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Abstract

The mature human placenta and umbilical cord are rich sources of perinatal mesenchymal stem cells
(MSCs). Both cell populations have similar characteristics and cellular properties. Each population can
differentiate into multiple mesenchymal subpopulations and retain their self-renewal capacities. Perinatal
stem cells can be isolated from tissues obtained from the planned cesarean sections and vaginal delive-
ries. Their isolation is relatively easy, making them readily available for implementation in various in vitro
studies and clinical trials. Their differentiation abilities could be used in advanced regenerative medicine
protocols to form new bone, cartilage, or tendons. Moreover, their unique anti-inflammatory and immu-
nomodulatory properties have been implemented in the experimental treatment of multiple autoimmune
and degenerative diseases. Numerous phase [ /Il clinical trials confirmed the safety of perinatal MSCs injec-
tions and infusions, albeit the efficacy of those cellular therapies should be investigated in the subsequent
large-scale randomized trials.
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Introduction

The placenta is a multifunctional fetomaternal or-
gan. Its maternal part, decidua basalis, originates
from the modified cells that form the uterine cav-
ity’s internal mucosal layer. The trophoblast cells
penetrate into the decidualized uterus and form
complex structures composed of cytotrophoblast
and syncytiotrophoblast cells, known as the pla-
cental villi. The placental villus’s core contains fetal
blood vessels and is abundant in fetal mesenchymal
tissue [1,2]. The placental mesenchymal tissue is
rich in cells that possess high cellular plasticity and
self-renewal capacities. Those cell populations are
commonly known as placental mesenchymal stem
cells (MSCs) [3]. The isolation of placental MSCs is
feasible to be conducted from the samples of the
mature placental tissue. Most healthcare facilities
treat the normal mature placental tissue obtained
after the cesarean section or the vaginal delivery as
common medical waste. Based on that, the placental
tissue samples’ collection does not raise any critical
ethical issues [4]. To summarize, the source of pla-
cental mesenchymal stem cells is readily available,
and the isolated cells could be used for a range of
experimental analyses.

According to the definition stated by participants
of the First International Workshop on Placenta-de-
rived Stem Cells, the placental MSCs include two dif-
ferent cellular subpopulations - the population of
human amniotic mesenchymal stromal cells (hAM-
SC) and the lineage of the human chorionic mesen-
chymal stromal cells (hCMSC) [5]. Both mentioned
cellular populations could be relatively easily iso-
lated from the amniotic membranes and chorionic
tissue, respectively [6-8]. Moreover, both subpop-
ulations exhibit similar cellular plasticity. It was
reported that under specific environmental condi-
tions, they could differentiate into various mesen-
chymal derivatives such as adipocytes, chondro-
cytes, and osteoblasts [9,10]. Also, the Wharton’s
jelly-derived MSCs express the stem cells marker
genes (Oct-4, Nanog, and Sox-2) and differentiate
into multiple mesodermal cell lineages [11]. Both
the placental and Wharton’s jelly MSCs properties
can be applied in various innovative treatment pro-
tocols, especially in the fields of regenerative medi-
cine and the treatment of chronic inflammatory dis-
eases [12]. There are several different therapeutic
approaches for the implementation of MSCs in daily
clinical practice. It is believed that MSCs can direct-
ly build up the new bone or cartilage tissues and
promote their formation. Their unique anti-inflam-
matory and regenerative capacities are thought to
be associated with their specific secretory profiles.
Excreting numerous anti-inflammatory cytokines,
they can modify the local and systemic immune re-
sponse that the facilitates tissue regeneration pro-
cesses [13].
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Methodology

PubMed and Scopus databases were searched
for relevant references from the first records until
February 2021, using the following terms: “peri-
natal stem cells”, “placenta stem cells”, “placental
mesenchymal stem cells”, “placenta-derived mesen-
chymal stem cells”, “umbilical cord stem cells”, “um-
bilical cord mesenchymal stem cells”, and “umbilical

cord-derived mesenchymal stem cells”.

Application of the perinatal stem cells in
advanced medicine

The experience gained from the numerous in vi-
tro studies paves the way to the first experimental
clinical trials focusing on the safety and efficacy of
those novel cellular treatment strategies. Nonethe-
less, it should be emphasized that there are some
limitations of those studies. The fact that many
authors use various tissue preparation and cell
separation protocols can lead to significant dis-
crepancies between the analyzed trials. Also, the
differences in cell doses and tissue source can mod-
ify the outcomes [14,15]. For example, Kong et al.
revealed that the Wharton’s jelly MSCs obtained
from the mothers with gestational diabetes exhib-
ited significantly lower cell proliferation, expres-
sion of stemness markers and genes regulating the
mitochondrial function, and presented decreased
osteogenic and chondrogenic potential compared
with the control group [16]. Nonetheless, numerous
promising reports indicate that the perinatal MSCs
administration is safe and can markedly improve a
range of clinical parameters and enhance the pa-
tients’ quality of life.

