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Anatomy of stem cells
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Abstract
Human embryonic stem cells are important for the understanding of biologic mechanisms and their potential for treatment, and
for toxicology studies. Mesenchymal stem cells can produce a good environment with chemical factors and signals to serve as
anti-apoptotic, immune modulator and angiogenic, and can support regeneration in damaged tissues and induce faster and better wound healing. Stem cells have recently been shown in cancer tissue; these play a major role in the progression of cancer
and the principal obstacle in treatment due to their resistance. Stem cells may participate in tissue homeostasis and regeneration
which shows their capacity for cell therapies which makes them an amazing source for the clinical translation to treatment of
diseases. Therefore, better understanding of the behavior of these cells and the mechanisms they use are important.
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Introduction
Stem cells are pluripotent cells that proliferate indefinitely with appropriate growth factor and nutrients, and
appropriate environment. Stem cells have been believed
to originate from primordial germ cells which normally
produce the sperm or oocyte. These cells differentiate to
all types cells types of mature tissues, into all derivatives
of the three primary germ layers: ectoderm, endoderm
and mesoderm. Stem cells can be categorized according
to their potential to differentiate into different cell types
such as totipotent which can give rise to a complete and
functional organism, and pluripotent which can give rise
to every cell in the embryo and multipotent which can
give rise into the cell types of tissues they belong to.
Stem cells can also be categorized as embryonic or adult.
Embryonic stem cells can be isolated from blastocysts
whereas adult stem cells can be obtained from the umblical cord blood and all tissues of mature organs such as
the adipose tissue, cornea, teeth and skin. Moreover,
recent studies have shown that are stem cells in cancer
tissue.[1,2]
Stem cells can be isolated from the inner cell mass of
blastocyst or on the basis of their adhesive properties in

the mature tissue. They can be sorted by immunosurgery
with their affinity to antibodies or just with their ability to
stick mechanically. Embryonic stem cells can survive and
proliferate on a fibroblast feeder layer in an appropriate
culture environment. The function of feeder layer is to
provide matrix environment for embryonic stem cells.
This environment can also be found as an artificial product like matrigel. Embryonic stem cells can be sorted by
drop culture and differentiated to any desirable cell.
Proliferation of these cells can be induced by factors like
LIF, tyrosine kinases JAK, transcription factors for example STAT or other related agents. Embryonic stem cells
can also be identified with alkaline phosphatase activity or
high-level telomerase activity. They are also positive for
SSEA, TRA-1 osteopontin and PCAM-1 factors.
Transcription factors such as Oct4, Sox2, FoxD3, Fbx15,
Nanog, Fgf4, Utf1, Rex-1, Tdgf-1 can also be useful for
their description.[3]

Mesenchymal Stem Cells
Mesenchymal stem cells can be sorted with their adhesive capacity to stick to plastic culture dish (Figure 1a).
These cells on tissue culture plate can migrate, proliferate and expand. Using different medium and growth fac-
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tors, it is possible to differentiate them to any desired cell
which could be a very valuable tool in regenerative medicine. Mesenchymal stem cells can produce a good environment with chemical factors and signals to serve as
anti-apoptotic, immune modulator and angiogenic. This
restructured environment can support regeneration in
damaged tissues and induce faster and better wound
healing.[4]

Cancer Stem Cells
Cancer stem cells play a major role in the progression of
cancer and the principal obstacle in treatment due to
their resistance. Mesenchymal stem cells around the
tumor tissue can be identified either as cancer stem cells
or normal stem cells. These two different stem cells can
behave as inhibitor or inductor through their secretions
in the inflammatory microenvironment. Normal mesenchymal stem cells can inhibit proliferation of tumor
cells by activating immune cells whereas cancer stem
cells can induce proliferation and migration by the help
of inflammatory mediators. The transition from epithelial to mesenchymal cancer stem cells is proposed to
originate through embryonic differentiation.[5,6]

Embryonic Stem Cells
Embryonic stem cells have a very high potential for use
in domestic animals, agricultural products and biomedical industry. Experimental studies are very useful due to
similar behavior and parallel mechanisms of these cells.[7]
Currently, human embryonic stem cells can survive and
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proliferate even without a feeder layer due to advances in
technology allowing us to analyze protein alterations at
DNA, RNA or micro RNA level revealing the mechanisms of gene expression and signal transduction.
Moreover, understanding of the differentiation process
in stem cells by proteomics data could lead to better
understanding of their regeneration capacity.[8]
Human embryonic stem cells are important for the
understanding of biologic mechanisms and their potential for treatment. They are also important for toxicology studies. TGF, BMP, Nodal, Aktivin and FGF are
important factors for the function of human embryonic
stem cells. Most important resource for these cells is
unused embryos from assisted reproductive technology
clinics, but these have chromosome abnormalities,
because healthy embryos cannot be used in stem cell
studies due to ethical considerations. Cells from the blastomer stage obtained for preimplantation genetic diagnosis can also be used. Currently, it is advisable to use
good manufacturing principles for the isolation of
human embryonic stem cells. These cells can be very
useful for the treatment of all types of diseases but there
are ethical issues, problems in finding good quality
embryos and animal origin culture materials, risk of
forming teratomas and risk of rejection.[9] Human
embryonic stem cells can also be useful for the treatment
of nervous system diseases where there is modal culture
environment for neurogenesis and synaptogenesis with
the help of inducible pluripotent stem cells. In these
modal system, action potentials, synaptic connections
and neurotransmitter responses can be investigated for

