,

Figure 5. The mean () values and standard deviations of flow cytometry

30 of control (heMSCs) and control treated with scrambled shRNA
(heMSCs + SCR) in all groups. While five different heMSC

5
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samples are represented by black filled curve, heMSC + SCR
samples are symbolized by hollow gray curve in the graph.
Figure 6. The mean () values and standard deviations of flow cytometry
of peMSC + SCR treated with scrambled containing control
5 lentiviral particles and TG2 targeting shRNA-treated peMSC +
shRNA samples of all groups. While five different heMSC
samples are represented by black filled curve, heMSC + SCR
samples are symbolized by hollow gray curve in the graph.
Figure 7. The effect of voluntary and controlled silencing of tTG2 with
10 shRNA on mean cell growth of eMSC samples in five different
groups. “ns” was used for the non-significant p value of the
statistical analysis results, and * p <0.05, **** p<0.00001,
respectively, were used for the significant values.
Figure 8. Representative images for the immunohistochemical staining
15 with surface markers specific to endometrium of the tissue
sections taken from endometriosis foci. Images showing CD146
(A), integrin B-1 (B), PDGFR (C) and TG2 (D) markers. Scale
bar: 50 pm.

20  The subject of the invention is the use of tissue transglutaminase (TG2) as a
biomarker for the diagnosis of endometriosis in isolated endometrial mesenchymal
stem cells derived from endometrial biopsy and/or menstrual blood from
endometriosis patients. This method is a non-invasive method compared to the
"laparoscopy" method used in the diagnosis of endometriosis today. In addition to

25  this, together with the tissue transglutaminase (TG2), at least one marker selected
from a group consisting of “cluster of differentiation 146” (CD146), “Sushi
domain containing protein 2” (SUSD2, also synonymously called W5CS5),
“integrin beta 1 (ITGB1)” and “platelet derived growth factor receptor”
(PDGFR) markers and combinations thercof, are used as a biomarker for the

30 endometriosis diagnosis in isolated endometrial mesenchymal stem cells derived
from endometrial biopsy and/or menstrual blood from endometriosis patients.

6
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Furthermore, an endometriosis diagnosis kit, which comprises TG2 or markers of

the invention in combination with one or more of CD146, SUSD2 (W5C5), ITGB1

and PDGFR, alone or in combination with each other and which is used for the
measurement of gene and/or protein levels thercof in “endometrial mesenchymal

5  cells (eMSC) isolated from endometrial biopsy sample and/or menstrual blood”, is
developed within the scope of invention. In addition to these, the gene and protein
expression levels of the markers of the invention, which are TG2 or a combination
thereof with one or more of CD146, SUSD2 (W5C5), ITGB1 and PDGFR, in
mesenchymal cells isolated from menstrual blood can be also used for detecting the

10  success of drugs used in treatment and the course of treatment. Given that
endometriosis accounts for 9%-50% of infertility cases, it is of great importance to
determine the infertility risks of young women due to endometriosis. Taking into
consideration that the surgeries, which are performed when the endometriosis cysts
reach large sizes, significantly reduce the ovarian reserve, preserving the fertility of

15 the patients by oocyte cryopreservation method at young age will become
applicable with the early and easy diagnosis of endometriosis that will be developed

within the framework of the mmvention.

Endometriosis is named after the "endometrium”, which means the layer that lines
20  the inner layer of the uterus of women of reproductive age and is lost upon
thickening every month during the menstruation. In endometriosis, the tissue
resembling the endometrium, which should normally be present in the inner layer
of the uterus, grows outside the uterus and is implanted in other parts of the body
[37]. As the ectopically implanted tissue contains viable endometrium cells, in
25  every menstrual period they function the same way as the cells in uterus [37]. The
high adhesion and migration properties of these cells can be explained by the
adhesion and migration inducing surface proteins they express on the cell surfaces.
In the literature, it has been shown that different from mesenchymal stem cells
isolated from other organs, eMS cells express CD146, PDGFR, W5C5 markers
30 [38]. We recently published in a conference abstract that tissue transglutaminase
(TG2) protein is also expressed in eMS cells in addition to these markers [39]. In

7
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our conference abstract, TG2 enzyme activity and mRNA levels along with the
levels of syndecan-4 and integrin beta 1 were analyzed and the effect of TG2 on
matrix metaproteinase enzyme activity was determined in eMS cells isolated from
a healthy individual and a patient. In laboratory studies, which we conducted as a
5 continuation of our conference abstract and which is the subject of this patent
application, it has been shown that the increased TG2 not only controls the protein
expression of CD146, SUSD2 (W5C5), ITGB1 and PDGFR but also promotes
eMSC proliferation in eMSCs from five endometriosis patients. In addition, the
upregulation of TG2 together with CD146, ITGB1 and PDGFR was also evident in
10 17 biopsy samples obtained from endometriosis tissues. Like other members of the
family, human tissue transglutaminase (TG2), a member of the transglutaminase
family, catalyzes Ca*>-dependent protein deamidation, transamidation, and cross-
linking [40], [41]. The transamidase activity of TG2 plays an extracellular role in
matrix stabilization, which is essential in wound healing, angiogenesis, and bone
15  repair, and generally plays an intracellular role in cross-linking of the proteins
during apoptosis [40]. Since the discovery of TG2 in 1957, its numerous enzymatic
substrates have been identified in intracellular compartmentations including the
cytosol, nucleus and mitochondria, as well as in extracellular compartmentations
within the intracellular and extracellular matrix (ECM) [42], [43], [44]. In addition
20 to Ca’*-dependent post-translational modification of proteins, the enzyme, also
known as TG2, cytosolic type II or liver transglutaminase, can bind and hydrolyze
GTP and act like a G protein [41], [45] Therefore, in terms of catalytic activity,
TG2 can be termed as a bifunctional enzyme due to its ability to catalyze Ca**-
dependent protein crosslinking activity and Ca’*-independent GTP hydrolysis [41],

25  [46], [47], [45], [48].

