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Abstract

Endometriosis is a chronic benign gynecological disease characterized by the presence of ectopic
endometrial tissue outside of the uterus cavity. Human Endometrium is a highly regenerative tissue. The
aim of our study is to screen potential stem cell markers for the prospective isolation of human endometrial
stromal stem/progenitor cells. To determine their capacity to identify colony forming in eutopic
endometrial progenitor Cells in infertile Women and healthy Women with Endometriosis in Indian
perspective. This study identified CD90 marker of colony-forming human endometrial stromal cells are
found to be positively stained.
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1. Introduction

Endometriosis is chronic benign gynecological disorder which is characterized by a growth of
endometrial tissue outside the uterine cavity. Human endometrium undergoes cyclical processes
of growth, differentiation, shedding, and regeneration as part of the menstrual cycle during the
reproductive life of women (Maruyama T et al. 2008) [?4. Estimates shows that endometriosis
affects 10-15% of all women population during reproductive age with pelvic pain and infertility
(Sasson IE et al. 2008, Allaire C 2006) 32 2 |t is frequently associated with dysmenorrhea,
menorrhagia and dyspareunia, leading to infertility (Surrey ES 2003, Oral E et al. 1997) [3+ 29
The pathological condition involves adhesion, proliferation, and development of the endometrial
implants in ectopic regions such as the ovary and the peritoneal cavity. The pathogenesis of
endometriosis is ascertained but there are 3 different entities which are involved in
endometriosis are ovarian, peritoneal endometriosis and deep endometriotic nodules (Nisolle M
et al. 1997) %, There are evidence which indicates that eutopic endometrium in women
suffering from endometriosis is different from that of healthy controls. Apart from contributing
factors like genetic predisposition, environmental factors, hormonal, alterations immune and
endocrine functions plays a crucial role in the pathogenesis and etiology of endometriosis
(Bondza P.K et al. 2009, Carvalho, L 2011 and Jensen, J.R 2010) [ 4 21, The knowledge about
the etiology and pathogenesis of this disease still remain uncertain, but there are a number of
leading theories including retrograde menstruation, altered immunity, coelomic metaplasia, and
metastatic spread.

Endometriosis is an estrogen-dependent benign inflammatory disease characterized by the
presence of ectopic endometrium (Giudice et al. 2004) 181, The role of eutopic endometrium in
endometriosis-related infertility is still unclear due to a lack of understanding about the normal
physiologic mechanisms. The eutopic endometrial glandular and Stromal cells may be
functioning differently in women with endometriosis compared to normal women. These cells
have characteristics which have favored the survival outside the uterine cavity and precede
development of well-documented changes at the peritoneum and other ectopic sites (Akoum A
et al. 2006) M. During menstruation, the endometrial cells in endometriosis patients could
escape immune surveillance from the body and are less susceptible to apoptosis, resulting in an
increase in viable cells. After overcoming a phase of immune tolerance, the next step in the
development of early endometriosis is the adhesion of endometrial cells to mesothelium and
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invasion of the extracellular matrix, since the eutopic
endometrium of women with endometriosis are more adhesive
and invasive normal endometrium. After the last step of
angiogenesis, the endometrial cells establish a new blood supply
for the survival of implants, continue to proliferate in ectopic
sites, and finally results in endometriosis

In a regular event, in response to the mounting levels of
estrogen, new functionalis layer begins to grow during
Proliferative phase (Ferenczy A et al. 1979) [ Rising
progesterone in secretory phase blocks epithelial mitosis, and
cells undergo differentiation.

A striking feature of the human endometrium is spontaneous
decidualization of the stromal compartment during the mid-
luteal phase of each cycle, a process also responsible for the
menstrual shedding of the endometrium in the absence of
pregnancy (Lam EW et al 2012) 2%, The colony forming units
have self-renewal capacity by undergoing cloning in vitro
(Gargett, C.E 2007, Morrison, S.J 1997) 126 271" Adult stem cells
in human endometrium are clonogenic which are idenitified
from small population of colony forming units (CFU). The
human endometrium contain small population of clonogenic
epithelial (0.22%) and stromal cells (1.25%), exhibiting stem-
cell function in vitro. (chan rw 2004) ¢ The clonogeniety of
cells from proliferative, secretory, and inactive endometrium
was demonstrated too. (schwab ke 2005) [

The human endometrium contained small populations of
epithelial progenitor cells and MSC-like cells (Gargett, C.E.
2009) 3141 Cultured endometrial stromal cells also differentiate
into mesodermal lineages and lineages of ectodermal and
endodermal origin (Wolff, E. F et al.2007, Wolff E. F et al.
2010, Santamaria X et al. 2011, Dimitrov, R. et al. 2008) 3" 3.
31 8] indicating that endometrial stromal cells have considerable
plasticity.

