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Abstract 
 

Umbilical cord blood (UCB) is an alternative source to bone marrow 

or peripheral blood to obtain functional hematopoietic stem cells (HSCs) 

for transplantation to reconstitute the blood and immune system after 

myeloablative or radiation therapy for numerous malignant and 

nonmalignant conditions. Since the world’s first UCB transplant was 

performed in 1988, over 10,000 UCB transplants have been conducted 

worldwide. The use of UCB is now expected to grow not only because 

more UCB units are available for traditional hematopoietic 
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transplantation but also because new stem cell therapies such as 

regenerative medicine have emerged into clinical applications. 

This chapter summarizes UCB biology, storage methods for UCB 

banking, and current clinical applications, and it discusses ethical issues 

and risks. 

 

 

Cord Blood Biology 
 

Umbilical cord blood (UCB) may be used in traditional transplantation 

and may be applied in emerging clinical areas. UCB collected and stored at 

birth has advantages over bone marrow or peripheral blood, which generally is 

withdrawn much later in life, that are attributable to its immunological naivety. 

UCB-derived mononuclear cells (MNCs) are composed primarily of 

monocytes and lymphocytes. Lymphocytes of UCB are immunologically 

immature compared to those of bone marrow and peripheral blood. In 

addition, UCB-derived cells maintain higher ratios of naïve to memory CD4
+
 

and CD8
+
 T cells, higher concentrations of natural killer cells (NK) cells, and 

lower concentrations of reactive natural killer T (NKT) cells than those of 

bone marrow and peripheral blood [1]. Cytokines are expressed at lower levels 

in UCB than in bone marrow and peripheral blood [2]. Anti-inflammatory 

cytokines are expressed at higher levels than pro-inflammatory cytokines in 

UCB. Therefore, the immunologically immature characteristics and anti-

inflammatory properties of UCB both underlie the low frequency and reduced 

severity of graft-versus-host disease (GvHD) in allogeneic transplants, which 

may facilitate indirect cellular therapeutic benefits in regenerative medicine 

applications [1, 3]. 

The largest stem cells isolated from UCB are of the hematopoietic lineage 

that expresses the cell surface glycoprotein CD34, which constitutes 

approximately 1% of the MNCs in UCB [4]. The CD34
+
 cell population is 

heterogeneous; it contains primitive cells and mature cells that differentiate 

along the hematopoietic lineage. UCB contains a higher percentage of 

primitive CD34
+ 

cells, such as pluripotent CD34
+
CD38

-
 and CD34

+
CD33

-
 

cells, than bone marrow or peripheral blood [1]. These primitive CD34
+
 cells 

are believed to enable long-term hematopoietic reconstitution in 

transplantation [1, 5]. UCB stem cells harbor greater pre-operative potential 

than bone marrow stem cells; UCB stem cell proliferation rates are reported to 

be as much as 8-fold greater than bone marrow stem cell proliferation rates. In 

addition, UCB reportedly consists of endothelial cell precursors, mesenchymal 
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cell progenitors, and multipotent or pluripotent stem cells, which would be 

highly useful in regenerative medicine applications to treat damages associated 

with non-hematopoietic tissues [4]. 

 

 

Cord Blood Collection 
 

UCB is generally collected following infant delivery either before or after 

placental delivery. UCB collected when the placenta is in utero has higher 

volumes and greater numbers of total nucleated cells (TNCs), CD34
+
 cells, and 

colony-forming units (CFUs) [6] because the uterine contractions that occur 

when the placenta is in utero supposedly facilitate drawing of the blood, which 

improves the UCB collection volume. Collection methods include clamping 

and cutting the umbilical cord after delivery, disinfecting with alcohol or a 

betadine swab, and inserting the needle into the umbilical vein. Blood can be 

collected by active syringe withdrawal or a gravity bag. The collection volume 

and the number of TNCs and MNCs are reportedly higher in syringe-collected 

samples [7], although experienced collectors typically withdraw comparable 

volumes by either collection method and many obstetricians prefer the ease of 

the gravity bag. In addition to the collection method, obstetric factors such as 

gestation period (close to 40 weeks), higher birth weight, moderate maternal 

age (20–37 years), and fewer previous pregnancies have been associated with 

greater stem cell yield [8]. 

