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Characteristics of stem cells based on expression
profile of molecular markers
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ABSTRACT

In recent years, the information of stem cells
has been accumulated as the research
progressed. It is important to understand
their characteristics for proper application
of stem cells in cellular therapy. The common
feature of stem cells can be described as their
capacity for self-renewal and differentiation.
Stem cells do, however, have different
features that characterize each species of
stem cells, such as mesenchymal stem cells,
hematopoietic stem cells, neural stem cells,
embryonic stem cells and induced
pluripotent stem cells. Moreover, cancer
stem cells have recently been shown to play
an important role in cancer, which suggests
the possibility of targeting cancer stem cells
for its treatment. This review describes the
characteristics of stem cells to provide a
better understanding of the unique features

of these cells represented by the term of
‘stemness’.

1. INTRODUCTION

Stem cells have the unique capacity for self-
renewal and multilineage differentiation (1).
Recent research has revealed detailed
features of stem cells, which provide us with
the key to understanding the origin of the
cell. This article reviews recent perspectives
in the stem cell research.

2. FEATURES OF STEM CELLS

A. Mesenchymal stem cells

Mesenchymal stem cells, a type of somatic
stem cells derived from tissues such as bone
marrow, can differentiate into osteogenic
cells, chondrogenic cells and adipogenic
cells (2). In recent years, mesenchymal stem
cells have been used in cellular therapy or
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E-mail: stanabe@nihs.go.jp



2

Shihori Tanabe et al.

immunotherapy to reconstitute tissue or to
prevent an immune response in
transplantation by exploiting their capacity

for differentiation or their -

immunosuppressive feature (3). Bone
marrow-derived mesenchymal stem cell
culture is positive for CD29, CD44, CD71,
CD90, CD106, CD120a and CD124 and
negative for CD34 and CD45 (2).
Mesenchymal stem cells are also
characterized by the positive expression of
Scal, CD29, CD44, CD73, €D90, CD105
and CD106 and are found to be negative for
CD45, CD34, CD14 or CD11b, CD19,
CD79, CD31 and HLA-DR (4). It has also
been reported that mesenchymal stem cells
derived from amniotic fluid, amniotic
membrane, cord blood and bone marrow are
positive for CD29, CD44, CD105, CD73
and HLA-A, -B and -C and negative for
CD31, CD34, CD45 and HLA-DR (5).
Furthermore, it has been described that bone
marrow mesenchymal stem cells express the
following phenotype: CD34, CD44, CD45,
c-Kit, and major histocompatibility complex
class I and I negative; Flk-1, Sca-1 and Thy-
1 at low levels and CD13 and stage-specific
antigen I (SSEA-I) at high levels (6). On the
other hand, flow cytometry analyses of stem
cells derived from connective tissue have
shown that the cells stain positively for
CD34 and CD90 and negatively for CD3,
CD4, CD8, CDl1c, CD33, CD36, CD38,
CD45, CD117, Glycophorin-A and HLA-
DRII (7). Overall, mesenchymal stem cells
derived from bone marrow may be commonly
characterized by positive expression for
CD29, CD44, and other molecules.

B. Hematopoietic stem cells
Hematopoietic stem cells differentiate into
the blood cell lineage, including T cells, B
cells, NK cells, erythrocytes, monocytes and
megakaryocytes. The hematopoietic stem
cells as well as other types of stem cells have
the capability to self-renew. The cells are
usually found in the bone marrow, cord
blood and peripheral blood. Human
hematopoietic stem cell culture is positive
for CD34 and CD90 and negative for Lin
and CD38 (8,9,10). For mouse
hematopoietic stem cells, Kit (¢c-Kit), Scal,
CD34 and Slamfl are known as positive
markers, whereas Lin and Flt3 (Flk2) are
negative markers. The combination or
expression of surface markers for
hematopoietic stem cells changes as the cells
develop and differentiate into the several
types of multipotent or oligopotent
progenitor cells. It is known that the
expression level of Flt3 increases, whereas
that of Slamfl decreases as mouse
hematopoietic stem cells differentiate into
progenitor cells. In the human hematopoietic
cell lineage, the expression of CD38
increases in progenitor cells (8). It is also
suggested that the surrounding
microenvironment (niche) is important for
supporting stem cells including
hematopoietic stem cells (11). Myc (c-myc)
and Mycn (N-myc) activities are reported as
key factors for hematopoietic stem-cell
function including proliferation,
differentiation, and survival (12).

