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Summary The central dogma in stem cell biology has been that cells isolated from
a particular tissue can renew and differentiate into lineages of the tissue it resides
in. Several studies have challenged this idea by demonstrating that tissue specific
cell have considerable plasticity and can cross-lineage restriction boundary and give
rise to cell types of other lineages. However, the lack of a clear definition for
plasticity has led to confusion with several reports failing to demonstrate that a
single cell can indeed differentiate into multiple lineages at significant levels.
Further, differences between results obtained in different labs has cast doubt on
some results and several studies still await independent confirmation. In this review,
we critically evaluate studies that report stem cell plasticity using three rigid
criteria to define stem cell plasticity; differentiation of a single cell into multiple
cell lineages, functionality of differentiated cells in vitro and in vivo, robust and
persistent engraft of transplanted cells.
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Introduction

A stem cell is defined by three main criteria: self-
renewal, ability to differentiate into multiple cell
types, and ability of in vivo reconstitution of a given
tissue. A fertilized egg is capable of not only
forming cells of the mesoderm, endoderm and ec-
toderm layer, and germ cells, but also the sup-
porting trophoblast required for the survival of the
developing embryo. These cells are therefore at the
top of the hierarchy of stem cells and termed ‘to-
tipotent’. Embryonic stem (ES) cells and embryonic
germ (EG) cells, isolated from the inner cell mass of
the blastocyst or from primordial germ cells of an
early embryo, give rise to mesoderm, endoderm,
ectoderm and germ cells but not extra-embryonic
tissues, and are therefore termed ‘pluripotent’.
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Stem cells isolated from various adult organs self-
renew and differentiate into multiple organ specific
cell types are termed ‘multipotent stem cells’.
Committed cells that have limited or no self-
renewal ability and differentiate into only one de-
fined cell type are termed ‘progenitor cells’ or
‘precursor cells’.
Adult stem cells and plasticity

Traditionally, adult stem cells have been viewed as
committed to a particular cell fate to produce cells
from the tissue of origin but not cells of non-
related tissues. For example, neural stem cells
(NSCs) give rise to the three main types of nerve
cells present in adult brain, hematopoietic stem
cells (HSCs) produce blood, etc. Various reports
over the last six years challenge this central dogma
by demonstrating that adult stem cells, under
ved.
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certain microenvironmental conditions, give rise to
cell types besides the cell type in the tissue of
origin possibly indicating that they can switch cell
fate. For example, HSC besides forming blood
cells, have been reported to give rise to liver cells1

and NSC may not only give rise to nerve cells but
also give rise to early hematopoeitic precursors.2

These observations have been termed “stem cell
plasticity”. Reports of stem cell plasticity have
generated both excitement as well as skepticism3–7

in the field of stem cell biology, as the concept of
plasticity defies developmental biology principles
of lineage restriction being imparted during mor-
phogenesis, but, if correct, the ability of adult
stem cells to change fate also holds immense
therapeutic potential. It is therefore important
that the concept of stem cell plasticity be rigor-
ously defined and experimentally proven. Unfor-
tunately, until now, most studies have not shown
that unexpected lineage differentiation is derived
from the same single cell that differentiates to the
expected cell type, and even when this was done
the apparent lineage switch seen occurs in general
at a very low frequency. Furthermore, the criteria
used to establish plasticity in most of the studies
has relied on morphology and immunostaining and
seldom function. In most instances differentiation
has depended on demonstration of co-expression of
markers in the transplanted stem cells, such as the
Y chromosome, GFP or b-gal, and a particular an-
tigen on the differentiated cell type, an approach
that can be fraught with technical problems.8 Im-
portantly, most plasticity studies still await inde-
pendent confirmation from other researchers.
Much of these problems arise from the fact that no
clear parameters have been established to dem-
onstrate or refute stem cell plasticity. In this re-
view, we will use three main criteria for stem cell
plasticity (box 1), based on which, reports of stem
cell plasticity will be critically examined.
Box 1. Criteria defining stem cell plasticity
• A single cell differentiate into multiple cell

lineages
• Differentiated cells are functional in vitro

and in vivo
• Engraftment is robust and persistent
Bone marrow-derived stem cells (BMDSC)

