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There has been an increase in the incidence of diseases and injuries
which has encouraged the advancements in treatments that could
repair tissues as well as minimize the dependence on organ
transplantation and tissue loss. Regenerative medicine based on
stem cells is a newer integrative domain that has the potential to
facilitate the regeneration of diseased and damaged tissues and
organs. Stem cells can be effectively exploited for medical purposes
with no severe challenges, according to a wide range of literature as
well as long-term human and animal studies conducted on them.
Amongst several types of stem cells, placenta-derived mesenchymal
stem cells possess unique immunomodulatory characteristics as
well as the potential to differentiate into various cell types, which
make them suitable candidates for cellular therapies for many
chronic diseases including cancers, heart and liver disorders, ulcers,
bone damage, and neurological diseases, etc. The present study thus
aims at providing a comprehensive overview of placenta-derived
mesenchymal stem cells, their types, and potentially therapeutic for
various chronic and non-chronic diseases. Recent pre-clinical and
clinical studies conducted on them have also been incorporated.
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Introduction
In recent times, modern science and medicine have seen an appreciable rise in stem cell research which
has garnered recognition globally attributed to its enormous therapeutic potential in the field of
regenerative medicine.1 This is a result of the regenerative capability as well as the pliability possessed by
the stem cells. These stem cells manifesting therapeutic potential originate and develop from embryonic
as well as adult tissues. Nonetheless, ethical concerns along with the challenges in procuring them and
tumorigenicity limit the clinical usage of embryonic stem cells. The adult stem cells have been discovered
in various tissues and organs, such as bone marrow2, brain, placenta3, skin, adipose tissue le, umbilical
cord4, etc. However, the amount of stem cells obtained from adult tissues is limited. There are numerous
risks involved in isolating them and these cells possess a minimal range of differentiation and
proliferation after their extraction from the body. As a result, it is burdensome to obtain large quantities
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of stem cells from them. On the other hand, a good source of mesenchymal stem cells (MSCs) in the
human placenta, a vital part of the body found at the time of pregnancy for assisting fetal development. It
is a multicellular immunoregulatory organ where both maternal, as well as fetal cells, exist side-by-side. It
performs several functions including exchange of metabolites and regulation of the secretion of hormones
between the mother and fetus along with the maintenance of immune tolerance between the two.5
Placenta is also an abundant reservoir of stem cells in comparison to other sources like bone marrow,
adipose tissue, etc. where there is a decline in the recuperation of cells with benefactor’s age.6 MSCs
procured from the placenta reveal various features making them a better alternative for cellular therapy
in comparison to their counterparts from adult tissues. The placenta is contemplated to be a medical
waste having no ethical issues in its utilization as seen in the case of embryonic stem cells.3 It is
voluntarily removed at the time of birth without the requirement of any encroaching procedures unlike
those needed in other adult stem cell sources. Because of their primordial origin, placental cells possess
great ambidexterity as well as the ability to differentiate.7 Stem cells procured from the placenta present a
distinctive range of mesenchymal markers,8,9 along with the potential to differentiate into neurogenic and
glial cells10, insulin-producing cells11 as well as liver cells.12 MSCs acquired from the placenta have been
employed for treating a wide range of diseases, including cancer, cardiovascular, neurological, and liver
diseases, ulcers, as well as bone and cartilage diseases. These MSCs are of comparatively recent types,
exhibiting particular immunomodulatory functions with undetermined mechanisms. Certain soluble
factors secreted by placental MSCs appear to be the primary cause for therapeutic effects. This shows that
placenta-derived MSCs possess paracrine effects.13 Contrastingly, because of their migration capabilities
and tropism for wounded regions, placental MSCs can also act as mobile carriers for drugs.
Recently, there has been immense progress in the field of nanotechnology for curing damaged tissues or
organs. Owing to the unique features manifested by placental MSCs, these cells together with
nanotechnology will turn out to be a considerable and reassuring domain that may bestow remarkable
contributions in the field of stem cell therapy in subsequent times. Therefore, this review seeks to
incorporate the formation of placenta-derived mesenchymal stem cells and gives a comprehensive
overview of their potential therapeutic applications. Furthermore, the prospects have also been
discussed.
Sources of mesenchymal stem cells
MSCs may be extracted from a variety of tissues, including bone marrow, adipose tissue, and synovium, as
well as human umbilical cord blood, and bone marrow is one of the most important sources of MSCs.14
The human body contains adipose tissue (AT) in numerous places, including visceral and subcutaneous
fat pads, as well as the pelvic region. AT-derived MSCs, also known as Adipose Stem Cells (ASCs), have
comparable properties to Bone marrow-MSCs but, unlike Bone marrow mesenchymal stem cells (BMMSCs), are easier to isolate in large quantities and have a larger expansile property. The physician must
consider the difficulties of obtaining the samples as well as the potential negative consequences of
harvesting the cells on the donor while choosing an appropriate cell source. Collecting MSCs from BMMSCs, for example, might cause pain, hemorrhage, or infection, making it more difficult than harvesting
cells from peripheral blood or surgical leftovers like AT or birth-derived tissues.15 MSCs from peripheral
blood cells can be obtained by density gradient centrifugation and a large volume of MSCs can be
