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Abstract

Accumulating evidence has demonstrated that menstrual blood stands as a
viable source of stem cells. Menstrual blood-derived stem cells (MenSCs)
are morphologically and functionally similar to cells directly extracted
from the endometrium, and present dual expression of mesenchymal and
embryonic cell markers, thus becoming interesting tools for regenerative
medicine. Functional reports show higher proliferative and self-renewal
capacities than bone marrow-derived stem cells, as well as successful dif-
ferentiation into hepatocyte-like cells, glial-like cells, endometrial stroma-
like cells, among others. Moreover, menstrual blood stem cells may be
used with increased efficiency in reprogramming techniques for induced
Pluripotent Stem cell (iPS) generation. Experimental studies have shown
successful treatment of stroke, colitis, limb ischemia, coronary disease,
Duchenne’s muscular atrophy and streptozotocin-induced type 1 diabetes
animal models with MenSCs. As we envision an off-the-shelf product for
cell therapy, cryopreserved MenSCs appear as a feasible clinical product.
Clinical applications, although still very limited, have great potential and
ongoing studies should be disclosed in the near future.
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Abbreviations

MenSCs Menstrual blood-derived stem cells

iPS Induced Pluripotent Stem cell

MHC Major histocompatibility complex

ERCs Endometrial regenerative cells

hTERT  Human telomerase reverse
transcriptase

MMPs Matrix metalloproteases

VEGF Vascular endothelial growth factor

BDNF Brain-derived neurotrophic factor

DOPAC  Dopamine and dihydroxyphenylace-
tic acid

9.1 Introduction

In the past decades, several cell types from differ-
ent sources have been investigated as therapeutic
tools in experimental, translational and clinical
research. Stem cells have been especially
explored for their cytoprotective, regenerative
and immunomodulatory capacities [1]. Adult,
rather than embryonic stem cells, or those
obtained by iPS-generating techniques, have
been currently preferred in studies that aim clini-
cal translation, despite their more restricted dif-
ferentiation potential. Indeed, teratogenicity and
ethical concerns, high costs and low efficiency
stand as obstacles still to be surpassed before the
more immature stem cells are enrolled in clinical
trials.

Cells derived from bone marrow and cord-
blood have been the focus of the initial studies on
cell therapy, due to the already established expe-
rience with bone marrow transplantation. Later,
easier access sources began to be examined,

mainly in disposable tissues such as the placenta,
amniotic fluid and membrane, umbilical cord tis-
sue, dental pulp, and adipose tissue, among oth-
ers [2-5]. Of particular relevance are the
mesenchymal cells, which have been more exten-
sively studied and hold good in vivo repairing
potential. Mesenchymal cells do not spontane-
ously express class II major histocompatibility
complex (MHC) molecules, what confers them
low immunogenicity and ability to be tolerated
by the host immune system [1]. Therefore, they
have been tested as tools for treatment of autoim-
mune, inflammatory and degenerative diseases.

Successive studies have reported differences
in mesenchymal cells from different sources and
how they may be more or less suitable for treat-
ment of specific disorders according to their tis-
sue of origin [6-8]. In this scenario, menstrual
blood has recently been investigated as source of
stem cells for therapeutic purposes, the in vitro
and preclinical studies revealing great potential,
perhaps overcoming that of cells from other
sources. This review addresses current and
already established knowledge about in vitro and
in vivo research on menstrual blood-derived stem
cells, with emphasis on morphological and func-
tional characteristics. Also discussed are the
future perspectives of such cells, especially con-
cerning clinical applications.

Endometrium and Menstrual
Blood-Derived Stem Cells

9.2

More than 30 years ago, stem cells were first
described to be present in the endometrium [9].
The intense tissue remodeling observed during
menses and pregnancy mirrors the endometrial



9 Therapeutic Applications of Menstrual Blood-Derived Stem Cells 113

potential to renew itself, effect that has been
ascribed to local stem cell activity [10]. In addi-
tion, endometrial cells from patients with endo-
metriosis are remarkably able to migrate and
graft to distantly located tissues [11]. In the endo-
metrium, epithelial cells can be found in the sur-
face epithelium as well as within the tubular
glands, which anatomically continue to the inter-
face with the myometrium.

