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Introduction
UCB is blood that residues in the umbilical cord and placenta, and is usually discarded following 

child birth. In the late 1980s, physicians discovered that cord blood contained HSPCs, however it’s 
clinical potential and significance was not recognized. It was only in 1989 that the Broxmeyer team 
[1]. Found that cord blood contained abundant portable HSPCs which could be used as a substitute 
to marrow for hematopoietic reconstruction by semi-quantitative experiments. Following this study, 
Gluckman et al. [2] successfully transplanted HLA UCB in children who suffered from Fanconi 
anemia. It proved that the UCB can be successfully applied to the clinic and can be used replace 
the marrow as a source of HSPCs. Since then, cord blood collection and its clinical application has 
increased. A large number of studies have confirmed that UCB contains abundant HSPCs and can 
be used for transplantation to rebuild hematopoies is and immune system function. To date this 
method can effectively treat more than 80 types of diseases, in particular diseases associated with the 
immune system and blood system.

Functions and Characteristics of UCB Hematopoietic Stem/
Progenitor Cells

HSPCs consist of partial hematopoietic stem cells and a majority of hematopoietic progenitor 
cells. These two cells possess different characteristics that give rise to their distinct functions. 
Hematopoietic stem cells are a small group of the most primitive hematopoietic cells which possess 
multi-directional differentiation potential and high self-renewal ability. Hematopoietic stem cells 
can differentiate into 8 different types of cells in the hematopoietic system, including erythrocyte, 
neutrophil/granulocyte, monocyte/macrophage, eosinophile, basophilic granulocyte/mastocyte, 
megacaryocyte/soterocyte, B lymphcyte and lymphocyte T [2]. Hematopoietic stem cells always 
exist in the body, to maintain the quantitative and qualitative balance of all department cells and to 
ensure permanent hematopoietic reconstruction after transplantation.

In contrast, hematopoietic progenitor cells are a large number of hematopoietic cells that possess 
a reduced ability for self-renewal, but can undergo high rates of proliferation and differentiation. 
In the early stage, hematopoietic progenitor cells are capable of differentiating into myeloid and 
lymphoid progenitor cells that are able to undergo further differentiation within their own sublines 
to form more mature cells. These two characteristics mean hematopoietic progenitor cells are 
able to maintain hematopoies is and immune reconstruction function only for a short term after 
transplantation.
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Abstract
Umbilical cord blood (UCB) contains abundant portable cord blood hematopoietic stem/progenitor 
cells (HSPCs) that can be used as a substitute to human marrow in the reconstruction of the 
hematopoietic and immune system. Firstly, this article expounds the functions and characteristics 
of hematopoietic stem cells and hematopoietic progenitor cells and the differences between UCB 
HSPCs and marrow HSPCs in function, then, introduces the principle of hematopoietic stem cell 
transplantation and the advantages and weaknesses of UCB HSPCs transplantation. The application 
of UCB transplantation in the clinic are also discussed.
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The differences in the functions of UCB HSPCs and marrow 
HSPCs can be attributed to the following factors [3,4]. (1) UCB 
HSPCs have lower maturity, longer telomeres and high telomerase 
activity, which confers higher proliferation potential in UCB HSPCs 
[2]. Compared to adult cells, UCB HSPCs have high self-renewal 
ability [4]. UCB HSPCs are less sensitive to inhibitory factors (such 
as tumor necrosis factor-a, interferon-a, etc.), but are more sensitive 
to stimulatory hematopoietic growth factors, so HSPCs can amplify 
more efficiently under the action of cytokines [4]. In the resting stage, 
UCB HSPCs can quickly exit the G0/G1 period (the dormant period). 
Any of the following mechanisms can be attributed to UCB HSPCs 
efficient amplification potential [5]. UCB plasma may promote 
cord blood cells to exit the dormant period, or high concentrations 
of cytokines (such as IL-6, G-CSF, etc.) in plasma may play a 
stimulating effect [6]. UCB HSPCs can release hematopoietic factors 
in an autocrine manner to promote the formation of colonies [7]. 
The content of lymphocyte T in cord blood is relatively small, which 
reduces the immunogenicity of UCB HSPCs and widens the HLA 
mismatch tolerance range.

