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Umbilical cord blood (UCB) is a rich source of hematopoietic cells that can be used to replace bone marrow
components. Many blood disorders and systemic illnesses are increasingly being treated with stem cells as
regenerative medical therapy. Collected blood has been stored in either public or private banks for allogenic or

autologous transplantation.

umbilical cord blood mesenchymal stem cells collection banking

| 1. Introduction

Before delving into umbilical cord blood banking, it is imperative to recognize that stem cells are components
extracted from human blood, bone marrow, body tissues, skeletal muscles, and embryos [&l. Stem cells replenish
themselves by dividing and producing similar daughter cells. Stem cells have the ability to withstand the process of
differentiation into specific offspring cells 2. When stem cells divide asymmetrically, they produce one stem and
one non-stem cell; the daughter non-stem cell can differentiate into a more specialized one, but the daughter stem
cell regains “stemness” properties Bl. Stem cells differentiated into tissues derived from germinal layers such as
ectoderm, endoderm, and mesoderm are “pluripotent”. The inner cell mass is the source of embryonic cells that are

suitable examples of pluripotent stem cells 4],

Three types of stem cells are commonly found, namely embryonic, adult, and UCB. Embryonic Stem Cells (ESCs)
are commonly used in clinical trials, and specialized cells produced from ESCs are deployed in replacing the
damaged cells in several degenerative disease conditions; however, this is still under research. It is challenging to
understand the past and potential benefits for patients of human embryonic stem cells, adult stem cells, and
umbilical cord blood stem cells. In some studies, authors have suggested that specialized neurons could be
derived from embryonic stem cells and transplanted into the brains of Parkinson’s disease patients I8!, Hopefully,
there will be more successful human trials in the future, enabling the production of cells as well as organs from
embryonic or induced pluripotent stem cells. This will encourage clinicians to consider treatments in the future for
an increasing number of disease conditions with the cells generated from ESCs . Most adult stem cells are found
in the bone marrow of the human body. Over the years, bone stem cells have been used to treat various
hematological and other systemic disorders. As per the current study’s reports, the employment of stem cells has

effective and swift work in the bone regenerative process 8,

| 2. UCB as a Regenerative Medicine
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2.1. Stem Cell Transplants

Currently, hematopoietic cell transplants using stem cells from the UCB are deployed across the globe to treat
cancerous and non-cancerous diseases 2. A significant outcome from transplant procedures using this stem cell
source is seen in treating different disease conditions, including hematologic, immunologic, malignant, and
inherited metabolic disorders . Blood stem cell transplants are required therapeutically to restore the body’s
ability to produce blood and immune cells 229, Hematopoiesis, or the development of hematopoietic stem cells, can
form three types of blood cells: white, red, and platelets 1. Several studies have found that UCB is an exceptional
source of ingenuous cells for creating positive pluripotent cells. The composition of umbilical cord blood is known to
be 40% monocytes and 40% lymphocytes, and the remaining 20% are neutrophils and progenitor cells 2. Recent
studies have shown that UCB is a rich source of CD34+ stem cells, although it has an inadequate cell dose and
takes longer to engraft. In vitro, CD34+ cells of UCB proliferate at a higher rate than other bone marrow stem cells.
When UCB is transplanted in vivo, its ability to regulate is enhanced as compared to bone marrow stem cells 12
(13 An expansion of adaptive immunotherapy employing other components of UCB, including regulating T cells,
virus-specific T cells, and likely destroyer cells, has revolutionized the field and has enhanced the usefulness of
UCB units [,

According to current world count statistics (24 November 2022), more than 140 million babies are born annually.
Thus, UCB is an abundant reservoir of regenerative cells waiting to be tapped 14. As compared to other donor cell
resources, the UCB collection is a safe, painless procedure, and it has a longer period of cryopreservation without
affecting the characteristics of its viability and structure. It also has a reduced possibility of spreading viral
infections and somatic mutations that can increase morbidity following a course of transplantation 13, Furthermore,
with the use of UCB, allogenic transplants are easily possible. It is estimated that over 115,000 solid organ
transplants have been completed using UCB. Depending on the immunogenicity, some UCB cell populations
verified intrinsic ‘immune privileged’ properties in reaction to interferon-gamma, by expressing the antigens class |
and Il HLA. It causes a reduction in UCB immunogenicity due to immaturity. As a result, specific UCB-derived cell