The remaining tissue consists of stromal cells,
smooth muscle cells, endothelial cells and leuko-
cytes [12]. The functionalis, which can be con-
sidered the upper layer of the endometrium,
contains glands that are held together loosely by
stromal tissue. The basalis contains dense stroma,
basal regions of the glands, supportive vascula-
ture and lymphoid aggregates [13]. The functio-
nalis is eliminated monthly during menstruation,
while the remaining, basalis, is able to renew the
endometrium, under hormonal influence. At each
cycle, progenitor cells migrate from the basalis,
proliferate, and regenerate the functionalis. In
post-menopause women, progenitor cells can be
found in the basalis, as a possible explanation to
menstrual cycle reactivation through hormonal
replacement [14].

The endometrium contains three types of stem
cells: the epithelial progenitor cells, mesenchy-
mal cells and endothelial progenitor cells [11].
Although multipotent stem cells may be isolated
and cultured from endometrial biopsies and men-
strual blood, it has been proposed that epithelial
progenitor cells cannot be obtained from men-
strual blood and most likely reside in the basalis
layer [15, 16]. In fact, epithelial progenitors can
be found in the endometrial basalis in post-
menopause women, indicating a possible source
of stem cells when menstrual blood is not any
more available [14].

In 2004, Chan et al. isolated epithelial progen-
itors and stromal cells derived from the endome-
trium [17]. In the laboratory, both the isolated
epithelial progenitors and the stromal cells were
cloned and amplified, but phenotypic markers
within the epithelial cells were lost and a feeder
layer was needed over cell passages. Later, simi-
lar cells were isolated from menstrual blood [18—
20] and named endometrial regenerative cells

(ERCs). These cells differentiated into tissues
from the three germ layers, indicating their in
vitro multipotentiality. In 2008, Patel et al. iso-
lated stem cells from menstrual blood (MenSCs),
showing in vitro clonogenic properties as well as
the differentiation of tissues derived from meso-
derm and ectoderm [21]. They also demonstrated
markers of pluripotency, such as Oct-4, SSEA-4
and c-kit, which were expressed by the MenSCs
and are usually found in immature cell types,
such as embryonic stem cells. Furthermore,
telomerase activity and human telomerase
reverse transcriptase (hTERT) expression in
those cells resembled that of embryonic stem
cells [21, 22]. In a subpopulation of the MenSCs,
unexpectedly high clonogenic and proliferative
potential was confirmed, besides expression of
pluripotency markers (e.g., SSEA-4) [20]. Also,
MenSCs were efficiently and stably gene modi-
fied by retroviral transfection, indicating that
these cells could become suitable tools for gene
delivery. Finally, levels of matrix metalloprote-
ases (MMPs) in MenSCs are several fold above
those presented by mesenchymal cells derived
from cord blood, indicating a specific ability for
remodeling [18].

Studies have investigated the in vitro potential
of the MenSC cell fate, in particular demonstrat-
ing the stem cells derived from menstrual blood
differentiated into functional hepatocyte-like
cells, expressing hepatic surface markers (e.g.,
albumin, cytokeratin-18 and alpha fetoprotein)
and genes [23, 24]. Menstrual blood-derived
cells were also differentiated into nucleus
pulposus-like cells in a co-culture system, the
final product confirmed by phenotypic and gene
expression evaluations [25]. Similarly, menstrual
blood progenitors were differentiated into glial-
like cells [26]. Moreover, MenSCs have higher
capability to be differentiated towards cardiomy-
ocytes than bone marrow-derived cells and in
vivo differentiation of menstrual blood cells into
cardiomyocytes has been reported [27, 28].
Finally, chondrogenic differentiation of MenSCs
seeded on a nanofibrous scaffold, strongly reac-
tive to anti-collagen II antibodies, has been
reported [29]. Menstrual blood-derived stem
cells may also be used with increased efficiency
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in reprogramming techniques for iPS generation
[30, 31].

Although numerous studies have been pub-
lished on MenSC properties in the past years,
some questions still remain unanswered. Since
the initial investigations, it has been shown that
more than one single cell population may be iso-
lated from either endometrial tissue or menstrual
blood, and the multiple available reports do not
clearly indicate which is the most important cell
type for regenerative purposes. Cervello et al.
[32] isolated epithelial and stromal-cell enriched
side populations through flow cytometry of
Hoechst- stained endometrium cells [32]. In
vitro, the cells were characterized and showed
high proliferative potentials, especially when
they were exposed to an environment containing
hypoxic conditions, similar to that of the endo-
metrial environment. However, when these cells
were administered to immunodeficient mice, lim-
ited proliferation and differentiation were
observed, demonstrating a divergence of in vitro
and in vivo effects. Masuda et al. (2010) implanted
similar cells in female mice under the kidney
capsule, and observed human tissue development
in some of the animals under estrogen stimula-
tion [33]. Side-population cells successfully dif-
ferentiated into glandular epithelial, stromal and,
for the first time, endothelial cells, with presence
of CD31 and human vimetin co-expressing in
small and medium sized vessels. However,
although they were detectable, the in vivo differ-
entiation capacity was considered poor. For bet-
ter proliferative results, cells were combined with
the endometrial cells of the remaining population
(i.e., main population.). Combined with reported
data from literature, these findings suggest that
the endometrium has multiple factors that can
cooperate for therapeutic properties of this tissue,
rather than from a single cell type. In fact, it has
been previously proposed that even the endome-
trial niche itself may contribute to the quality of
cell activity [11].

