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ABSTRACT

Due to the prominent immunosuppressive and regenerative properties, umbilical cord mesenchymal stem cells are the most widely explored 
in the treatment of autoimmune diseases and posttransplant complications as well as for the facilitation of engraftment of hematopoietic stem 
cell transplant and cell culturing in vitro. The review presents modern immunophenotypic characterization of the umbilical cord mesenchymal 
stem cells, approaches to isolation, biobanking, and clinical application. 
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protects them from the attack of the natural killer cells of the recipients 
after allogeneic application as well as low or zero expression of MHC ІI 
class antigens [8]. This allows to consider the umbilical cord stem cells 
less immunogenic compared to cells, isolated from the other sources.

Umbilical cord MSCs are capable to self-renewal and pluripotency 
and can differentiate not only into mesenchymal (osteocytes, adipocytes, 
chondrocytes) but also non-mesenchymal cell lines, including derivatives 
of ectoderm (astrocytes, oligodendrocytes, neurons) and endoderm – 
hepatocytes [1, 8, 9]. The possibility of differentiation of umbilical cord 
stem cells into cardiomyocytes, osteocytes, chondrocytes, myocytes, 
adipocytes etc. was also shown [12]. Proliferative potential of the 
umbilical cord mesenchymal stem cells overexceeds clonogenic potential 
of the analogous cells of menstrual blood and adipose tissue [9]. The 
results of studies on pluripotency of the umbilical cord MSCs create 
predispositions for their clinical application in regenerative medicine. Due 
to phenotype and biological features of the umbilical cord mesenchymal 
stem cells, the latter are considered to be a “bridge” between embryonic 
and adult stem cells [8, 9]. 

As a potential source of the different populations of stem cells the 
following parts of the umbilical cord possess value: Wharton’s jelly, 
intravascular zone, perivascular zone, subamniotic zone, blood vessels, 
amniotic epithelium [1, 11, 12]. Mesenchymal stem cells are isolated from 
the Wharton’s jelly, whereas epithelial cells – from the internal and external 
layers of the umbilical cord [1, 11]. Endothelial progenitor cells, perspective 
for the purposes of tissue engineering of the vessel constructions, may be 
isolated from the tissues, surrounding Wharton’s jelly as well as umbilical 
veins and artery [1, 12]. Umbilical cord MSCs were shown to produce such 
important biologically active compounds as intereukin-10, transforming 
growth factor beta, interleukin-6, vascular endothelial growth factor, 
prostaglandin E2, cyclooxygenases, hepatocyte growth factor, leukemia 
inhibiting factor, indoleamine 2,3-dioxygenase [6]. 

Umbilical cord is a unique anatomical structure, that connects the 
maternal and fetus organisms during pregnancy, provides fetus with 
oxygen, nutrients and excrets the products of its life-sustaining activity. 
Umbilical cord contains 2 umbilical arteries and 1 vein, covered by a 
special type of the mucous connective tissue, called Wharton’s jelly, 
which in its turn is covered by the amniotic epithelium [1].

After childbirth the function of the umbilical cord is supposed to be 
performed and during many years the umbilical cord together with the 
placenta were utilized. From the end of 80s of the 20th century the attitude 
to the umbilical cord changed since it was found that blood, remaining in 
umbilical vessels contains a significant number of hematopoietic stem 
cells, which are increasingly used in clinical practice as a bone marrow 
alternative [2, 3]. Up-to-date more than 35,000 umbilical cord blood 
hematopoietic stem cells transplants were performed worldwide for the 
treatment of malignant and other diseases in children and adults and cord 
blood banks occupied an important place in the system of health care 
institutions [2]. 

In 1991, umbilical cord tissue was accepted in the list of the potential 
stem cells sources for the purposes of tissue engineering, when the 
group McElreavey et al. for the first time isolated fibroblast-like cells 
from the Wharton’s jelly of human umbilical cord, which are the type of 
mesenchymal stem cells (MSCs) [1, 4, 5]. Human MSCs are also being 
isolated from the bone marrow, umbilical cord blood, adipose tissue, 
amniotic fluid, endometrium, dental tissues etc. [3, 6, 9]. 

