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ABSTRACT 

 
Cord blood transplantation (CBT) is an alternative to unrelated bone marrow transplantation in 

pediatric patients, while in adult patients the limited cell dose in cord blood (CB) unit results in 

delayed engraftment. To circumvent cell dose limitation, various methods have been 

investigated. Ex-vivo expansion of hematopoietic stem cells (HSC) is feasible but does not 

enhance engraftment due to HSC exhaustion. Use of double cord blood transplantation (DCBT) 

shows improved engraftment when compared to single unit transplantation, with median 

neutrophil engraftment at day 23 for recipients of DCBT, compared to 26-27 days for recipients 

of single cord blood transplantation (SCBT). However, engraftment is ultimately derived from 

single CB unit with reducing rates of chimerism seen up to day 100. The HSC share an intimate 

relationship with the BM microenvironment. Myeloablative conditioning using chemotherapy and 

radiotherapy may damage the microenvironment, which may contribute to delayed engraftment 

especially when the cell dose is limited. On the other hand mesenchymal stromal cells (MSC) 

could be used to restore this microenvironment. MSC are non-cycling cells having fibroblastic 

morphology, which express mesenchymal markers (CD73, CD105, CD90, CD29, and CD44), 

lack hematopoietic markers (CD45 and CD34) and differentiate into mesodermal lineages. MSC 

have been isolated from different tissues and show comparable characteristics to BM MSC. 

Recently, the placenta has been identified as a potential source of MSC and may have 

advantages to BM MSC due to a higher expansion potential and stronger immunosuppressive 

properties. This study has characterized cells obtained from the foetal aspect of the placenta 

and evaluated whether co-transplantation of placental MSC would enhance engraftment. Plastic 

adherent cells isolated from the placenta demonstrated typical characteristics of MSC. In 6 

individual experiments, 4 cohorts of 24 NOD/SCID mice were evaluated. Cohort 1 received 5 × 

104 CD34+ cells from unit (U) 1 (SCBT); cohort 2 received 5 × 104 CD34+ cells from U1+ 4 × 104 
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MSC (SCBT+MSC); cohort 3 received 2.5 × 104 CD34+ cells from U1+ 2.5 × 104 CD34+ cells 

from U2 (DCBT); cohort 4 received 2.5 × 104 CD34+ cells from U1+ 2.5× 104 CD34+ cells from 

U2+ 4 × 104 MSC (DCBT+MSC). Haemopoietic engraftment evaluated after 6-8 weeks was 

similar in recipients of SCBT and DCBT. MSC co-transplantation demonstrated enhanced 

engraftment in DCBT (51.8 ± 6.8% vs. 14.9 ± 6.5%; p=0.04) with an increased trend in SCBT 

(48.7 ± 7.7% vs. 17.5 ± 6.1%; p=0.07). In DCBT, co-transplantation of placental MSC reduced 

single CB unit dominance. Self-renewal capacity of engrafted HSC was assessed by serial 

transplantation in secondary recipients. Secondary recipients were infused with engrafted 

human cells from primary mice transplanted with or without MSC. In secondary transplantation 

of 17 evaluable mice, 13 engrafted at levels of 1-6.5%. Despite enhanced engraftment in 

primary mice, long-term engraftment capacity was unaltered with MSC co-transplantation. 

Furthermore, to study the potential mechanisms behind enhanced engraftment, eGFP 

transduced placental MSC and PKH-26 red labelled CB CD34+ cells were traced in live mice. 

Imaging studies showed MSC migrated to the pelvic region and improved CB CD34+ homing. 

Co-transplantation of placental MSC enhanced CB engraftment and may act by improving 

homing of CD34+ cells. 
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PREFACE 

 
Cord blood transplantation (CBT) in adults is restricted due to the limiting cell dose. Co-

transplantation of bone marrow (BM) mesenchymal stromal cells (MSC) has been shown to 

enhance engraftment of CBT. Although BM MSC are well characterised are a rare population 

and their numbers decrease with age. Recently the placenta has been explored as a potential 

source of MSC. However there is limited literature available regarding its use in CBT. This study 

characterises the adherent cell population obtained from the placenta and investigates the role 

of these cells in CBT in non-obese diabetic/severely immuno-deficient (NOD/SCID) mice.  

Chapter I  
 

The literature review and the basis for setting the hypothesis of the study are discussed 

in detail. It also states the objectives to be achieved. 

