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Stem cells have the ability to go through various cell divisions and also maintain undifferentiated state. Stem cells
are Embryonic (Pluripotent) and adult stem cells. Pluripotent stem cells give rise to all tissues such as ectoderm,
mesoderm and endoderm. Embryonic stem cells isolated from inner cell mass of embryo blastocyst. Adult stem cells
are also undifferentiated cells present in adult organisms and repair the tissue when damaged occurs but number in
less. Adult stem cells are present in bone marrow, adipose tissue, blood and juvenile state umbilical cord and tissue
of specific origin like liver, heart, intestine and neural tissue. Embryonic stem cells from blastocyst have the ethical
problems and tumorogenecity. These can be identified by flow cytometry. There are wide range of stem cell markers
which are useful in identifying them. Most of the pluripotent cell markers are common with tumor cell markers which

throws a challenge for certainty.
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Introduction

Stem cells are undifferentiated cells have capacity to replicate
as same cells that are undifferentiated and to differentiate to an
unlimited extent. Stem cells are totipotent, pluri potent, multi potent,
oligopotent or unipotent. Totipotent cells give rise to all the cells
in the body including placenta and are from 4 cell or Morula stage
of embryo. Pluripotent stem cell forms all the cells (Ectoderm,
mesoderm and endoderm cells) in the body but not placenta and
originates from blastocyst. Adult stem cells may be multipotent,
oligopotent or unipotent. Unipotent means cell give one type of cell
only like muscle stem cell giving myocyte. Oligopotent cells will
differentiate to a limited number like one or two differentiated cells
like progenitor cells as seen by endothelial progenitor cells to smooth
cells and endothelial cells, lymphoid and myeloid progenitor cells
into other cells in the same entity. Progenitor cells will differ from
adult stem cells, as they cannot replicate as the same progenitor cells
even though they can become final differentiated cells. This is the
intermediate stage between stem cell and fully differentiated state.

Multi Potent Stem Cells

They are unspecialized cell and forming similar cells (Self-renewal)
and to differentiated cells with specialized function. These cells can
develop into more than one cell type but are limited than plurepotent
cells. Adult stem cells are considered as multipotent. Haemopoitic
stem cells Mesenchymal stem cells are multi potent. Mesenchymal
stem cells can differentiate into chondrocyes, osteocytes, and

adipocytes.Haemopoitic stem cells are multipotent and differentiate
into both lymphoid and myeloid series apart from their self-renewal
nature. Myeloid cells include monocytes, macrophages, basophiles,
eosinophils, erythrocytes, dendritic cells and megakaryocytic or
platelets. Lymphoid cells include T ells, B cells and natural killer
cells.

Adipose Derived Stem Cell Markers (Ads)

ADS markers are CD,,, I[CAM /CD54 CD34 and integrin family
members. Anti body applications, immune histo chemistry,
immonuo cytochemistry, flow cytometry and Elisa are the important
investigations to identify the various markers. Intestinal cell markers
LVIGI, Bmil, tart, Hopx and LVIGI, Lgrs* and gremlin [1-3].

Plasticity and Tran Differentiation

Plasticity is the potentiality of the cell to have the different
cell characteristics. For example, bone marrow stem cells after
transplantation will function like liver or cardiac cell.

Transdifferention (TD) is also known as lineage reprogramming. It
is a process in which one mature somatic cell transform into another
mature somatic cell without undergoing pluri potent or progenitor
state [4]. It is a type of metaphase the first example of functional
trans differention and has been shown by Ferber, et al., by inducing a
shift in the developmental fate of cells in liver and convert them into
pancreatic beta cells [S]. Hepatocytes are obtained by liver biopsy
from diabetic patient, cultured and expanded in Vivo transduced
with a PDXI virus which trans differentiated into functional insulin
producing beta cells and transplanted back to patient [6-8].
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S.No | Embryonic stem cell | Adult stem cell
(pluri potent )
I. Can become all cell | Limit to different cell type of their
tissue of origin
2. Grown easily Grown not easily

reactively in culture

Progenitor cell can divide only limited number of times where as
the stem cell can replicate indefinitely, the term progenitor cell
and stem cell are equated [9,10]. Progenitor cells cannot replicate
and give same progenitor cells and give only specialized cells to a
limited extent.