Umbilical cord stem cells may be considered to be mesenchymal since 
they match minimal criteria, determined in 2006 by the Mesenchymal 
and Tissue Stem Cell Committee of the International Society for Cellular 
Therapy [50]. Hence, umbilical cord MSCs were shown to express 
surface markers CD29, CD44, CD73, CD90, CD105 and do not express 
CD14, CD34, CD45 і HLA-DR [8, 50]. Umbilical cord mesenchymal stem 
cells are characterized by low expression of MHC I class antigens, what 
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Today two methods are used for the isolation of mesenchymal stem 
cells from the umbilical cord: enzymatic treatment of the tissue using 
collagenase I, trypsin, hyaluronidase and explants technique [1, 7, 10, 
11, 14]. 

The advantages of the umbilical cord stem cells compared to MSCs, 
derived from the other sources of the adult organism, are: 

•	 Availability, cost-effectiveness, ethics and simplicity of obtaining 
[1, 4, 13];

•	 Higher potential of expansion and differentiation compared to other 
adult stem cells [14];

•	 Lower risk of infections transmission [1];
•	 Lower risk of teratoma development in clinical use [1];
•	 Multipotency [1, 2];
•	 Low immunogenicity [1, 6];
•	 Immunosuppressive effect [1, 24, 25, 46]; 
•	 Stimulation of hematopoietic stem cells engraftment in combined 

use [13, 32, 33, 34];
•	 Effective medium for the culture of other cell populations [6, 14];
•	 Valuable cellular raw material for the needs of tissue engineering 

[10].

WORLD EXPERIENCE OF UMBILICAL TISSUE BANKING 
Storage of the umbilical cord tissue enjoys increasing popularity 

worldwide and up-to-date such service is offered by the majority of cord 
blood banks of a family type together with the storage of the umbilical 
cord blood [2, 3]. This service is marketed as an opportunity to get a 
unique source of MSCs [1]. In some countries of the world preservation of 
the umbilical cord simultaneously with the umbilical cord blood is chosen 
by about 70 % families. 

Storage of the umbilical cord implicates 2 technological approaches: 
isolation and cryopreservation of mesenchymal stem cells as a ready 
off-the-shelf GMP-product and/or storage of the piece of the tissue with 
the perspective of isolation of cell population in future, in case of the 
necessity of its clinical application [5, 12, 15, 16]. The latter is supported 
by the arguments on the fast development of the science and evidence 
of the discovery of the new, unknown today, stem cells populations, 
which it will be possible to isolate from the cryopreserved tissue. At the 
same time literary data provides evidence that isolation of stem cells 
from the umbilical cord before cryopreservation increases 8-fold the 
number of cells that may be preserved [15]. Some biobanks offer storage 
of anatomically different parts of the umbilical cord, that can contain 
different populations of the stem cells [1, 4].

There is no explicit opinion about the volume of the umbilical cord 
tissue that should be stored. Some biobanks encourage the obstetricians 
to collect as long as possible piece of the umbilical cord although more 
often 12-15 cm are stored. Confident expansion of umbilical cord tissue 
banking in world bioeconomics is confirmed by the commercial offers of 
numerous containers for the transportation of this kind of biomaterial and 
other supplies for its processing. 

In European countries the cost of the storage of the umbilical tissue 
is usually 2-fold lower than cryopreservation of the umbilical cord blood, 
whereas in the countries of the region of Asia and Oceania the cost of 
these services is balanced. Storage of the umbilical cord in the arsenal 
of services of the biobank is believed to make it more competitive [16].