Placenta-derived mesenchymal stem cells

It is believed that placenta-derived MSCs open
novel perspectives for cellular therapies in regen-
erative medicine. Soltani et al.,, in their pilot study,
noted that the single intra-articular placental MSCs
injection in patients with knee osteoarthritis is
safe and could significantly improve the patients’
quality of life, knee flexion range of motion, and al-
leviate the pain (Tab. 1) [17]. Winkler et al. used
a hip arthroplasty surgery as a model of skeletal
muscle injury. Their randomized-controlled trial
revealed that the patients who received placental
MSCs intramuscular injection reached significant-
ly increased muscle strength and muscle volume
compared with controls. They did not observe any
acute and long-term treatment-related adverse ef-
fects [15]. ]Ji et al. discovered that the conditioned
medium from placenta-derived MSCS increased the
proliferation and lowered the apoptosis rate in hu-
man periodontal ligament stem cells obtained from
the extracted premolars [18]. Moreover, placen-
ta-derived MSCs hydrogel appeared as a novel ther-
apeutic option for patients with diabetic foot ulcers.
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TABLE 1. Application of perinatal MSCs in human clinical trials

50

FIRST
STUDY TITLE NUMBER OF MEDICAL
[REFERENCE] TYPE OF STUDY PARTICIPANTS CONDITION AUTHOR,
(YEAR)
Immunomodulatory placental-expand- Randomized, do-
) . Skeletal muscle .
ed, mesenchymal stromal cells improve uble blind, and L . WinKler,
. . . 20 injury - hip arthro-
muscle function following hip arthroplas-| placebo-controlled, lasty model (2018)
ty. [15] phase [/1la study prasty
Safety and efficacy of allogenic placental | Randomized, control- Soltani
mesenchymal stem cells for treating knee led, double-blind 20 Knee osteoarthritis !
s . . . (2018)
osteoarthritis: a pilot study. [17] clinical trial
Deterrmmng the fe.asﬂ?lllty of managing Prospective, non-con- Erectile Levy,
erectile dysfunction in humans with trolled, phase I clinical 8 dvsfunction (2016)
placental-derived stem cells. [20] trial Y
Placenta-derived mesenchymal-like cells | Prospective, non-con- .
. . Chronic pulmonary | Baughman,
(PDA-001) as therapy for chronic pulmo- | trolled, single-center, 4 sarcoidosis (2015)
nary sarcoidosis: a phase 1 study. [23] | open-label phase I trial
A phase 1b study ofplace.nta-df:rlved r'ne- Smglfe center, non-ran- Idiopathic pulmo- | Chambers,
senchymal stromal cells in patients with | domized, dose escala- 8 nary fibrosis (2014)
idiopathic pulmonary fibrosis. [24] tion phase Ib trial y
Transplantation of placenta-derived me- | Prospective, non-con- Jian
senchymal stem cells in type 2 diabetes: | trolled, phase I clinical 10 Type 2 diabetes &
. . (2011)
a pilot study. [28] trial
Human placenta-derived cells (PDA-001) Multlcenter, ran(.io-
. . mized, double-blind, .
for the treatment of adults with multiple . . Lublin,
. . placebo-controlled, 16 Multiple sclerosis
sclerosis: a randomized, placebo-control- . (2014)
led, multiple-dose study. [31] 2-dose ranging, phase
! P Y. Ib study
Safety and efficacy of the intravenous
infusion of umbilical cord mesenchymal .
. . . : Chronic stable
stem cells in patients with heart failure: . .
. . Randomized, controlled heart failure and .
a phase 1/2 randomized controlled trial . L Bartolucci,
X . . . . trial, Phase I/11 30 reduced ejection
(rimecard trial [randomized clinical trial . (2017)
. ) - . fraction
of intravenous infusion umbilical cord
mesenchymal stem cells on cardiopa-
thy]). [34]
Effect of intramyocardial grafting colla-
gen sc_affold. with Ir.lesenchyr.na.l stromal Randomized, double- Chronic ischemic He,
cells in patients with chronic ischemic . L . 50 -
. - o . -blind clinical trial heart disease (2020)
heart disease: a randomized clinical trial.
[35]
Umbilical cord-derived mesenchymal
stromal cells (MSCs) for knee osteoar-
thritis: repeated MSC dosing is superior | Randomized, control- " Matas,
to a single MSC dose and to hyaluronic led, phase I/1I trial 26 Knee osteoarthritis (2019)
acid in a controlled randomized phase I/
II trial. [36]
Efficacy and safety of umbilical cord
mesenchymal stem cell therapy for rheu- | Prospective phase /11 64 Rheumatoid Wang,
matoid arthritis patients: a prospective study arthritis (2019)
phase I/1I study. [38]
Umbilical cord mesefncl}ymal stem cell Randomized controlled o Zhang,
treatment for Crohn’s disease: a rando- . . 82 Crohn’s disease
clinical trial (2018)