The human endometrium exhibits remarkable regenerative
capacity (Gargett CE et al. 2012) 12 which is rich in
mesenchymal stem-like cells (eMSCs), and are immuno-
privileged compared to other types of stem-like cells, rendering
them a promising resource for cell-based therapies Santamaria,
X et al. 2011, Wolff, E.F et al. 2011, and Ulrich D et al. 2013)
[31.35.38] |n the absence of implantation, the functionalis relapses
and sheds during menstruation, commencing a new cycle.
Recent studies have been demonstrated that stem- progenitor
cells play an important role in the onset of gynecological
diseases such as endometriosis (Gargett CE et al. 2008) %1, In
stem cells, the human endometrium contains a small population
of endometrial epithelial and stromal cells with high
proliferative potential (Chan RW et al. 2004, Gargett CE et al.
2005) [6:171

Mesenchymal or stromal stem cells are considered as separate
stem cell population which (MSC) have several stroma-
containing tissues, including bone marrow, synovial fluid, dental
pulp, adipose tissue, cord blood and skeletal muscle Minguell JJ
et al. 2001, Romanov YA et al. 2003) [?6 301, MSC have the
ability to differentiate into cells of a different phenotype than
their tissue of origin (Herzog EL et al. 2003, Grove JE et al.
2004) 20191 various markers have been used to isolate MSC.
Markers which have been used to partially purify MSC include
CD34 and CD90. CD90 is an accepted marker of cultured
MSC?” and it has never been used to isolate MSC, but rather has
been used in combination with other negative markers.

The aims of this study were to screen potential stem cell markers
for the prospective isolation of human endometrial stromal
/progenitor cells, to determine the capacity to identify colony
Forming in eutopic Endometrial progenitor Cells in infertile

Women and healthy Women with Endometriosis in Indian
perspective and the location of cells expressing these markers in
human Endometrium. This study used a colony-forming assay as
a screening test for identifying potential markers of endometrial
Stromal stem/progenitor cells.

2. Materials and Methods

Clinical samples of endometriotic tissues were collected from 30
patients from reproductive age group between 18-35 years were
collected at the Maternal Health research Trust and Owaisi
Hospital and Research Centre, Hyderabad, who underwent
laparoscopic surgery between Aug 2015 — July2017. Informed
written consent was obtained from each patient as a part of the
study protocol.

Out of 30 patients 15 were diagnosed with stagel endometriosis
who had not taken exogenous hormones for 3 months prior to
surgery were only included. Menstrual cycle stage, assessed by
histological examination according to well-established criteria,
was obtained from pathology reports.

3. Methodology

Endometrial tissue samples were collected in 1 X Phosphate
buffered saline with 10% antibiotic anti-mycotic solution.
Samples were maintained at 4 °C AND processed. All samples
were processed within 2 hrs from collection. The tissues were
digested with collagenase 111 (HyClone Laboratories, USA) for
30 mins at 37 °C. Samples were pipetted vigorously in between.
The digestion was stopped by adding absolute media to the
samples. All the samples were centrifuged at 100g X 10 mins
and the pellet was suspended in 2 ml media. All the samples are
cultured at 37 °C with 5% CO; in a humidified incubator. After
surgery, endometrial biopsies were fixed in formaldehyde fixed,
and hematoxylin-stained cross sections were analyzed by
experienced histopathologists for assessment of the grade of
endometriosis (I-1V) and for determination of the stage of the
menstrual cycle (proliferative or secretory), referring to
established histological criteria

3.1 Cell culture

The cells were cultured in Dulbecco's modified Eagle's medium
(DMEM, Gibco) with 1% Antibioticantimycotic solution
(Gibco), and 15% FBS (HyClone Laboratories). The culture
medium was replaced every 48 h. For passaging, the cells were
washed with 1X PBS (pH 7.2) and treated with 0.25% trypsin-
EDTA (Gibco) for 15 min at 37 °C, complete DMEM was added
to stop the trypsinisation reaction. The cells were centrifuged at
100g X 10 mins and resuspended in culture medium. The cells
were cultured till three passages (P3) before clonogenic assay.