APPROACHES TO CLINICAL APPLICATION OF THE UMBILICAL  
CORD STEM CELLS
Prominent regenerative and immunosuppressive properties of 

mesenchymal stem cells of the umbilical cord assumpt their increasing 
application in biomedical research and clinical practice [4, 12, 17, 20, 23, 
33]. As of 2015, more than 50 clinical trials, devoted to the evaluation of 
the safety and efficacy of the umbilical cord stem cells in the treatment 
of various diseases were registered, i.e. knee osteoarthritis, rheumatic 
arthritis, autism, bronchial asthma, burns, infertility, malignant blood 
disorders [17]. In general, introduction of the human umbilical cord 
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MSCs into practical medicine and biotechnologies occurs in the following 
directions:

•	 The treatment of autoimmune disorders (rheumatic arthritis, 
multiple sclerosis, ulcerative colitis, Crohn’s disease etc.) [18, 19, 
24, 45];

•	 The treatment of posttransplant immune complications and 
facilitation of engraftment of hematopoietic stem cells of the bone 
marrow, peripheral or cord blood [31, 32, 33, 34];

•	 The treatment of cardiovascular diseases (post-infarction 
cardiosclerosis, cardiomyopathy, ischemic heart disease, 
arrhythmia) [37, 38];

•	 The treatment of liver cirrhosis and liver failure [39, 40, 41];
•	 The treatment of musculoskeletal system disorders (osteoarthritis, 

traumatic disorders of joints and tendons, sports trauma, 
congenital or genetically mediated bones disorders) [7, 35];

•	 The treatment of nervous system disorders [45, 46, 47];
•	 The treatment of diabetes mellitus [20];
•	 Bioengineering of tissues and organs (skin and vessels equivalents, 

heart valves, bone and cartilage tissue constructs) [7, 10, 35];
•	 In laboratory practice and biotechnological industry as a feeder for 

culture of hematopoietic and other stem cells [14].

APPLICATION OF THE UMBILICAL CORD MSCs  
IN THE TREATMENT OF AUTOIMMUNE DISEASES 
Today it is accurately known that MSCs, including the ones derived 

from the human umbilical cord, possess immunosuppressive effect, 
what makes them a perspective remedy in the treatment of autoimmune 
disorders and posttransplant complications [18, 19]. In vivo and in 
vitro studies showed the interaction between mesenchymal stem cells 
with regulatory T-lymphocytes and in vitro inhibition of proliferation and 
cytotoxicity of natural killer and dendritic cells, decrease of the production 
of cytokines, antibodies, processes of antigen presentation [18, 21, 22, 
23], i.e. inhibition of the mechanisms of immune pathology development. 

Rheumatoid arthritis is the most prevalent autoimmune disorder and 
despite the achievements of modern pharmacology, efficacy of treatment 
of this disease demands the development of new alternative therapies 
[19, 24]. Initiation of clinical trials on the evaluation of safety and efficacy 
of cell therapy in the treatment of rheumatoid arthritis was preceded by 
the positive results of experimental studies, in which mesenchymal stem 
cells derived from the bone marrow, synovial fluid and umbilical cord 
were used [19, 24]. 

In the clinical trial, encompassing 172 patients with the active 
form of the rheumatoid arthritis with proved uneffectiveness of the 
conventional treatment, therapy with antirheumatic drugs was conducted 
simultaneously with the introduction of umbilical cord MSCs and on the 
background of placebo instead of the administration of the cell preparation. 
Dose of the umbilical cord MSCs made 4•107 cells per one intravenous 
infusion. Adverse effects of the cell therapy were not revealed. The use 
of the umbilical cord MSCs resulted in the decrease of the level of tumor 
necrosis factor-alpha in blood; also in the peripheral blood the increase of 
the percentage of CD4+CD25+Foxp3+ regulatory Т-lymphocytes was noted. 
Due to the American College of Rheumatology improvement criteria and 
health survey, therapeutic effect of cell therapy lasted 3-6 months and was 
continued by the repeated infusion of the mesenchymal stem cells [24].