The angiogenic potential of the endometrium-
derived cells is also pertinent for vascular growth
and remodeling investigation. Disorders such as
stroke, cardiac ischemia and chronic vascular
insufficiency, among others, may stand as perfect
targets for these cells. In fact, successful results
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have been achieved by preclinical studies on
myocardial infarct, limb ischemia, and stroke
[25, 34, 35]. Angiogenic effects are also proposed
in the treatment of severe skin burns, perhaps
associating cells to intelligent artificial films [34,
36].

Another question concerns the classification
criteria for menstrual blood-derived stem cells.
Murphy et al. [34] speculate that the ERCs they
isolated share properties that overlap and may
even be considered equivalent to cells reported
by other studies, but may not be the same endo-
metrial stromal cells described by Taylor, in 2004
[18, 21, 37, 38]. The ERCs show low concentra-
tions of the STRO-1 mesenchymal cell marker,
differentiate into a wider range of tissues and
exhibit higher proliferative capacity than cord
blood-derived cells [18]. When compared with
bone marrow-derived mesenchymal cells, ERCs
also presented higher lymphocyte proliferative
inhibitory potential, and different gene expres-
sion profiles, which were mostly towards inflam-
matory and immune pathways in the ERCs, while
stem cell and cancer signaling in the bone
marrow-derived mesenchymal cells [39]. Taylor
postulates that the stromal cells observed within
the endometrium are derived from the bone mar-
row, as observed in female recipients of alloge-
neic bone marrow transplantation that have donor
cells detected in tissues from endometrial biop-
sies. These findings were later duplicated in
female rats, which presented bone marrow-
derived GFP-positive cells in the endometrium
long after transplantation [40]. In practical
matters, however, although endometrial-derived
cells are grouped through different phenotypical,
differentiation and proliferative criteria, when
applied in vivo they have similar effects and com-
parable therapeutic abilities to advance repair.

9.3  Experimental Applications
of Stem Cells Derived

from the Endometrium

Progenitor cells derived directly from the endo-
metrium or indirectly, from menstrual blood,
have been investigated for their in vivo immuno-
modulatory and restorative effects (see Table 9.1).
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Table 9.1 Main preclinical studies reporting use of menstrual blood and endometrial-derived cells

Animal model Main in vivo effect ‘ Administration route ‘ Reference
Endometrial tissue-derived cells
Parkinson’s disease Dopamine and Local (brain) [37]
dihydroxyphenylacetic acid
(DOPAC) production
Experimental allergic Prevented development of Intraperitoneally [41]
encephalitis neuroinflammation (prophylactic
effect)
Pelvic organ prolapse Decreased chronic inflammation Local (pelvis) [42]
and fibrosis
Menstrual blood-derived cells
Duchenne muscular In vivo expression of dystrophin/ Intramuscular [22]
dystrophy possible fusion to myocytes
Coronary artery ligation Improved heart function, decreased | Local (heart) [28]
infracted areas
Chronic limb ischemia Prevented limb amputation Intramuscular [34]
Glioma Reduction in 50 % of tumor size iv and intratumoral [43]
Stroke Neuroprotection Iv and local (striatum) [35]
Liver cirrhosis Restored liver function Intrasplenic [24]
Colitis Decreased disease activity iv [46]
Streptozotocin-induced Extended survival and improved iv [47]
diabetes glycemic control

Abbreviation: iv intravenous

In an aggressive glioma mouse model, ERCs
injected either by intravenous or intratumoral
routes successfully reduced tumor size in almost
50% [43]. Among possible mechanisms, the
authors considered secretion of inhibitory factors
by the injected cells, selective angiogenesis in
favor of benign and against malignant tissue, and
cell-tumor interaction stimulating the differentia-
tion of the tumoral tissue.