 

 

Cord Blood Banking 
 

In the 1990s, the ability to collect and store UCB easily as a source of 

stem cells for transplantation without imparting risk to the child or mother led 

to the development of UCB banks [9]. Two types of UCB banks are available: 

public and private (or family). Public UCB banks operate similarly to blood 

banks, in which the donated UCB is stored for public use. Approximately 35 

public banks exist worldwide and contain a combined total of 250,000 UCB 

units (estimate). The public UCB banking system intensively screens mothers 

who wish to donate for her medical history, high-risk behaviors, infectious 

disease, and, in some cases, inherited disease. Even after the mothers meet 

inclusion criteria, UCB from them also must meet the criteria of quality 

standards for cell number and volume prior to storage. Then, an estimated 65–
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70% of units collected for public banks are discarded [10]. No fees are charged 

to donors for donating samples, but transplant hospitals are charged $15,000–

$35,000 for sample retrieval by public banks [10]. Private banks store UCB for 

future use by the child from whose mother it was collected or by a relative 

(e.g., a sibling). Over 600,000 UCB units are stored in private banks 

worldwide [9]. Parents choose to bank the maternal UCB for their child for 

peace of mind, biological insurance, in the case of family history of a disease 

treatable by stem cells, adoption, mixed ethnicity, and as a genetically 

identical stem cell resource for future regenerative medicine applications. 

UCB is collected by an obstetrician or midwife using collection kits 

provided by the bank. After it is collected, UCB is shipped to the bank for 

processing and storage. Private banks charge a fee of approximately $1500 for 

the initial collection and an annual storage fee of approximately $100 per year. 

Private banks are willing to store UCB for all parents who wish to store UCB 

with certain costs; there are no exclusion criteria or geographical barriers. 

Maternal blood samples are tested for infectious diseases including hepatitis B 

and C, human T-lymphotropic virus, cytomegalovirus, syphilis, and human 

immunodeficiency virus (HIV). Samples positive for infectious disease may be 

stored and kept on record according to the policies associated with each 

private bank. Generally, no costs are incurred to release the sample, but some 

private banks may charge processing or shipment fees. Some private banks 

have programs that enable UCB storage for directed donation at no cost if a 

relative has a disease that is treatable by stem cell transplantation. 

 

 

Cord Blood Storage 
 

Cryopreservation and thawing techniques have progressed considerably to 

maintain viable hematopoietic stem cells (HSCs) from bone marrow, 

peripheral blood, and UCB. Cord blood is cryopreserved in the liquid phase of 

liquid nitrogen by using techniques described by Rubinstein et al. [11]. 

Despite current technological advances, the period for which UCB remains 

viable after cryopreservation is uncertain. Broxmeyer et al. suggested that 

frozen cord blood can be stored and remains viable for 10–15 years, and 

functional stem cells needed for successful transplantation can be recovered 

from such frozen UCB with high efficiency [12, 13]. Most cord blood samples 

that are used clinically are the recovered after ≤6 years of cryopreservation. 

Thus, the engrafting capacity of cord blood stored for long periods must be 
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confirmed with clinical results that demonstrate long-term, successful 

engraftment. 

 

 

Clinical Applications 
 

UCB has been successfully applied in HSC transplantation for malignant 

and non-malignant blood and bone marrow disorders. Diseases that are 

treatable with UCB stem cells include blood-related disorders, malignancies, 

and inherited metabolic and immune disorders as listed in Table 1. Unrelated 

UCB transplant outcomes reviewed by Brunstein and his colleagues showed 

that disease-free survival rates (1–3 years post-transplantation) for leukemia 

patients were 31–60% in children and 19–77% in adults [14]. For non-

malignant conditions, the survival rates in children using unrelated UCB were 

70–80% for immunodeficiency diseases [14] and 72% for metabolic storage 

diseases [15]. Fewer transplantations were conducted using related UCB 

transplants. Among them, most were applied to pediatric patients because of 

their access to related UCB samples. One early study reported significantly 

higher survival rates in recipients of related UCB transplants than in recipients 

of unrelated UCB transplants (63% versus 29%; p < 0.001) for the treatment of 

both malignancies and non-malignancies [16]. According to a Eurocord report 

for related UCB transplants over a 3-year-period, the survival rate was 71% 

for early-phase malignancies, 45% for intermediate-phase malignancies, 24% 

for advanced-phase malignancies, 82% for bone marrow failure disorders, 

100% for hemoglobinopathies, and 70% for inborn errors of metabolism or 

primary immunodeficiencies [17]. The factors associated with UCB transplant 

outcomes include patient disease status, negative cytomegalovirus status, and 

the cell dose in the graft [18]. The majority of studies have found that 

increased cell dose, which is measured as TNCs, CD34
+
, or CFU-granulocyte 

macrophages (CFU-GMs), imparts the greatest impact on engraftment and the 

subsequent transplant complications and survival. 