System inflammatory disorders of the colon, i.e. Crohn’s disease and 
ulcerative colitis hold an important place among autoimmune diseases, 
the treatment of which includes application of stem cells. In experimental 
studies in mice with dextran sulfate sodium (DSS)-induced colitis 
intraperitoneal administration of the umbilical cord MSCs was shown to 
decrease the signs of inflammation in the mucous membrane of the colon, 
also regulatory effect of these cells on the immune reactions in spleen and 
mesenterial lymphatic nodes was shown [25]. Systemic or local therapy 
with mesenchymal stem cells was carried out in more than 1,500 patients 
with Crohn’s disease and ulcerative colitis worldwide [18]. Actually cell 
therapy is regarded as the next generation of the therapeutic measures in 
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were randomly divided into 2 groups: the experimental group was 
administered pharmacotherapy simultaneously with intracoronary 
transplant of the umbilical cord MSCs, whereas the control group (29 
patients) received only pharmacotherapy. One month after the cell therapy 
the level of fatigue, chest discomfort and shortness of breath remained 
high but the 6-min walk distance was significantly longer in individuals, 
receiving the umbilical cord MSCs compared to patients treated only 
by pharmacotherapy. The ejection fraction in the group of patients, 
administered cell therapy, also was higher compared to the control group 
and level of mortality was lower [38].

THE APPLICATION OF THE UMBILICAL CORD MSCs IN THE 
TREATMENT OF LIVER CIRRHOSIS AND LIVER FAILURE 
Cell therapy is increasingly used in the treatment of hepatobiliary 

system diseases. Experimental studies showed the ability of the umbilical 
cord MSCs to differentiate into hepatocyte-like cells under the effect 
of the liver extract of the rat with induced fibrosis [39]. Cells obtained 
from the umbilical cord mesenchymal stem cells were characterized by 
hepatocytes biomarkers AFP, CK18 and CYP3A4 and were able to perform 
hepatocyte-specific functions, in particular to glycogen storage, produce 
urea and albumin [39]. 

Another but clinical study, encompassing 50 patients, showed 
that intrahepatic transplant of the umbilical cord MSCs to patients 
with decompensated liver cirrhosis resulted in decrease of the edema 
and oliguria during the first 2-3 weeks after the conducted therapy. 
Simultaneously the patients received hepatoprotective, antiviral therapies 
as well as other conventional drugs. During 24 h period no adverse effects 
of the umbilical cord mesenchymal stem cells transplant were revealed. 
The significant increase of the level of albumin and prealbumin in blood 
serum was noted. At the same time due to ultrasound examination 
changes in hemodynamics of the portal and spleen veins were not found, 
whereas the level of alpha-fetoprotein and blood coagulation factors did 
not change significantly [40].

The possibility of differentiation of the umbilical cord MSCs into 
hepatocytes was shown also in other papers what assume their broader 
application in the treatment of disorders accompanied by liver failure [41].

THE APPLICATION OF THE UMBILICAL CORD MSCs IN THE 
TREATMENT OF THE MUSCULOSKELETAL DISORDERS 
Due to high potential of the mesenchymal stem cells to osteogenic and 

chondrogenic differentiation, one of the first directions of their application 
in regenerative medicine was the treatment of disorders and injuries of 
the musculoskeletal system (osteoarthritis and osteoarthrosis, bone 
fractures, sports injuries, rheumatoid arthritis etc.) as well as in tissue 
engineering of the bone and cartilage tissue constructs for reconstructive 
orthopedic surgery [7, 8, 35, 36, 43]. The umbilical cord mesenchymal 
stem cells were shown to be capable to migration to joints affected by the 
pathologic process and enhance their regeneration [42]. The involvement 
of the circulating progenitor cells in regeneration of the damaged bone was 
shown by scientists [43], although as of today the molecular mechanisms 
of homing of these cells in the foci of injury are not elucidated as well as 
their proliferation and differentiation into the bone tissue. 

THE APPLICATION OF THE UMBILICAL CORD MSCs  
IN THE TREATMENT OF DIABETES MELLITUS 
Due to modern knowledge the development of type 1 diabetes 

mellitus is mostly associated with the destruction of the insulin-producing 
beta cells in islets of Langerhans by autoantibodies [20]. Hence, modern 
approaches to the search of the alternative to insulin therapy methods of 
treatment of type 1 diabetes are based on the inhibition of autoimmune 
aggression on early stages of the disease, what may prevent the 
destruction of remained beta-cells [20]. Due to immunosuppressive 
properties of the mesenchymal stem cells, cell therapy is regarded as a 
perspective method of treatment of the type 1 diabetes mellitus. And the 
ability of umbilical cord MSCs to produce numerous growth factors as 

the treatment of systemic inflammatory diseases of the colon, especially 
in patients with secondary resistance to anti-cytokine therapy [18, 26]. 

