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Stem Cell Rolling and Their Purification on an Antibody-Immobilized Column

Abstract: We have recently developed a novel stem cell
separation column on the basis of cell rolling phenomena
widely observed in our body. Mouse mesenchymal stem
cells are rolling on the anti CD34 (or anti CD90) antibody-
immobilized surface at a rolling rate determined by the cell

surface CD34 (CD90) density. With this system, we succeeded
to purify stem cells with specific cell differentiation features.
Keywords: Mesenchymal Stem Cell / Cell Purification /
CD34 / CD90 / Cell Differentiation / Cell Rolling
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ARTICLE INFO ABSTRACT
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Various types of stem cell have been studied as potential cell sources in regenerative medicine. In partic-
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ular, the autologous stem cells such as mesenchymal stem cells are being widely examined because they
can be easily harvested from the patient. For regenerative medicine to become a safe and common prac-

Keywords: tice, stem cells that exist together with various other kinds of cells in the organs must be isolated and
Stem cell separation purified without any loss of cell functions such as cytokine production or cell differentiation ability. Here,
Cell rolling we briefly review the cell separation methods and introduce our original cell separation method based on
:‘:\r[fi:ﬁ;n“ke’ the cell rolling phenomenon. Mesenchymal stem cells (MSCs) were conventionally isolated by using the

CD34 adherent property of bone marrow cells onto a plastic culture dish, but they were considered as pheno-
typically and functionally heterogeneous. We developed a ligand-immobilized surface for separating a
subpopulation of adherent cells derived from bone marrow and successfully isolated two cell populations

with high differentiation ability for osteoblasts.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Regenerative medicine is the process of reproducing the lost
function of the tissue/organs due to age, disease, damage, or con-
genital defects by artifidally using the intrinsic healing capacity
of living organs or cells with a controlled appropriate microenvi-
ronment for the stem cells. Regenerative medicine presents poten-
tially attractive alternatives to the use of artificial organs or organ
transplantation. Recently, autologous cell transplantation has been
widely carried out clinically because of the safety of the procedure.
As the cell source, autologous stem cells such as mesenchymal
stem cells have been widely examined because they can be easily
harvested from the patient. For regenerative medicine to become a
safe and common practice, stem cells that exist together with var-
ious other kinds of cells in the organs must be isolated and purified
without any loss of cell functions such as cytokine production or
cell differentiation ability. In the case of embryonic stem (ES) cells
and the induced pluripotent stem (iPS) cells, which recently have
been receiving increasing interest, it is possible to get a sufficient
number of cells from a single cell colony. However, since various
cell types or stages appear during the cell differentiation proce-
dure, it is necessary to check the individual cell features and to pre-
pare as uniform a cell population as possible. The development of
an effective and safe cell isolation system is thus very important for
improving regenerative medicine. In the present study, we focused
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on the separation methods of stem cells, and we describe our re-
cent results in using a cell rolling column for stem cell separation.

2. Stem cells in regenerative medicine

Rapid advancements in stem-cell research have greatly affected
regenerative medicine and cell transplant therapy. Human ES cell
establishment by Thomson in 1998 [1], information about the sep-
aration and differentiation capacity of mesenchymal stem cells
(MSCs) reported by Pittenger in 1999 [2], the report on the plastic-
ity of MSCs by Verfaillie in 2002 [3], and the establishment of in-
duced pluripotent stem cells (iPS) by Yamanaka in 2007 [4]
greatly increased the possibility of cell sources for use in regener-
ative medicine. However, using these kinds of stem cells for regen-
erative medicine as a common strategy in clinical stage will require
more research. Homogeneity of the cell type and differentiation
stage and protection from infectious issue must be taken into
consideration, for the safe and effective practice of regenerative
medicine. Scheme 1 shows some of the stem cell sources. Among
these cells, autologous transplantation of MSCs derived from bone
marrow or adipose tissue has been carried out clinically, due to the
lower risks of this procedure and the easier isolation of MSCs.

2.1. Embryonic stem cells (ES cells)

Thomson et al. reported the establishment of human ES cellsin
1998 [1]. ES cells were derived from the inner cell mass of blasto-
cysts; they are known to differentiate into nerve cells [5], blood
cells [6], cardiomyocytes [7,8], and other cells. The pluripotency