Borlongan et al. evaluated the effects of men-
strual blood-derived cell transplantation in exper-
imental stroke [35]. Stromal-like menstrual blood
cells were selected for CD117 or C-kit receptors
by isolating and expanding the stem cells. Those
cells selected indicate a high probability of pro-
liferation, migration and survival [44]. The
embryonic-like stem cells expressed in vitro phe-
notypic markers, such as Oct4, SSeA and Nanog.
Up to nine passages of cultures were maintained,
which provided evidence of the safety and reli-
ability of those cells, and part of the cells were
induced to express neural markers (MAP2 and
Nestin).

When menstrual blood cells were added to
cultured rat neurons that had been exposed to a
hypoxic insult, the menstrual blood cells exerted
neuroprotective effects. Behavioral tests were
administered and stroke animals that received
menstrual blood cells displayed less neurological
deficits, irrespective of the injection site, i.e. sys-
temic or local administration into the striatum.

Analyses of the central nervous tissue in the
transplanted stroke rats revealed that the grafted
cells did not exhibit markers of cell lineage dif-
ferentiation. Results showed that the human cells,
although detected and some migrating to areas
other than the injected, expressed their original
stemness markers. Altogether, these results indi-
cate that cell differentiation was not the main
therapeutic operating mechanism and that other
pathways may be involved in the observed func-
tional recovery.

In addition, vascular endothelial growth factor
(VEGF), brain-derived neurotrophic factor
(BDNF), and neurotrophin-3 were detected as
possible neuroprotective trophic factors released
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by ERCs. These results may be supported by a
recent in vitro study reporting that menstrual
blood-derived stem cells express the neuronal
marker p-III-tubulin and endogenous BDNF in
higher levels than bone marrow and adipose
tissue-derived cells [45].

In a different CNS disorder context, empha-
sizing more restorative than neuroprotective
effects, Wolff et al. reported the use of
endometrial-derived cells in a Parkinson’s dis-
ease immunocompetent mouse model [37].
In vitro differentiated dopamine-producing cells
expressing neural markers nestin and tyrosine
hydroxylase were injected into the brains of the
animals. Labeled cells were detected in the brains
up to 5 weeks after administered. Therapeutic
potential was recognized in vivo when the migra-
tion, differentiation and production of dopamine
were detected. These cells have the potential to
functionally restore the damaged tissues, either
through cell replacement or endogenous repair.

An experimental colitis mouse model
improved after treatment with intravenous injec-
tions of human menstrual blood-derived ERCs
[46]. Despite short follow-up of 14 days, treated
animals presented decreased disease activity
scores, reduced inflammatory cytokine levels and
higher regulatory cell frequencies, indicating a
systemic beneficial effect of cell infusions. In
addition, histological evaluations evidenced sig-
nificant modulation of the inflammatory
infiltrate.

Streptozotocin-induced diabetes mice were
treated with one single intravenous injection of
human menstrual blood-derived stem cells [47].
Treated mice presented longer survival and better
glycemic control when compared with untreated
diabetic mice. In accordance with previous
reports, MenSCs presented high proliferation,
short doubling time, and increased expression of
the immature cell marker Oct-4. Although migra-
tion of labeled MenSCs to the pancreata and islet
beta-cell regeneration were detected, there were
no evidence of cell transdifferentiation into pan-
creatic tissue, suggesting that paracrine mecha-
nisms prevailed.

Menstrual blood-derived cells were also tested
in a rat coronary ligation model [28]. In this
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study, menstrual blood-derived mesenchymal
cells were co-cultured with fetal cardiomyocytes
separated by an athelocollagen membrane (no
cell-cell contact), and in vitro differentiated into
beating cardiac precursor-like cells. Subsequently,
non-differentiated menstrual blood-derived mes-
enchymal cells were injected into and marginal to
the ischemic area of the heart, 2 weeks after coro-
nary artery ligation. Clinical and histological
effects were compared to bone marrow mesen-
chymal cell and culture medium or fibroblast
injections. Animals treated with MenSCs pre-
sented higher heart function recovery rates, as
well as smaller infarcted areas, than those from
the other treatment groups. High in situ cardio-
myogenic transdifferentiation was also observed.
Also investigating the vessel-regenerating poten-
tial of the ERCs, Murphy et al. injected MenSCs
into the hind-limb muscle just distal to the level
of artery ligation, in a chronic limb ischemia rat
model [34]. Multiple cell injections were admin-
istered shortly after the vascular obstruction —
immediately, 2 and 4 days after ligation — and
showed a protective effect, preventing limb
necrosis and amputation. Finally, MenSC differ-
entiated in vitro into hepatocyte-like cells were
injected intrasplenically and restored liver func-
tion, normalizing albumin and transaminase lev-
els [24].

