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regenerative medicine

Abstract

Stem cells derived from umbilical cord, peripheral blood, bone marrow and adipose
tissue are routinely been used to treat disease today. Nevertheless, the existence of
adult stem cells and their immense potency from different sources such as placenta,
endometrium, fallopian tube, amniotic fluid, amniotic membrane, menstrual blood
have been discovered in the past decades. Stem cells derived from female reproductive
sources, especially endometrium are gaining special interest in recent years. It is a
dynamic tissue engaged in the coordinated functions of proliferation, differentiation
and menstrual shedding. Upper functional is layer which sheds during menstruation is
later regenerated efficiently by the basal is layer of the endometrial tissue, suggesting
the presence of highly potential stem cell population. In addition, endometrium can
easily be obtained from hysterectomy (surgical discards of uterus), thus making it
easier to collect. Besides, they are reliable, accessible, non-invasive and ideal alternate
potent source of stem cells for therapeutic interventions. Thus, the aim of this present
review is to highlight the significance of these stem cells isolated from endometrium
for their implications in regenerative stem cell therapeutics.
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Introduction

Stem cells in recent years have configured regenerative medicine
with their wide range of therapeutic potentials. This revolutionary
change has increased the demand of stem cells for myriad of diseases.
Their ability to treat many diseases rests on their unique properties
of self renewal and differentiation. Stem cells and its therapeutic
implications from maternal sources such as Placenta,! amniotic
fluid,>* amniotic membrane,* menstrual blood,> endometrial tissue,**
fallopian tube,” and even breast milk,*!° are underway and has been
a fascinating area of research in recent years. Research on maternal
sources of stem cells is most important to target the major health
challenges facing women and children around the world. Despite the
existence of other maternal sources, uterus being the largest female
reproductive organ gains much attention as a potential source for stem
cells. Based on the dynamic tissue remodelling in all compartments
of the uterus, during the menstrual cycle and pregnancy, it has been
suggested that adult stem cells of the endometrium must play a role
in uterine tissue maintenance and function and marked by its high
self renewal ad regenerative potential.*!' In addition, it has been
postulated that abnormalities of these stem cells forms the basis for
a wide range of gynaecological disorders.!? Thus, it is essential to
identify the inherent property of these stem cells for regenerative
medicine and determine their possible roles in causing gynaecologic
diseases, thereby considering them as a possible therapeutic target for
curative therapeutics.

Endometrial stem cells

Human endometrium lines the uterine cavity as far the isthmus
of the uterus, where it becomes continuous with the lining of the
cervical canal. The endometrium begins to reach full development
at puberty and thereafter exhibits dramatic changes during

each menstrual cycle.” It undergoes further changes before, during,
and after pregnancy, during the menopause, and in old age. The
endometrium is a simple columnar epithelium. It is divided into two
zones, the inner functionalis which is adjacent to the uterine cavity
and a deeper basalis layer which overlies the myometrium. The
functionalis layer is shed each month with menstruation, and is then
regenerated from the basalis layer which is not shed. The lower basalis
contains the basal region of the uterine glands, dense stroma (that
remains relatively unaltered during the menstrual cycle), large blood
vessel remains and lymphoid aggregates. It serves as the germinal
compartment for generating new functionalis each month.'*

It has been postulated that the niche of these adult stem or
progenitor cells of the endometrium is the lower basalis. These stem or
progenitor cells were also identified to be in the trophic endometrium
of post menopausal women."”” Accumulating evidences report on
the existence of epithelial and stromal stem cells in endometrial
tissue.”>® Studies have substantiated the remarkable capacity of
endometrial regeneration. Each menstrual cycle is associated with
the vascular proliferation, glandular secretion and the endometrial
growth. Absence of progesterone, the demise of corpus luteum and the
subsequent fall in circulating progesterone lead to vasoconstriction,
necrosis of the endometrium and menstruation. For these reasons,
reliable studies on menstrual blood derived stem cells are in process
and reported to provide great promises for use in tissue repair and
treatment of diseases, due to the plasticity and longevity of the cells.
Although menstrual blood has proven to be a unique and novel source
of stromal cells from the endometrial functionalis, putative adult stem
or progenitor cells that are responsible for the cyclical regeneration
of the endometrium functionalis, every month reside in the basalis
region of the endometrium, as described earlier. Based on the dynamic
tissue remodelling in all compartments of the uterus, during the
menstrual cycle and pregnancy, it has been suggested that adult stem
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cells from the endometrial tissue plays a vital role. Hence, a thorough
characterization of the uterine/endometrial stem cells derived from the
endometrial tissue biopsy of the inner lining of the uterus is underway.