3.2. Clonogenic assay

Cultures, out of passage 3 (P3), were plated at a density of 100
cells/cm? in DMEM (Gibco), along with 1% Antibiotic anti-
mycotic solution (Gibco), and 15% FBS. Colony formation was
monitored regularly. On day 14, cells were fixed with absolute
methanol for 2 minutes and stained with 1% crystal violet
aqueous solution for 5 minutes. (Clones or colony-forming units
(CFUs) consisting of 50 cells were counted to determine the
cloning efficiency (CE) percentage, which was the number of
colonies formed per seeded cell multiplied by 100.) Colonies
with more than 50 cells were counted for the assay. Each assay
was repeated twice, and cloning efficiency [CE] was calculated
as CE% = (n. clones/cells seeded) X 100.
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4, Statistical analysis

Colony-forming capacity was performed using GraphPad Prism
5 (GraphPad Software, Inc., San Diego, CA, USA). Unpaired t-
Test was performed to evaluate the difference between clonal
efficiency in women with and without endometriosis. Data is
presented as Mean = SEM. Variable difference with P< 0.05 is
considered statistically significant. The sample size was
determined by using the open EPi statistics and 95% of
confidence was used to detect the results with 90% of sample
power.

5. Results

Small populations of human endometrial stromal cells expressed
each of the markers. CD90 was strongly expressed by
functionalis stroma and perivascular cells, but only weakly
expressed in the basalis stroma. This study identified CD90 as a
candidate marker of colony-forming human endometrial stromal
cells supporting the concept that human endometrium contains a
population of stromal stem/progenitor cells.CD90 has been
linked to spindle shape cells. Primarily both epithelial and
Stromal cells were cultured. Epithelial cells died around 7-8
days of culture. After 10-14 days, the cultures consist of spindle
like cells. With each passage, the cell population became more
homogenous, and after third passage the spindle like cells were
the only type detected in the culture. The results clearly

demonstrate that endometrial cells are negative for CD34 and
positively stained for CD90 (fig: 1)

The clonogenicity of endometrium from women with
endometriosis (n = 15) and without endometriosis (n = 15) was
compared. The total clonogenic efficiency of endometrial
progenitor cells was significantly greater (0.25 + 0.03%) in
fertile women compare with endometriosis (0.13 = 0.01%, p<
0.05). The categorization of colony size for endometrial
progenitor cells was observed in of both the groups. Small CFUs
were defined as comprising <4000 large loosely-packed cells
and large CFUs as comprising > 4000 cells with a dense center
of tightly packed cells. During the first week of culture, the
growth rates for the two colony types were similar, with colonies
generally comprising <100 cells after 7 days. Around day 10 to
day 11, however, small CFUs stopped proliferation and
maintained their size, but the growth of some colonies increased
dramatically and formed large CFUs containing as many as
15,000 cells by day 14 (Figure 2a, 2b, 2c). There is no
significant difference in the larger colonies between the woman
without endometriosis and with endometriosis (0.11 + 0.01% vs
0.05 £ 0.01 respectively). Smaller colonies also did not reveal
any difference between the woman without endometriosis and
women with endometriosis (0.14 + 0.02% vs 0.06 + 0.02%
respectively) (Table 1).

Table 1: Colony Efficiency of Stromal Cells with and without Endometriosis

Samples CE% P- Value Colonies CE% P- Value
With Endometriosis (n=15) 0.13+0.01 Large | 0052001 | o
_ Small 0.06 + 0.02
P =0.0007* Large 0.11+0.01
. - - - . - **
Without Endometriosis (n=15) 0.25+0.03 Small 0.14£0.02 0.19

Fig 1: Depicting that cells are positive for CD90 (Green in colour) which are loosely arranged and tightly arranged. But they are negative for CD34
because the cells are not stained with any colour.
(a) Loosely arranged cells in colony showing positive expression for CD90-FITC and negative for CD34-PE with endometriosis (b) Tightly
arranged cells in colony showing highly positive expression for CD90-FITC and negative for CD34-PE without endometriosis
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(2a) Small loosely-arranged colonies

(2C) Characteristic Spindle-like morphology of the cultured cells are
positive for CD90

Fig 2: Adherent cells on day 4

6. Discussion

The biology of MSCs has been mainly studied due of its
therapeutic potential.