Chapter II  
 

This chapter deals with the procedures describing the tissue selection, dissociation 

procedures and isolation of cells from the placenta. This is followed by investigating the 

phenotype of the tissue isolated primary cells and culture expanded adherent cells. The 

differentiation potential of these adherent cells has been demonstrated. The cell morphology, 

proliferation, and karyotype are also described. This chapter concludes that the adherent cells 

obtained from the foetal aspect of the placenta are non–haemopoietic progenitors, capable of 

self-renewal, differentiating into at least three mesenchymal lineages (bone, cartilage, fat) and 

expressing common MSC markers while lacking HSC markers. These cells also possess 

fibroblastic morphology demonstrating similar characteristics to BM MSC. 

 
Chapter III  
 

This chapter describes primary and serial transplantation studies in the NOD/SCID mice 

model. Here the method of isolating CD34+ haemopoietic progenitor cells from CB unit and 
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cryopreservation is described, along with detailed explanations of the experiments conducted on 

NOD/SCID mice. This chapter deals with results from 6 individual primary transplantation 

experiments, in which 4 cohorts were evaluated. Cohort 1 received 5 × 104 CD34+ cells from unit 

(U) 1 (SCBT); cohort 2 received 5 × 104 CD34+ cells from U1+ 4 × 104 MSC (SCBT+MSC); 

cohort 3 received 2.5 × 104 CD34+ cells from U1+ 2.5 × 104 CD34+ cells from U2 (DCBT); cohort 

4 received 2.5 × 104 CD34+ cells from U1+ 2.5× 104 CD34+ cells from U2+ 4 × 104 MSC 

(DCBT+MSC). Co-transplantation of MSC from the placenta demonstrated enhanced 

engraftment in DCBT with an increased trend in SCBT. Moreover, in DCBT, co-transplantation 

of placental MSC reduced single CB unit dominance. This chapter also describes the serial 

transplantation experiments in secondary recipients. It demonstrated that despite enhanced 

engraftment in primary mice, long-term engraftment capacity was unaltered with co-

transplantation of the placental MSC. 

Chapter IV  
 

There is limited published literature addressing the homing of the MSC.This chapter 

describes a live imaging assay to study the migration of placental MSC to delineate the 

mechanism of HSC supportive role. This chapter explains in detail the gene manipulation of the 

placental MSC to transduce green fluorescent protein which was imaged into the mice after IV 

injections at various intrvals. Co-transplantation of placental MSC enhances haemopoietic 

engraftment by increasing homing and retention of the CB CD34+ cells to the haemopoietic site. 

This chapter also shows that the preincubation of MSC with anti-CXCR4 antibody, neither 

inhibited its migration to the pelvic region nor altered the engraftment of CB CD34+.  

Chapter V  
 

This chapter summarizes the observations and findings conducted during the research 

project. Placental MSC demonstrate similar morphological, immunophenotypical and 

differentiation characteristics to BM MSC. This study has demonstrated that at equivalent cell 
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dose single and DCBT leads to similar engraftment. There was improved engraftment in mice 

that received placental MSC in both settings. The co-transplantation of MSC leads to reduced 

dominance of single CB unit in DCBT. How these results fit in with the work of other researchers 

is also discussed in detail. This chapter also summarises the attempts to understand the 

mechanism of MSC homing to BM by the blocking of CXCR4 by T140 peptide. Furthermore, 

limitations of the study are stated, and the direction for future work described.  
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ABBREVIATIONS 
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AHSCT  allogeneic haemopoietic stem cell transplantation 
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BFU-E  burst forming unit erythroid 
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BMP  bone morphogenetic protein 

BMT  bone marrow transplantation 

BSA  bovine serum albumin 
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HSCT haemopoietic stem cell transplantation 
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IL-1 interleukin-1 

IMDM  Iscove’s minimum defined media 
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ISCT  International Society for Cellular Therapy 

IVIS  in-vivo imaging system 
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MACS  magnetic activated cell sorting 
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MSCV  murine stem cell virus 
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O2  oxygen 
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PCR polymerase chain reaction 

PC5  phyco erythrin-cyanine 5 

PD  population doubling 
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PDGF  placental-derived growth factor  

REC  research ethics committee 

RO reverse osmosis 

ROI region of interest 

SC  sideward scatter 

SCBT single cord blood transplantation 
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