In the Ca*>-dependent transamidation reaction of TG2, an intermolecular isopeptide
e-(y-glutamyl) lysine bond is formed, and this causes internal cross-linking of
monomeric protein units [49]. These bonds are resistant to chemical and physical
30  degradation; thus, they are known to have a biological importance, particularly in
the stabilization of the extracellular matrix (ECM) [50], [51]. Studies have shown

8
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that TG2 turns into a protein that plays an active role in cell adhesion and migration
as a G protein [41], [45], when TG2, which is dependent on the Ca*? level in the
transamidation reaction, loses its cross-linking activity at low Ca** amount [36],
[50], [52]. The ability of TG2 to function in the adhesion function depends on its
5  cooperation with two transmembrane proteins, integrins (B1/B3/p5) and syndecans,
as well as non-covalent binding of ECM proteins to the adhesion receptor as a result
of this cooperation [S0], [S3]. Both these receptors and TG2 itself interact with
fibronectin [34], [36], [S0]. In recent studies, it has been suggested that TG2 loses
its "cross-linking" enzyme activity by binding to the fibronectin (FN) matrix protein
10  extracellularly and acts as a novel cell adhesion protein that functions as a co-
receptor for integrin and syndecan-4 receptors [32], [33], [34], [35], [36]. In
addition, TG2 in complex with FN matrix protein, has a role in preventing cells
whose integrin receptors are blocked and which could not bind to a surface, from
undergoing apoptosis [54], thus upregulation of TG2 was observed in melanoma,
15  breast, lung and pancreatic cancers and it was proven that TG2 confers drug
resistance and metastatic properties to cancer cells [S5], [56], [57], [58], [59], [60],

[61], [62].

According to the retrograde menstrual cycle in endometriosis patients, CD146,
20  PDGFR, W5C5 surface markers are other molecules that may play a role in the
migration of endometrial cells to the peritoneum and organs in the abdominal cavity
as a result of the reverse flow of the endometrial cells during menstruation. In the
laboratory studies we conducted within the framework of our patent application,
eMSCs isolated from individuals with endometriosis and eMSCs isolated from
25  healthy individuals were compared and it was detected that CD 146, PDGFR, W5C5
surface markers were expressed at a higher rate in endometriosis eMSCs than in
healthy ones. Increased expression of these markers in eMSCs was shown to be

controlled by TG2 where TG2 expression is silenced by shRNA technology.

30  Although in many studies in the literature, cells that displayed increased expression
of CD146, a member of the immunoglobulin superfamily (IgSF) which act as a cell
9
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adhesion molecule (CAM), showed increases in cell migration and invasion
potential [63], [64], this marker has not been studied previously in endometriosis
patients except healthy ¢eMSCs. In addition to CD146, another endometrial
mesenchymal cell marker PDFGR was found to be overexpressed in endometriosis
5 mesenchymal stem cells (peMSCs) when compared to healthy endometrial
mesenchymal stem cells (heMSCs), suggesting this marker to be considered in our
hypothesis as another potential parameter. Studies have shown that PDFGR is
highly expressed in ovarian [65], [66], [67], [68] and uterine [69] cancers, which
are developed in untreated late-phase endometriosis cases. It is also stated in studies
10  in the literature that PDGFR is essential in various cellular processes such as cell
proliferation, migration, transformation and survival during the development and
pathogenesis of various endometrial diseases [70], [71], [72]. However, although it
has been clucidated that PDFGR plays a role in the development of many different
gynecological disorders, a comparative study of eMSCs of individuals with/without
15  a previous diagnosis of endometriosis has not been performed. This deficiency in
the literature covers another original study of our invention. As expected in the
light of this information and shown by the results of the present invention
endometriosis cells contain higher PDGFR than healthy cells. In addition to these
markers, another marker is an antibody which is known as W5C5 that recognizes
20 SUSD?2 protein which is shown to be specific to endometrial mesenchymal cells
isolated from healthy individuals. Just like CD146 and PDGFR, this marker is also
known to be expressed at basal level in endometrial mesenchymal stem cells [38].
Garget et al. showed in their studies that W5C35 is highly expressed in perivascular
implantation foci in endometriosis patients [73], [74]. In another study in the
25  literature, W5CS5 levels were also found to be higher in fibroblast cells isolated from
individuals who were diagnosed with endometriosis, compared to fibroblast cells
isolated from healthy individuals [75]. The detection of W5C5 levels in eMS cells
isolated from healthy and endometriosis patients carried out within the scope of the
invention has never been studied in the literature.
30  Within the framework of our invention, the following have been demonstrated by
our studies conducted on endometriosis and healthy eMSCs:

10
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1. expression of CD146, PDGFR and W5C5 is increased in endometriosis
eMSCs under TG2 control; and

2. TG?2 is the main actor in driving the proliferation of these cells.

In addition to our studies with CD146, Integrin p-1, PDGFR, TG2 and W5C5
markers in endometrial MSCs, the expression levels of these markers were
investigated in the endometriosis foci taken from different regions of 17 patients in
different stages by immunohistochemical staining method. Staining in glands and
10  stroma in the tissues were evaluated individually and it has been detected that as we
have shown in eMSCs, CD146, PDGFR and TG2 markers were expressed more
than 50% in the glands of all endometriosis focal tissues, as intense (++) or very
intense (+++) (Table 5). It has been detected that CD146, PDGFR and TG2
expressions in the stroma were lower than those in the glands in the endometriosis

15  focal tissues.