mized controlled clinical trial. [41]
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FIRST
STUDY TITLE NUMBER OF MEDICAL
[REFERENCE] TYPE OF STUDY PARTICIPANTS CONDITION AUTHOR,
(YEAR)
Clinical feasibility of umbilical cord tissu- | Open-label, single-arm, .
. . . . ) Riordan,
e-derived mesenchymal stem cells in the | single-center phase I/ 20 Multiple sclerosis (2018)
treatment of multiple sclerosis. [42] II trial
Allogeneic mesenchymal stem cells as
induction therapy are safe and feasible in | Multicenter randomi- 42 Renal Sun,
renal allografts: pilot results of a multi- zed controlled trial transplantation (2018)
center randomized controlled trial. [43]
A pilot study of m_esenchymal ste.m cgll Randomized, controlled Acute liver allo- Shi,
therapy for acute liver allograft rejection. . 27 -
[44] trial graft rejection (2017)
Allogeneic cell therapy using umbilical . Infertility cau-
Prospective, non-con-
cord MSCs on collagen scaffolds for . sed by recurrent Cao,
. . . . trolled, phase I clinical 26 . .
patients with recurrent uterine adhesion: trial intrauterine (2018)
a phase I clinical trial. [45] adhesions
Umbilical cord-derived mesenchymal Single-center, open- He
stem (stromal) cells for treatment of -label, dose-escalation 15 Severe sepsis (201'8)
severe sepsis: aphase 1 clinical trial. [47] phase I clinical trial
Human umbilical cord-derived mesen- conptiglilliiil ?1505:5:;1? do- Men
chymal stem cell therapy in patients with mized héase I clinical 18 COVID-19 (2025')
COVID-19: a phase 1 clinical trial. [48] /P trial
Single-center open-la-
Treatment of severe COVID-19 with hu- bel, individually Shu
man umbilical cord mesenchymal stem | randomized, standard 41 COVID-19 (202('))
cells. [49] treatment-controlled
trial

Zeng et al. described a case of chronic injury in which
the conventional therapies were ineffective. The appli-
cation of placenta-derived MSCs hydrogel improved
wound healing and restored the foot’s functionality
[19]. Levy et al. injected a solution of placental MSCs
into the base of each corpora cavernosum in patients
with severe erectile dysfunction. Their outcomes indi-
cate that the intrapenile MSCs injection increased the
local blood flow by increasing the peak systolic veloci-
ty. Nonetheless, they did not note significant changes
in end-diastolic velocity, stretched penile length, peni-
le width, and the erectile function scores [20,21]. Fi-
nally, the observations gained from the mouse model
of radiation enteropathy suggest that the human pla-
centa-derived MSCs can be used in the prophylactics
and treatment of radiation injury [22].

It is believed that the immunomodulatory prop-
erties of placental MSCs can modify the course of
chronic inflammatory diseases. Baughman et al.
administered the placental MSCs treatment in four
patients with chronic pulmonary sarcoidosis. After
1-year follow-up, patients did not improve their
spirometric pulmonary function parameters. How-
ever, two patients discontinued prednisone ther-

