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Cell and gene therapy using mesenchymal stem cells (MSCs)
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Abstract

Mcsenchymai stem cells (MSCs} are considered to be a promising platform for cell and gene therapy for a vanety of discases. First, in the field of
hematopoietic stem cell plantation, there are two applications of MSCs; 1) the improvement of stem cell engrafting and the acceleration of
hematopoietic reconstitution based on the hematopoiesis-supporting ability; and 2) the treatment of severe graft-versus-host disease (GVHD) based
onthei dulatory ability. R gthei ppressive ability, we found that nitric oxide (NO) is involved in the MSC-mediated sup-
pression of T cell proliferation. Sc:cond tumor-bearing nude mice were injected with luciferase-expressing MSCs. An in vivo imaging analysis
showed the significant accumulation of the MSCs at the site of tumors. The findings suggest that MSCs can be utilized to target metastatic rumors
and to deliver anti-cancer molecules locally. As the third application, MSCs may be utilized as a cellular vehicle for protein-supplement gene therapy.
When long-term expression is needed, a therapeutic gene should be introduced with a minimal risk of insertional mutagenesis. To this end,

(=

site-specific integration into the AAVS 1 Jocus on the chromosome 19 (19g13.4) by using the integration machinery of adeno-associated virus (AAV)

would be particularly valuable. There will be wide-ranging applications of MSCs to frontier medical treatments in the near future.

© 2008 Elsevier Lid. All rights reserved.

Keywords: Cancer gene therapy, GVHD; M h

| stem cells; Site-specific integration; Tumor targeting

1. Introduction

In bone marrow, there are different types of tissue stem
cells (adult stem cells); i.e. hematopoietic stem cells and mes-
enchymal stem cells (MSCs). MSCs account for a small pop-
ulation of cells in bone marrow as a non-hematopoietic
component with the capacity to differentiate into a variety of
cell lineages, including adipocytes, osteocytes, chondrocytes,
muscles, and stromal cells [1]. Recent studies demonstrated
that MSCs are capable of supporting hematopoiesis and of
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regulating immune response [2]. In addition, since MSCs
can be readily isolated and expanded in witro, they are ex-
pected to be a source of cell therapy. Interestingly, MSCs
have the ability to accumulate at the site of: i) tissue/organ
damage; ii) inflammation; and iii) cancer when administered
in vive. Therefore, MSCs can be utilized for: i) regenerative
therapy; ii) treatment of graft-versus-host disease (GVHD)
and Crohn disease; and iii) platform of cancer gene therapy
(targeted delivery of anti-cancer agents). Another unique fea-
ture of MSCs is little or low immunogenicity due to the lack of
expression of co-stimulatory molecules. This phenomenon
makes it possible to administer MSCs without HLA matching
for cell therapy. A single lot of expanded MSCs from one
healthy donor can be utilized for treatment of many patients.
Although clinical applications of MSCs have been conducted
for the suppression of severe acute GVHD in allogeneic stem
cell transplantation [3,4] and for regenerative therapy [5.6].
molecular mechanisms underlying the biological effects of
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MSCs remains obscure. Finding key molecules for differenti-
ation, immunosuppression, and hematopoietic support of
MSCs would be valuable for further augmenting the efficacy
of MSCs in a wide range of clinical applications. In this re-
gard, development of the technology for genetic manipulation
of MSCs is also important research project. Site-specific inte-
gration of a therapeutic gene into a safe locus in the genome
should be investigated from the safety standpoint.

2. Microarray analysis of genes responsible for
differentiation of mesenchymal stem cells

Genes regulating the differentiation of MSCs remain ob-
scure and it is technically difficult to do high-throughput anal-
ysis using primary MSCs, because such cells contain
heterogeneous populations. To overcome the problems related
to the heterogeneity of primary MSCs, we utilized MSC-like
cell lines. It has been shown that 10T1/2 cells, derived from
C3H mouse embryo cells, differentiate into adipocytes, osteo-
cytes, and chondrocytes with a treatment of 5-azacytidine, We
previously established two sub-lines from 10T1/2, designated
as A54 for a preadipocyte cell line and M 1601 for a myoblast
cell line [7]. Under appropriate culture conditions, A54 and
M1601 cells terminally differentiate into adipocytes and myo-
tubes, respectively, while parental 10T1/2 cells remain undif-
ferentiated under the same culture conditions. Therefore,
10T1/2 cells can be utilized as a model of MSCs, and AS54
and M1601 are used as committed mesenchymal progenitors.
Gene expression profiles of these cell lines were compared by
microarray analysis before and after differentiation.

Each of parent 10T1/2, A54, and M1601 cell lines showed
a distinctive and unique gene expression profile despite
morphological similarity (Fig. 1) [8]. Parental 10T1/2 cells
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had 105 elevated genes including ones encoding Activin,
DIk, Nov, Grb10, p15, and many functionally unknown mol-
ecules. Dlk and Nov are known to be involved in Notch sig-
naling pathway and were reported to have the ability to inhibit
differentiation into adipocytes and osteoblasts [9]. In preadi-
pocyte A54 cells, 201 genes were up-regulated, including
genes known to be involved in adipocyte differentiation
such as genes encoding C/EBPa, C/EBP&, PPAR-y, PAIL-I,
and Frizzled-1 [10]. Myoblasts M1601 cells showed 137 up-
regulated genes, including ones related to skeletal muscle
differentiation such as genes encoding MyoD, MLCIF, a-
skeletal actin, myosin heavy chain, and myosin light chain
[11] as well as genes related to cardiac muscle differentiation
such as genes encoding a-cardiac actin, cardiac troponin C,
and troponin T2 [12].

Previous studies have shown that preadipocytes have
a higher ability to support hematopoiesis than other kinds of
stromal cell components in vitro [12,13]. Our results of gene
expression profile revealed up-regulation of critical cytokines
for hematopoiesis such as SCF and SDF-1 in preadipocyte
A54 cells, In addition, many chemokines, such as CXCL-1
and CCL-7, were also up-regulated. Since Ang-1 was reported
to be indispensable for the self-renewal of hematopoietic stem
cells [14], we performed real-time PCR analysis of Ang-1
along with SCF, SDF-1, CEBP-5, IGF-1, and CXCL-1. The
expression of these genes was highest in A54 cells among
the three cell lines. Moreover, protein expression of Ang-1
was only detected in A54 among three cell lines and the level
of this protein decreased after adipocyte differentiation.

To examine the effects of these three lines on hematopoie-
sis, we co-cultured mouse hematopoietic stem cell fraction
with these three stromal cell lines. The cells in Lin(—)Sca-
1(+) fraction were plated on 10T1/2, A54, or M1601 cells.
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Fig. 1. Proposed model for the hierarchy of the bone marrow stromal system [8].