Transplantation data acquired over the past 20 years reveal that UCB 

associates with significantly fewer GvHD complications than bone marrow 

and peripheral blood transplants. This likely contributes to the growing use of 

UCB because chronic GvHD is the leading cause of non-relapse–related 

mortality in transplantation [19]. Meta-analysis of UCB and bone marrow 

transplantation to treat malignant or non-malignant disease revealed similar 

survival rates but lower GvHD rates in both children and adults receiving UCB 

transplantation than those receiving bone marrow transplantation despite the 
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high levels of human leukocyte antigen (HLA) disparity between UCB 

transplant donors and recipients [20]. In HLA-identical sibling donor 

transplantation, the use of UCB results in comparable survival rates to those 

resulting from bone marrow use, and significantly less acute and chronic 

GvHD occurs as an outcome of using UCB than bone marrow [21]. Related 

UCB transplantation appears to reduce GvHD risk (acute, by 3–20%; chronic, 

by 6–14%) compared to unrelated UCB transplants (acute, by 20–50%; 

chronic, by 5–30%) [14]. Interestingly, recipients of UCB transplant 

responded better to the treatment for chronic GvHD than recipients of bone 

marrow and peripheral blood transplants [22]. Peripheral blood allogeneic 

transplantations result in higher rates of GvHD than bone marrow 

transplantations [23]. 

Autologous HSC transplants carry far fewer complications than other 

transplants because of the decreased risk of immune complications, and they 

are often indicated in transplant situations. The immune complications by 

autologous HSC transplantation are indicated by acute myeloid leukemia, 

many forms of non-Hodgkin’s lymphoma, myeloma, solid tumors, and 

autoimmune diseases (e.g., multiple sclerosis and Crohn’s disease). Successful 

outcomes of autologous cord blood transplants have been reported for the 

treatment of neuroblastoma [24], aplastic anemia [25], and lymphoblastic 

leukemia [26]. The use of UCB in autologous transplantation is expected to 

grow as the private UCB banking industry grows and HSCs (without harvest 

complications) are readily provided by them for autologous transplant 

indications. The use of UCB provides several advantages over the use of bone 

marrow and peripheral blood in allogeneic and autologous transplantation (see 

Table 2). As discussed above, UCB transplants are less likely to result in 

GvHD, which enables greater immune tolerance of HLA disparities in 

allogeneic transplantation. 

Siblings are twice as likely to be eligible for the UCB of one another as 

for bone marrow; UCB transplantation has been performed successfully with 

1, 2, or even 3 HLA mismatches [26, 27], whereas bone marrow 

transplantation typically requires a perfect HLA match. UCB also maintains 

larger populations of CFU-GMs [28] and stem cells with relatively longer 

telomeres and increased proliferative potential than bone marrow. These 

characteristics appear to enhance the hematological and immunological 

reconstitution over the use of bone marrow. 

A study by Frassoni and his colleagues observed higher numbers of 

committed and early progenitor cells in the bone marrow of children 1 year 
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post-UCB transplantation than in bone marrow of children 1 year post-bone 

marrow transplantation [29]. 

In addition, the peripheral blood MNCs of UCB transplant recipients are 

reported to contain significantly longer telomeres than the peripheral blood 

MNCs of graft recipients, which suggests a replicative advantage of UCB stem 

cells [30]. The use of UCB is associated with a lower risk of viral 

contamination than bone marrow [31]. The ease and safety of UCB collection 

and its capacity for long-term storage provides the advantage of immediate 

availability for autologous and allogeneic clinical use. In contrast, in the case 

of bone marrow or peripheral blood transplants, the time required to search for 

a donor, locate the donor, establish the eligibility, and harvest the cells may 

result in disease relapse or progression and thus preclude transplant feasibility 

[17]. 