b

Figure 1. Inverted phase contrast morphology of (a) mesenchymal stem cell, and (b) differentation to osteoblasts, X400 magnification.
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nervous system pathologies.[10] Therefore, cells therapies
are quite good, effective and safe treatments against neurological diseases with possibility of personalized therapeutic applications.[11]

Adult Stem Cells
Adult stem cells can be identified by the expression of cell
surface markers such as CD34, CD14, CD45 and CD133.
Stem cells from mesenchymal origin can also be identified
with expression of CD73, CD54, CD105, CD39 and
CD49e. Stem cells differentiate with the influence of the
niche to adipocytes, osteoblasts (Figure 1b) and chondrocytes and also can be de-differentiated back to their origin.
There is no clear definition for the level of differentiation
but there are markers to identify to degree of differentiation. For osteoblasts, ALP (Figure 2a), calcium accumulation (Figure 2b), osteonectin (Figure 2c), osteocalcine

(Figure 2d) and osteopontin are useful markers for the
level of osteoblastic differentiation with the influence of
factors such as BMP, TGF, kinases and WNT.
Therefore, this kind of differentiation can be very useful
for tissue regeneration, gene therapies, sorting immunological problems and regeneration in the treated organs
with cell therapies. For example, osteogenesis imperfecta
is a degenerative disease that can be treated with stem cell
therapy.[12]
Stem cells from different origins can be defined with
different markers.[13] Differentiation of these cells for the
use of cell therapies are influenced by adhesion molecules, matrix molecules and signals transductions.[14] By
this way, vessels, liver cells, myocytes and osteoblasts can
be produced in culture[15] for the treatment of diseases
such as large bone defects.[16–19]
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Figure 2. Histochemistry of (a) ALP, (b) Alizarin Red with calcium accumulation, and immunocytochemistry of (c) osteonectin and (d) osteocalcin, X400 magnification.
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Hematopoetic Stem Cells
Hematopoetic stem cells are the blood cells that give rise
to all the other blood cells and they can be identified by
using the fluorescence activated cell sorting method.
These cells can be labeled with fluorescence monoclonal antibodies against cell surface antigens such as CD34,
CD38, CD43, CD45, CD59, CD90, CD109, CD117,
CD133, CD166 and HLA-DL, or a combination of two
or three of these. Progenitors of hematopoetic stem cells
in the bone marrow produce a mutual source for lymphoid and myeloid series to make mature myeloid and
erythroid cells. They have self-renewal capacity, but are
very difficult to culture. Their proliferation can be activated by stem cell inducers. Hematopoetic stem cells can
also be induced to proliferate by Hox genes in
Wnt/fzd/beta-catenin pathway. Their differentiation
and migration can be directed by growth factors and
cytokines. They use different mechanisms such as apoptosis. These cells can migrate to hematopoetic regions
such as spleen, liver and bone marrow where they start
hematopoesis. The source of hematopoetic stem cells are
peripheral blood, cord blood and bone marrow.
Plasticity of these cells are very similar to mesencymal
stem cells, both have been shown to differentiate to
many different cells. Their clinical use has been known
for a long time and bone marrow transplantation is used
in hematologic, solid tumor cancers and high-dose
chemotherapy treatments. They are getting more
important lately for immunologic problems and organ
failures, and in graft-versus-host disease because of their
immunologic capabilities. They are also useful in
autoimmune diseases such as Type 1 diabetes.[20]
The relation between signal factors and cell differentiation can be observed widely during stages of embryonic development which are similar to stem cell differentiation. The fate of stem cells can be determined by
specific signal pathways such as WNT, BMP, Hedgehog
and Notch.[21] It has been shown that use of both
hematopoetic and mesencymal stem cells can prevent tissue rejection in graft-versus-host disease.[22,23]

Conclusion
Stem cells may participate in tissue homeostasis and
regeneration which shows their capacity for cell therapies. It has been shown that local and systemic application of these cells with repetition makes this cell therapy
even more effective. This is an amazing source for the
clinical translation to treat every possible disease.
Because of their no adverse side-effects especially for the
adult mesencymal stem cells makes this source a safe,
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effective and successful treatment for the life quality of
patients. Therefore, we need to examine the behavior of
these cells and understand the mechanisms that they use
to make them more efficient for the patient.
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