Advantages of endometrial stem cells

Bone marrow acts as a conventional and most ideal source of stem
cell transplantation in regenerative medicine since many decades.
However, its disadvantages, such as invasive procedure, low yield,
age-related decline in its potency, anesthesia and so on limits the
applicability.” Endometrial stromal cells possess wide range of
advantages as opposed to other post-natal stem cells, including bone
marrow to prove them as a valuable tool in cell-based therapies. They
are as follows: easy to isolate, readily available, non- invasive, high
accessibility, trash source, longer preservation, highly clonogenic with
a higher multi-differentiation ability,'>* possess immunomodulatory
properties®! and inherent angiogenic potential.*> Besides, angiogenesis
starts in-utero and the regenerative potency could easily be restored
with estrogen treatment even after menopause, proving their high
regenerative efficacy. Additionally there are several hysterectomies
performed yearly all over the world that could serve as a donor bank
providing stem cells for both men and women in treating diseases.
Besides, the endometrium provides a source of immunologically
matched cells for tissue engineering without concern for rejection.
These dynamic properties of endometrial stem cells with their inherent
potency makes them ideal source for their regenerative applications.

Applications of endometrial stem cells

Several in-vitro studies on isolation, culture and characterization
of epithelial and stromal cells from endometrium are reported.
Recently, endometrial cells were also supposed to be resided in a
perivascular niche of the endometrium.?'>* From our study, we found
that endometrial stem cell possess remarkable characteristic marker
profile panel including CD146, CD140b pervivascular population and
other mesenchymal markers such as CD90, CD73, CD105, CD44,
CD29,CD166,CD54 etc.'® Besides, their high angiogenic potency was
also reported, proving their efficacy in treating vascular diseases. This
is evidenced by several pre-clinical and clinical trials on endometrial
stem cells in autologous/allogenic transplantations. Endometrial stem
cells have already entered pre-clinical and clinical trial in treating
various disorders including cardiovascular diseases,*** Parkinson’s
disease,?® diabetes?” and stroke.?®

The first report of clinical use of endometrial regenerative cells
isolated form menstrual blood (ERC) involved treating patients with
multiple sclerosis.”? No adverse events were reported at the time of
last follow-up. An experimental study demonstrated that menstrual
blood-derived stromal cells promoted functional improvement of
damaged heart tissue.”* He also demonstrated the therapeutic efficacy
of both MenScs and EnScs in vivo and in vitro. Borlongan et al.,®
demonstrated embryonic-like stem cell phenotypic markers, such as
Oct4, SSEA, and Nanog, and other neural markers upon its culture.”
Wolff et al.,* reported the use of in-vitro endometrial-derived neural
cells in a Parkinson’s disease immunocompetent mouse model using
sample of nine reproductively active women.? These cells restored
dopamine levels in mice upon transplantation. The study conducted
by Hugh Taylor demonstrated the potential of endometrial stem cells
for therapeutic purpose in patients with type I diabetes.”” Following
this, several other studies are underway, and endometrial stem cells
have a proven record of being a valuable ideal source of stem cell
therapeutics. Thus, it is evident that endometrial stem cells possess
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ability to treat human diseases. There are much more to be explored in
endometrial stem cells, to prove themselves as an ideal candidate for
regenerative therapeutic applications.

Challenges and future scope

Endometrial stem cell, in the near future, will become an ultimate
source of regenerative medicine in treating all possible diseases,
especially very sooner in the field of vascular biology applications,
due to their dynamicity and innate angiogenic potency. Although,
endometrial stem cells have convincing track record to call themselves
as an ideal candidate in regenerative medicine, it possesses a threat
by causing several gynecological disorders. Endometrial eptithelial/
stromal population are the culprit in the pathophysiology of diseases
such as endometriosis, endometrial hyperplasia, endometrial cancer,
and adenomyosis through their abnormal proliferation, differentiation,
alterations in the function, regulation, and location. Thus, besides
studying the regenerative aspects of endometrial stem cells, in-depth
understanding of the other side of the coin, the role of these stem cells in
causing these gynecological diseases may unravel several unresolved
barriers of uterine disorders and pave way for breakthrough studies of
targeted therapeutic approach of targeting these uterine diseases by
serving the woman kind.
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