extracted as compared to bone marrow.16 However, placental mesenchymal stem cells are harvested with
minimal invasiveness thereby being the best candidate for therapeutics.17
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Different forms of placental mesenchymal stem cells based on origin
Mesenchymal stem cells are derived from mesoderm.18 Specifically, placental mesenchymal stem cells can
be derived from amniotic membrane, amniotic fluid, chorionic plate as well as chorionic villus.19
The amniotic membrane is a placental component that develops in extra-embryonic tissue and provides
additional nutrition to the fetus throughout pregnancy.20 Cells derived from amniotic membranes are
called amniotic membrane-derived MSCs (AMe-MSC). They are pluripotent. AMe-MSCs have been shown
to reduce inflammation and improve immunomodulation. They induce remyelination, increase
angiogenesis, reduce oxidative stress, and control matrix metalloproteinases.21 Amniotic fluid-derived
mesenchymal stem cells (AF-MSCs) are made up of differentiated and undifferentiated progenitor cells
generated from fetal tissue. AF-MSCs are more pluripotent and less differentiated than BM-MSCs, having a
longer replicative lifetime and proliferative capacity. In AF-MSCs, cytokines and chemokines stimulate
vasculogenesis, angiogenesis, and osteogenesis due to their paracrine nature. In vivo, AF-MSCs do not
produce teratoma.22 Because of the ease of their acquisition, multipotency, low immune response,
reduced donor damage, and acceptable ethical issue, AM-MSCs and AF-MSCs have been reported as a
better new prospective field of regenerative medicine when compared to other MSC sources like
chorionic, Wharton's jelly, etc.23
The amnion, extra-amniotic mesenchymal stem cells, cytotrophoblast, and syncytiotrophoblast make up
the chorionic plate. Chorionic plate-derived MSCs (CP-MSCs) are extracted from chorionic placental
plates. Compared to other placental stem cells, CP-MSCs have a greater ability to suppress T-cell
proliferation and have a stronger angiogenic potential. Higher genes for differentiation into adipogenic,
osteogenic, and hepatogenic lineages are expressed in them.24 Chorionic villus cells, which are made up of
stromal fibroblasts, endothelial cells, and macrophages, have characteristics similar to MSCs.25 Chorionic
villous-derived MSCs (CV-MSCs) are more pluripotent and have a slower aging phenotype than bone
marrow-derived stem cells.26
Placenta and Stem Cell Therapy
Stem cell therapy, also known as regenerative medicine, emphasizes the repair and rejuvenation of
injured tissues and organs which may occur due to age, disease, or any physical damage. Such approaches
turn out to be beneficial in cases where biological processes are incompetent for responding during the
emergence of acute as well as chronic disorders. They may necessitate the transplantation of stem cells
which will restore the injured tissues, instigate body functions for repairing of tissues, or work as mobile
carriers for delivering remedial agents such as genes, medications, or cytokines. Stem cells are considered
exceptional in regenerative medicine because of their ability to restore as well as to differentiate to
various specialized cells. Advancements in the field of regenerative medicine have drawn attention to the
complex characteristics and heterogeneity of stem cells procured from distinct sources. In the past few
years, researchers have traversed various properties of adult MSCs suggesting them to be advantageous
in regenerative medicine.27 Hence, MSCs obtained from several sources have displayed enormous
prospects in damaged tissues as well as organ repairing and restoration. Being an immune-privileged
organ, placental cells exhibit low immunogenicity in vitro28as well as in vivo29 when xenotransplanted in
animals displaying a normal immune response. Researchers have illustrated the viability of placentaderived cells for allogeneic transplantations.30
In stem cell therapy, along with tissue repairing, the short-lived paracrine actions are also affected by
stem cells. The factors generated and released by stem cells induce these paracrine actions. These factors
are responsible for controlling injuries, modulating the immune responses as well as promoting selfrestoration in damaged tissues which are still alive.31 Concerning modulation of the immune system, stem
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cells obtained from the placenta possess an auxiliary advantage over those derived from other sources.
This can be well explained by the primary role of the placenta in fetomaternal immune tolerance.13
During pregnancy, fetal and, particularly, the tissues of the placenta are responsible for maternal
tolerance. They provide immune-privileged conditions and regulate the immune system. MHC class II
antigens which generally arbitrate transplant rejection are absent in placental cells.32 Placental cells
express fewer amounts of extremely diverse types of antigens belonging to MHC class I as well as the
unconventional type HLA-G (histocompatibility antigen class I, G) which can be responsible for
suppressing body defenses along with contributing to immune tolerance during pregnancy.33,34
Additionally, placenta-derived cells diverge the maternal immune response towards immune tolerance
via the secretion of soluble forms of MHC antigens, hormones, and cytokines.35,36 Furthermore, B-cells as
well as most of the T-cells vanish leaving behind regulatory T-cells, also called Tregs, as the larger
population of T-cells that possess immunosuppressive as well as anti-inflammatory effects.37
Therapeutic applications of placenta-derived mesenchymal stem cells
Regenerative medicine is anticipated to bestow considerable advantages to individuals affected by a
broad array of pathologies. Placenta-derived mesenchymal stem cells exhibit flexibility and pleiotropic
characteristics which incorporate immune system modulation and control of inflammation. Some of the
properties like angiogenesis, neuroprotective and anti-apoptotic are the properties that have been
broadly assessed at preclinical levels.7,38,39 Owing to these properties, HPMCs possess huge potential as
therapeutics against several diseases, which are illustrated in Figure 1 and have been discussed in detail
in further sections.
Figure 1: Therapeutic applications of human placenta-derived mesenchymal stem cells against various
diseases