EXPERIMENTAL STUDY

Determination of Cell Groups to be Used in Experiments
20
All isolated cells used in our experiments were isolated from tissue samples of
patients diagnosed with endometriosis and healthy volunteers. Ethics committee
application of our study was made to Yeditepe University Human Ethics Committee
and approval numbered Decision No: 63/509 was obtained from the committee
25 members. In the experiments carried out within the framework of our invention,
tissue samples taken from five different healthy people (control groups) and five
different patients diagnosed with endometriosis were studied. Healthy tissue
samples used in the study were obtained from fertile women under 49 years of age
without endometrial polyps in the uterus, endometrial hyperplasia, endometrial
30 cancer or submucosal myoma and who were not diagnosed with endometriosis.
Endometrial biopsy samples from healthy patients were collected during non-

11



WO 2022/245324 PCT/TR2022/050458

gynecological surgeries from fertile individuals who did not have endometriosis in

the pelvic peritoneum and organs.

Patient samples were voluntarily collected from women under the age of 49 with
5 confirmed diagnosis of moderate or severe endometriosis according to American
Society for Reproductive Medicine (ASRM) classification system. All patients
were undergone laparoscopic intervention for abdominal cavity examination and
total endometriotic tissue excision. Women with pathological diseases other than
endometriosis, which may affect the results of the study were not included in the

10  study.

Cell Isolation and Culture

After the collected endometrial tissues were transferred to our laboratory in serum
15  physiological saline, they were rinsed 3 times with phosphate buffer solution (PBS)
containing 3% (v/v) penicillin streptomycin for removal of the blood in the tissues
and sterilization. After the samples were washed 2 times with serum-free growth
culture medium MEM, tissue pieces were then minced into 1-2 mm? pieces with
the help of scalpel. Following this process, the minced tissue pieces were stirred at
20 70 rpm for 2 hours at 37°C in 10 ml of serum-free MEM containing 0.05% trypsin
enzyme. Following the stirring process, the cells were centrifuged at 1500 rpm for
5 minutes and then supernatant was discarded, the remaining pellet portion was
transferred to 6-well cell dishes, and a coverslip was placed thereon, and cells were
left to grow in low glucose (1g/L) DMEM culture medium containing 20% (v/v)
25  fetal bovine serum (FBS), 100 IU/ml penicillin, 100pg/ml streptomycin at 37°C and
5% CO2-humidified environment for 5 days. At the end of the incubation period,
the cells covering the surface of the 6-well plate were transferred to T-25 and then
T-75 tissue culture dishes where they were grown, and then they were subjected to
CD marker analysis for the characterization of stem cell properties.
30
Characterization of eMSCs
12
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Flow cytometry analysis was applied for the characterization of control and patient

eMS cells. The cells were fixed with 4% (v/v) paraformaldehyde solution and then

were washed 3 times with PBS, and labeled with CD146, PDGFR, W5C5, CD44,

5 CD29, CD73, IntegrinB-1, CD90 and CD105 antibodies, which are surface markers
for eMSCs, for 16 hours at 4°C and analyzed using flow cytometry. At the same
time, the 1solated cells were also incubated with CD31, CD34, CD45 antibodies,
which are hematopoietic stem cell surface markers (to act as a negative control).

The cells were precipitated at 300xg and then washed once with PBS and suspended

10 in 1 ml PBS, and analyzed using the FL1 (green), FL2 (red) channels on the flow

cytometer.

Western Blot

15  TG2 protein level in heMSC, peMSC and cells treated with shRNA to downregulate
TG2 was detected by Western blot method. Beta actin was used as the control
antibody to show that protein amount of each sample was loaded equally. For this
purpose, eMSCs were seeded into 6-well plates at a density of 300.000 cells per
well for 4 hours. Following the incubation period of 24 hours, 30ul of RIPA buffer

20 (ImM PMSF, 0.5% Non-idet, 0.1% SDS, ImMNaF, ImM Na3VO4 and protease
inhibitor cocktail) was added onto the cells, and the cell membranes were
fragmented, and cell lysates were obtained and the protein amount was determined
by Lowry's method. Proteins (50ug/well) in the cell homogenate were separated by
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)

25  technique in gels with densities ranging from 8% to 12%. Proteins were transferred
to nitrocellulose membrane at 200mA current for 1 hour by wet-transfer method
and then the membranes were kept in Tris-Tween (100mM Tris-HCI, 0.9% (w/v)
NaCl and 0.05% (w/v), pH 7.4) solution containing 5% milk powder for 1 hour and
incubated with the appropriate antibodies at 4°C for 16 hours. Antibodies used in

30 Westem Blot were prepared in Tris-Tween solution containing 5% milk powder at
the concentrations indicated according to the purchaser's recommendation.

13
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Following an incubation period of 16 hours, the membranes were washed three
times for 5 minutes with Tris-Tween solution and labeled with HRP-labeled anti-
mouse antibody 1:5000 or 1:1000 diluted in Tris-Tween solution containing 5%
milk powder for 2 hours at room temperature. At the end of 2 hours, the membranes,

5 cach of which were washed with Tris-Tween solution three times for 5 minutes,
were kept in ECL-HRP substrate solution and then photographed with ChemiDoc
XRS+ (BioRad) device.