The best-studied adult stem cell, the HSC, resides
in adult life in the bone marrow (BM).9 Presence of
HSC is demonstrated by the ability of transplanted
donor cells to reconstitute the hematopoietic sys-
tem of a lethally myeloablated host. Murine HSC
reside in the lineage negative fraction of cells, and
express the stem cell antigens Sca1, and low levels
of cKit and Thy1. In humans, HSC are also lineage
negative and further enriched in the CD34+CD38)
subpopulation, In mouse and man, HSC can be en-
riched based on the fact that they express the
ABCG2 transporter and thereby exclude Hoechst
dye; such cell are termed SP (side-population).
Aside from HSC, several other stem cells exist in
bone marrow. These include mesenchymal stem
cells (MSC). MSC can be isolated from BM,10 as well
as adipose tissue11 and fetal lung.12 They lack the
hematopoeitic surface marker, CD45, but in hu-
mans express CD105 (SH2), SH3, Stro-1 and CD13.
MSC can be expanded ex vivo for 20–50 population
doublings, differentiate into osteoblast, adipocytes
and chondroblasts, as well as smooth muscle and
skeletal muscle cells, and engraft in vivo at low
level in multiple tissues.13 BM also is the source of
endothelial progenitor cells (EPC). These cells can
be expanded for prolonged periods of time in vitro,
and can be recruited to areas of injury contributing
to vasculogenesis in post-natal life. There is, at
least in mice, also evidence that a precursor for
EPC may exit in BM, namely the hemangioblast, a
cell initially characterized in ES cell cultures that
can give rise to HSC, EPC and smooth muscle
cells.14–18 Finally, others and we have shown that a
rare cell type can be culture isolated from BM and
other organs such as brain and muscle, termed
multipotent adult progenitor cell or MAPC. MAPC
can be expanded in culture for extended periods of
time and differentiate into endothelium, endo-
dermal and neural lineages in vitro and in vivo.19–21

How MAPC relate to MSC, and whether MAPC exist
in vivo, or are induced during the extensive in vitro
culture period is still unknown.

BMDSC to mesoderm
Osteoblast, chondroblast, adipocyte. The cell in
BM that gives rise to bone, cartilage and fat is the
MSC that can clonally differentiate in all three
lineages. In humans, MSC have been isolated from
BM using a number of different cell surface mark-
ers, including SH2 and SH3,22;23 or VCAM and
Stro1.24 Several studies have shown that differen-
tiation not only occurs in vitro, but that MSC can
contribute to cartilage, bone and muscle when
transplanted in utero,25 or in fractures26 or articu-
lar defects27 post-natally. More recently, studies
have suggested that cells with hematopoietic as
well as in vivo osteoblastic potential may exist, and
can be purified from murine BM based on a SP
phenotype.28 How this population relates to MSC is
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not yet known. Other cell populations such as the
mesangioblast defined by Cossu and Bianco,29 ini-
tially in the aortogonadmesonephros region, but
also present in BM, as well as MAPC,19;21 differen-
tiate into all mesenchymal lineage cells. Obviously
the ability of MSC, or more pluripotent BMDSC to
differentiate into mesenchymal lineage cells
should not be considered plasticity.

Skeletal muscle. First evidence for contribution of
BM cells to skeletal muscle came from studies by
Ferrari et al.,30 in which non-purified BM-MNC
transplanted into immunodeficient mice were
shown to migrate to areas of muscle degeneration
where they contributed to regeneration of the
damaged fibers. Subsequent studies showed that
transplantation of enriched HSC into irradiated
mdx mice, that have increased muscle cell turn-
over, leads to low level contribution to muscle and
partial restoration of dystrophin expression in the
affected muscle.31 Whether this occurs via simple
fusion of HSC or other BM-derived cells with the
muscle fiber, or via initial commitment of HSC
to muscle satellite cells followed by fusion with
muscle fibers is currently not yet clear. One study
provides evidence for a stepwise progression of BM
cells – which may be different from HSC as the
cells were not purified – to satellite cell, the
mononucleated muscle stem cell, and then to
multinucleated myofibers,32 whereas such a pro-
gression could not be demonstrated in an other
study, where it was believed that HSC differentiate
first to mature myeloid cells that fuse with myofi-
bers, but that HSC do not contribute to the satellite
compartment.33 Differences in outcome between
these studies may indicate that the cell in the first
study responsible for contribution to the muscle
compartment is not an HSC. MSC differentiate at
least in vitro into skeletal muscle myoblasts.34

Likewise, the mesangioblast differentiates into
skeletal muscle cells in vitro, and Sampaolesi and
colleagues also showed robust contribution of
these cells to muscle in vivo, following intra-
arterial injection into an animal model of muscular
dystrophy due to lack of the a-sarcoglycan gene.35

Finally, MAPC differentiate in skeletal muscle
myoblasts in vitro19;21 and may contribute to skel-
etal muscle when injected in vivo. Whether en-
graftment of mesangioblasts or MAPC in muscle
occurs via differentiation first into satellite cells
or via direct fusion with muscle fibers was not
addressed in these studies.