9.4 The Advantages

and Disadvantages

of Cryopreservation

of Menstrual Blood-Derived

Stem Cells

Cryopreservation can be utilized to preserve pre-
viously expanded stem cells for future use, as
shown in Fig. 9.1. MenSCs can be cryopreserved
for extended period of time. There are both
advantages and disadvantages of cryopreserva-
tion of stem cells. These pros and cons will even-
tually determine if the MenSCs should be
cryopreserved. Table 9.2 summarizes the advan-
tages and disadvantages of cryopreservation.
The first advantage of cryopreservation is that
the stem cells can be stored for extended period
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Fig. 9.1 Menstrual blood can be harvested and processed to obtain stem cells. The MenSCs are expanded and then
cryopreserved until needed, when the cells are thawed and prepared for transplantation

Table 9.2 Advantages and disadvantages of cryopreser-
vation of stem cells

Advantages Disadvantages

Cell viability might be low due to
freezing and thawing

Extended storage
time

Ready to use for
acute diseases

Functional properties of stem
cells might change due to
cryopreservation

Autologous
transplant

High cost for storage

Quality control Potential bioethics dilemma

Easy for
distribution

of time. Hence, it can be readily available for
expansion and use with relatively short period of
time. This is extremely important for acute time
sensitive disorders such as stroke and traumatic
brain injury. Many preclinical studies have dem-
onstrated that the earlier the injection of stem
cells, the better the recovery is. Therefore, cryo-
preserved stem cells can shorten the waiting
period so that they can be used within the critical
therapeutic period. In addition, cryopreservation
of stem cells allows autologous transplant. In
clinical settings, autologous transplant is always
more preferable than heterologous transplant.
Another advantage of cryopreserved stem cells is
that the quality of the stem cells can be ensured.
The stem cells can be phenotyped, karyotyped
and scanned for quality and any abnormality
prior to transplantation. These tests can ensure
the integrity of the stem cells for transplantation.
Finally, cryopreservation of stem cells allows
them to become ‘off the shelf’ products. These
cells can be distributed to many small hospitals
and clinics nationwide and even worldwide
instead of concentrated in small number of major
facilities, which have the equipment and the
experience to harvest and process the stem cells.

Despite many advantages of cryopreserved
stem cells, there are also disadvantages that are
worth taken into consideration. Cryopreservation
involves freezing and thawing processes of the
stem cells. This raises the concern of the cells’
viability since many cells may not survive the
processes. One of the solutions for this issue is to
store a large numbers of cells, which in turn
raises the cost associated with stem cell treat-
ment. Another concern with cryopreservation of
stem cells is that the function of the stem cells
might change because of the freezing and thaw-
ing processes. Since freezing and thawing are
forms of stress to the cells, this might change the
properties of the stem cells. Further investiga-
tions might help to elucidate the effects of cryo-
preservation on the stem cells. Finally, the cost of
processing and storing of the stem cells are high.
This might create a bioethical issue that the
majority of the population would not be able to
afford the treatment and only a small niche of
wealthy people could have access to this type of
therapy. It is important for both scientists and
clinicians to consider these issues so they can be
addressed.

9.5 Clinical Applications
of Menstrual Blood-Derived

Stem Cells

Only in the last decade has the potential of men-
strual blood-derived stem cells in regenerative
medicine began to be explored. Therefore, very
few clinical studies are available, most of them
still ongoing (see Table 9.3). The only clinical
study yet published evaluated safety aspects of
endometrial-derived stromal cell administration
in patients with multiple sclerosis [48]. Four
patients were treated with intrathecal injections
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Table 9.3 Clinical trials evaluating menstrual blood-derived cells

Number of Administration

Treated condition | Outcomes patients Status route Reference
Multiple Safety and 4 Completed Intrathecal and iv | [48]
sclerosis neurological

function
Congestive heart | Safety and cardiac | 17 outof | Ongoing/recruiting Local — coronary | [49]
failure function 60 sinus delivery

planned

Liver cirrhosis Safety and liver 50 Ongoing/recruiting iv [51]

function planned
H7NO bird flu Safety and lung 20 Ongoing/recruiting iv [52]
lung injury injury planned
Critical limb Safety, 15 Ongoing/unknown Intramuscular [53]
ischemia vascularization and | planned

frequency of

amputation
Type 1 diabetes | Safety, glucose 50 Ongoing/unknown Pancreatic artery | [54]

metabolism, beta planned or iv

cell function
Embryo Endometrial 60 Ongoing/unknown Intrauterine [55]
implantation receptivity planned