lineages are valuable tools in modern regenerative medicine 18],

2.2. Ex Vivo Modulation Strategies to Enhance the Therapeutic Potential of UCB

Human Cord Blood (HCB) is intrinsically characterized by a low hematopoietic stem cell (HSC) count, which is
related to deferred time engraftment, increased graft failure rates, and initial impermanence. Table 1 shows the
number of HCTs performed and reported in reported in CIBMTR (2016-2020). Initially, it was hypothesized that 16-
dimethyl prostaglandin E2 (dmPGEZ2) regulates hematopoietic stem cell homeostasis and has a short-lived ex vivo
variation that could advance clients’ outcomes by progressing the efficiency of HSC dosage. According to the
findings of North et al., elements that increase prostaglandin synthesis can increase HSC numbers.
Cyclooxygenases promote PGE2 synthesis, which helps in the formation of HSC 4. Molecular profiling
approaches advanced HSC formation in clinical settings by determining ex vivo modulation settings such as

temperature, time, concentration, and media. A phase | clinical trial is required to estimate the protection and
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probability of modulating a single UCB unit with dmPGE2 (ProHema) before abridged concentration binary UCB
transplantation 28!,

Table 1. Number of hematopoietic cell transplantations (HCTs) performed and reported in CIBMTR (2016—-2020).

Donor Cell 2016, 200 2017, °0t™ 2018, 220 2019, 22D 2020, 2220
Type Source No. % No. % No. % No. % No. %
. Bone

Allogenic 2011 23 2071 23 2179 23 2014 21 1507 17
Marrow

Allogenic cord 62 8 621 7 557 6 512 5 422 5
Blood

Allogenic Peé'g;zra' 6065 69 6343 70 6580 71 6865 73 7097 79

Autologous Bone 22 <1 35 <1 27 <1 23 <1 22 <1
Marrow
Cord

Autologous Blood 0 0 0 0 4 <1 2 <1 1 <1

Autologous " enPheral o007 100 13337 100 13477 100 13710 100 12,951 100
Blood vely treat

various illnesses, the rates of UCB transplantation remain lower when compared to other types of transplants.

2.3. Evolutions in the Use of Umbilical Cord Mesenchymal Stem Cells (MSCs)

Regenerative medicine uses pluripotent stem cell isolation and identification in clinical settings. Fresh UCB
contains non-hematopoietic stem cells, endothelial cells, MSCs, and an unlimited number of somatic cells 12,
Currently, UCB stem cells are widely used to treat various cardiovascular, hepatic, ophthalmic, orthopedic,
neurological, and endocrine disorders [EI29 |n 2006, the International Society for Cellular Therapy defined MSCs,
and this was accepted by most researchers. The criteria are as follows: (a) MSCs are required to be plastic-free
during conserved traditional culture settings, (b) MSCs induce endoglin-1, ecto-5'-nucleotidase, and thymocyte
antigen-1 without CD45, integrin- M, or CD79-alpha 21, Mesenchymal stem cells have the ability to self-renew and
to differentiate in multi-lineage directions 221238 The major known sources of mesenchymal stem cells include bone
marrow, umbilical cord tissue, Wharton's jelly of the umbilical cord, UC tissue, amniotic fluid, and adipose tissue
(MSCs) [24],

Figure 1 shows different applications of UCB. It is a readily available blood resource for regenerative stem cells
such as hematopoietic progenitor cells (HPCs) and MSCs to treat various human diseases. Promising outcomes
have been observed in the treatment of brain injuries in infants and young children through the utilization of stem
cells derived from UCB [22l28] According to Dr. Harris’ report, the density within the vascular system of the heart
increased in the animals treated with umbilical cord blood versus untreated animals 4. Improvements in

neurologic function after being injected with UCB stem cells was also noted in animal studies. When mice with

https://encyclopedia.pub/entry/48708 3/14



Fresh Umbilical Cord Blood | Encyclopedia.pub

weakened immune systems were given human cord blood-derived CD34(+) cells through their entire bodies, two

days after experiencing a stroke, it led to the creation of new blood vessels in the area that lacked oxygen and

nutrients due to the stroke. This also resulted in a positive setting for the regrowth of nerve cells 28],
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Figure 1. Use of UCB stem cells in various disease conditions—UCB stem cells are currently used in a variety of

clinical applications.