apy due to significant chest x-ray improvements
[23]. Chambers et al. determined the efficiency of
placental MSCs infusion in patients with idiopath-
ic pulmonary fibrosis. They discovered that at six
months after the procedure, the patients’ diffusing
capacity for carbon monoxide, forced vital capacity,
6-minute walk distance, and tomography fibrosis
score were unchanged [24]. Lin et al. examined the
possible placental MSCs’ activity in asthma. They
collected blood samples from children patients and
assessed the influence of MSCs on the T cells activa-
tion and proliferation and the IL-5 concentrations
in vitro. They discovered that the CD4+ and CD8+
T cells’ activation and proliferation and IL-5 levels
were significantly decreased in cultures with MSCs.
These results suggest that placental-derived MSCs
therapy can inhibit inflammation in children with
asthma [25]. Park et al. analyzed the possible appli-
cation of placental MSCs in the treatment of Grave’s
ophthalmopathy. They found that the MSCs can in-
hibit the lipid accumulation in orbital fibroblasts
obtained from the patients with Graves’ disease in
vitro [26]. Chronic inflammatory bowel diseases -
e.g., Crohn’s disease and colitis ulcerosa - are liable
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for the increased intestinal fibrosis. Choi et al. ex-
amined how the placental or umbilical cord-derived
MSCs could affect the function of intestinal myofi-
broblasts. They discovered that MSCs reduced the
TGF-B1-induced expression of profibrotic mediators
(RhoA, MRTF-A, and SRF) in human primary intesti-
nal myofibroblasts in vitro [27]. Jiang et al. reported
that the serial intravenous infusions of placental-de-
rived MSCs are safe and can significantly improve the
islets’ function in type 2 diabetes patients. They ob-
served a mean 2-fold decrease in daily insulin dose
and increased C-peptide concentrations in patients
who received the cell infusions [28].

Furthermore, placenta-derived MSCs therapy is
promising in various degenerative diseases. It has
been speculated that placental MSCs’ exosomes are
responsible for their biological activity [29]. Bier
et al. reported that the myoblasts treated with the
placental MSCs conditioned medium or isolated
exosomes increased their differentiation and de-
creased the expression of fibrogenic genes in sam-
ples collected from patients with Duchenne mus-
cular dystrophy, possibly via delivery of exosomal
miR-29¢ molecules [30]. Lublin et al. assessed the
feasibility and efficiency of placental-derived MSCs
infusion in patients with multiple sclerosis. During
the observation after MSCs administration, the vast
majority of the patients had stable or decreasing
Expanded Disability Status Scale score. The authors
observed one anaphylactoid reaction in their study
population [31]. Liu et al. discovered that the trans-
plantation of human placenta-derived MSCs reduc-
es renal injury in a mouse model of lupus nephritis.
They reported that the MSCs injections decreased
the proteinuria, synthesis of specific anti-dsDNA
antibodies, and expression of several pro-inflam-
matory cytokines [32].

Umbilical cord-derived mesenchymal stem cells

The regenerative properties of umbilical cord
MSCs were examined in numerous clinical trials.
Hashemi et al. found that the administration of
Wharton’s jelly MSCs seeded on acellular amniotic
membranes promotes the healing of chronic diabet-
ic wounds. They noted that the wound size signifi-
cantly decreased after 6 to 9 days of cellular thera-
py [33]. Bartolucci et al. discovered that umbilical
cord MSCs infusion increased the left ventricular
ejection fraction assessed through transthoracic
echocardiography and cardiac MRI in patients with
chronic stable heart failure and reduced ejection
fraction. They reported that their patients experi-
enced significant functional status and quality of
life improvement [34]. He et al. examined the safety
and feasibility of umbilical cord MSCs-laden colla-
gen hydrogel intramyocardial injections in patients
with chronic ischemic heart disease. They did not
observe any serious adverse effects of applied ther-
apy. They noted a slight decrease in the mean infarct
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size change at 12 months after treatment [35]. Ma-
tas et al. evaluated the efficiency of intra-articular
injections of umbilical cord-derived MSCs in knee
osteoarthritis treatment. They found that patients
treated with MSCs injections experienced signifi-
cant functional and pain improvements from base-
line, while the controls who received hyaluronic
acid injections did not experience any change. How-
ever, they observed no between-group differences
in MRI scores [36]. Chen et al. analyzed the effica-
cy of umbilical cord-derived MSCs-based therapy
for osteonecrosis of the femoral head. They found
that at 12 and 24 months after the procedure, the
volume of necrotic changes has been significantly
reduced [37]. Wang et al. assessed the long-term ef-
ficacy of umbilical cord MSCs infusions in patients
with rheumatoid arthritis. They observed a reduc-
tion in the inflammatory markers and significantly
improved joint function index - DAS28 - 1 year and
3 years after treatment [38].