Endometrial stromal cells are located not only in the basalis, but
also in the functionalis, have the ability to reconstruct
endometrial tissue in vivo suggests their potential use for treating

disorders associated with inadequate endometrium. The
identification of specific markers for human endometrial MSC
has demonstrated their perivascular location in the basalis and
functionalis.

Our study provides the evaluation of Cells without Colony-
Forming in eutopic Endometrial progenitor Cells in infertile
Women with Endometriosis compared to healthy fertile women
in Indian perspective. The colony-forming ability of eutopic
human endometrial samples with and without has been studied
earlier without any significant difference in the total
clonogeniety (Makarainen L 1988, Chan et al. 2011) 23],

Our study shows the significant difference in the clonogenic
progenitor cells with p<0.05 in infertile women on comparision
with fertile women without endometriosis. Hence there is no
significant difference in large and small colonies in both the
groups. thus it can be assumed that the cells without clonogenic
stem cell cells play an important role in the abnormal function of
endometrium during implantation.

Therefore, we decided to study the function of CD90, one main
immunophenotypical marker of MSCs.CD90 has been identified
as a candidate marker for MSCs. Endometriosis seems to have a
negative impact, on every part of the reproductive process subtly
but significantly. Infertility associated with endometriosis can be
even more puzzling, as not every patient experiences the same
symptoms.

The human endometrium exhibits 0.15% of clonogenic
epithelial and 1.3% stromal cell populations (Chan, R.W et al
2004, Schwab, K.E et al 2005) [® 33 Clonogenicity studies of
human stromal stem/progenitor cells have been studied d by in
vitro in various differentiation assays

CD90 is a potential marker for human endometrial stromal
Colony Forming Units that distinguishes basalis and functionalis
stroma (Koumas L et al 2011). This study used CD90 in
combination with CD34 as a negative marker (multipotent) and
showed a trend to enrichment for CFU in the CD90 stromal cell
population. Thus, the combination of CD90 with other markers
may increase its value for identifying and isolating purer
populations of endometrial stromal stem/progenitor cells. CD90
in MSCs represents a promising alternative strategy and an
efficient approach to increase MSC differentiation efficiency in
vitro; it may, therefore, be used in the future to improve MSC
differentiation yields in cellular therapy.

In conclusion, we have evaluated that CD34, CD90 as
hematopoietic markers of human endometrial stromal CFU.
Increasing number of studies has shown that MSCs from
different sources display significantly diverse properties and
characteristics that may impact on their future therapeutic
applications. The capacity of differentiation may vary according
to the cell source (Schwab, K.E et al. 2005) 3. CD90 may play
an important role in maintaining the undifferentiated state of
MSCs our findings indicate that a small population of
endometriotic cells exhibits colony-forming activity, self-
renewal capacity, and multi potency. To determine any
difference between cells in endometriosis and those from
endometrium, we compared the colony-forming activity of the
endometrium and of the same patient, to avoid possible variation
due to individual difference in genetic background. Significantly
more clonogenic cells were detected from the endometrium in
our conclusion the study suggests that there is a significant
difference in the colony forming ability of the eutopic
endometrium cells in women with endometriosis in comparison
with the healthy fertile women in the Indian perspective.

The eutopic endometrium from women with endometriosis
shares certain alterations with ectopic lesions that are not
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observed in the endometrium from healthy fertile women. It also
provides an understanding of not only the physiology of
endometrium, but also the path physiology of endometrial
endometriosis. The molecular and cellular mechanisms which
are involved in the regulation of progenitor cells in the eutopic
endometrium in women with endometriosis leads to better
understanding of Endometrial stem cell research is gaining
momentum and the knowledge generated may be translated into
the clinic within the next decade
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