Stem cell Progenitor cells
Self renewal in vitro | Unlimited Limited
Potentiality Multipotent Unipotent,
oligopotent
Maintenance of self | Yes No
renewal
Population Reaches maximum Does not reach

number of cells before
differentiated

maximum population

Cytokines and growth factors trigger the progenitor cells, mobilize
towards the damaged tissue, and differentiate into target cell. It
leads to recovery of tissue. Endothelial progenitor cells, pancreatic
progenitor cells, bone marrow stromal cells are used for the
reparative process.

Embryonic Stem Cells (Esc) Induced Pluri Potent Cells (Ipc)
ESC and IPC are similar genetically, surface markers, transcription
factors. But premature senescence of differentiated cells is seen with
IPC. There is considerable variability in the efficiency of generating
differenced lineages and lower efficiency seen with IPCS [11].

Allogenic Stem Cells/ Autologus Stem Cells

Autologous stem cells were initially preferred because they are
instanteously available and non-immunogenic. Allogenic stem cells
have the problem of immune genicity. So immunuo pheno typing of
stem cells is an important aspect before giving the treatment. Major
high compatibility complex (MHC) class 1 and 11 molecules (HLA
I, IT) are recognized. Antibody mediated rejection occur in allografts.
1gG antibodies directed to HLA class] are seen. MHC class1 antigen
HLA-A,-B,-C) and MHC class IT (HLA-DR,-DQ, DP in humans)
also seen [12]. There are three types of HSCT haemopoitic stem
cell therapy, syngenic, autologus and allogenicc transplantation.

Syngenic Transplants
Transplantation occurring between two identical twins.

Autologus Transplants
It is taken directly from the patient and giving it to him and rejection

will not occur.

Allogenic Transplants

Donor haemopoitic cells graft rejection may occur so it is essential
to satisfy the compatibility of HLA, but mesenchymal stem
transplantation is not common [13].

Prochymal Stem Cell Theraphy

Prochymal stem cell therapy was approved in Canada in 2012 for
the management of acute graft vs host disease in children who are
unresponsive to steroids [13]. It is an allogenic stem cell therapy
of mesenchymal stem cells from bone marrow.

Stem Cell Sectretome

Stem cell secretome or stromal cell secretome is utilized for
their inner cell communication, development of homeostasis and
regeneration. Stem cell secretome consists of extracellular vesicles,
exosomes, micro vesicles, peptides and cytokins. Secrotome mediate
the effects of degenerative, autoimmunue and inflammatory diseases
[14]. Preliminary results of phase 3 trial for GVHD were released
in september 2009 [15].

Ips Cells

Takhasi and yamanka showed enforced expression of key
transcription factors Oct4, sox2, KIf4 and CMYC by reprogramme
mouse somatic cell such as mouse fibroblasts to pluri potency state,
later yamanka demonstrated from human fibroblasts [16]. IPS cells
share many key properties with ESCS including morphology, pluri
potency, self renewal and similar gene expression profile.

During expantion and prolonged passage, hESc and IPS cells
acquire trisony 12 and 20q 11.21 genetic amplification [17-19].
Reprogrammed cells pose a great risk of genome mutation and
genome instability [20]. Epigenetic memory persists in IPS cells
and has been attributed to the incomplete removal of somatic cell
specific DNA methylation. DNA methylation represses the genetic
transcription.

IPCS induced teratoma were more aggressive with shorter latency
than ESCS [21]. This may be considered as a major obstacle for
clinical use.