10  Reduction of TG2 Expression by shRNA Technology

After 24 hours following being seeded in 24-well plates (20.000/well), eMSCs were
kept in culture medium containing 4% (v/v) FBS, 100IU/ml penicillin, 100pg/ml
streptomycin (transduction culture medium) and 8pg/ml polybrene for 12 hours.
15 While peMSCs were infected with lentiviral particles containing shTG2 and control
shRNA lentiviral particles, which were diluted in transduction culture medium to a
multiplicity of infection (MOI) of 4, heMSCs were only transduced with control
shRNA using MOI of 2. Viral particles were produced by Santa Cruz (USA)
company and shTG2 viral particles comprise target-specific SiRNA with a length
20 of 19-25 nucleotides (+ hairpin) that binds to TG2 mRNA in at least 3 different
locations. The control shRNA comprises the scrambled shRNA sequences within
the lentiviral particles that will not cause any particular disruption of any cellular
message and was used to determine whether the transduction process has any effect
on eMSC. After the treatment, the cells were washed once with PBS and then kept
25 in culture medium containing 12% (v/v) FBS, 100IU/ml penicillin, 100ug/ml
streptomycin and 2.5pg/ml puromycin for 6 to 9 days. Since the puromycin
resistance gene is also encoded in plasmids containing shRNAs, cells transduced
with the shRNA plasmid are expected to develop puromycin resistance. At the end
of the puromycin selection, cells were cultured and banked in liquid nitrogen in

30  FBS containing 10% (v/v) dimethyl sulfoxide (DMSO).
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Determination of Cell Proliferation Capacity by WST-1 Assay

2-[4-10dophenyl]-3-[4-nitrophenyl]-5-| 2,4-disulfophenyl]-2H tetrazolium
monosodium salt water soluble tetrazolium (WST-1) assay, is a colorimetric

5 measurement used for testing the TG2-driven proliferation of eMS cells at time
periods of 24, 48, 72 and 96 hours, respectively, that was performed on all isolated

eMS cells with/without shRNA [76]. In the working principle of WST-1 cell
proliferation assay, mitochondrial activity of cells is measured. First, cells were
incubated with WST-1 reagent, which is a colorimetric substrate [77]. This

10  technique is based on the reduction of tetrazolium salts catalyzed by mitochondrial
enzyme systems. First, early in the morning, all isolated eMSCs were seeded into a
96-well plate at 2000 cells/well, 5000 cells/well, 10000 cells/well, 15000 cells/well

and 20000 cells/well to construct a standard curve. After this process, all isolated
eMSCs were seeded into a 96-well plate at 2000 cells/well and at the designated

15  time points cells were incubated with a mixture containing 5 uL. of WST-1 reagent
and 45 pL of growth medium for 1 hour. At the end of the incubation period, the
proliferation capacity of the cells was determined by measuring the absorbance of

the cells at a wavelength of 420-480 nm (A max 450 nm).

20  Selecting the Tissue Sections Taken from Endometriosis Foci

The reports of the samples of the patients diagnosed with endometriosis were
scanned by the pathologist and 17 patient samples in different stages were selected.
The requirement of samples to be from different stages was laid down as a condition
25  for the selection criteria. Tissue samples were stored in a paraffin-embedded

manner after they were collected from the patient.

Immunohistochemical Staining of the Tissue Sections

30  Paraffin-embedded tissue samples were allowed to cool at -20°C to take thin

sections. Sections of 5 pm thickness were taken from the samples using a
15
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microtome device, floated on hot water and placed on positively charged slides.

The slides were dried and the tissue section with paraffin was adhered to the surface

of the slide. Before staining with the antibody, all slides were kept at 70 °C for one
hour to remove the paraffin from the tissues. Then, they were prepared and treated

5  with CD146, Integrin 1, PDGFR, W5C5 and TG2 endometrial mesenchymal stem
cell surface marker antibodies as recommended by the manufacturer’s instructions.

All processes of immunohistochemical staining were performed with Leica Bond
Max Immunocytochemistry Stainer (Shanghai, China) device. After the samples
were completely dried in the device, mounting medium was added and covered with

10  acoverslip. For each antibody staining of each sample, five images each were taken
from different regions using the light module of Zeiss fluorescent microscope with

a 40x objective.

Quantification and Evaluation of Inmunohistochemical Staining Images
15
The staining intensity of cach marker was analyzed separately for glands and stroma
by using the Imagel] program and the staining intensities were indicated in
percentage. Then, the weakest and most intense staining were selected, and the
median value was calculated in the excel program. The staining values between the
20  weakest staining and the median number were divided into two and evaluated as
“0” and “+”. Similarly, the values between the highest staining and the median
number were divided into two and evaluated as “++” and “+++”. The numerical
evaluation table is as follows (Table 1). This process was performed for
endometriosis foci from 17 patients. Since there was no staining in any of the

25  studies performed with the W5C5 antibody, it was not included in the evaluation.
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Table 1: Evaluation of immunohistochemical staining

CD146 ITGp-1 PDGFR TG2
Percentage of 1.597 1.063 1.633 5420
minimuim
staining arca
Percentage of 66.363 34.107 47492 72.996
maximum
staining arca
Percentage of 22.550 8.655 16.499 35.986
median staining
arca
0 1.597-12.074 1.063-4.859 1.653-9.076 5.420-20.703
+ 12.074-22.550 | 4.859-8.655 9.076-16.499 20.703-35.986
++ 22.550-44.457 | 8.655-21.381 16.499-31.995 | 35.986-54.491
+++ 44 .457-66.363 | 21.381-34.107 | 31.995-47.492 | 54.491-72.996
Statistical Analysis

Graphs prepared for all data analyses were prepared in the GraphPath program and
after determining whether the data had a parametric or non-parametric distribution,
the data showing parametric distribution were analyzed by student-t test compared
to the control. Anova and Mann-Whitney Tests were used for non-parametric data.
Each experiment was repeated at least 5 times. p<<0.05 was accepted as significant.

(* p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001).
Experimental Results
Our research, which is the subject of the invention, was carried out in the molecular

m the
17
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Bioengineering at Yeditepe University. Healthy endometrial mesenchymal stem
cells (heMSCs) and endometriosis mesenchymal stem cells (peMSCs), which were
isolated in cell culture medium from endometrial tissues collected from individuals
who are diagnosed with endometriosis (patient groups) and who are not diagnosed

5  with endometriosis (control groups), were used as the cell model. The experiments
of the present invention were conducted by working with samples collected from

five different patient groups and five different healthy groups, and all experiments
were applied once for each tissue sample, and thus five repetitive sets of
experiments were created. Flow cytometry analysis was applied for the

10  characterization of eMS cells. By following the protocol explained in the
characterization of eMSCs; CD146, PDGFR, W5C5, CD44, CD29, CD73,
IntegrinB-1, CD90, and CD1035 antibodies were used as mesenchymal markers and
CD31, CD34, CD45 antibodies were used as hematopoictic (to act as negative
control) markers. In Figure 1, average binding affinities of CD markers for n=5

15  cells from each group with standard deviation were given.