However, one disadvantage of UCB transplantation may be considered: 

the relatively low graft cell dose due to limitations of the collection volume. 

The cell dose affects the time necessary for hematological recovery. Several 

reports have shown that lower cell doses are associated with slower 

engraftment [18, 27, 32, 33]. 

For adult transplantation, cell dose is a major obstacle, compared to 

pediatric transplantation, because larger cell doses are needed for the 

hematological reconstitution of larger adult body masses. To overcome the cell 

dose issue in adults, 2 methods were proposed: the expansion of UCB stem 

cells and the use of multiple UCB units. 

Despite the slow engraftment time, one study discovered that adult 

recipients of unrelated UCB transplants showed similar engraftment, 

treatment-related mortality, and disease-free survival rates as adults who 

received related bone marrow or peripheral blood [34]. 

 

 

Ethical Issues in Umbilical Cord Blood 
Banking 

 

Many ethical questions remain unanswered with regard to the clinical and 

experimental use of UCB. These issues and needs include the development of 

ethical processes for donor recruitment and an informed consent procedure 

regarding cord blood banking and the process donating UCB to public banks, 

private banks, or for research purposes. Complex and controversial legal and 
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ethical issues also merit to be mentioned: privacy, confidentiality, and 

ownership of cord blood units. 

The questions of whether donor information must be associated with 

individual units of cord blood and whether donors should be informed of 

detected infections or genetic abnormalities are also controversial. The ethical 

aspects of commercial cord blood banking, particularly in terms of its clinical 

or experimental availability as a potentially valuable resource, are the subject 

of considerable debate. 

 

 

Donor Recruitment 
 

The parents of a child in gestation seek the best opportunities to ensure the 

child’s health, and therefore, are vulnerable to promotional and advertising 

campaigns that inflate the potential benefits of UCB banking. Private banks 

market the collection and storage of UCB samples as biological insurance and 

argue for benefits that are not grounded in satisfactory scientific data. 

Commercial banks passionately describe UCB transplantation and emphasize 

its “vital importance” or “miraculous” benefits by utilizing various methods of 

communication such as the Internet, direct mail, and video. Public banks 

appeal to pregnant women to consider donating for altruistic reasons. 

However, for the recruitment process to be fair, donors must be informed 

accurately and impartially about the benefits and potential risks associated 

with UCB banking. 

Messages creating a sense of guilt to parents who choose not to donate 

UCB should be denounced, and the decisional autonomy of parents should be 

preserved. Moreover, the use of coercive strategies to recruit UCB donors 

among ethnic minorities should be forbidden. 

 

 

Conclusion 
 

UCB is utilized increasingly in traditional HSC transplantations and is 

considered an ideal candidate for emerging stem cell therapies involved in 

regenerative medicine and gene therapy. UCB provides several advantages 

over other hematopoietic stem cell sources, such as easy harvest without risk 

to the donor, the provision of younger cells with longer telomeres and 

increased proliferative capacity, reduced likelihood of GvHD, the existence of 
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a perfect genetic match that is stored for autologous use, and the ready 

availability for clinical use. 

UCB can be collected at birth easily and stored in a public health bank for 

future use by the public or stored in a private bank for future use by the family 

or child from whom it was collected. 

Although treatments are currently available only to children with stored 

UCB, the availability of autologous UCB units stored in private banks will 

allow more clients to participate in groundbreaking regenerative medicine. 

Given the medical significance of UCB, obstetricians should inform and 

discuss the options of private and public UCB banking with pregnant patients. 

 

 

References 
 

[1] Theilgaard-Mönch, K., Raaschou-Jensen, K., Palm, H., Schjødt, K., 

Heilmann, C., Vindeløv, L., Jacobsen, N., Dickmeiss, E. Flow 

cytometric assessment of lymphocyte subsets, lymphoid progenitors, and 

hematopoietic stem cells in allogeneic stem cell grafts. Bone Marrow 

Transplant. 2001 Dec.;28(11):1073-82 

[2] Gluckman, E., Rocha, V., History of the clinical use of umbilical cord 

blood hematopoietic cells, Cytotherapy, 2005;7:219–27. 