Clinical Application of Umbilical Cord Blood 
Transplantation

Umbilical cord blood hematopoietic stem / progenitor cell 
transplantation

The basic principles of hematopoietic stem cell transplantation 
involve patients receiving high-doses of radiotherapy or 
chemotherapy, in combination with the use of immune suppression 
drugs to clear tumor cells in the host body. Autologous or allogeneic 
hematopoietic stem cells are then delivered to restore normal 
hematopoietic and immune function. Although commonly known 
as "hematopoietic stem cell transplantation", a more accurate term 
for this procedure would be hematopoietic stem / progenitor cell 
transplantation. From all CD34+ hematopoietic stem cells isolated 
from three different sources (bone marrow, umbilical cord blood 
and peripheral blood), more than 90% are hematopoietic progenitor 
cells, while hematopoietic stem cells only account for a small part. 
Theoretically, the most ideal graft should include: hematopoietic stem 
cells, a large number of hematopoietic progenitor cells, stromal cells 
and their products.

In the process of HSPCs transplantation, two major challenges are 
often encountered [1,5]. Whether the donor's white blood cell antigen 
(HLA) is consistent with the receptor [2]. The incidence of graft versus 
host disease after transplantation. The feasibility of using umbilical 
cord blood for HSPCs grafts have  been questioned by clinicians. 

Advantages

1. Umbilical cord blood collection process is simple, which will not bring pain and adverse reactions to the mother and baby; 
2. Umbilical cord blood is rich in HSPCs, which has good biological characteristics;
3. Umbilical cord blood contains T cells that are more immature, producing less Th1 associated cytokines than adult individuals. 
Simultaneously, the activity of NK cells and inhibitory T cells is weak, which may reduce the incidence of GVHD. 
4.Umbilical cord blood virus (cytomegalovirus, EB virus, hepatitis virus, etc.) infection level is low
5. Unlike the too long non-related bone marrow donation cycle and the complicated uncertain factors, the storage conditions of umbilical cord 
blood mean it’s use is more suitable and convenient for patients with acute disease or suffers from unstable conditions; 
6. Unlike the short shelf-life and complex processes involved in the use of fresh donated bone marrow, umbilical cord blood storage, use, and 
management is relatively easy. 

Weaknesses

1. Umbilical cord blood HSPCs absolute content is low, is generally only applied to children, and prone to transplant failure or delay of 
hematopoietic reconstruction;
2. A lower incidence of GVHD may result in a low GVL effect, which makes the recurrence rate high after transplantation;
3. When cord blood HSPCs is transplanted to an adult, there may be potential disease or adverse effects on the recipient;
4. Failure of the first transportation, and/or the recurrence of the disease will lose the remedy opportunity of restoring the donor HSPCs. 

Tabe 1:  Advantages and weaknesses of UCB-HSPCs [5,6].

Figure 1:  Clinical application of umbilical cord blood [13].
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HSPCs transplantation can be divided into autologous and allogeneic 
HSPCs transplantation. Depending on the relationship between the 
donor and the patient, allogeneic HSPCs transplantation can be 
divided into blood related and unrelated donors. Although there are 
some advantages to autologous and blood related transplantation, 
difficulty finding HLA matched donors, the complexity the long cycle 
of the transplant process, represent some disadvantages and limit the 
use of the two methods in clinical practice at present.

Due to umbilical cord blood HSPCs unique biological 
characteristics, convenient sources and wide range of transplant 
adaptability, umbilical cord blood transplantation has been developed 
most recently over the past 30 years. Compared with traditional bone 
marrow transplantation, the characteristics of umbilical cord blood 
transplantation are shown in (Table 1).

Clinical application of umbilical cord blood transplantation
Because of the unique composition and biological features of 

umbilical cord blood HSPCs, and advantages of cord blood HSPCs 
transplantation, umbilical cord blood transplantation has been 
widely used in clinical practice. It’s field of application has been 
extended to non-hematologic diseases and can also be applied for 
cell regeneration and immune regulation [7]. (Figure1) is current 
clinical trial of umbilical cord blood transplantation in the treatment 
of umbilical blood and non-blood type of the disease. Since the 
umbilical cord blood is rich in vascular progenitor cells, a 27-year-
old female patient who has the Behcet multi-system disease was 
effectively treated by vascular graft surgery [8]. Lv et al. [9], explores 
the safety and efficiency in treating autistic children by combining 
umbilical cord blood mononuclear cells with umbilical cord blood-
derived mesenchymal stem cells. The results showed that the effect 
of combined transplantation of the two types of cells is better than 
umbilical cord blood-derived mononuclear cell transplantation 
alone. Lima et al. [10], studied the effect of two umbilical cord blood 
transplantations in the treatment of adult patients with hematological 
malignancies, in which one umbilical cord blood contained the 
in vitro amplified autologous MSCs. The result showed that the 
combined treatment with in vitro amplified autologous MSCs can 
enhance the safety and efficiency of transplantation.