In heMSC, 42.74% for CD146, 44.60% for W5C5, 43.38% for PDGFR, 92.03%
for CD44, 93.93% for CD29, 92.20% for Integrinp-1, 91.86% for CD73, 89.90%
for CD90, and 90.91% for CD105 protein expression were detected respectively as
20  surface markers. On the other hand, it was found by flow cytometry experiments

that hematopoietic stem cell surface markers used as negative control expressed
2.64% CD14, 1.44% CD31, 2.87% CD34 and 1.58% CD45, respectively.

In Figure 2, flow cytometry was applied for the characterization test of peMSC
25  samples and average binding affinities of CD markers for n=5 cells from each group

with standard deviation were given.

When the analyses of the CD surface markers in peMSCs were averaged, 75.52%
for CD146, 73.99% for W5C5, 73.99% for PDGFR, 94.08% for CD44, 95.65% for
30 (D29, 97.93% for Integrinf-1, 96.70% for CD73, 97.74% for CD90, and 87.43%
for CD1035 protein expression were determined, respectively. On the other hand,
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analysis of flow cytometry results showed that the expression of hematopoietic stem

cell surface markers, used as negative control, was 1.40% for CD14, 1.20% for

CD31, 1.60% for CD34 and 0.96% for CD45, respectively.

The mean values, standard deviations and “p significant” value (**** p<0.0001) of

markers for eMSCs isolated from endometrium samples taken from five healthy

volunteers and endometriosis patients are given in Table 2.

Table 2: Mean percentage of stem cell markers in five different heMSC and

peMSC and the value of p<0.0001 was denoted as ****

heMSC peMSC

CD Markers % +SD % +SD p Value

CD 146 42.74 3.08 75.52 2.49 k% (p< 0.0001)
W5C5 44.6 2.36 73.99 6.29 k% (p< 0.0001)
PDGFR 4338 4.1 73.99 2.29 **%% (p< 0.0001)
CD 44 92.03 429 94.08 4.07 ns

CD 29 93.93 542 95.65 1.58 ns

ITGE-1 92.2 7.59 97.93 0.8 ns

CD 73 91.86 6.1 96.7 2.02 ns

CD 90 94.9 7.04 97.74 1.96 ns

CD 105 90.91 5.67 87.43 3.65 ns

CD 14 1.76 0.93 1.4 0.37 ns

CD 31 1.13 0.49 1.2 0.19 ns

CD 34 1.6 0.78 1.6 0.39 ns

CD 45 1.41 0.34 0.96 0.4 ns

When the average values of the five different heMSC and peMSC given in Table 2

were taken into the account, it was found as a result of the flow cytometry

experiments we have conducted that the expression of surface markers CD 146,

W5CS5 and PDGFR were significantly (****, p<0.0001) higher in peMSC samples

19



WO 2022/245324 PCT/TR2022/050458

isolated from patients diagnosed with endometriosis compared to the heMSC
samples. In peMSC, the expression of CD 146 was 1.77 times, the expression of
W5CS was 1.65 times and the expression of PDGFR was 1.71 times higher
compared to heMSCs. In this context, our experiments have shown that CD146,
5  WS5CS and PDFGR are synthesized more in patient cell samples than in healthy
cells, and that these biomarkers will be a biomarker for the diagnosis of

endometriosis when used individually or in combination.

Within the scope of our invention, Westem blot method was used to determine the
10  amount of TG2 in total protein isolated from control (healthy) and patient MSCs.
For this purpose, protein isolated from five different control samples and five
different patient samples was separated by polyacrylamide gel electrophoresis
(SDS-PAGE) technique and after being transferred to nitrocellulose membrane by
Westem Blot technique. In Figure 3 TG2 protein expression levels were
15  determined using the antibody recognizing TG2 while B-actin antibody was used in

the whole Western Blot technique to ensure equal amount of protein loading.

In Figure 3, it was observed that TG2 levels in peMSC lysates isolated from five
different patients were higher than those in heMSC lysates isolated from healthy
20 individuals. When the TG2 protein levels in cells isolated from healthy individuals
and patients were compared between the groups respectively, it was observed that
the TG2 level in the patient cells in group-1 was 7.4 times higher than the healthy
cells. It was detected that the patients in group 2 had TG2 protein level 6.1 times
higher than the healthy individuals. Similar results were observed in protein
25  samples of patient cells in group 3, group 4 and group 5, and it was detected by
Image J analyses that endometriosis patients had 6.5, 6.3 and 5.8 times more TG2
protein respectively, when compared to healthy samples. In Figure 3.c, the mean
value of the TG2 protein level of all groups is presented and statistical results in the
figure were evaluated with the Oneway Anova test in GraphPad Prism 6. As a result
30  of'the statistical analysis, p <0.0001 value was obtained, and the result was depicted
with **** In Figure 3.c showing the mean value of the TG2 protein level of all

20
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groups, it was determined that the average TG2 protein level of the peMSC samples
was 4.7 times higher than that of the heMSC samples.