C. Neural stem cells
Neural stem cells are positive for glial
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fibrillary acidic protein (GFAP), Musashi,
Nestin, PDGFRa and CD133, and have the
ability to differentiate into neurons and
oligodendrocytes (13,14). GFAP is also a
marker of astrocytes, suggesting that the
neural stem cells are somewhat related to
astrocytes (15). The cells are isolated from
the subventricular zone or the hippocampus
in the brain. It was recently reported that
Sox2-positive neural stem cells in the adult
hippocampus are multipotent and can self-
renew, whereas Sox2 deficiency causes
neurodegeneration and = impaired
neurogenesis, indicating the physiological
significance of Sox2 for the stemness of
neural stem cells (14,16). Therefore, Sox2
may be useful as a marker of neural stem
cells.

D. Embryonic stem cells
Embryonic stem cells are pluripotent cells
derived from the inner cell mass of a

blastocyst, an early stage embryo. Wide

varieties of embryonic stem cell lines have
been characterized (17,18), and the some of
the key genes for maintaining the
undifferentiated state and pluripotency have
been described as POUSFI (OCT4),
NANOG, S§0X2, and others such as ZFP42
(REX1), UTF1, GDF3, FOXD3, TRET,
FGF4 (19,20,21,22). The assessment of
several human embryonic stem cell lines has
established SSEA-3, SSEA-4, TRA-1-60,
TRA-1-81, POUSF1 (OCT4) and NANOG
as common markers for human embryonic
stem cells (23). It is also suggested that GJA 1
is a marker for the undifferentiated state of
human embryonic stem cells (24). A report

on gene expression in human embryonic
stem cells and human embryonic carcinoma
cells showed that POUSF1 (OCT4) is
upregulated in both types of cells, as
compared to control samples including both
somatic cell lines and normal testis (25).

E. Induced pluripotent stem cells

Induced pluripotent stem cells_are_another
type of pluripotent stem cells, which are
artificially reprogrammed from non-
pluripotent cells and resemble human
embryonic stem cells in phenotypic features. *
The retroviral introduction of Pou5f1 (Oct3/
4), Sox2, Myc (c-myc) and KIf4 was reported
to develop mouse induced pluripotent stem
cells (26). The expression of a set of factors,
namely POUSF 1 (OCT4),SOX2, KLF4 and
MYC (c-Myc) or the set of POUSF1 (OCT4),
SOX2, NANOG and LIN28 was shown to
induce reprogramming of human fibroblasts
to pluripotent stem cells by retroviral
transduction (27,28). More recently, valproic
acid, a histone deacetylase inhibitor, was
found to enable reprogramming of primary
human fibroblasts with only two factors,
Oct4 and Sox2, without the need for the
oncogenes c-Myc or Kif4 (29).
Reprogramming of liver and stomach cells
(30) and generation of mouse-induced
pluripotent stem cells without viral vectors
(31) or retroviral integration (32) have also
been reported.

3. PHYSIOLOGICAL ASPECTS OF
STEM CELLS

A. Proliferation of stem cells
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It is known that, with increasing passages
of mesenchymal stem cells in culture, the
proliferation rate and the capacity for
differentiation decrease (33). These changes
are associated with expression of several
genes. For example, the expression of
nephroblastoma overexpressed gene and
EPH receptor AS in human bone marrow
mesenchymal stem cells is increased in late
stage of cultures, whereas the expression of
runt-related transcription factor 2 and necdin
homolog (mouse) is decreased (34). Genome
change in the cells also occurs in some cases;
however, it is not well known whether this
phenomenon is universal.