Harvad and john Hopkins University have shown that certain
epigenic changes in [PC which can differentiate from ESC differential
methylation of tissues distinguishes human induced pluri potent stem
cells and fibroblasts. Erin podolak 2009 biotechniques international
journal of life sciences methods. CD34 is a phosphoglycoprotein
identified on haemopoitic stem and progenitor cells strong evidence
demonstrates Cd34 is expressed in multipotent mesenchymal cells,
muscle satellite cells, corneal keratocytes, intestinal cells, epithelial
progenitor and vascular endothelial progenitors even though it is
predominantly regarded as a marker of haemopoietic stem cells
(HSC). So CD34 can be regarded as a general marker of progenitor
cells [22].
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Different CD,," cell types

CD34" cell type | Associated markers Differentiation potential Properties
HSC and HLA-DR, Hematopoietic cells Large nucleus, little
progenitors CD38 cytoplasm, high proliferative capacity
MSC Stro-1, CD73, CD90, CD105, Adipogenic, osteogenic, High cfu
CD146, CD29, CD44, CD271 chondrogenic, myogenic, colonies
angiogenic fibrobastic cells
Muscle Cells CD56, Myf5, Desmin, M-cadherin, | Myogenic, adipogenic, osteogenic, | The CD56"CD34" population may represent a more
CD90, CD106, Flk-1, VEGFR, chondrogenic primitive or pluripotent stem cell. In vivo, CD34+
MyoD, CD146 cells are located near the basal lamina
Keratocytes CD34, CD133, L-selectin, Fibroblastic, myofibroblastic, Dendritic morphology. In vitro population acquires
keratocan, ALDH adipogenic, osteogenic, an MSC phenotype
chondrogenic
Endothelial cells | CD146, VE-cadherin, CD133, Angiogenesis Quiescent in vivo/low proliferation activity
CD117,CD14, CD31

CD34 also present in epithelial progenitor intestinal and fibrocytes.
CD34cells majority in bone marrow are progenitor cells [23].

Progenitor Cell Markers

Progenitor cells are satellite cells, radial glial cells, bone marrow
stromal cells, periosteal progenitor, pancreatic progenitor, EPC,
and blast cells. Both haemopoitic and endothelial progenitor cells
expressCD*, FLK-1 FLT-1, TLE2, and VE-cadherin.Endothelial
progenitor cells have CD,, CD .., CD, ., (C-KIT) in addition. Hepatic
progenitor markers CD133 cludin-7, cadherin 22, mucin-1, ros-1
gabrl [24].

Human and mouse ESC marker panel is designed with 5 antibodies
to Oct4, Nanog, SOX2, SSEA4 and TRA1-60 by abcan in USA.

Mesenchymal Stem Cell Markers

Mesenchymal stem cells are multipotent. MSC are also known as
marrow stromal cells. They are derived from non haemopoitic bone
marrow and also from skin, fat, periosteem. MSC can be induced to
differentiate into osteoblasts, myocyte, adipocyte, beta pancreatic
islet cells and neuron cells. MSC are non immunogenic and they are
used as prochyl cells for allogenic transplantation. Mesenchymal
stem cell markers are CD,,, CD,, and CD,/ thy-1 negative markers
are CD ,and CD,..

Neural stem cells can differentiate into neurons, astrocytes and
oligo dendrocytes. Neural stem cells give rise to glial progenitor
and neuron progenitor cells. Glial progenitors give rise to astrocytes
and oligo dendrocytes. Neuron progenitor cells give risk to neurons.

Neural Stem Cell Markers
SOX, ,ABCG,, CXCR,, BMI-1, Musashi-1 GFAP, survivin, SOXI,
SHH and NTF-3

Neural Progenitor Cell Markers
Cendi, MELK, MAP, , SIOOB, NESTIN, BETAIII TUBULIN,
FABP7 VIMENTIN, PAX6

Neuron Markers are
Alpha synuclein, double cortin, GAP43, PSD95, stathmin, synapsinl,
synaptophysin.

Stem cell signaling pathways (SSPS) maintain the stem cells and

can pass to differentiation. Various proteins are involved the process.
They are wnt proteins, pten, stat3. Signalling pathways of stem cells
are notch signaling, hedgehog signaling, wnt signaling and BMP/
Activ/nodel signaling.

