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Hematopoietic stem cells (HSCs) are 
multipotent adult stem cells that can 
differentiate into myeloid and lymphoid 

lineages, for example erythrocytes, platelets 
and T-cells (Figure 1) in a process known as 
Hematopoiesis. They reside within the bone 
marrow (BM) throughout life and are responsible 
for continued Hematopoiesis. There they make 
up part of the stem cell niches within the bone 
marrow along with mesenchymal stromal cells 
(MSCs). The purpose of the stem cell niche is 
to regulate proliferation, differentiation and 
maturation of the cells, providing lifelong blood 
cell production. 

When the BM and/or the HSCs are damaged, a 
condition known as aplastic anaemia, a deficiency 
in erythrocytes, leukocytes and thrombocytes 
is seen. Severe aplastic anemia can be fatal left 
untreated; one course of treatment is to replace 
the damaged BM and HSCs using HSC transplant 
(HSCT). 

Since the first successful BM transplant in 1956 
was carried out by Dr Edward Donnall Thomas, 
HSCTs have become an established, sometimes 
curative, treatment for over 80 malignant and 

non-malignant conditions, including acute myeloid 
leukaemia [1] and non-Hodgkin’s lymphoma [2].  

Three sources of HSCs exist – BM, PB and 
umbilical cord blood (UCB) – all sources that 
have been used clinically for both autologous and 
allogenic HSCTs. Each source has its own distinct 
advantages and disadvantages; for example, a BM 
collection is more invasive to the donor than a 
PB collection, which is more invasive than an UCB 
collection. 

Hematopoietic Stem Cell Transplant 
(HSCT)
HSCTs are routinely used worldwide, with over 
40,000 HSCTs taking place annually in Europe 
alone. 

Currently PB HSCTs are the most commonly 
used transplants. The procedure can involve both 
autologous and allogenic transplants, as well 
as the administration of granulocyte colony-
stimulating factor (G-CSF). G-CSF results in the 
mobilisation of HSCs into the peripheral blood, 
from where they can be collected, although the 
mechanism by which this mobilisation occurs 
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Table 1: List of the advantages of UCB transplants over peripheral blood and bone marrow 
transplants 

Advantage Description 

Ease of Collection When compared to BM and PB, which are both invasive 
collection procedures, the method for collection of UCB 
is simpler and non-invasive. UCB is typically considered to 
be clinical waste and as such, is disposed of. 

Lower Risk of Disease Transmission UCB transplants have a reduced likelihood of 
transmission of common viral pathogens such as 
cytomegalovirus and Epstein-Barr virus. 

HLA Mismatching is well Tolerated In contrast to BM and PB transplants where an 8/8 
match is required, HLA mismatches on one or two loci 
are well tolerated in UCB transplants. This increases the 
number of potential recipients for one UCB unit.  

A Large Repository of Donors can be Established UCB is collected at the time of birth, transported to a 
processing facility and cryopreserved with all routine 
testing completed e.g. viral screening. 

When required the UCB unit can be assigned to the 
patient without the lengthy wait of locating a suitable 
voluntary donor. 

Decreased Risk of GvHD The immune cells within UCB are less likely to initiate an 
immune response against the patient’s own tissue. 
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is not fully understood. However, it is 
thought that an increase in activated 
proteolytic enzymes results in the loss 
of anchorage of HSCs from the stem cell 
niche.  Once mobilised, the HSCs can 
be isolated from the peripheral blood 
using an apheresis process, in which the 
peripheral blood is removed from the 
donor and passed through an apheresis 
machine that separates the PB retaining 
the mononuclear cells (MNCs) that 
contain the HSCs, and then returning 
the remaining blood products to the 
patient. The resulting PB-HSC product 
is either transplanted directly into the 
patient in the case of allogenic HSCTs, 
or cryopreserved and administered after 
preparative treatment in the case of 
autologous HSCTs.

 A HSCT can be performed after 
myeloablative or non-myeloablative 
preconditioning. Myeloablative 
preconditioning involves the use of total 
body irradiation (TBI) and/or high dose 
chemotherapy. In these treatments, the 
tumour cells are removed;  however, 
it results in severe immune deficiency 
in the patients. The role of the HSCT 

in myeloablative preconditioning is to 
engraft in the BM and reconstitute the 
patient’s immune system. For the elderly 
and those medically unfit to withstand 
TBI and/or high dose chemotherapy, 
non-myeloablative and reduced intensity 
preconditioning regimes have been 
developed. In these cases, the HSCT 
initiates a graft versus tumour (GvT) 
affect, whereby the transplant initiates 
an immune response against the tumour 
cells. 