The unique immunomodulatory properties of
perinatal stem cells can be applied in the treatment
of inflammatory and autoimmune diseases. Liang et
al. analyzed the long-term safety profile of umbilical
cord MSCs infusions in a large group of patients with
various autoimmune diseases - main afflictions in-
cluded systemic lupus erythematosus, Sjogren’s
syndrome, and systemic sclerosis. They concluded
that the MSCs infusions are not associated with any
severe long-term adverse effects in patients with au-
toimmune diseases [39]. A randomized controlled
trial conducted in patients with lupus nephritis
revealed that the MSCs infusion administered as a
supportive therapy is ineffective in that indication
[40]. Zhang et al. administered four serial umbili-
cal cord MSCs infusions to patients diagnosed with
Crohn’s disease. At 12 months after the treatment,
patients who received the cell therapy showed a
significantly higher decrease in the Crohn’s disease
activity index, Harvey-Bradshaw index, and the dai-
ly corticosteroid dosage compared with the control
group [41]. Riordan et al. assessed the effects of the
seven infusions of umbilical cord-derived MSCs in
patients with multiple sclerosis. At 1 month after
the treatment, they noted significant improvements
in the expanded disability status scale; in the blad-
der, bowel, and sexual dysfunction; in non-domi-
nant hand function, and the results of walk tests
[42]. Sun et al. hypothesized that umbilical cord
MSCs could be implemented as efficient induction
therapy in patients who undergo renal transplan-
tation because of their anti-inflammatory and im-
munomodulatory properties. The patients received
peripheral MSCs infusion before the transplanta-
tion and the second cell dosages via the renal artery
during the surgery. The graft recipients well toler-
ated the MSCs infusions. Nevertheless, larger trials
are needed to prove their efficacy in improving the
delayed graft function or acute rejection incidence
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[43]. Shi et al. assessed the role of umbilical cord
MSCs infusions in patients with acute liver allograft
rejection. In control measures - 4 weeks after the in-
tervention - they observed the significant decrease
in alanine aminotransferase levels and the increase
in the T regulatory cells/T helper cells ratio, as well
as the TGF-f31 and prostaglandin E2 concentrations.
Those findings suggest that perinatal MSCs could
potentially suppress acute graft rejection [44].

Cao et al. performed the intrauterine transplan-
tations of umbilical cord MSCs loaded onto colla-
gen scaffolds in patients with infertility caused by
recurrent intrauterine adhesions. They discovered
that three months after the MSCs transplantation,
the intrauterine adhesion score decreased, and av-
erage endometrial thickness increased compared
with pre-treatment evaluation results. At the end
of the 30-month follow-up period, 8 out of 26 study
participants delivered live infants. The treatment
did not cause any serious adverse effects [45]. Ding
et al. reported that the intraovarian transplantation
of umbilical cord MSCs loaded onto collagen scaf-
folds into women diagnosed with premature ovari-
an failure could restore ovarian functionality. After
the MSCs injection, they noted the increase in the
estradiol concentrations and observed the follicles’
development by sonography. Moreover, after the pro-
cedure, two patients with a long history of infertility
conceived without any advanced technology [46].

It has been hypothesized that the MSCs infusions
could be used as a novel method of treatment for
patients with serious infections. He et al. examined
the safety of umbilical cord MSCs administration
in patients with severe sepsis. Testing the effects
of various cell dosages, they found no adverse ef-
fects of umbilical cord MSCs infusions in patients
with sepsis [47]. Some authors proved the safety
of umbilical cord MSCs infusions in patients with
moderate and severe COVID-19 pulmonary dis-
ease [48,49]. Shu et al. reported that the infusion
of human umbilical cord MSCs shortens the time
to clinical improvement in patients with COVID-19.
Furthermore, patients treated with MSCs had low-
er CRP and IL-6 levels from day 3 of infusion and
experienced faster normalization of lymphocyte
count and absorption of lung inflammation features
observed on CT imaging [49].

Conclusions

In summary, numerous experimental studies and
clinical trials focused on the potential implementa-
tions of perinatal mesenchymal stem cells in nov-
el treatment protocols. Whereas multiple studies
confirmed the safety and feasibility of MSCs ther-
apies, their efficacy should be further investigated
in large-scale randomized trials. Nonetheless, the
first reports indicate that the application of both
placental and umbilical cord-derived MSCs can
improve wound healing, tissue regeneration and
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modify the course of various autoimmune and de-
generative diseases. Finally, it is crucial to establish
homogenous tissue collection and cell preparation
protocols to restrain these factors’ influence on the
clinical trials outcomes.
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