COVID-19
SARS-CoV-2 is classified as a novel coronavirus that belongs to the β−coronavirus family. After Middle
East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS), COVID-19 has
emerged as the third zoonotic illness-based pandemic produced by viruses belonging to this family.40 The
genome of the COVID-19 virus is 26-32 kilobase pairs in length with crown-like projections on surfaces
called spike proteins. The spike protein mainly interacts with the ACE-2 (angiotensin-converting enzyme)
on alveolar epithelial cells and performs interspecies transmission of the genome.41 This attachment leads
to an elevated expression of ACE-2 which injures alveolar cells causing lesions. These lesions can cause
serious systemic responses and eventually death if not treated on time. From affecting the lungs, these
lesions can cause dysfunction of numerous organs.42,43 An immune destruction in the form of cytokine
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storm occurs in the body, in which pro-inflammatory cytokines, for example, interferons (INFs),
interleukins (IL-1, 6, 12, 8, 33), tumor necrosis factors (TNFs), tumor growth factors (TGFs), accumulate
in abundance.44
MSC treatment can inhibit the immune system from releasing a flood of cytokines and boost endogenous
healing about the stem cell's reparative abilities. P-MSCs inhibit further infection of pulmonary alveolar
cells by acting on the ACE-2 receptor and TMPRSS-2 (endothelial cell surface protein) receptor.22
Placental MSC cells, when injected into the body, get entrapped in the lungs to restrict the systemic
infusion of the virus. Thereafter, these MSCs have the potential to restore the required pulmonary
environment, preserve alveolar epithelial cells, prevent pulmonary fibrosis, and treat lung dysfunction
and COVID-19 pneumonia.45 P-MSCs reduce the severity of cytokine storm caused by the virus, change the
microenvironment to an anti-inflammatory state, and then further limit mononuclear cell entrance into
the infected/damaged alveolar epithelium cells. In injured alveolar cells, P-MSCs increase
immunomodulatory and anti-inflammatory properties. Thereby accelerating the repair mechanism of
damaged alveolar cells.22 Patients treated with MSC showed increased levels of peripheral lymphocytes
and a decline in the amount of cytokine-secreting immune cells including CXCR3+ CD4+ T cells, CXCR3+
CD8+ T cells, and NK CXCR3+ cells compared with patients treated with conventional therapy.45
Myocardial Infarction
Cardiovascular disorders are a major cause of morbidity and death globally, with myocardial infarction
(MI) being the most frequent cardiovascular disorder.46 MI happens as a result of intervention in the
circulation of blood to heart muscles which are accompanied by myocardial ischemia. This is influenced
by the capability as well as the timing of the restoration of blood flow, and therefore, may or may not be
reversible.47 The impaired cardiac muscle is substituted by scar tissue as the restoration of the
myocardium is practically not present, thereby limiting the functioning of the heart. Transplantation of
placenta-derived mesenchymal stem cells acts as a promising approach for restoring heart function as
well as lessening cardiac fibrosis because of the angiogenic and immunomodulatory characteristics
possessed by them. These cells can potentially transform into myocardiocytes along with exhibiting
voluntary movements in vitro environments indicating their therapeutic application in the process of
heart repair.7,48,49 Various researchers have inspected the influence of placenta-derived mesenchymal
stem cells after transplanting them in animal models of MI. These stem cells when administered in the
heart of rats after inducing MI exhibited incorporation into heart tissues and in vivo lineage programming
to form myocardiocytes.48 The prime route for arbitrating the relocation of mesenchymal stem cells in the
vicinity of damaged tissues is the axis of chemokine receptor type 4 (CXCR4), and its ligand i.e., stromal
cell-derived factor (SDF-1) forming CXCR4-SDF1. As observed, due to hypoxia, CXCR4 is instigated at a
high extent in placental mesenchymal stem cells. Therefore, a huge chemotactic reaction is anticipated by
the placental mesenchymal stem cells to the ischemic microenvironment of the damaged portion of the
heart.50 Injecting these stem cells intravenously in an infarcted rat manifested an upraised heart function
after around 32 weeks from infarction.51 Provisioning these stem cells with a novel ester of hyaluronan
linked to butyric as well as retinoic acid (HBR) reinforces their restorative capability. Transplanting these
provisioned stem cells in pigs generated a notable lowering in the extent of scar, more myocardial
transmigration and glucose absorption, elevated density of capillaries, as well as a decline of fibrous
tissues.52 Researchers have also assessed the angiogenic paracrine effect of the conditioned medium of
placental mesenchymal stem cells. In a rat model of reperfusion injury, injecting the conditioned medium
of these stem cells reduced the size of infarction as well as myocardiocyte apoptosis, whilst encouraging
the capillary density in the borderline of infarction.53
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Intracoronary injection of umbilical cord mesenchymal stem cells in people suffering from MI led to a