Umbilical Cord Blood (UCB)
In lieu of a suitable HLA-matched donor 
for a BM or PB HSCT, UCB provides an 
alternative source of HSCs; in fact since 
the first successful UCB transplant in 1988 
for the treatment of aplastic anemia, 
over 35,000 units have been transplanted 
worldwide [3].

UCB-HSCs have distinct advantages 
over the other sources, including a 
decrease in the risk or severity of graft-
versus-host disease (GvHD) and the ability 
to generate a large repository of units for 
transplantation. The method of collection 
compared to BM or PB, as described 

above, is significantly easier and uses what 
is normally considered clinical waste and 
consequently is discarded. The advantages 
of UCB are summarised in Table 1.

Despite these advantages the major 
drawback of UCB is the number of HSCs 
contained within one unit, typically 
5-10% of the dose obtained from BM 
and PB. This disadvantage leads to 
an increased time to neutrophil and 
platelet engraftment, ~30 and 50-100 
days, respectively [4]. This increases the 
hospitalisation time and therefore the 
treatment cost, as well as increasing 
the risk of graft failure, opportunistic 
infections and transplant related mortality 
(TRM). 

UCB is a one-time transplant and 
additional UCB from the same donor 
cannot be obtained. This removes the 
ability to perform a donor lymphocyte 
infusion (DLI) if required. A DLI is a 
procedure where lymphocytes from the 
original HSCT donor are transplanted to 
support the GvT effect. The DLI reduces 
the growth and mount an anti-tumour 
immune response against any residual 
tumour cells.  
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Figure 1: A schematic overview of Hematopoiesis.  
(Image: Hematopoiesis (human) diagram.png by A.Rad)
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Overcoming the Limitations 
of UCB
To overcome the limitations of UCB as a 
source of HSCs, the administration of two 
UCB units has become common clinical 
practice in adults, where the dose of 
HSCs required is higher. This effectively 
doubles the dose of HSCs available; 
however, as two units are required to be 
administered, this increases the treatment 
cost and is reliant on a readily available 
supply of UCB units. However, this seems 
to improve transplant outcomes and as 
such there is a long-term cost benefit  
that may outweigh the initial treatment 
cost. 

An alternative method to increasing 
the cell dose is ex vivo expansion. The 
ex vivo expanded UCB can then be 
administered as a standalone graft or 
with an unmanipulated unit. Ex vivo 
expansion uses cell culture supplemented 
with growth factors, cytokines and 
small molecules. The combination of 
supplements that provide optimal results 
has yet to be elucidated.The list includes 
stem cell factor (SCF), thrombopoietin 
(TPO) and FMS-like tyrosine kinase 3 
ligand (FLT-3-L) as a base and additional 
supplements: it also includes IL-3, IL-6, 
Stem Regenin-1 (SR1) and G-CSF.

Work thus far has demonstrated 
than an expanded UCB product, when 

administered with an unmanipulated 
unit , can improve early hematopoietic 
recover;  however, the unmanipulated 
unit is responsible for the long-term 
engraftment. The ability to administer 
a single ex vivo expanded product that 
improves early hematopoietic recovery 
and is responsible for long-term recovery 
is desirable as it eliminates any potential 
adverse reactions with the administration 
of cells from different donors. Clinical 
trials are still in progress. 

Conclusion 
Over the last 60 year HSCTs have 
played a vital role in modern medicine 
and have provided treatment for a 
considerable number of patients, 
improving their quality of life and 
extending life expectancy. Whilst the 
limitations of UCB remain a impasse, 
significant work on improving outcomes 
has been completed, which has resulted 
in the outcomes in adult patients with 
hematologic malignancies receiving 
an UCB HSCT comparable to that of a 
matched unrelated PB or BM HSCT [5]. 
With this fact and the continued effort 
for improvement, a question arises - is it 
ethical to subject a donor to the invasive 
collection procedures required for PB 
and BM harvests when UCB is a viable 
option?
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