Progenitor Cells

Progenitor cell can divide only a limited number times. The
potentiality olipotent and unipotent they are in the center between
pluri potent and fully differentiated cell progenitor cells cannot
maintain self-renewal and population does not reach maximum.
Tissue damage and stress results in Progenitor cell activation by the
cytokines and growth factors, repair the damage, and lost tissue.
However, they are not sufficient if extensive damage occurs. Satellite
cells in muscle stromal cells in bone marrow, endothelial progenitor
cells in vessels, and blast cells in the haemopitic system are important
progenitor cells.

Adult stem cells also behave like progenitor cells as both of them
are present in the body. Adult stem cells are usually unipotent where
as progenitor may be uni or oligopotent but now it has been shown
that adult stem cells by reprogramming and altering the genes can
be converted to embryonic stem cells which are pluri potent. Oligo
potent cells can differentiate into only a few cells such as lymphoid
or myclid stem cells [25]. Unipotent stem cell produces only one
cell type. They are different from other progenitor cells because
they have the property of self renewal even though their capacity
is to differentiate into one cell. Hepatoblast will differentiate to
Hepatocyte. Markers of Embryonic, Multipotent, unipotent and
progenitor cells. SSEA1, SSEA4, TRA 1-60, TRal-81, AP, FZD-1-
TDGTF, are the established markers for embryonic stem cells. SSEA
is a stage specific embryonic antigen [26,27]. Other cell markers
vary depending on their site of origin.

Transcription Factors

Reprogramming of fibroblast into IPS cells were developed by the
over expression of self of genes Oct4 CMYC, SOC@ and KIF4
[28,29].

SOX1, SOX3 SOX15, SOX18 can generate IPS cells and they
have down regulation CD13 a fibroblast marker, up regulation
of SSEA4 and TRA 1-60 .endogenous expression of nanog gene
similar expression like pluri potent cells are also seen for TRA1-81,
TRA2-49/6E, genome wide H3 K4 me3 and H3K 27 me 3. In mouse
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IPCS express genes like undifferentiated stem cells oct %, SOX2,
Nanog, GDF3 Rex1, FGF4, ESG1, DPPA2, DPPA4, and hTERT.

Ectoderm markers are OTX2, chordin P63/ TP73L, FGF8, Pax2,
Foxj3, Pax6, GBX2, SOXI, nestin, beta tubulin and Noggin.
Endoderm markers are cripto, BMP4/wnt3 to sustain nodal signaling
from implantation throughout gastruation [30]. Other markers are
enzymes alkaline phosphatase, telomerase and small molecules like
lectins, peptides and quantum dots.

Multipotent Stem Cells

Haemopoitic stem cells will give rise to differentiated cells of
myeloid, lymphoid series, enthrocytes and platelets. HSC has long
time self renewl unlike progenitor cells. Haemopoitic stem cell
markers are CD48, CD150, CD244, CD,,, SCA1+, Cd135,CD150
[31-34]

34

Lymohid lineage markers are Ckit Scal, LIN- and 1L7R" (labome
2015 labone the world of laboratories 2015 ) Cancer stem cell markers
are CD44, CD133, CD24, CD90, Cd271, CD49F, CD13,CXCR4,
CD44. And cd 44 is the prominent marker [35-43].

Cardiac Stem Cell Markers (csc)

Cardiac stem cell markers have self-renewal and differentiate into
cardiomyocytes vascular smooth muscle cells and endothelial cells.
FLK1+,cd 31.VE Cadherin are the haemangioblast markers. FLK1
is a receptor for VEGF. NKX2.5 is expressed in cardiomyocyte
[44]. Osteoprogenitor markers are TGF beta, BMP-2 and bFGF,
gremin [45,46].

Osteocyte markers are TGF beta, Rankl and MSCF [47].

Ccb,,CDh.,CD, ,CD

Mesenchymal stem cell markers are CD »CD.,CD, .,

CD.,,CD,,CD., [48].

3492 90

10° 271°

146

Adipose derived stem cell markers are CD,,, ICAMI, and CD, (13)

440
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