Abbreviation: iv intravenous

of 16-30 million cells and one of the patients also
received an additional intravenous injection of
the stem cells. No adverse events were registered,
in accordance with the pre-clinical studies, and
functional stabilization was reported. However,
due to the nature of multiple sclerosis and the
worsening progression of the illness, any conclu-
sions about the effectiveness of the treatment
could be considered premature due to the longest
follow-up reaching only 12 months.

Ongoing trials aim to evaluate the effect of
MenSC injections in several clinical conditions.
Menstrual blood-derived stem cells have been
tested in congestive heart failure patients, as a
follow-up of the preclinical study published by
Hida et al. [28, 49]. This double-blind, random-
ized phase II study intends to include 60 patients,
divided into placebo and treatment groups.
Allogeneic MenSCs (Medistem Inc, California,
USA) are injected through a minimally invasive
and previously described retrograde delivery
technique [50]. The last communication, in 2013,
reported that 17 patients had been enrolled, with
safety being so far analyzed and confirmed [49].

In another trial, female liver cirrhosis patients
receive intravenous injections of MenSCs twice a

week, for 2 weeks [51]. Patients will be followed
for 2 years and evaluated for safety and efficacy
of the cell therapy upon liver function and pro-
gression of the cirrhosis. Another trial evaluates
efficacy of MenSC intravenous injections in
patients with acute lung injury due to H7N9 bird
flu infections [52]. Effects of the cells upon lung
injury are the main outcomes.

A phase I/Il clinical trial investigating the
effect of escalating doses of ERCs on limb isch-
emia has also been launched in 2012, aiming to
enroll 15 patients with critical limb ischemia not
eligible for invasive interventions [53]. Data on
the study status, however, are not available.
Effects of ERCs on type 1 diabetes are also under
investigation in a phase I/Il open label trial
launched in 2012 [54]. In this study, multiple
doses of ERCs are injected through the pancre-
atic artery or intravenously. Adverse events and
effects on glucose metabolism and pancreatic
beta cell function will be evaluated. Updated sta-
tus of the study is also not available. Finally, the
effects of ERCs on embryo implantation in the
uterine cavity during in vitro fertilization will be
investigated [55].
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9.6 Conclusions

Menstrual blood-derived cells have great poten-
tial in regenerative medicine [56]. Ease of access,
availability and safety are considered their main
key to future clinical studies. In vitro investiga-
tions have shown the superiority of MenSC in
proliferation and differentiation assays, as well as
immunomodulatory potential, when compared
with more traditionally used sources such as the
bone marrow and cord blood. Moreover, preclini-
cal studies have successfully shown their poten-
tial to modulate inflammation, prevent neuronal
death and possibly increase angiogenesis, in vivo.
Importantly, cell fusion may be a therapeutic
mechanism in muscle and cardiac tissue injuries.
These effects may be result of the more immature
behavior of these cells, which although bringing
them closer to embryonic stem cells, still retain a
safe profile. Although clinical studies have
already been started, further experimental studies
are still required, as several questions about the
full therapeutic potential and specific mecha-
nisms of action persist. In particular, cryopreser-
vation of MenSCs while feasible, may require
further validation of the frozen-and-thawed stem
cells, as well the cost-limiting ethical concerns
that may be associated with such cell banking
approach. These investigations may help to
explore benefits of such cells and expand appli-
cations. Clinical practice bears specific chal-
lenges, such as the low yield and difficulty in
expansion of ample supply of stem cells from this
source, mainly low replication rate and risk of
contamination. Additionally, stem cells derived
from menstrual blood would only be applicable
to the pre-menopausal female population, thereby
limiting the target patient population when con-
templating autologous menstrual blood cell ther-
apy. A feasible solution would be to educate the
female pre-menopausal population about the
potential of the menstrual cells and, therefore,
encourage this young adult population towards
the anticipated harvesting and cryopreservation
of the cells, for future autologous use. When such
pre-menopausal collection and banking is not
pursued in time, the use of stem cells derived
from a post-menopausal endometrium may be a
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solution, though more invasive. For the male
population, there remains the alternative of using
allogeneic cells and of searching for alternative
autologous sources.
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