[3] Willing, A. E., Eve, D. J., Sanberg, P. R., Umbilical cord blood 

transfusions for prevention of progressive brain injury and induction of 

neural recovery: an immunological perspective, Regen. Med., 2007;2: 

457–64. 

[4] Newcomb, J. D., Sanberg, P. R., Klasko, S. K., Willing, A. E., Umbilical 

cord blood research: current and future perspectives, Cell Transplant, 

2007;16:151–8. 

[5] Ueda, T., Yoshida, M., Yoshino, H., et al., Hematopoietic capability of 

CD34+ cord blood cells: a comparison with CD34+ adult bone marrow 

cells, Int. J. Hematol., 2001;73:457–62. 

[6] Solves, P., Mirabet, V., Planelles, D., et al., Influence of volume 

reduction and cryopreservation methodologies on quality of thawed 

umbilical cord blood units for transplantation, Cryobiology, 2008;56: 

152–8. 

[7] Skoric, D., Balint, B., Petakov, M., et al., Collection strategies and 

cryopreservation of umbilical cord blood, Transfus. Med., 2007;17:107–

13. 



Sang Hun Lee, So Young Yoo and Sang Mo Kwon 150 

[8] McGuckin, C. P., Basford, C., Hanger, K., et al., Cord blood revelations: 

the importance of being a first born girl, big, on time and to a young 

mother!, Early Hum. Dev., 2007;83:733–41. 

[9] Goldstein, G., Toren, A., Nagler, A., Transplantation and other uses of 

human umbilical cord blood and stem cells, Curr. Pharm. Des., 2007;13: 

1363–73. 

[10] Moise, K. J. Jr, Umbilical cord stem cells, Obstet. Gynecol., 2005;106: 

1393–1407 

[11] Rubinstein, P., Dobrila, L., Rosenfield, R. E. Processing and 

cryopreservation of placental/ umbilical cord blood for unrelated bone 

marrow reconstitution. Proc. Natl. Acad. Sci. US 1995;92:10119–22. 

[12] Broxmeyer, H. E., Cooper, S. High-efficiency recovery of immature 

hematopoietic progenitor cells with extensive proliferative capacity in 

human cord blood cryopreserved for 10 years. Clin. Exp. Immunol. 

1997;107:45–53. 

[13] Broxmeyer, H. E., Srour, E. F., Hangoc, G., Cooper, S., Anderson, S. A., 

Bodine, D. M. High-efficiency recovery of functional hematopoietic 

progenitor and stem cells from human cord blood cryopreserved for 15 

years. Proc. Natl. Acad. Sci. US 2003;100:645–50. 

[14] Brunstein, C. G., Setubal, D. C., Wagner, J. E., Expanding the role of 

umbilical cord blood transplantation, Br. J. Haematol., 2007;137:20–35. 

[15] Martin, P. L., Carter, S. L., Kernan, N. A., et al., Results of the cord 

blood transplantation study (COBLT): outcomes of unrelated donor 

umbilical cord blood transplantation in pediatric patients with lysosomal 

and peroxisomal storage diseases, Biol. Blood Marrow Transplant, 

2006;12:184–94. 

[16] Gluckman, E., Rocha, V., Boyer-Chammard, A., et al., Outcome of 

cordblood transplantation from related and unrelated donors. Eurocord 

Transplant Group and the European Blood and Marrow Transplantation 

Group, N Engl. J. Med., 1997;337(6)373–81. 

[17] Rocha, V., Locatelli, F., Searching for alternative hematopoietic stem 

cell donors for pediatric patients, Bone Marrow Transplant, 2008; 41: 

207–14. 

[18] Gluckman, E., Rocha, V., Arcese, W., et al., Factors associated with 

outcomes of unrelated cord blood transplant: guidelines for donor 

choice, Exp. Hematol., 2004;32:397–407. 

[19] Socie, G., Stone, J. V., Wingard, J. R., et al., Long-term survival and late 

deaths after allogeneic bone marrow transplantation. Late Effects 



Therapeutic Use of Umbilical Cord Blood 151 

Working Committee of the International Bone Marrow Transplant 

Registry, N Engl. J. Med., 1999;341:14–21. 