Recent studies have stated that MSC-derived exosomes are easily manipulated and applied to be used in
therapeutic regimens for the treatment of different disease conditions 29, Current research shows that
mesenchymal stem cells obtained from umbilical cord blood play a crucial role in wound healing, and that they
produce exosomes to promote various signaling pathways that are advantageous for repairing damaged tissues,
and the development of new cells B9,

UCB stem cells are one of the potential future therapeutic options for treating optical related diseases B1. A study
enrolled 68 patients with haematological malignancies who were administered myeloablative acclimatizing therapy.
They were disease-free after forty months of umbilical cord blood transplantation 2. The administration of
mesenchymal stem cells has been shown to cause a reduction in inflammation in the respiratory system by
suppressing transforming growth factor-8, interferon-y, and pro-inflammatory cytokines [3l. Patients with bone
disorders, such as orthogenetic disorders, benefited from treatment with umbilical cord mesenchymal stem cells
(341 Mesenchymal stem cell administration has shown improved an auditory brainstem response and distortion
product otoacoustic emissions in children with hearing disorders. Additionally, promising results have shown a
reduction in wound size by more than 80% [221[36],
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| 3. Collection and Cryopreservation of UCB
3.1. Umbilical Cord Blood Collection

Umbilical cord blood is replete with stem cell sources; thus, these cells are widely used to treat genetic disorders,
blood cancers, and immunological disorders. UCB stem cells are also used to treat relatives and siblings who have
immunological or other non-immunological diseases (7. Before collecting blood from the umbilical cord,
midwives/doctors must obtain informed consent from the donors. Mothers must be tested for biological infectious
diseases such as HIV reactivity, and Hepatitis B and Hepatitis C. Furthermore, blood is tested for sterility using
bioMérieux (Hazelwood, MO) [28l. In most cases, the blood from the cord is collected immediately after the
newborn’s birth and before the placenta is expelled B2, The first clamp needs to be applied just near the placenta,
and the second clamp is applied at least 5 cm away from the baby’s umbilicus. The umbilical cord is smeared with

spirit or betadine before blood collection to ensure sterility.

Umbilical cord blood can be collected either via syringe or bag systems. In the case of the syringe system, UCB is
collected using syringes of various sizes, such as a 60 cc large syringe and a 200 mL small-sized bag.
Experienced collectors usually collect blood with a syringe while maintaining high sterility. Blood collection for these
collectors could take up to 5 min before the placenta is expelled. According to Burton’s theory, an accurate timing
of cord clamping and the withdrawal of UCB is critical since umbilical blood vessels are prone to collapse due to
the interruption of blood flow caused by pressure. Furthermore, this procedure is simple, noninvasive, and
painless. The blood is drained into a sterile container after a simple venipuncture procedure. Nonetheless, the
chances of UCB contamination are high during this simple procedure. Therefore, sterile techniques must be used
when collecting umbilical cord blood 2211421 ysually, neither the mother nor the baby experience risk during the
collection of the blood samples as it is collected after the clamping of the cord. The collection of cord blood or cord

tissue is considered to be safe for both vaginal and cesarean deliveries.

Bag collection is used by most collectors because, in their opinion, bag collection is easier than syringe collection
as this procedure will be completed in two minutes. However, in both types of blood collection, sterile kits are pre-
anticoagulated. They must be available with all of the necessary transportation materials, such as a double-layered
restraint and a crush-resistant container. These kits must also have an optimal temperature of pH, carbon dioxide,
and oxygen levels. Optimal temperature maintenance is necessary for transportation and storage prior to sending
for processing, since this may have a substantial effect on cell viability, and several research papers had
mentioned different ranges of temperatures for storage and shipping of the Umbilical Cord Blood Units (CBUS)
such as 4 °C [43l44] 4 °Cc—7 °C 48] 4 °C-10 °C 48] and 4 °C-24 °C 44, Additionally, there are debates about
transporting CBUs at temperatures ranging from 15 °C to 25 °C 41, The clotting of the entombed UCB delays the
withdrawal of uncoagulated blood, which is the immediate significance of vascular obstruction. Clotting is one of
the most challenging obstacles to optimal sample withdrawal. Furthermore, these kits are adequately shielded and
padded with soft material to facilitate safe and secure transport by preventing physical damage. This facility also
aids in temperature maintenance during transportation [42411[48]
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Before UCB collection, blood samples must be obtained from the mother for infectious disease marker (IDM)
testing, which is a regulatory requirement, using the provided vacutainers. The blood drawn from the umbilicus
must be transported to the lab within 28 to 34 h. The shipping process to laboratories can be successful within
meticulous and recorded conditions. Preferably, a large number of UCBs should be processed partially via
automation. Red Blood Cells (RBCs) are primarily depleted from UCB before cryopreservation 241l Since the
majority of stem cells reside in the mononuclear cell (MNC) fraction, which is only required for banking, this
procedure ensures a greater number of stem cell retrievals, as red blood cells account for more than 50% of the
blood collection. Furthermore, volume reduction benefits the UCB banks by reducing storage space and allowing
for a reduction in dimethyl sulfoxide (DMSO) quantities in cellular products; it also reduces cytotoxicity caused by
RBC defrosting #2595 Multiple procedures are used to improve the viability of stem cells, including density