The disadvantages of umbilical cord blood stem/progenitor cell 
transplantation can be attributed to two factors [11,12], (1) The 
absolute amount of HSPCs and overall number of nucleated cells 
is is too low; this poses a major problem when more nucleated cells 
are required when there is a higher level of HLA mismatch. (2) After 
umbilical cord blood transplantation, patients are prone to relapse 
because of graft failure, hematopoietic delay and low incidence of 
GVHD. These disadvantages can be addressed by the following 
methods (1) In vitro amplification can directly amplify umbilical 
cord and also can isolate mononuclear cells or CD34+ cells which 
can increase the absolute amount of HSPCs; (2) A one-time two 
reinfusion of umbilical cord blood or a umbilical cord blood and cell 
amplification; (3) Utilize modified treatment to umbilical cord blood 
to facilitate the homing ability of HSPCs in transplant to marrow; 
(4) Increase virus-specific T cells in umbilical cord blood, transducer 
tumor-specific diseases chimeric antigen receptor, amplify NK cells 
and regulatory T cells in order to prevent the incidence of relapse 
and GVHD; (5) Bone marrow cavity injection which can improve the 
homing efficiency of transplanted cells [13].

Acknowledgement
This work was supported by the Fok Ying Tung Education 

Foundation (132027), National Natural Science Foundation of China 
(31370991/31170945), the State Key Laboratory of Fine Chemicals 
(KF1111), the Joint Open Foundation of Natural Science Foundation 
of Liaoning and Shenyang National Laboratory for Materials Science 
(2015021017) and the Fundamental Research Funds for the Central 
Universities (DUT14YQ106/DUT15QY47/16ZD210) and SRF for 
ROCS, SEM.

References
1.	 Broxmeyer HE, Douglas GW, Hangoc G, Cooper S, Bard J, English D, et al. 

Arny M, Thomas L, Boyse EA. Human umbilical cord blood as a potential 
source of transplantable hematopoietic stem/progenitor cells. Proc Natl 
Acad Sci U S A. 1989; 86: 3828-3832.

2.	 Gluckman E, Broxmeyer HA, Auerbach AD, Friedman HS, Douglas GW, 
Devergie A, et al. Hematopoietic Reconstitution in a Patient with Fanconi's 
Anemia by Means of Umbilical-Cord Blood from an HLA-Identical 
Sibling. N Engl J Med. 1989; 321: 1174-1178.

3.	 Mayani H, Lansdorp PM. Biology of human umbilical cord blood‐derived 
hematopoietic stem/progenitor cells. Stem Cells. 1998; 16: 153-165.

4.	 Cohen Y, Nagler ANA, Cohen Y. Cord blood biology and transplantation. 
Isr Med Assoc J. 2004; 6: 39-46.

5.	 Koh LP. Unrelated umbilical cord blood transplantation in children and 
adults. Ann Acad Med Singapore. 2004; 33: 559-569.

6.	 Iafolla MA, Tay J, Allan DS. Transplantation of Umbilical Cord Blood–
Derived Cells for Novel Indications in Regenerative Therapy or Immune 
Modulation: A Scoping Review of Clinical Studies. Biol Blood Marrow 
Transplant. 2014; 20: 20-25.

7.	 Tomonari A, Tojo A, Takahashi T, Iseki T, Ooi J, Takahashi S, et al. 
Resolution of Behçet’s disease after HLA-mismatched unrelated cord 
blood transplantation for myelodysplastic syndrome. Ann Hematol. 2004; 
83: 464-466.

8.	 Lv YT, Zhang Y, Liu M, Qiuwaxi JN, Ashwood P, Cho SC, et al. 
Transplantation of human cord blood mononuclear cells and umbilical 
cord-derived mesenchymal stem cells in autism. J Transl Med. 2013; 
11:196.

9.	 de Lima M, McNiece I, Robinson SN, Munsell M, Eapen M, Horowitz M, 
et al. Cord-blood engraftment with ex vivo mesenchymal-cell coculture. N 
Engl J Med. 2012; 367: 2305-2315.

