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THE 54 th ANNUAL MEETING (FUKUOKA)

[Educational Lecture ]

Gene Therapy and Regenerative Medicine

KOSAI Ken-ichiro

Division of Gene Therapy and Regenerative Medicine,

Cognitive and Molecular Research Institute for Brain Diseases, Kurume Univeisity

Abstract
Clinical trials of gene therapy have been extensively performed in the world. Actual methods in many types
of clinical gene therapy are simply injections of gene transfer vectors and are thus similar to conventional
treatments; some of clinical gene medicine may be realized in general practices in near future. On the other
hand, regenerative medicine is classified to two types. One is an induction of tissue regeneration within a
body using a certain stimulator. The organs to which this strategy can be applied are limited although this
type is an ideal treatment. The other is a reconstructive cell transplantation therapy using pluripotent embry-
onic stem (ES) cells, which may potentially replace current organ transplantation. Clinical trials of regenerative
medicine using bone marrow cells have been performed although their scientific mechanism remains controver-
sial. Importantly, the development and the clinical application of these innovative therapies should proceed
with the same aims toward the same goals as acupuncture and moxibustion; i.e., they should also have a close
relationship with the Western and the Oriental medicine and the same values of the medical treatment for the

whole man.

Zen Nippon Shinkyu Gakkai Zasshi (Journal of the Japan Society of Acupuncture and Moxibustion: JISAM).
2006; 56(1): 16-26.

#
Key words: Gene therapy, Cancer, Regenerative medicine, HGF (Hepatocyte growth factor), Hepatitis, ES (Em-

bryonic stem) cell, Clone technology, Bone marrow cell



doit10.1016/j.ymthe.2006.05.010

Identification and Isolation of Embryonic Stem
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The technical limitations of isolating target cells have restricted the utility of pluripotent embryonic
stem (ES) cells. For example, early cardiac (i.e., precontractile) cells have not been isolated from ES
cells. Here, we find that direct expression of reporter genes under cell-specific promoters—the
currently available strategy for isolating cells lacking cell-specific surface markers—is ineffective for
isolating progenitor cells. This was due to the weak activity of cell-specific promoters, particularly in
ES cells at early stages. We show that adenoviral conditional targeting efficiently isolates viable ES
cell-derived target cells without harmful effects. In this strategy, we employ the a-myosin heavy
chain and Nkx2.5 promoter to visualize and purify efficiently differentiated and primitive cells of the
cardiac lineage, respectively. While the former cells predominantly expressed sarcomeric proteins
and maintained contractile function, the latter demonstrated neither of these features, but rather
exhibited expression patterns characteristic of a mixture of primitive cells and cardiomyocytes.
Interestingly, smooth muscle actin was predominantly expressed in the latter cells, and both
functionally known and unknown genes were systematically identified, demonstrating the benefits
of this system. Thus, our method facilitates molecular and cellular studies of development and ES
cell-derived cell therapy.

Key Words: embryonic stem cell, adenoviral vector

INTRODUCTION

Pluripotent embryonic stem (ES) cells show great poten-
tial in elucidating the mechanisms of development and
differentiation in various tissues by in vitro cell culture
and at the molecular level, as well as providing a source
for donor cells in cell transplantation therapy [1,2].
However, the successful use of ES cells is currently
hindered by difficulties in identifying and isolating pure
target cells under viable conditions, particularly when
isolating cells that lack cell-specific surface antigens. The

only available strategy for the isolation of such cells is to
generate ES cell lines that stably express a reporter gene
under the transcriptional control of a cell-specific pro-
moter [1,2]. However, this strategy is clearly imperfect for
obtaining target cells, since the number of cell types that
have been isolated is far lower than the number of
known, tissue-specific promoters. In particular, progeni-
tor and/or immature cells that do not possess specific
cell-surface antigens are not efficiently isolated from ES
cells by conventional methodologies.
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For example, the technical limitations of isolating ES
cell-derived cardiomyocytes hampers the utility of these
cells in cell transplantation therapy and in vitro devel-
opmental studies, although cardiac differentiation of ES
cells is currently inducible in vitro [2,3]. Both issues might
be resolved if cardiac cells in different stages could be
more easily visualized under viable conditions; such
marked cells could feasibly be isolated by a cell sorter.
Only four types of ES cell-derived cardiac cells have been
isolated using either cardiomyocyte-specific sarcomeric
myofilament promoters (i.e., a cardiac actin, «MHC, or
myosin light chain-2v), to drive a particular reporter gene
directly [4-6], or the knock-in of a reporter gene down-
stream of the transcriptional regulatory elements of the
Nkx2.5 gene [7]. Both the former and the latter isolated
cells were contracting and differentiated cardiomyocytes,
although Nkx2.5 is a mouse homeobox gene and the first
gene expressed in the developing heart [8-10]. Earlier
cells in the cardiac lineage, e.g., precontractile cells, have
not been isolated; indeed, the current methods have thus
far proven insufficient at isolating most cell types.