gradient separation and gelatin sedimentation 221,

The UCB must be padded and insulated to regulate the temperature after being collected in the kit. Before entering
the main laboratory, the external surfaces of the UCB bags must be disinfected with an alcohol-based solution.
After RBC sedimentation with hydroxyethyl starch and centrifugation, a pre-cryopreserved cell deferment is
enhanced with mononuclear cells under strict aseptic conditions. The quality of cryopreserved UCB is routinely
expressed based on the estimated total nucleated cells (TNCs), the evaluation of CD34+ and CD45+ cells, and cell

variability.
3.2. Cryopreservation of Umbilical Cord Blood

In cryopreservation, very low temperatures are used to maintain the structural and functional integrity of cells and
tissues; in this period, the aqueous phase classically endures the ice formation phase. Once frozen, the cells and
tissues can be stored in a stable state as the low sub-zero temperature achieved is optimal, which is typically at or

near the temperature of liquid nitrogen (=196 °

C) B8l Cryopreservative agents must be used for the cell’s survival and to maintain the structural integrity of the
cells. An alternative procedure to cryopreservation, is vitrification, in which a solidification of the aqueous system
occurs, without the crystallization and growth of ice. Umbilical cord blood is cryopreserved using an automated
microprocessor-controlled cell freezer. Over 20 min, an equivalent amount of the cryoprotectant dimethyl sulfoxide
(DMSO) is gently and slowly added to the autologous plasma. According to the cryopreservation protocol, the

temperature is gradually reduced to —80 °

C under the control of a controlled-rate freezing process. The cells are stored in a specially constructed liquid
nitrogen freezer (MVE, Inc., Laguna Beach, CA, USA) at the end of the freezing procedure, which allows for vapor
storage at liquid nitrogen temperatures (2433 The use of autologous plasma in cryopreservation is crucial for
preventing cell exposure to non-self and animal proteins. To maintain a regulated and recorded cryopreservation
run for each and every frozen sample, appropriate temperature protocols governing the freezer must be used in

accordance with the regulatory bodies’ guidelines. Distinctive procedures for UCB cryopreservation have already
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been implemented over time. Similarly, liquid- or vapor-phase nitrogen is used to store and process the UCB, in

order to conserve the practicality and probability of the cell artifact 49561,

As per the results of Broxmeyer et al. in B2, UCB preservation has had no significant impact on cell viability and
production over the last 20 years. Furthermore, industrialized small-scale automated cryopreservation systems
such as the Mini-BioArchive system (Cesca Therapeutics Inc., Rancho Cordova, CA, USA) have provided sufficient
cellular products for UCB transplantation (8], Technically, the banking of UCB uses two kinds of freeze cell
products: plasma depletion (PD) or red cell reduction (RCR). The PD techniques remove the plasma cells and
hoard all cells, freezing them in 10% dimethyl sulfoxide (DMSO). In the RCR technique, UCB is centrifuged in
albumin solution to separate 21 mL of UCB, the majority of which is WBC; four ml of 50% DMSO are added,
resulting in 25 mL of frozen cell suspension 2. Although UCB methodologies are less costly to process, they are
costlier to the bank and more difficult to defrost. Even though optimally washed and defrosted platelet-depleted
UCB units have more total nucleated cells (TNCs), CD34+ cells, colony-forming units, and advanced cell

engraftment amounts than red blood cells; they are used to treat diseases such as thalassemia 261691,

The addition of DMSO to the UCB before freezing aids in cell protection by controlling the formation of intracellular

ice crystals. However, more than 1% of DMSO can harm blood cells for more than 30 min at 37 °

