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ABSTRACT

We report the development of a prototype adhesion-based cell separation device for precise
extraction of stem cells from a small amount of concentrated sample, a key issue in regenerative
medicine. The cell separation method mimics the mechanism of leukocyte recruitment from
blood vessels at sites of inflammation, and the device consists of an antibody-coated micro
column for regulation of cell velocity by antigen/antibody interaction. Antibody immobilization
on the micro channel walls is accomplished by conjugation of biotin on aminomethyl-
conjugated parylene surface. Results of cell velocity measurement in antibody-coated channels
show that the target cells are slowed down to approximately half the flow velocity, showing
the effectiveness of the cell separation principle.
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1. INTRODUCTION

Tissue engineering is a promising biomedical technology in the near future, enabling us to
replace damaged parts of the body with cells or tissue that are cultivated in vitro. Multipotent
stem cells are a strong candidate for the source of regenerated tissue, and considering ethical
issues, use of somatic stem cells is preferable to the use of embryonic stem cells. Mesenchymal
stem cell (MSC), derived from adult bone marrow or blood, has the ability to proliferate
indefinitely or differentiate into various kinds of cells [1]. However, MSC is very rare, with a
number density of 10 cells/m/ in peripheral blood, giving rise to the need for a safe, inexpensive,
and highly efficient method for separating stem cells from whole blood or bone marrow.

Currently the most efficient way to separate a rare cell from a suspension of multiple cell
types is to recognize its specific surface antigen. Microfluidic devices capable of cell separation
based on surface antigens have already been developed [2, 3], but they require electric or
magnetic fields which may affect the unspecialized characteristics of the stem cells. In this
paper, we report the development of a prototype adhesion-based cell separation device with a
separation principle requiring only antigen/antibody reaction. The working principle consists

of only a single step, and holds the potential to
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target cells slow down to a terminal velocity, at which they could be completely separated
from the non-target cells. Recently, leukocyte trapping in a micro channel with antibody-
coated pillars has been reported [4], but a problem lies in extracting the trapped cells from the
micro device. The present work aims at separating the cells without trapping, in order to
eliminate the need of releasing agents such as trypsin for extraction of cells from the device.

3. FABRICATION AND EXPERIMENTAL

Functionalized parylene [5] is a strong candidate for the surface on which biomolecules
are immobilized. In the present study, diX AM (poly(aminomethyl-[2,2]paracyclophane),
KISCO), a new class of functionalized parylene with aminomethyl group (Fig. 2a), is selected
as the material for the antibody-coated micro channel walls. The advantage of using
functionalized parylene for biomolecule immobilization is two-folds. Firstly, parylene is
biocompatible in nature, and secondly, amino group is available on the conformally-coated
surface straight after vapor deposition. The micro channel structure is made by standard
lithography processes of SU-8, followed by vapor deposition of parylene C and diX AM on
the entire surface of the structure. The channel is closed by bonding the channel structure and
a pyrex wafer, also coated with parylene C and diX AM, at 200 °C under vacuum [6]. Figure
3 shows the microfabricated prototype cell separation micro column. For all the target cells to
be affected by antigen/antibody interaction, the channel should be designed so that all the
cells flow in the vicinity of the wall. To meet this requirement, the channel height is made 50
um, which is approximately twice the diameter of typical rare cells found in blood. The
channel width was made sufficiently large to avoid clogging of cells in the channel, i.e., 100
um in the present study. The desired column length varies depending on the surface density of
antibodies on the wall. Here, the column length is varied from 40 to 200 mm.

The antibody immobilization method is
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Figure 4. CD31 expression of (a) HUVEC

and (b) hMSC, investigated by autoMACS
(Miltenyi Biotec GmbH) [3].
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(hMSC) is used to represent CD31-negative cells. Figure 4 shows CD31 expression of each
cell type [3]. Cell suspensions are introduced into the micro column at a number density of
10° cells/m/, and cell velocities are measured from microscopic images at flow rates varied
from 0.01 to 0.5 w/min, corresponding to the bulk mean velocity of 0.04 mm/s to 2 mm/s.

4. RESULTS AND DISCUSSION

Figure 5 shows microscopic images of cell motion at the volumetric flow rate of 0.01 w//
min. There is apparent difference between the velocities of the two cells, with the velocity of
HUVEC estimated from microscopic images being approximately half of that of hMSC. This
result confirms the working principle of the current cell separation column, showing that a
cell sample containing multiple cell types flows downstream to form separate plugs with
target and non-target cells. To confirm that the reduction in HUVEC velocity is due to the
presence of antibodies at the micro channel walls, velocity measurements from microscopic
images are made in micro columns with and without antibody coating (Fig. 6). The velocity
of HUVEC in the antibody-coated column is 1/5 to 1/2 of that in a plain column, confirming
the effectiveness of the present cell separation principle. The effect of antigen/antibody
interaction holds at any flow rate investigated, and this fact leaves the possibility of cell
separation at higher flow rates.

5. CONCLUSION

The concept of adhesion-based cell separation by transient antigen/antibody interaction is
proposed, and a prototype micro cell separation column with functionalized parylene-coated
micro channel walls is fabricated. Results from cell velocity measurements show that target
cells flow downstream at approximately half the velocity of the surrounding flow, confirming
the effectiveness of the present cell separation principle.
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: Figure 6. Comparison of the velocities of
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