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Abstract

Recent studies have demonstrated that stem cells derived from adult hematopoietic tissues are capable of trans-differentiation
into non-hematopoietic cells, and that the culture in microgravity (�g) may modulate the proliferation and differentiation. We
investigated the application of�g to human umbilical cord blood stem cells (CBSC) in the induction of vascular endothelial
phenotype expression and cellular proliferation.
CD34+ mononuclear cells were isolated from waste human umbilical cord blood samples and cultured in simulated

�g for 14 days. The cells were seeded in rotary wall vessels (RWV) with or without microcarrier beads (MCB) and
vascular endothelial growth factor was added during culture. Controls consisted of culture in 1G. The cell cultures in
RWV were examined by inverted microscopy. Cell counts, endothelial cell and leukocyte markers performed by flow-
cytometry and FACS scan were assayed at days 1, 4, 7 and at the termination of the experiments. Culture in RWV revealed
significantly increased cellular proliferation with three-dimensional (3D) tissue-like aggregates. At day 4, CD34+ cells
cultured in RWV bioreactor without MCB developed vascular tubular assemblies and exhibited endothelial phenotypic
markers.
These data suggest that CD34+ human umbilical cord blood progenitors are capable of trans-differentiation into vascular

endothelial cell phenotype and assemble into 3D tissue structures. Culture of CBSC in simulated�g may be potentially
beneficial in the fields of stem cell biology and somatic cell therapy.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

1.1. Human umbilical cord blood stem cell (CBSC)
and adult stem cell plasticity

In recent years, there has been an increased interest
directed towards research in the biology of stem cells.
It is generally assumed that once a cell commits to
a given somatic cell lineage and acquires a defined
phenotype, it can no longer change its fate. However,
recent studies have suggested that some tissue-specific
stem cells or progenitors may have differentiation po-
tential outside of their tissue of origin. Under certain
conditions, stem cells derived from adult hematopoi-
etic cells are capable of trans-differentiating into
non-hematopoietic cells such as brain, liver and car-
diovascular cells[1]. Moreover, stem cells derived
from non-hematopoietic tissue have been found to
differentiate into hematopoietic cells[1].
Recent data have also shown that human umbili-

cal cord blood contains a large number of pluripotent
hematopoietic stem cells (HSC)[2]. The umbilical
cord blood stem cells (CBSC) can be accurately iden-
tified by single platform flow cytometry using CD34
positive marker[3]. Transplanted cord blood-derived
progenitor cells develop capillary-like structures and
exhibit multiple endothelial phenotypic markers, such
as CD31, KDR and von Willebrand factor[4].

1.2. Simulated microgravity culture environment

Several in vitro culture systems have been devel-
oped for investigating the cellular events in the forma-
tion of blood vessels. Cell cultures performed at unit
gravity constrain cells to propagate, differentiate and
interact in gravity-driven convection and sedimenta-
tion. The restricted diffusion of nutrients and oxygen
limits their size with spheroids larger than 1mm in di-
ameter generally containing hypoxic and necrotic cen-
tre surrounded by a rim of viable cells[5].
Recently, rotating wall vessel (RWV) bioreactors,

an earth-based culture system that simulates micro-
gravity, have been developed at the National Aeronau-
tics and Space Agency (NASA). The RWV consists
of a family of vessels that are horizontally rotated,
fluid-filled culture vessels equipped with membrane
diffusion gas exchange to optimize gas/oxygen sup-
ply. The rotational speed is adjusted so that the cul-

ture medium and individual cells, pre-aggregated cell
constructs or organ cultures rotate synchronously with
the vessel, thus providing for low-shear stress, low-
turbulence without gas/fluid interface[6]. The time-
averaged gravitational vector acting on the cellular
assemblies is reduced to about 10−2G [7]. Low shear
stress promotes close apposition of the cells form-
ing three-dimensional (3D) structures. The random-
ized gravitational vectors either directly affect gene
expression or indirectly facilitate paracrine/autocrine
intercellular signaling through restricted diffusion of
differentiative humoral factors[8].
Since its invention in 1992, the RWV bioreactor has

been used in terrestrial laboratories and has demon-
strated success with many different cell types[6],
tumor organoids and microorganisms. Plett and col-
leagues recently studied human bone marrow CD34+
HSC cultured in simulated microgravity. Their data
suggested that microgravity cultures stimulate prolif-
eration of HSC and progenitors and cellular prolif-
eration lasted a longer period of time than control
cultured at 1G[9].

2. Goals and objectives of this study

In this study, we hypothesized that trans-differ-
entiation of HSC to vascular cells is influenced by
microenvironment. Our aims were to enhance the
microenvironment of cultured CBSC to encourage
trans-differentiation into vascular cells, and to char-
acterize and compare the morphologies and cellular
marker expressions of trans-differentiated cells.

3. Experimental design

3.1. Human umbilical CBSC enumeration and
isolation

Human umbilical cord blood samples (50ml each)
were collected in sterile blood packs containing
citrate-dextrose solution according to established
protocols. Written informed consent was obtained
from all mothers before labor and delivery. Estab-
lished protocols for processing human umbilical cord
blood had been approved by the University of Alberta
Ethics Review Board[4]. Enumeration and isolation
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