C. As a result, DMSO must be removed after defrosting to reduce adverse effects on transplanted patients 52,
Only about 10% of cord blood banking units have enough cells for use in adult transplants. Barker et al. reported
positive results, with approximately 23 recipients receiving a binary partially human leukocyte antigen (HLA),
comparable to UCB units [62162],

| 4. Public and Private Umbilical Cord Blood Banking

The New York Blood Center opened the first UCB bank in 1993. In Asia, Europe, Oceania, North America, and
South America, there are a total of 100 UCB banks. Around 5 million UCB units are in use across the world. A total
of 800,000 UCB units are owned by public banks, while private banks own the rest. Across the world, around
35,000 UCBTs were performed till 2019, whereas the United States alone performed 2803 from 2016 to 2020.
Under ideal conditions, the biological qualities of UCB units can last for more than 10-20 years. Because UCB is
readily available from unrelated donors, the search time is shortened from three to four months for bone marrow

and two weeks for peripheral blood 411,

Private banks are profit organizations that provide services to store UCBs for individual use. These organizations
incur storage fees but do not guarantee that the UCB from a person is useful to treat a specific disease condition of
the same person (autologous UCB transfusion) or a family member 3. The fundamental goal of private banks is to
retain the high-quality UCB units used to transplant hematopoietic stem cells as regenerative medicine. Several
technologies have emerged to increase the number of HSCs and to speed up engraftment. At the same time, the
public UCB banks provide free services to store blood for individuals who meet the requirements for donation.

These banks are typically supported or funded by federal or private companies, allowing them to provide free
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collection and storage services. Personal engaged storage is not permitted in public UCB banks. The UCB in
public banks is available for all patients to transplant, which is known as allogenic UCB transfusion, and it is not
limited to a family or an individual [€2!,

The benefits and drawbacks of public versus private UCB banks vary, depending on the patient's needs, which
may differ. The concept of autologous and allogenic UCB should be discussed. Because stored blood contains the
same genetic material, UCB stem cells collected from newborns cannot be used to treat cancers or other genetic
disorders in the same individual. However, researchers and healthcare professionals must provide accurate
information to parents about the goals and indications of UCB banking, as this is one of the most important ethical
concerns 64l public UCB banking is widely recommended for obtaining umbilical cord blood for transplantation,
therapeutic use, and other medically validated indications. Public banks typically encourage allogenic donations,

which are similar to blood collection in various blood banks €3],

The following are the public cord banks in India.

Jeevan Stem Cell Bank was founded in 1995 and is supported by the Tamil Nadu government. These banks

primarily treat leukemia, thalassemia, and other hematological disorders.

o The Reliance Dhirubhai Ambani Life Sciences Center in Thane, Maharashtra, is supported by Reliance Life

Sciences Pvt. Ltd. Free UCB; collection and storage services are provided.
» The School of Tropical Medicine (STM) established Kolkata'’s first public cord blood bank.

» StemCyte Inc., Apollo Hospital Enterprises Ltd., and Cadila Pharmaceuticals Ltd. founded StemCyte India. The
bank provides collection, processing, testing, and storage services for private and public umbilical cord blood

units, and therapeutic applications.

» LifeCell was established in 2004 in technological collaboration with cryo-cell international. The primary goal of
this bank was to assist patients in receiving lifesaving stem cell transplants to increase their chances of

receiving the same stem cells.

| 5. Ethical Concerns in UCB Banking

Legal aspects and regulatory norms are of prime importance in the practice of UCB banking. They include
obtaining informed consent, medical suggestions, proprietorship, entittlements connection to medical welfare, uses
pertaining to allogenic versus autologous, legal outlines, public and private banks, budgetary systems, entrée and
society, quality assurance, tracing and tracking systems, associated cost, publicizing, patenting, the protection of
individual data, and maintaining confidentiality; and relations between receivers, patients, physicians, and UCB
banks. Another emerging issue is the debate on donations and self-preservation at UCB banks. To address this

issue, various governmental and non-government bodies have drafted rules and regulations to meet and resolve
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maximum concerns 8366l An additional apprehension with UCB is that it should not alter routine obstetric or
newborn care practices, such as delayed umbilical cord cutting and clamping, except for some of the rarest
medical conditions. The time of clamping and cutting the cord became a point of disagreement for UCB collection
for some obstetricians 62,

Recommendations of Professional Organizations Regarding UCB

According to the American College of Obstetricians and Gynecologists (ACOG), pregnant women should be given
unbiased information about UCB. According to ACOG statistics, the estimated need for UCB transplantation to a
baby or a relative is about 1 in 2700. As a result, ACOG recommends UCB only if a family member has a history of
or is currently undergoing stem cell treatment, and not for future anticipated uses. According to the American
Academy of Pediatrics (AAP), UCB should be regarded as free biologic insurance. It also observes that many
private UCB banks are unfounded. It advises storing UCB only in public banks for general public use. The AAP
recommends private UCB only if any family members are currently receiving stem cell treatment or if a diagnosis
for stem cell treatment is required. Lamaze International (2010) also prohibits the advertising of cord blood

collection practices, particularly by private UCB banks.
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