Mouse hematopoietic stem cells are known
to proliferate in relatively slow cell cycle
kinetics compared to multipotent
progenitors in vivo (35). The gene expression
pattern of hematopoietic stem cells also
differs in the proliferating state in vivo (36).
An analysis of Foxo3a’/” mice showed that
Foxo3a is important in maintaining the self-
renewal capacity of hematopoietic stem
cells, although the proliferation of the cells
was not affected by Foxo3a deletion (37).
Human embryonic stem cells can be usually
cultured more than 30 to 50 passages (22).
It has been shown that human embryonic
stem cells require feeder cells to grow and
are negative for SSEA-1. Although mouse
embryonic stem cell growth is also feeder-
cell dependent, mouse cells do express
SSEA-1 (38). LIF (leukemia inhibitory
factor) is known to be an important factor
for maintaining the self-renewal capacity of
mouse embryonic stem cells. The
morphology of mouse embryonic stem cells

is relatively- diverse, whereas human
embryonic stem cells are round with sharp
boundaries. The expression of SSEA-4 and
vimentin is specific for human embryonic
stem cells (39). It has also been reported that
a retinoblastoma protein is important for the
proliferation of monolayer cultures of
embryonic stem cell-derived cardiomyocytes
(40).

B. Differentiation of stem cells

The features of stem cells that distinguish
them in different species include direction
for differentiation and gene expression. In
osteogenic differentiation of mesenchymal
stem cells, the expression of ID4, CRYAB
and SORT1 are altered (41). Embryonic stem
cells have the capacity for multilineage
differentiation, such as ectoderm, mesoderm
and endoderm. The differentiation is induced
by transfer of the cells from fibroblast feeder
layers, which maintain stemness of
embryonic stem cells, to suspension culture
(42,43). 1t was reported that neuronal
differentiation is induced with FGF-2 and
medium conditioned by HepG2 (44).
Furthermore, induced pluripotent stem cells
generated from patients with amyotrophic
lateral sclerosis are reported to be
differentiated into motor neurons (45). Gene
expression in human embryonic stem cells
is altered during differentiation. NODAL,
LEFTY A, LEFTY B and PITX2 are
described as marker genes for the
differentiation of embryoid bodies, which
are multicellular aggregates of differentiated
and undifferentiated cells (46). Genes such
as Hex or Hnf6/Oc-1 play an important role
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during the differentiation of liver and
pancreas from their progenitors (47).

4. CANCER STEM CELLS

A. Factors distinguishing cancer stem cells
from normal stem cells

Recent research implicates the involvement
of cancer stem cells in cancer. Cancer stem
cells share features with normal stem cells.
The differences in their features, however,
are under investigation. Even though the
origin of cancer stem cells is not well
understood, several suggestions related to
their microenvironment (niche) have been
proposed: [1] niche around normal stem cells
allows cancer stem cells to grow, [2] cancer
stem cells arise from normal stem cells that
adopt an alternative niche and [3] niche-
independent cancer stem cells arise from
normal stem cells or [4] cancer stem cells
arise from progenitor cells (48). It has been
shown that embryonic stem cell-like gene
sets including Sox2, c-Myc, Dnmt1, Cbx3,
Hdacl and Yyl are activated in human
epithelial cancers, and c-Myc increases the
fraction of tumour-initiating cells in primary
human keratinocytes transformed by Ras and
IxBa (49).

B. Cancer stem cells in cancer

The population of cancer stem cells in cancer
is very rare. Cancer stem cells are defined
as cells with stem cell features that have the
capacity of tumourigenesis in
immunedeficient mice (50,51). Research on
human embryonal carcinoma cells, which are
the stem cells of teratocarcinomas, has
shown that these cells express SSEA-3,

SSEA-4, TRA-1-60 and TRA-1-81, similar
to human embryonic stem cells (38,52,53).
To identify cancer stem cells from solid
tumours, cells are sorted with surface
markers. CD133 and CD44, which are
markers for stem cells, are often used as
surface markers to identify cancer stem cells
from tumours. In one report, the CD133*
subpopulation from human brain tumours
was shown to be tumourigenic, whereas the
CD133" subpopulation did not have tumour-
initiation capability (54). Cancer stem cells
are also known to exist in the side
population fraction (55,56,57). In addition,
breast cancer cells with the CD44*CD24 "o~
phenotype have a higher tumourigenic
capacity as compared to other populations
of cancer cells, and the gene sets expressed
in the CD44*CD24 " population are related
to metastasis-free survival and overall
survival (58).

5. CONCLUSION

In conclusion, stem cells, which have the
capacity for self-renewal and differentiation,
show various profiles in gene expression.
Each kind of stem cell has unique aspects,
but they also share common features. Recent
research advances have added to our
knowledge of the role of cancer stem cells
in cancer_based on the concept of cancer
stem cell niche.
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