healthy and markedly increased myocardial tolerance and circulation in the infarcted area.
Enhancements in certain factors, like increased left ventricular ejection fraction as well as decreased enddiastolic volumes and LV end-systolic volumes, have been reported up until 18 months after therapy.54 A
phase I/II clinical study named RIMECARD showed the security and effectiveness of these stem cells
which were injected intravenously in people suffering from chronic heart failure. There was also a
decreased fraction ejection. Advancements in left ventricular activity, cognitive function, and life
expectancy have been identified in treated groups.55 The capacities of first trimester placental chorionic
mesenchymal stem cells (FCMSCs) and third trimester placental chorionic mesenchymal stem cells
(TCMSCs) have also been studied. FCMSCs had a better capacity to produce EC differentiation, as shown
by improved in vitro morphology, angiogenic ability, in vivo cardiac function, and higher levels of proangiogenesis gene expression than TCMSCs.56
Critical Limb Ischemia
Critical limb ischemia is the most dangerous and advanced phase of peripheral artery disease which
results from the thickening of walls of arteries due to the formation of plaque and brings scarcity in the
blood perfusion, incorporating acute limb ischemia, gangrene, and even ulcers.57,58 It is accompanied by
accelerating stenosis, and eventually leads to blockage of peripheral arteries. The risks of developing
peripheral artery disease increase with advancing age, high lipid content such as cholesterol
(hyperlipidemia), high blood pressure, and predominantly diabetes. The hostile tissue environment
generated by diabetes and ischemia can impair the functioning of a patient's cell products for autologous
and allogeneic related therapies.59 Angiogenic cells can contribute directly to the creation of new arteries
while also providing endogenous growth factors, encouraging vascular expansion in a paracrine manner.
Angiogenic treatment includes the use of angiogenic growth factors (HIF-1α, VEGF, FGF1, etc.), gene
transfer techniques utilizing viral or non-viral vectors to transport a gene coding for a therapeutic protein
to target tissues, or the use of angiogenic stem cells.60 However, in several instances, amputation is the
sole alternative possible for treating critical limb ischemia. This is because the blood capillaries cannot be
rectified, and recompression of vessels is generated. It has been outlined in the preclinical trials that cell
therapy exhibits several benefits in neovascularization in numerous mice suffering from hindlimb
ischemia. Placental mesenchymal stem cells have illustrated pro-angiogenic properties, when introduced
into the ischemic area of the infected limb via intramuscular injections, thereby enhancing the blood
circulation as well as encouraging the development of new vessels.24,61,62 PMSCs can be administered with
insulin (from external sources) and even without insulin. Upon administration, the efficacy of PMSC was
calculated. The results were promising as there were newly formed capillaries, a higher number of
arterioles, and even high secretion of different proangiogenic factors.63 Furthermore, conditioned
medium from placental mesenchymal stem cells also possessed pro-angiogenic effects in a mouse model
having hindlimb ischemia, equivalent to the transplanted placental stem cells in the same research,
disclosing that action of placental mesenchymal stem cell led fundamentally from the paracrine effect of
the angiogenic elements secreted from these stem cells.24 Nonetheless, in one more examination, cells
were more effective in comparison to the cell lysate in liberating blood circulation, presumably
stipulating the significance of elongated paracrine action for optimal blood flow restoration.63
Stroke
Ischemic stroke, also called a cerebrovascular accident, is acute damage in the central nervous system
caused due to compromised vasculature or brain perfusion, incorporating cerebral infarction, cerebral
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bleed, and subarachnoid hemorrhage. It predominantly causes disability globally, and about 85% of
strokes appear to be ischemic.64 The frequently utilized curative technique for this condition is
thrombolysis; however, many patients avoid out of window visits which is necessary for efficacious
treatment. It has been outlined via experimental facts that regenerative medicine can lessen the
degeneration of neurons as well as boost functional outcomes. Placental mesenchymal stem cells exhibit
neuroprotective effects, which have been illustrated in stroke rat models. Administering these stem cells
intravenously leads to a noteworthy enhancement of functional outcomes along with a considerable
reduction in the mass of lesions, after 4 hours in the injury. This can be correlated with an escalation in
the amounts of vascular endothelial and hepatocyte growth factors, as well as a brain-derived
neurotrophic factor in the ischemic brain in comparison with the controls.65 Similarly, stem cells can limit
the injury caused by stroke. For the first time, Barzegar et al, (2021)66 discovered that intravenous
injection of placental MSCs administered at the moment of reperfusion dramatically reduced ischemia