Application of the MSCs in systemic inflammatory disorders of the 
colon was shown to decrease pain syndrome, diarrhea and bleeding and 
to stimulate reparation processes [25, 26, 27, 28]. The first and second 
phases of clinical trials proved the safety of mesenchymal stem cells 
administration in the treatment of Crohn’s disease and ulcerative colitis 
and their advantages compared to the use of fibrin glue in fistulizing 
colitis [18, 27, 29]. 

The umbilical cord MSCs were also shown to be safe and effective 
in the treatment of lupus erythematosus. Hence, results of treatment of 
40 patients with lupus erythematosus showed that this therapy was well 
tolerated by the patients and had positive therapeutic effect, although 6 
months later in some patients cell therapy course was repeated because 
of the relapse of the disease [30].

APPLICATION OF THE UMBILICAL CORD MSCs IN THE TREATMENT 
OF IMMUNOLOGIC POSTTRANSPLANT COMPLICATIONS  
AND FOR THE FACILITATION OF ENGRAFTMENT OF HEMATOPOIETIC 
STEM CELLS TRANSPLANT 
Introduction of the mesenchymal stem cells belongs to important 

therapeutic strategies in hematologic transplantology. Adjuvant 
transplant of umbilical cord MSCs was shown to facilitate engraftment of 
the transplant of the bone marrow, peripheral and cord blood [31, 32, 33, 
34]. Due to outstanding immunosuppressive properties umbilical cord 
mesenchymal stem cells are also increasingly used in the treatment of 
the graft-versus-host disease [51]. 

Experimental research on mice showed that MSCs expressing SDF-
1/HOXB4 significantly enhance the growth of the hematopoietic stem 
cells in vitro and their engraftment in vivo. Therapy with these cells 
significantly increased of survival and hematopoiesis reconstitution in 
lethally irradiated animals after hematopoietic stem cells transplantation 
[31, 36].

In a clinical trial 20 patients with a high risk leukemia were randomly 
divided into two groups: the 1st group was performed transplant of cord 
blood and ex vivo expanded umbilical cord MSCs, whereas the patients 
of the 2nd group were transplanted only cord blood. Period of engraftment 
of the neutrophils and platelets was significantly shorter in 8 patients, 
administered umbilical cord mesenchymal stem cells compared to indices 
in 12 patients, who received only cord blood transplant [33]. No serious 
adverse effects of umbilical cord MSCs treatment were noted [33].

THE APPLICATION OF THE UMBILICAL CORD MSCs  
IN THE TREATMENT OF CARDIOVASCULAR DISEASES 
Production of numerous growth factors by the umbilical cord MSCs as 

well as their ability to differentiate into cardiomyocytes, endotheliocytes 
and other cell lines mediate the use of this cell population in the treatment 
of cardiovascular diseases (post-infarction cardiosclerosis, coronary 
artery disease, atherosclerosis, chronic limbs ischemia, cardiomyopathy, 
Burger’s disease, arrhythmia etc. [10, 37, 38]. 

At least 67 clinical trials on the evaluation of the efficacy of 
mesenchymal stem cells in the treatment of heart disorders and about 
8 trials on the treatment of vessels are registered in the international 
database of clinical trials. Among them in 11 trials the umbilical cord 
MSCs are used for the treatment of vascular diseases and in 7 trials – for 
the treatment of heart, mainly cardiomyopathy [17]. 

On the experimental model of the myocardial infarction the umbilical 
cord MSCs and endothelial progenitors derived from them were shown 
to enhance regeneration of the infarcted heart, to stimulate processes 
of vascularization and decrease fibrosis. The scientists explain the 
regenerative effect of the umbilical cord MSCs in the therapy of the 
post-infarction cardiosclerosis by humoral mechanisms, in particular the 
production of a variety of growth factors by these cells [37]. 