Here, we report both a method that visualizes and
efficiently purifies ES cell-derived target cells and the
isolation of two types of precontractile and contractile
cells of the cardiac lineage.

RESULTS

Ineffectiveness of the Conventional Methods and the
Development of Adenoviral Conditional Targeting

To isolate specific cells at the earliest stages of the cardiac
lineage, we first generated 13 ES clones stably transfected
with an expression vector encoding the ¢DNA for
enhanced green fluorescent protein (EGFP) downstream
of the Nkx2.5 promoter. Unexpectedly, none of the
stably transfected ES cells expressed sufficient levels of
EGFP for visualization by fluorescence microscopy or
flow cytometry (data not shown), although both the
cardiac differentiation of the ES cells [3] and endogenous
Nkx2.5 expression were confirmed (Figs. 3A and 3B). This
discrepancy was due to the weak activity of the Nkx2.5
promoter, a problem that is characteristic of many tissue-
specific promoters (Fig. 2C; discussed below). Thus, the

available strategy is not only time consuming and labor
intensive, but also ineffective at isolating certain cell
types, since it is critically dependent upon the strength of
individual promoters.

To circumvent these limitations, we developed a
method to provide reliably distinct visualization and
pure isolation of all types of ES cell-derived target cells,
all without the time-consuming and laborious nature of
the available methods (Fig. 1A). This method uses two
DNA constructs: the regulatory unit expressing the Cre
recombinase under the transcriptional control of a cell-
specific promoter and a switching-expression unit that
under normal conditions expresses an upstream neo gene
but not a reporter gene. The latter unit constitutively
expresses the second EGFP gene under a ubiquitously
strong promoter—either the CMV promoter (cytomega-
lovirus immediate-early gene enhancer and promoter) or
the CA promoter (cytomegalovirus immediate-early gene
enhancer and chicken g-actin promoter)—only in a
specific cell type after the activation of a cell-specific
promoter in the former unit. Even when the expression
level of Cre was extremely low, this situation led to the
excision of the first 17e0 gene, which was flanked by a pair
of loxP sites (Fig. 1).

Another characteristic of the strategy is the use of
adenoviral vectors, which have not yet been used in in
vitro ES cell studies. Our trials using a retroviral vector in
which the transgene was integrated into a chromosome
led not only to lower gene transduction efficiency than
that achieved with an adenoviral vector, but also to
unstable gene expression in ES cells (data not shown), in
accordance with previous reports [11,12]. In contrast,
adenoviral vectors readily achieved high gene trans-
duction efficiency [91.8 and 95.3% at m.o.. of 1§ and
30, respectively; this is higher than in most types of
somatic cells (between <0.1 and 95%, with an average of
55% at an m.o.i. of 30) [13-18]]. Adenoviral vectors also
facilitated stable transgene expression in ES cells, most
likely due to the episomal nature of the transduced gene
(Fig. 1F). Switching expression from the upstream reo
gene to the downstream EGFP gene in the LE-ES cells (ES
cells that were stably transfected with the switching-
expression DNA construct) occurred efficiently after

FIG. 1. The efficacy of adenoviral conditional targeting in ES cells. (A) Schematic representation of this system. Efficient transduction and sequential stable
expression of transgenes in ES cells are achieved by a single infection with adenoviral vectors during in vitro differentiation. Cre~JoxP recombination occurs only
in target cells, which are distinctly visualized by fluorescence microscopy and sorted by a flow cytometer maintaining viable conditions. UA-Promoter, a
ubiquitously strong and constitutively active promoter; CS-Promoter, a cell-specific promoter; closed triangle, loxP sequence; closed square, polyadenylation
signal. (B-E) The effectiveness and the cytotoxicity of adenoviral gene transduction and Cre-foxP recombination in LE-ES cells were analyzed by (B, C, top)
fluorescence microscopy, (C, bottom) WST-8 assay, (D) RT-PCR, and (E) Western blotting 2 days after infection with a regulatory adenoviral vector. Scale bars, 50
um (B). PC, positive control (each plasmid DNA); NC, negative control (no template). (F) Undifferentiated D3 ES cells without feeder cells (top), undifferentiated
R1 ES cells with feeder cells (middle), and D3 ES cells undergoing differentiation after the formation of EBs (bottom) showed high adenoviral gene transduction
efficiencies. (G) No significant effects of adenoviral gene transduction on the cell cycle were detectable in ES cells. (Left) Undifferentiated ES cells, cultured with
LIE, were infected with Ad.CMV-LacZ at the indicated m.o.i. Twenty-four hours later, the ES cells were dissociated and stained with propidium iodide (PI),
followed by flow-cytometric analysis. (Right) ES cells were cultured without LIF in suspension for 3 days, followed by the attachment of the EBs to.the dish and 24
h of culturing. Flow-cytometric analysis was performed 24 h following adenoviral infection in the same manner. The percentage of the cells in each phase of the
cell cycle is quantified to the right.
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