damage in the ipsilateral hemisphere. This protection is linked to a substantial return of normal blood
flow to the brain following MCAO (middle cerebral artery occlusion).
Cancer
Over the years, our understanding and ability to deal with cancer have improved significantly. Despite the
accelerated progress in the oncology domain, cancer remains a major lethality affecting both developing
and developed parts of the world. The conventional treatment of cancer including surgical removal of the
tumor, radiotherapy, and chemotherapy, have proven to be effective, however, severe side effects and
drug resistance highlight the need to find an alternate therapy that could minimize the toxicity and still be
efficient in treating the tumor cells.67
Placenta-derived mesenchymal stem cells offer a novel approach to cancer treatment. Placenta-derived
MSCs have an intrinsic nature to migrate to the sites in the body which shows any kind of wear and tear.
This property of PMSCs is majorly exploited in cancer treatment. Cancer and tumor sites behave as an
unhealed wounded environment which sends a signal through paracrine signaling to PMSCs to migrate to
the site of action. Inflammation is another factor that contributes to the movement of the cells.68,69 This
migration property was first observed in a xenograft mouse model.70 PMSCs can be used as cellular
Trojan horses as well for the targeted drug delivery. Nanoparticles are a novel approach for drug delivery
but being foreign particles, nanoparticles are prone to high immunogenic response and have a high rate
of failure as well due to inefficient dissemination in tumors. All these can be overcome by using stem cells
as their delivery system.71,72 This compound system of drug delivery has proven to be quite efficient in
tumor apoptosis. MSC cell membrane coated with doxorubicin enclosed in porous silica nanoparticles is a
fine example.73 Furthermore, PMSCs can also be programmed genetically to produce certain antitumor
compounds and peptides. Generally, PMSCs are modified with viral particles for the expression of certain
cytokines like interferon-β (INF-β). A study conducted by Shen et al. showed induced apoptosis in breast
cancer cells when umbilical cord MSCs were subjected to adenovirus particles expressing INF-β.74 They
can also be modified for producing particular enzymes as evident in the case of cytosine deaminaseproducing MSCs when injected into the brain hindered the growth of glioblastoma.70 Endostatin, a
neurovascular and anti-angiogenesis inhibitor, has been successfully administered using hPMSCs, which
works as a gene vector in the treatment of ovarian cancer.75 Along with acting as an accessory to other
forms of therapies, PMSCs as their own also have anti-tumorigenic responses. Studies have demonstrated
MSCs secreting cytotoxic peptides, mediating pro-apoptotic pathways, and inducing an anti-cancer
immune response. Growth of breast cancer was attenuated by the placental MSCs through inhibiting
ERK1/2 and activating the AKT pathway, leading to apoptosis.76 TNF-related apoptosis-inducing ligand
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(TRAIL) is another cytotoxic agent released by MSCs inducing apoptotic pathways, all leading to
inhibiting the growth of several types of carcinomas.77 Combining PMSCs with drugs to improve
restrictions in treatment is also considered. Therapeutic medicines combining anti-angiogenic treatment
and chemotherapy can be utilized with decidua-derived MSCs. The decidua mesenchymal stem cells were
used to carry out a combination of endostatin transfection and doxorubicin-nanoparticle loading.78
Parkinson’s Disease
In Parkinson’s disease (PD) a gradual impairment of motor skills can be observed. This happens when
neurons in the brain controlling the locomotive functions become functionally inactive or die. It is
characterized by the loss of dopamine-releasing neurons and thereby, decreased levels of dopamine in
the striatum. There is no cure available for the full-fledged treatment of the disease, however, few
medicines and therapies have been employed to target the symptoms. Anticholinergics, dopamine
agonists, and neuroprotective (drug therapy) are the most common treatments for PD to date.14,79 When
talking to stem cells, the main objective becomes to re-establish the dopaminergic neurons and related
transmission signals. Neural progenitors produced by the differentiation of PMSCs were transplanted into
a rat with PD. The results showed alleviation of the PD symptoms and the neural progenitors transformed
into dopaminergic differentiation.80 In a study on mice, MSCs can lower the amount of α-synuclein, block
microglia cell polarization, and increase neuron survival.81 It is believed and being studied that treatment
with PMSCs can also help in symptoms unrelated to the motor like constipation and hyposmia through
the secretion of anti-apoptotic and anti-inflammatory factors.
Alzheimer’s Disease
Alzheimer’s disease (AD) is yet another progressive disease that is characterized by dementia i.e.,
memory loss with aging. It is a result of abnormal accumulation of amyloid peptides and tau tangles all
over the brain causing loss of neural activity.79 Structurally, it usually starts with the hippocampus and
entorhinal cortex, parts primarily responsible for memory response. With time, shrinkage in other parts