In order to prove our hypothesis that increased CD146, PDGFR and W5C5 in

5 peMSC samples might be TG2-driven, which increases the originality of our

invention, we performed voluntary/controlled TG2 silencing by using shRNA

technology in this part of our study. Experimental samples consisted of untreated

heMSCs, scrambled shRNA-treated heMSCs (heMSC + SCR) and peMSCs

(peMSC + SCR), and finally, TG2-targeting shRNA-treated peMSCs (peMSC +

10  shRNA). First, in order to prove that the silencing of TG2 in a voluntary and

controlled manner by using shRNA technology is carried out successfully, Western

Blot (Figure 4) and RT-PCR methods were applied to heMSC, heMSC + SCR,
peMSC, peMSC + SCR and peMSC + shRNA samples.

15 In Figure 4.a., changes in TG2 protein levels in cells after TG2-targeted shRNA
application were determined by measuring band intensities on the membrane after
Western blot technique. The quantitative results of these band intensities were
detected by using the Image J software program and are presented in the graph in
Figure 4.b. According to these results, SCR shRNA transduction in all groups (n=5)

20 for heMSC did not cause any change in TG2 expression (Figure 4.c.) While the
transduction of peMSCs with viral particles carrying TG2-targeting shRNA caused
a 1.62-fold decrease in Group 1, this value was determined as 1.62-fold for Group
2, 3.1-fold for Group 3, 3-fold for Group 4 and 2.37-fold for Group 5. TG2 protein
expression measured as a result of reduction of TG2 expression with shRNA

25  (peMSC + shRNA) in peMSC was found to be similar when compared to heMSC
and heMSC + SCR (Figure 4.c). Statistical analysis showed that there was no
significant difference between them and it was represented as “ns” in the graph. A
similar comparison was made between the heMSC samples and the peMSC samples
on the same graph, as a result, it was observed that peMSC synthesized 2.6 times

30 more TG2 than peMSC + shRNA and significant p <0.00001 value is indicated by

kR kK
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After successful silencing of TG2 with shRNA, flow cytometry experiments were
performed again to detect CD146, PDGFR, and W5C5 surface markers in five

different healthy and endometriosis eMSCs, and our results comparing the heMSC

and heMSC + SCR samples are given in Figure 5, and our results comparing the

peMSC + SCR and peMSC + shRNA SCR samples are given in Figure 6.

In the flow cytometry results, it was observed that control samples treated with the

scrambled virus particle (heMSC + SCR) had similar values compared to the

heMSC samples. Result for statistical analysis of the mean values of heMSC and

heMSC + SCR samples are presented in Table 3.

Table 3: Mean percentage of stem cell markers in five different heMSC and

heMSC + SCR samples and the p value with no statistical difference shown by

33

ns

bRl

heMSC heMSC + SCR
CD Markers % + SD % + SD p Value
CD 146 46.15 3.2 45.89 3.14 ns
W5C5 44.89 4.05 45.22 3.66 ns
PDGFR 43.05 3.01 42.93 4.15 ns
CD 44 89.38 5.16 90.49 531 ns
CD 29 92.58 45 91.27 5.77 ns
ITGB-1 942 2.79 94.12 291 ns
CD 73 9437 476 94.69 4.65 ns
CD 90 92.69 1.76 91.15 1.22 ns
CD 105 90.78 6.43 91.56 6.54 ns
CD 14 2.18 1.06 1.94 1.09 ns
CD 31 1.69 091 1.6 0.78 ns
CD 34 2.12 0.76 2.09 0.95 ns
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CD 45 |1.33 |0.53 |O.89 |0.24 |ns |

According to the results in Table 3, it has been proved by the experiments we
conducted within the framework of our invention that the lentivirus we use as a

carrier has no effect on the cells.

5
In this part of our results, in order to show that increased CD146, PDGFR and
W5C5 in peMSC samples may be TG2-driven, flow cytometry method was applied
to peMSC + SCR samples treated with scrambled control lentiviral particles and
peMSC + shRNA samples treated with tTG-targeting shRNA and the results are
10  given in Figure 6.
Flow cytometry results set forth that peMSC + SCR cell surface markers were
similar to peMSC cells. In TG2-targeting shRNA-treated peMSC + shRNA cells,
expressions of CD146, W5CS and PDGFR surface markers, which are highly
15  contained in peMSCs, is decreased to the levels seen in healthy eMSCs in response
to TG2 silencing. The results of the statistical analysis of the mean values of peMSC
+ SCR and peMSC + shRNA samples are presented in Table 4.
Table 4: Mean percentage of stem cell markers in five different peMSC and
20 peMSC + shRNA samples and p value with statistical difference (p<0.0001)
shown by “***>
peMSC + SCR peMSC + shRNA
CD Markers % + SD % +SD p Value
CD 146 71.43 5.1 35.54 5.37 #%%% (p< 0,0001)
WSCS 76.63 2.49 42.09 3.43 #%%% (p< 0,0001)
PDGFR 78.54 0.5 34.8 4.04 ##%% (p< 0,0001)
CD 44 89.06 6.57 90.13 7.64 ns
CD 29 92.47 3.26 93.31 5.55 ns
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ITGB-1 93.59 3.55 93.7 34 ns
CD 73 90.84 6.75 89.65 7.36 ns
CD 90 88.21 7.26 87.86 8.17 ns
CD 105 92.97 5.36 95.77 451 ns
CD 14 1.74 0.67 1.92 0.88 ns
CD 31 1.66 0.4 2 0.26 ns
CD 34 1.96 0.89 2.02 091 ns
CD 45 1.72 0.36 1.67 0.27 ns

10

15

20

Considering the results in Table 4, when peMSC + SCR samples were compared
with peMSC + shRNA samples, in peMSC + shRNA samples treated with TG2-
targeting shRNA, statistically, an expression reduction (****, p<0.0001) of 2.1-
fold for CD146, 1.82-fold for WS5CS and 2.26-fold PDGFR was observed,
respectively. These results for the first time in the literature constitute a proof that
increase in CD146, PDGFR and W5C5 expression levels in peMSC samples seen

in the development of endometriosis is TG2-driven.

