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ABSTRACT 

Ex vivo expansion of human umbilical cord blood cells (HUCBC) is explored by 

several investigators to enhance the repopulating potential of HUCBC. The 

proliferation and expansion of human hematopoietic stem cells (HSC) in ex 

vivo culture was examined with the goal of generating a suitable clinical protocol for 

expanding HSC for patient transplantation. Using primary human mesenchymal 

stem cells, we established a serum-free culture system to expand human primitive 

progenitors and transplantable stem cells. Non-enriched cord blood CD34+ cells 

were cultured on a monolayer of human mesenchymal stem cells in the presence of 

tlu-ombopoietin (TPO), flt31flk2 ligand (FL), and/or stem cell factor (SCF), 

interleukin 6 (IL-6), interleukin 3 (IL-3) under serum-free conditions. After I or 2 

weeks of culture, cells were examined for clonogenic progenitors and percentage of 

CD34+ CD38- cells. In the presence of TPO, FL, and SCF, fetal MSC cells 

supported more than a 35- and 20-fold expansion of CD34+ cells and colony

fOlming units in culture after 1 and 2 weeks of incubation, respectively. In addition, 

LTC-IC assay were expanded more than 7- and 16-fold after 1 and 2 weeks of 

culture, respectively. UCB-HSC can be expanded in culture to numbers theoretically 

adequate for safe, rapid engrafiment of adult patients. Additional studies are needed 
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to establish the functional activity of expanded UCB-HSC. This ex vivo expansion 

system should prove valuable in clinical settings in which stromal cells are available 

from recipients or stem cell donors. 
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INTRODUCTION 

Umbilical cord blood (UCB) from related and 

unrelated donors has emerged as a novel source of stem 
cells for patients requiring allogeneic transplantation. 1·4 

Although UCB contains hematopoietic progenitor cells at 

a higher frequency and with a higher proliferative capacity 

than adult-derived bone marrow, the low number of total 

hematopoietic stem cells (HSCs) contained in one UCB 

graft limits the potential for rapid hematological recovery 
in adult patients. 5.6 

In an attempt to sh011en the time interval to attain 

donor-derived hematopoietic recovery after UCB transp

lantation and allow transplantation of adult recipients, 

phase I clinical trials have been undertaken to expand 
UCB in cytokines in vitro prior to infusion. 7- 9 However, 

these clinical trials have failed to demonstrate more rapid 

hematopoietic recovery in UCB recipients, suggesting that 

cytokine-based expansion may result in differentia-tion of 

early self-replicative stem cells. These observa-tions 

corroborate recent advances in the cellular and molecular 

mechanisms underlying the regulation of stem ' cell 

differentiation, indicating that microenvironment or stem 

cell "niche" is crucial for maintenance of self-renewal 
capacity of stem cells. 10-14 

Mesenchymal stem cells (MSCs) are a nonhemato

poietic, well-characterized homogeneous population of 

adherent skeletal and connective tissue progenitor cells 
within the bone marrow stroma. 15- 17 Importantly, MSCs 

provide a rich environment of signals, including cytok

ines, extracellular matrix proteins, adhesion molecules, 

and cell-cell interactions, controlling the proliferation, 

survival , and differentiation of early Iymphohemato
poietic stem cells. 18, 19 Studies have shown that MSCs 

secrete, at baseline, interleukin-6 (IL-6), IL-7, IL-8, IL-II , 

IL-12, IL-14, and IL-15, macrophage-colony-stimulating 

factor (M-CSF), flt-3 ligand (FL), and stem cell factor 

(SCF), similar to the cytokines and growth factors expressed 

by marrow-derived stromal cells. 16 Accordingly, MSCs 

have been shown, similar to Dexter-type stromal cells, to 

support long-term culture initiating cell (L TC-IC) colonies 

during prolonged in vitro bone marrow culture. 19 
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Importantly, however, IL-l a-stimulated MSCs, but not 
bone maITow-derived stromal cells, secrete leukemia 

inhibitory factor (UF), which has been shown to inhibit 
embryonic stem cell differentiation. 16, 20. 21 

For these reasons, we hypothesized that the presence 
of a feeder layer of human MSCs during short-term UeB 

cytokine-based expansion may provide a "niche-like" 

milieu for hematopoietic stem cells and may, thus, inhibit 
cytokine-driven differentiation of early CD34+ hematopoietic 

progenitor cells. We, therefore, compared expansion of 

UCB mononuclear cells (MNCs) during short-term culture 

in a combination of early-acting cytokines alone with 

expansion over an MSC feeder layer with added 
cytokines. 

MATERIAL AND METHODS 

Cells 
UCB was obtained according to institutional 

guidelines from IS normal full-term deliveries at the 
Shariati, Madaran and Hedayat Hospitals. 

Cell processing 
Buffy coat cells were obtained by centrifugation (400 

g for 7 min), and low-density mononuclear cells (MNC, 

d<1.077 g/mL) were isolated using Ficoll-Paque Plus 
(Pham1acia Biotech, Uppsala, Sweden). Cells were then 

resuspended in Iscove Modified Dulbecco Medium 

(IMDM) sup'plemented with 2% fetal bovine serum (FBS, 
Gibco). · Total numbers of nucleated and viable cells were 

determined with a hemocytometer using Turck solution 

and trypan blue stain, respectively. 

Establishment of human mesenchymal stem cells 
Bone marrow aspirates were obtained from healthy 

donors after informed consent. The maITOW was mixed 

with the same volume of PBS, and mononuclear cells 

were separated by density gradient centrifugation. Was

hed cells were resuspended in stroma medium (RPMI 

1640, Dutch Modification, supplemented with 10% fetal 

calf serum [FCS], 2 mM L-glutamine, lOa IU/mL 

penicillin , 0.1 mg/mL streptomycin, and 1.0 )lmolll 
hydrocortisone) . 

5 x 106 cells were placed in 80 cm2 flasks (Nunc; 
