of the brain is also visible. AD mice models injected with PMSCs demonstrated higher levels of amyloid
breaking enzymes and also lower levels of pro-inflammatory peptides. PMSCs showed a strong
immunomodulatory effect by increasing the levels of anti-inflammatory cytokines like IL-10 and TGF-β.
Moreover, enhanced memory response was also observed.82 MSCs generated from the placental amniotic
membrane can help AD model mice enhance their spatial learning and memory. The number of amyloid
plaques was also decreased, suggesting that MSC therapy generated from the human placental amniotic
membrane might ameliorate AD pathogenesis and cognitive performance by regulating oxidative stress.83
Amyotrophic Lateral Sclerosis
Another neurological disease is amyotrophic lateral sclerosis (ALS), which is characterized by symptoms
like muscle weakness, paralysis, respiratory problems ultimately leading to death. These symptoms are
caused by the degeneration of neurons in the brain and spinal cord. Although no conclusive therapies are
available for ALS, the stem cells put forward an approach that leads to extended lifespan. ALS mice
models injected with PMSCs demonstrated delayed degeneration of motor neurons by shielding them
from inflammatory peptides.84 MSCs have been found to migrate to the spinal cord of mice and inhibit
microglial activation and tissue glial proliferation, increasing the number of motor neurons, suggesting
that MSCs may have neuroprotective properties. Experiments have demonstrated that exosomes
produced from ASC can protect motor neuron-like NSC-34 cells from oxidative damage and improve cell
viability.14
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Multiple Sclerosis
The pathogenicity of multiple sclerosis (MS) can be divided into two sections; inflammatory immune
response and the degenerative process. The main characteristic of MS is the demyelinated portion in the
central nervous system. The demyelination is healed by the formation of a glial scar. MS is also an autoimmune disorder mediated by the T-cells, attacking the myelin sheath peptides leading to loss of neurons
and dendrocytes. Therapies available and in the study mostly target the immune system. PMSCs provide a
unique approach to the treatment of MS patients by regulating both the immune response and facilitating
the regeneration of the neural cells. Many studies have been conducted which use PMSCs on autoimmune
encephalomyelitis (EAE) mouse models. The symptoms of EAE closely resemble MS symptoms. An
immune response is triggered by the injection of myelin antigen and transplantation of PMSCs at 5th day
and 14th day from immunization was concluded to reduce disease lethality and extended survival.85
Injection of PMSCs is the EAE mice models were also an effective approach as these delayed the motor
symptoms, modulated immune response by inhibiting the T cell proliferation and reducing inflammatory
reactions, preventing neural network loss, and decreasing the seriousness of MS.86,87
The therapeutic efficacy of transplanting these stem cells in patients suffering from MS has been tested in
various trials. Injecting umbilical cord-derived mesenchymal stem cells intravenously comes out to be
feasible and safe in such patients. Additionally, the overall effects on treatment groups were observed to
be stable or increased in comparison to the standard group.88 In another research, patients having
relapsing-remitting MS or secondary progressive MS were spontaneously administered with placental
stem cells (PDA-001, a preparation of hPMSCs) and several individuals who were treated had steady or
declining expanded disability status scale ratings (EDSS), which showed potential reparative influence on
the patients.89
Liver diseases
Cirrhosis is the final stage of many liver injuries like viral infections, metabolic disorders, alcoholism, and
even acute liver failure resulting from various processes. The typical functioning of the liver is disturbed
due to the formation of the scar by the extracellular matrix. It further leads to necroinflammation and
fibrogenesis.90,91 Liver cirrhosis is an irrevocable condition that can be deadly, and the sole option for
curing the disease is liver transplantation. However, the lesser availability of donors along with the
constant requirement of immunosuppressants restrict liver transplantation and this is why cell
transplantation emerges to be an appropriate alternative. Besides fetal and adult hepatocytes, stem cells
are also taken into consideration for cell transplantations. It has been outlined that PMSCs can potentially
be beneficent because of their ability to transform to hepatic-like cells, thereby forming functioning 3D
structures.92 AF-MSCs can engraft in the injured liver and produce Annexin-A1 and other helpful
cytokines to successfully reduce the degree of liver damage and promote liver repair and regeneration.93
Vascular cell adhesion molecule-1 and very late antigen-4 adhesion molecules help PMSCs to concentrate
in injured areas. Through cell-cell interactions and the production of growth factors including hepatocyte
growth factor (HGF) and vascular endothelial growth factor (VEGF), PMSCs help to heal the injured
liver.94,95 These stem cells have been shown to induce a notable decrease in fibrosis and also in the serum