For the comparative detection of TG2-driven cell proliferation in peMSCs, WST-
1 assay was applied to the samples of heMSC, heMSC + SCR, peMSC, peMSC +
SCR and peMSC + shRNA at different time points for 24, 48, 72 and 96 hours and

the results are given in Figure 7.

According to the results in Figure 7, it was set forth that at the end of 24, 48, 72
and 96 hours, heMSC and heMSC + SCR cells proliferated more slowly than
peMSC and peMSC + SCR cells. At the end of 24 and 48 hours, it was observed
that peMSC and peMSC + SCR samples with high TG2 expression had an average
of 2.1 and 2.3 times more cells compared to heMSCs, and at the end of 72 and 96
hours, this rate was 3.2 and 3.0 times higher, respectively. In peMSC + shRNA cell
samples in which TG2 expression was silenced, it was detected that the mean cell

number was similar to that of heMSC and heMSC + SCR cells (p>0.05).

24
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After performing immunohistochemical staining on the tissues taken from
endometriosis foci with TG2, CD146, PGDGR, SUSD2 (W5C5) and Integrin B-1
antibodies, Tissue sample was probed separately for each antibody and five images
cach were taken from different regions with the 40x lens using the light module of
5 the Zeiss fluorescence microscope. Representative images for each antibody are
illustrated in Figure 8. In all samples, it was detected that Integrin B-1, TG2, CD146
and PGDGR markers are expressed more intensely in the glands of the
endometriosis focus than in the stromas. No staining for the SUSD2 (W5C5)

antibody was observed in any of the endometriosis focal tissue samples.

10
Table 5. Expression levels of CD146, ITGB-1, PDGFR and TG2 markers in the
stroma and glands of the studied endometriosis focal tissues are given in percentage.
CD 146 ITGB1 PDGFR TG2
Gland Stroma Gland Stroma Gland Stroma Gland Stroma
11.8 588 235 353 17.6 11.8 0.0 41.2
+ 11.8 17.6 17.6 11.8 235 471 471 11.8
++ 294 235 52.9 47.1 17.6 17.6 17.6 235
++ | 47.1 0.0 5.9 59 412 235 353 235
15

It was detected that in the glands of all studied endometriosis focal tissues, CD146,
PDGFR and TG2 markers were expressed more than 50% as intense (++) or very

intense (+++) (Table 5).

20  Results and Application of the Invention

As mentioned in previous studies, endometriosis is the condition in which
endometrial tissue, which should be in the uterus, is also present outside of the
uterus, most commonly on the surface of the abdominal cavity, in the ovaries, or in

25 much more distant regions such as the brain[78]. When the prevalence among

25



WO 2022/245324 PCT/TR2022/050458

women was examined in general, it was determined as 6%-10% [79], [80], [81].
However, it has been shown that the detection rate of endometriosis discase is
between 35-50% in women with pelvic pain or infertility [79], [80], [81]. The result

of the US cost report for endometriosis diagnosis is $69.4 million per year [82].

5  “Laparoscopy” constitutes a large part of this expensive diagnosis [82]. Although
laparoscopy is an important diagnostic method for the diagnosis of endometriosis,

it includes surgical risks such as surgical problems that may arise during the
operation, intestinal and bladder damage, damage to the ovary, damage to large
vessels and bleeding, as well as high cost and long-term patient resting process [6],

10 [82], [83]. The absence of a non-invasive easy to apply, reliable diagnostic test with
fast results, causes an average of 7-11 years delay in diagnosis for women with

endometriosis [84], [85].

In the light of this information in the literature, in our invention, in which we have
15  started to work on a high-sensitivity diagnostic test, we have discovered that TG2,
which can be a novel biological marker for the diagnosis of endometriosis and
which is both cost-effective and provides the possibility of "application/result” in a
short time without the need for surgical intervention, can be used in the diagnosis
of endometriosis by driving endometrial MSCs-specific CD146, W5C5 and
20  PDFGR expression. In this context, the importance of TG2 in both the diagnosis
and development of endometriosis was demonstrated for the first time in the

literature by the experiments we conducted within the scope of our invention.

In the flow cytometric examination, it was proved that the cells isolated from the
25 endometrium of healthy (Figure 1) individuals and patients (Figure 2) have
mesenchymal stem cell character that is compatible with the  eMSC
characterization information in the literature [86], [87], [88], [89]. On the other
hand, these results indicate that the endometrium is a high source of mesenchymal
stem cells and that mesenchymal stem cells localized in the endometrium contribute
30  tothe repetition of the menstrual cycle, the repair of the endometrium and ensuring
its dynamic structure [90], [91]. It was determined by flow cytometry in the same
26
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cell groups that CD146, W5C5 and PDFGR [92] markers specific for endometrial
mesenchymal stem cells, are more expressed in patient cell samples compared to
healthy cells. Increased expression of CD146, W5C5, and PDFGR [92], which are
specific to endometrial-derived mesenchymal stem cells, in patient endometriotic
5 cells may have conferred cell migration, adhesion and invasion potential to peMSC
samples. Since the amounts of CD146, PDGFR and W5C5, which are known to
play a role in cell migration, adhesion and invasion, are high in patient cells and
PDGFR cooperates directly with TG2, it is considered that increase in CD146,
PDGFR and W5C5 in peMSC samples might be TG2-driven. In the previous study
10 by Zemskov et al., it has been shown in different cell samples that cell surface TG2
interacts with PDGFR and triggers TG2- driven PDGFR-dependent cell adhesion
with integrins [93], [94]. On the other hand, in recent studies conducted with central
nervous system cells, it has been shown that CD146 plays an essential role in
PDGFR-B-mediated signal transduction and triggers cell migration and adhesion by
15  PDGFR-P phosphorylation as a result of CD146 dimerization [95]. Although the
relationship between CD146 and PDGFR was explained in this study, their
relationship with TG2 and roles in endometriosis were not eclucidated. In
accordance with the flow cytometry results, the presence of TG2 was investigated
in heMSC and peMSC samples to determine the role of TG2 in the increased
20 expression of CD146, PDGFR and W5C5 in peMSC samples. With Western Blot
(Figure 3) and RT-PCR experiments conducted in this context, protein content and
gene expression of TG2 were investigated in heMSC and peMSC samples and it
was detected that both protein and gene expression of TG2 was higher in patient
samples compared to controls.
25
As shown with data presented so far that prove our hypothesis, to understand
whether the increased CD146, PDGFR and W5C5 surface markers in peMSCs are
under the control of TG2 expression, TG2 expression was silenced in a voluntary
and controlled manner by applying shRNA technology to eMSCs (Figure 4). While
30 it was observed that the level of TG2 protein (Figure 4) was reduced after applying
shRNA to peMSCs, (scrambled) shRNA containing control lentiviral particles
27
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applied to peMSCs and heMSCs did not reduce the TG2 protein level. As also
disclosed in the literature, while shRNAs inhibit proteins that are products of the
target gene, the scrambled comprising control lentiviral particles comprises about
19-25 nucleotide sequences in the human genome that do not correspond to any