10.	Roura S, Pujal JM, Gálvez-Montón C, Bayes-Genis A. The role and 
potential of umbilical cord blood in an era of new therapies: a review. Stem 
Cell Res Ther. 2015; 6: 123.

11.	Baron F, Ruggeri A, Nagler A. Methods of ex vivo expansion of human 
cord blood cells: challenges, successes and clinical implications. Expert Rev 
Hematol. 2016; 9: 297-314.

12.	Horwitz ME, Frassoni F. Frassoni. Improving the outcome of umbilical 
cord blood transplantation through ex vivo expansion or graft 
manipulation. Cytotherapy. 2015; 17: 730-738.

13.	Sideri A, Neokleous N, Brunet De La Grange P, Guerton B, Le Bousse 
Kerdilles MC, Uzan G, et al. An overview of the progress on double 
umbilical cord blood transplantation. Haematologica. 2011; 96: 1213-1220. 

http://www.ncbi.nlm.nih.gov/pubmed/2566997
http://www.ncbi.nlm.nih.gov/pubmed/2566997
http://www.ncbi.nlm.nih.gov/pubmed/2566997
http://www.ncbi.nlm.nih.gov/pubmed/2566997
http://www.ncbi.nlm.nih.gov/pubmed/2571931
http://www.ncbi.nlm.nih.gov/pubmed/2571931
http://www.ncbi.nlm.nih.gov/pubmed/2571931
http://www.ncbi.nlm.nih.gov/pubmed/2571931
http://www.ncbi.nlm.nih.gov/pubmed/9617891
http://www.ncbi.nlm.nih.gov/pubmed/9617891
http://www.ncbi.nlm.nih.gov/pubmed/14740509
http://www.ncbi.nlm.nih.gov/pubmed/14740509
http://www.ncbi.nlm.nih.gov/pubmed?cmd=Link&dbFrom=PubMed&from_uid=16304407
http://www.ncbi.nlm.nih.gov/pubmed?cmd=Link&dbFrom=PubMed&from_uid=16304407
http://www.ncbi.nlm.nih.gov/pubmed/24067504
http://www.ncbi.nlm.nih.gov/pubmed/24067504
http://www.ncbi.nlm.nih.gov/pubmed/24067504
http://www.ncbi.nlm.nih.gov/pubmed/24067504
http://www.ncbi.nlm.nih.gov/pubmed/14652696
http://www.ncbi.nlm.nih.gov/pubmed/14652696
http://www.ncbi.nlm.nih.gov/pubmed/14652696
http://www.ncbi.nlm.nih.gov/pubmed/14652696
http://www.ncbi.nlm.nih.gov/pubmed/23978163
http://www.ncbi.nlm.nih.gov/pubmed/23978163
http://www.ncbi.nlm.nih.gov/pubmed/23978163
http://www.ncbi.nlm.nih.gov/pubmed/23978163
http://www.ncbi.nlm.nih.gov/pubmed/23234514
http://www.ncbi.nlm.nih.gov/pubmed/23234514
http://www.ncbi.nlm.nih.gov/pubmed/23234514
http://www.ncbi.nlm.nih.gov/pubmed/26133757
http://www.ncbi.nlm.nih.gov/pubmed/26133757
http://www.ncbi.nlm.nih.gov/pubmed/26133757
http://www.ncbi.nlm.nih.gov/pubmed/26635058
http://www.ncbi.nlm.nih.gov/pubmed/26635058
http://www.ncbi.nlm.nih.gov/pubmed/26635058
http://www.ncbi.nlm.nih.gov/pubmed/25778757
http://www.ncbi.nlm.nih.gov/pubmed/25778757
http://www.ncbi.nlm.nih.gov/pubmed/25778757
http://www.ncbi.nlm.nih.gov/pubmed/21546497
http://www.ncbi.nlm.nih.gov/pubmed/21546497
http://www.ncbi.nlm.nih.gov/pubmed/21546497

	Title
	Abstract
	Introduction
	Functions and Characteristics of UCB Hematopoietic Stem/Progenitor Cells
	Clinical Application of Umbilical Cord Blood Transplantation
	Umbilical cord blood hematopoietic stem / progenitor cell transplantation
	Clinical application of umbilical cord blood transplantation

	Acknowledgement
	References
	Tabe 1
	Figure 1