amounts of transaminases. An enhancement in liver regeneration has been suggested due to initiation in
the mechanism of autophagy96, a decline in apoptosis, repression in the activation of stellate cells97, and
incitement in liver cell proliferation.98 They are also shown to limit hepatocyte inflammation as well as
prevent apoptosis by suppression of TNF-α and IFN-γ. This causes the rejuvenation of hepatocytes and
release of HGF, VEGF, IL-6, and PAF (Platelet-activating factor).75,99 No indications regarding the
formation of hepatocytes from cell transplants have been revealed in the rat model exhibiting CC14-
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induced fibrosis98, however, engraftment of PMSCs along with human albumin and α-fetoprotein
expression has been outlined.97,100,101
Bone and Cartilage Diseases
Although bones have a physiological capability of regeneration and remodeling as evident from the
healing of bones in case of any damage, there are some physiological scenarios when the physical
regeneration of bone is compromised and insufficient. Osteoporosis is one of the conditions where
compromised regeneration is seen. Deployment of PMSCs as a therapy for bone disorders exploits their
multipotency. PMSCs possess the potential to differentiate and transform into osteocytes. They are in vivo
potential of forming bones have been acknowledged by many studies thereby making the therapy an
interesting candidate to facilitate bone repair. In a study, PMSCs injected in mice models with femur
defects were able to fully recover the damage without any signs of fibrosis. They were injected in
combination with nano biphasic calcium phosphate ceramics.102 Another study used
hydroxyapatite/tricalcium phosphate particles to form bones at the implants in a severe immune
deficiency (SCID) mice model.103 The multipotency and ability to differentiate into musculoskeletal
lineages makes PMSC an alternative and interesting option for osteoarthritis (OA), a degenerative disease
of cartilages in the joints. Many studies have been conducted supporting the regenerative hypothesis
using PMSCs. Rat models with osteochondral defects in the knee were found to form hyaline cartilage
when administered with the PMSCs grown on silk fibroin.104 In a study, for covering the femoral defects,
PMSCs infused in collagen I gel were subjected to a diseased rat model. Upon testing, the soft-grown
tissue was positive for toluidine blue which indicated the differentiation of transplanted cells.105
Proliferative and osteogenic effects of andrographolide (AP) on human-PMSCs have also been studied. It
also improved osteogenic differentiation by increasing the expression of osteoblast-specific mRNA.
Furthermore, it can aid bone development by increasing the amount of the bone structural protein
osteocalcin in osteoblastic cells.106
Intestinal Diseases
Crohn's disease, as well as ulcerative colitis, are chronic illnesses triggered due to prolonged swelling of
the epithelial cells in the intestinal tract leading to tissue damage all over the gastrointestinal system.
These conditions are thought to be a consequence of an aberrant immunological response to intraluminal antigens among susceptible individuals. Many other specific gene mutations of the nucleotidebinding oligomerization domain 2 (NOD2) are involved in the progression of this disorder.107 These two
illnesses have significant effects on well-being and presently no cure is available. In addition, most
sufferers are not receptive to early detection and treatment. Injecting a conditioned medium of PMSCs
intraperitoneally improved clinical characteristics in a mouse paradigm suffering from colitis instigated
by dextran sulfate sodium.108 These stem cells when injected intraperitoneally also inhibited tissue
necrosis and reduced mouse fatalities. These positive effects seemed to be significantly higher while using
NOD2-activated stem cells.82
A study showed the safety of intravenous infusion of these stem cells (PDA001) in individuals suffering
from intermediate to serious level Crohn’s disorder, and subsequently, certain recovery rates of the
illness were also noted.109 Similarly, in another monitored clinical experiment, the patient’s situation
enhanced dramatically on intravenously injecting these stem cells. This led to a considerable decrease in
steroid concentrations. Furthermore, many patients having anal fistula exhibited significant progress.110
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Clinical trials of placenta-derived mesenchymal stem cells for treating various diseases
Clinical trials are human research studies that are used to assess the effectiveness of pharmacological,
surgical, or cognitive interventions. PMSCs have also undergone clinical trials for the treatment of certain
diseases. For instance, a Phase 1 study has been conducted for determining the safety of intramuscular
dosage of PLX-PAD (placenta-derived MSC) for treating critical limb ischemia. Similarly, recently another
phase 1 and 2 clinical trials are being conducted for assessing the potential of cryopreserved PMSCs
against deadly SARS-COV-2. Many such registered clinical levels are mentioned in Table 1.
Table 1: List of registered clinical trials of placenta-derived mesenchymal stem cells for treating various
diseases.111
NCT Number