[20] Hwang, W. Y., Samuel, M., Tan, D., et al., A meta-analysis of unrelated 

donor umbilical cord blood transplantation versus unrelated donor bone 

marrow transplantation in adult and pediatric patients, Biol. Blood 

Marrow Transplant, 2007;13:444–53. 

[21] Rocha, V., Wagner, J. E. Jr, Sobocinski, K. A., et al., Graft-versus-host 

disease in children who have received a cord-blood or bonemarrow 

transplant from an HLA-identical sibling. Eurocord and International 

Bone Marrow Transplant Registry Working Committee on Alternative 

Donor and Stem Cell Sources, N Engl. J. Med., 2000;342:1846–54. 

[22] Arora, M., Nagaraj, S., Wagner, J. E., et al., Chronic graft-versus-host 

disease (cGVHD) following unrelated donor hematopoietic stem cell 

transplantation (HSCT): higher response rate in recipients of unrelated 

donor (URD) umbilical cord blood (UCB), Biol. Blood Marrow 

Transplant, 2007;13:1145–52. 

[23] Cutler, C., Giri, S., Jeyapalan, S., et al., Acute and chronic graft-

versushost disease after allogeneic peripheral-blood stem-cell and bone 

marrow transplantation: a meta-analysis, J. Clin. Oncol., 2001;19:3685–

91. 

[24] Ferreira, E., Pasternak, J., Bacal, N., et al., Autologous cord blood 

transplantation, Bone Marrow Transplant, 1999;24:1041. 

[25] Fruchtman, S. M., Hurlet, A., Dracker, R., et al., The successful 

treatment of severe aplastic anemia with autologous cord blood 

transplantation, Biol. Blood Marrow Transplant, 2004;10:741–2. 

[26] Urban, C., Schwinger, W., Benesch, M., et al., Autologous cord blood 

transplantation in a child with acute lymphoblastic leukemia and central 

nervous system relapse, Pediatrics, 2007;119:1042–43, author reply 

1043. 

[27] Rubinstein, P., Carrier, C., Scaradavou, A., et al., Outcomes among 562 

recipients of placental-blood transplants from unrelated donors, N Engl. 

J. Med., 1998;339:1565–77. 

[27] Wagner, J. E., Kernan, N. A., Steinbuch, M., et al., Allogeneic sibling 

umbilical-cord-blood transplantation in children with malignant and 

non-malignant disease, Lancet, 1995;346:214–19. 

[28] Broxmeyer, H. E., Hangoc, G., Cooper, S., et al., Growth characteristics 

and expansion of human umbilical cord blood and estimation of its 

potential for transplantation in adults, Proc. Natl. Acad. Sci. US, 1992; 

89:4109–13 



Sang Hun Lee, So Young Yoo and Sang Mo Kwon 152 

[29] Frassoni, F., Podesta, M., Maccario, R., et al., Cord blood 

transplantation provides better reconstitution of hematopoietic reservoir 

compared with bone marrow transplantation, Blood, 2003;102:1138–41. 

[30] Pipes, B. L., Tsang, T., Peng, S. X., et al., Telomere length changes after 

umbilical cord blood transplant, Transfusion, 2006;46:1038–43. 

[31] Behzad-Behbahani, A., Pouransari, R., Tabei, S. Z., et al., Risk of viral 

transmission via bone marrow progenitor cells versus umbilical cord 

blood hematopoietic stem cells in bone marrow transplantation, 

Transplant Proc., 2005;37:3211–12. 

[32] Iori, A. P., Cerretti, R., De Felice, L., et al., Pre-transplant prognostic 

factors for patients with high-risk leukemia undergoing an unrelated 

cord blood transplantation, Bone Marrow Transplant, 2004;33:1097–

1105. 

[33] Migliaccio, A. R., Adamson, J. W., Stevens, C. E., et al., Cell dose and 

speed of engraftment in placental/umbilical cord blood transplantation: 

graft progenitor cell content is a better predictor than nucleated cell 

quantity, Blood, 2000;96:2717–22. 

[34] Takahashi, S., Ooi, J., Tomonari, A., et al., Comparative single-institute 

analysis of cord blood transplantation from unrelated donors with bone 

marrow or peripheral blood stem-cell transplants from related donors in 

adult patients with hematologic malignancies after myeloablative 

conditioning regimen, Blood, 2007;109:1322–30. 

 