The efficacy of the umbilical cord mesenchymal stem cells was 
investigated in the treatment of a systolic type heart failure. 59 patients 

REVIEW



233 

www.transplantology.org 

Cell and Organ Transplantology.  2016 Nov; Vol. 4, No. 2

well as multilinear transdifferentiation allow to use them in the treatment 
of complications of diabetes mellitus type 2 (ischemia of lower limbs, 
retinopathy, nephropathy) [6].

The results of foreign studies showed that the umbilical cord blood 
MSCs transplant to patients with type 2 diabetes allowed to stop insulin 
therapy in half of the patients for a period of 25-43 months and to decrease 
its dose in the rest of the patients. Increase of the level of C-peptide during 
the first month after the treatment, lasting for the whole 24 month follow-
up period was also noted. In all patients, who were transplanted the 
umbilical cord MSCs the level of glucose in fasting condition and 2 h after 
meals remained stable. Toxic effects of the therapy by the umbilical cord 
MSCs in type 2 diabetes mellitus patients were not found [20].

APPLICATION OF THE UMBILICAL CORD MSCs IN THE TREATMENT 
OF THE NERVOUS SYSTEM DISORDERS 
Regenerative potential of the umbilical cord MSCs is used also in 

the treatment of the nervous system disorders: Parkinson’s disease, 
Alzheimer’s disease, stroke, injury of the brain and spinal cord. Although 
functional differentiation and integration of the neural cells obtained from 
the MSCs is not yet proved in vivo, neuroprotective effect of cell therapy 
by means of the production of various neurotrophic factors is obvious 
[45]. Due to the literary data, the umbilical cord may serve as a source of 
the mesenchymal stem cells for the clinical application in neurology [1, 4, 
45]. The safety and efficacy of the application of the umbilical cord MSCs 
in the treatment of the multiple sclerosis was shown [45]. Efficacy of the 
therapy with the umbilical cord MSCs of thoracolumbar injury was also 
reported [46]. 

On the model of the experimental injury of the cavernous nerve 
in rats, the injection of human umbilical cord MSCs, producing brain-
derived neurotrophic factor (BDNF) into penis was shown to enhance 
regeneration of the cavernous nerve, to decrease fibrosis of corpora 
cavernosa and improve erectile function [47].

APPLICATION OF THE UMBILICAL CORD MSCs IN BIOENGINEERING 
OF TISSUES AND ORGANS 
Umbilical cord MSCs are treated as the initial biological product for the 

bioengineering of tissues and organs since they can differentiate not only 
into mesenchymal (osteocytes, adipocytes, chondrocytes) but also non-
mesenchymal cell lines, including derivatives of ectoderma (astrocytes, 
oligodendrocytes, neurons) and endoderma (hepatocytes) [1, 8]. 

The search for the optimal substitute material for the reconstruction 
of bone tissue, avoiding immunologic complications, inflammation, 
distortion is a hot issue in modern traumatology. In this direction non-
immunogenic stem cells with chondrogenic potential, including the 
umbilical cord MSCs, are increasingly investigated. 

In recent years cell therapy also finds application in dental 
implantology: the mesenchymal stem cells are used for the growth of 
bone before installation of implants [6]. Technologies of development of 
bioprosthesis of heart valves and vessel grafts as well as pieces of skin 
from the mesenchymal stem cells of different sources are being worked 
out [7, 10, 43]. 

Another niche for the application of the umbilical cord MSCs is their 
use as a feeder for culture of the hematopoietic and other stem cells [4, 
12, 14]. 

CONCLUSIONS

Presented data state that umbilical cord is a valuable source of the stem cells for the clinical application and an important object of the biobanking. 
American Association of Blood Banks (AABB) approved accreditation standards on somatic cells banking, which regulate also the isolation of cells 
from the umbilical cord tissue [18]. In Ukraine, Institute of Cell Therapy developed protocols of cultivation of the umbilical cord mesenchymal stem 
cell, directed at the production of the high-quality off-the-shelf GMP-product.
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