Purpose of Study

Disease

Phase

NCT00919958
(YOS-2009)

Determining the safety of PLX-PAD (placentaderived MSC) single dose, intramuscular Critical limb ischemia
injection for the treatment of CLI

Phase 1

NCT04464213
(YOS-2020)

Evaluate the efficacy and safety of human
Diabetic foot ulcer
PMSCs on diabetic foot ulcer

Phase 1

NCT04464213
(YOS- 2020)

Study the pharmacokinetics and tolerance of
Diabetic foot ulcer
hPMSC on diabetic foot ulcer

Phase 1

NCT01420432
(YOS-2011)

Ankylosing
Safety and efficacy study of umbilical spondylitis
cord/PMSCs to treat ankylosing spondylitis
(inflammatory
arthritis)

Phase 1

NCT01413035
(2011)

Evaluate the safety and efficacy of hPMSCs at a
Type 2 diabetes
dose of 1.0E+6 MSC/kg for type 2 diabetes

Phase 1 and 2

NCT01413035
( 2011)

Evaluate the safety and efficacy of MSCs
derived from the human placenta at a dose of Type 2 diabetes
1.0E+6 MSC/kg for type 2 diabetes

Phase 1 and 2

NCT04652908
(2020)

Study the efficacy of treatment of human
placenta-derived
MSCs
seeded
on
a
Myelomeningocele
commercially available dural graft extracellular
matrix against myelomeningocele

Phase 1 and 2
(ongoing)

NCT04461925
(2020)

Assessing infusions of cryopreserved allogeneic
multipotent mesenchymal stem cells of the
placenta and umbilical cord for COVID-19 SARS-CoV-2
patients with acute respiratory distress
syndrome

Phase 1 and 2
(ongoing)

NCT01129739
(2010)

Evaluate safety and efficacy of hPMSCs at a
dose of 1.0E+6 MSC/kg on subjects for Myelodysplastic
refractory anemia (RA) and refractory anemia syndromes (a type of Phase 2
with
ring
sideroblast
(RARS)
of cancer)
myelodysplastic syndromes (MDS)
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Future Prospects and Concluding Remarks
Placenta derived mesenchymal stem cells serve as potential sources for use in stem cell therapy in
humans. Cell therapy employing these stem cells is primarily based on three essential properties they
possess, i.e., their innate remedial ability or the release of paracrine factors, their ability to homing and
engraftment and immune regulation capacity. Conversely, the medical utilization of PMSCs is still in its
infant stages and many trials are still under research. Many trails involving cell therapy have been
conducted using autologous stem cells. However, there are many drawbacks to using a patient's own
cells. Firstly, there is a time constraint, as the growth and quality control of autologous cells can take
some months. In addition, cells may exhibit lesser efficacy owing to inherent elderly factors, and these
PMSCs pose some attributes which can make autologous gene therapy virtually impossible, as observed
in the case of older patients as well as those with particular systemic chronic conditions such as diabetes.
Allogeneic mesenchymal stem cells, on the other hand, have the ability to be produced in high yields
quickly so that they can be easily accessible and delivered instantly. They can be procured under more
systematic and explicitly tested parameters and are likely to minimize costs. Till now, published reports
on the efficacy of therapy using PMSCs suggest that these cells are safe and thus they are already ‘off-theshelf’ products. While many clinical studies are underway or provide no published findings, there are a
few positive reports on effectiveness of this treatment. Regenerative nanomedicine is indeed a propitious
field which has provided very satisfactory outcomes at pre-clinical levels. Therapies of many illnesses can
profit with the utilization of scaffolds, which provide a three-dimensional framework to facilitate cells,
promote its adherence and development, thereby improve engraftment and subsequently the therapeutic
outcomes. Apart from the use of cells as transporters of nanomaterials to transport medications within
the wounded tissue and, even more, the prospect of stimulus-controlled secretion of medicines appears
to be exhilarating. Along the way, further research is required on these stem cells which can potentially
give promising results in the field of regenerative medicine.
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