5 cellular message, no changes are expected in cells treated with the scrambled [96],
and this information is parallel with our results. With the successful application of
shRNA in peMSC samples that synthesize and express TG2 at a high level, the role

of TG2 in endometriosis was molecularly elucidated by us through detection of
changes in CD146, PDGFR and W5C5 surface markers, the proliferative potential

10  of cells, their capacity to migrate to regions outside the uterus, and their ability of

invasion in new places where they have migrated.

As known, in addition to its Ca**-dependent cross-enzyme activity [41], [46], [97],
[98], [99], TG2 can lose its cross-linking activity independently of Ca'? and bind to
15  and hydrolyze GTP, and take an active role in cell adhesion and migration as a G
protein [41], [45], [36], [50], [52]. In the light of this information in the literature
and as a result of the experiment we presented within the scope of our invention, it
has been investigated whether peMSCs have gained the ability to migrate to regions
outside the uterus and to adhere to and invade the said regions, by means of the high

20  level of TG2 expression they contain.

According to the results we presented in Figure 4, following controlled and
voluntary silencing of TG2 with shRNA, CD146, W5C5 and PDGFR surface
markers in peMSC + shRNA cells were reduced to the levels observed in heMSC,
25  heMSC + SCR cells (Figure 6, Table 3 and Table 4). These results show us that
the surface markers of CD146, W5C5 and PDFGR, which are highly expressed in

peMSC cells, are under the control of TG2 gene expression.

WST-1 assays, which are performed at 24" 48® 72% and 96" hours for
30 determining the effect of TG2 expression on eMSC cell proliferation (Figure 7)
showed that peMSC cells proliferated 1.3 times faster when compared to heMSC
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samples. With TG2 silencing, the proliferative capacity of peMSC + shRNA cells
was reduced to the level of healthy heMSC levels. These results constitute a proof

that cell proliferation in endometriosis is performed under the control of TG2.

5 In addition to our studies with CD146, Integrin -1, PDGFR, TG2 and W5C5
markers in endometrial MSCs, the expression levels in the endometriosis foci taken
from different regions of 17 patients in different stages of endometriosis were also
examined by immunohisto-biochemical staining method. Stainings in glands and
stroma in tissues were evaluated separately. Results showed that as we have shown

10  in eMSCs in the glands of all endometriosis focal tissues, CD146, PDGFR and TG2
markers were expressed more than 50% as intense (++) or very intense (+++)
(Table 5). It was detected that CD146, PDGFR and TG2 expression in the stroma
were lower than that in the glands in the endometriosis focal tissues (Figure 8).
Although Integrin B-1 expression, which did not show an increase in eMSCs, was

15  expressed in endometriosis focal tissues, no change in expression was detected in
¢MSCs isolated from healthy individuals and patients. This suggests that Integrin
B-1 expression is increased during eMSCs endometriosis focus formation. Our
immunohistochemistry studies conducted with W5C5 within the framework of the
present patent application demonstrated for the first time in the literature that,

20 contrary to Gargett et al., the expression of W5C5 was suppressed in the
endometriosis focal tissue, while this marker was increased in eMS cells isolated

from endometriosis patient endometrium.

Within the framework of the studies conducted according to the present application,
25  the use of TG2, CD146, PGDGR, SUSD2 (W5C5) and Integrin -1 markers alone
or in combination as a biomarker in the diagnosis of endometriosis is requested to

be patented.
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CLAIMS

1. Tissue transglutaminase, which is used as a biomarker for the diagnosis of
endometriosis in isolated endometrial mesenchymal stem cells derived from

5 endometrial biopsy and/or menstrual blood from endometriosis patients.

2. Tissue transglutaminase according to claim 1, which is used as a biomarker
together with at least one marker selected from a group consisting of Cluster of
differentiation 146, Sushi domain containing protein 2, Integrin beta 1 and

10 Platelet derived growth factor receptor markers and combinations thereof, for
the diagnosis of endometriosis in isolated endometrial mesenchymal stem cells
derived from endometrial biopsy and/or menstrual blood from endometriosis

patients.

15 3. An endometriosis diagnostic kit, which comprises the biomarkers stated in
claim 1 and 2 alone or in combination with each other and which is used for
measuring the gene and/or protein levels thereof in “endometrial mesenchymal

cells isolated from endometrial biopsy sample and/or menstrual blood™.

20 4. A biomarker according to claim 1 or 2, whose gene and protein expression
levels in mesenchymal cells isolated from menstrual blood are used for

detecting the success of the drugs used in the treatment.
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