Cardiomyocytes. A number of studies have sug-
gested that cells from BM may differentiate in vivo
or in vitro in cardiac muscle. Bittner et al.36
showed that following transplantation of BM cells
into mdx mice, some cardiac muscle cells appeared
to be donor in origin and expressed dystrophin. Rat
MSC appeared to form cardiomyocytes or fibro-
blasts upon injection in an infarct, depending on
the specific microenvironment.37 Likewise, human
MSC injected into the left ventricle of a SCID/beige
mouse appeared to acquire cardiomyocyte fea-
tures,38 and human MSC transplanted in fetal sheep
could be detected in the heart where they acquired
again some features of cardiomyocytes.39 All these
studies depended solely on morphological and
limited phenotypic characteristics to define the
donor cells in the heart as cardiomyocytes. More-
over, levels of engraftment were usually very low.
Other studies have shown that transplantation of
BM-derived cells into the heart may result in
functional improvement. Tomita et al.40 showed
that transplantation of rat BM cells cultured and
differentiated into cardiac-like muscle cells in vitro
into a cryoinfact might improve cardiac function.
Orlic et al.41;42 showed that transplantation of Lin-
cKit+ GFP+ BM cells into an infracted mouse heart
results in large numbers of cardiac muscle-like
cells in the infarct and significant functional im-
provement. However, several other studies using
similarly selected cell populations could only de-
tect low levels of engraftment or functional im-
provement. In one study, low numbers of donor
cells could be detected in a myocardial infarct
following systemic infusion of Sp cells in lethally
irradiated animals.43 None of the studies have
shown that the cardiomyocyte-like cells detected
in vivo have electrophysiological characteristics of
cardiac muscle cells, and are linked via connexins
with the surrounding heart tissue, as has been
shown for fetal cardiomyocytes and ES-cell derived
murine cardiomyocytes.44;45 In addition, none of
the studies addressed the question whether dif-
ferentiation was direct differentiation of a BM stem
cell or fusion of a BM-derived cell with existing
cardiac muscle cells. Finally, a single paper has
shown in vitro that an MSC cell line from mouse
could be induced to differentiate to rhythmically
contracting cells, with cardiac muscle markers,
and electrophysiological characteristics of cardio-
myocytes.46 Whether this is unique to this single
MSC cell line, or most MSC can differentiate
to cardiac myoblasts in vitro still needs to be
determined.

Endothelium. The final mesodermal lineage that
can be generated by BM-derived stem cells is en-
dothelium. Recent studies have suggested that
endothelial “stem cells” may persist into adult life,
where they contribute to the formation of new
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blood vessels,47 suggesting that like during devel-
opment neoangiogenesis in the adult may at least
in part depend on a process of vasculogenesis.
Precursors for endothelial cells have been isolated
from BM and peripheral blood.48;49 So, it may not be
that surprising that a number of studies have shown
that transplantation of non-purified BM cells leads
to contribution of donor cells to vascular beds.
During development, endothelial progenitors and
HSC are derived from a common ancestor, the he-
mangioblast that can be purified from the AGM
region50 and can be selected based on expression of
the VEGF receptor 2, Flk1, from differentiating
embryoid bodies in vitro.51 Until recent there was
no evidence that hemangioblasts may persist in
adult life. However, a recent study by Grant et al.15

showed that following transplantation of a single
HSC in lethally irradiated mice, endothelial cells in
the retina – following vascular injury – were in
part derived from the progeny of the single HSC.
Whether this could be explained by fusion was not
addressed. Similar cells may also be present in
human BM and human umbilical cord.52;53 In addi-
tion, the mesangioblast and MAPC also form en-
dothelium in vitro and in vivo. Thus, like during
development, multipotent stem cells that can dif-
ferentiate not only into endothelium but also other
cell types may persist. Again, one would not nec-
essarily classify this as plasticity.

BMDSC to neuroectoderm
Several reports have presented evidence that BM
cells may generate various cell types in the adult
brain. Developmentally, neurons, astrocytes and
oligodendrocytes are derived from NSC and micro-
glial cells are derived from HSC. The first study
reporting that BM cells contribute to brain was by
Eglitis and Mezey,54 in which female murine re-
cipients transplanted with eGFP positive male BM
showed a continuing influx of GFP+ male cells into
the brain where they differentiated not only into
microglia but also astrocytes. Further, evidence to
support this was provided by a study where ge-
netically marked mouse BM cells injected into ir-
radiated normal hosts resulted in donor cells
expressing neuronal markers such as NeuN and b-
tubulin-III in brain sections.55 GFP+ mouse enriched
HSC contributed to Purkinje neurons56 aside from
microglial engraftment in the CNS of damaged
mice.57 HSCs were also shown to contribute to the
functional recovery of hindlimb motor function in a
spinal cord injury mouse model.58 Post-mortem
brain samples from humans who underwent sex
mismatched BM transplants revealed the presence
of what appeared to be donor-derived neurons.59;60

While these studies suggest plasticity based on co-
expression of the donor marker and neural tissue
specific markers, clonality and functionality of the
transdifferentiated cells was not addressed. Fur-
ther, doubt has been cast on these claims by a
number of studies that failed to reproduce the
above results and found only minimal evidence of
HSC contribution to neurons in the CNS.61;62

Other studies have presented evidence that BM
MSC may contribute to the brain. Woodbury et al.63

presented evidence that MSC from rat and human
BM can differentiate into neurons in vitro using
morphologic and phenotypic but not functional
characterization. Other studies have suggested
that murine or rat MSC may differentiate into cells
with neuroectodermal characteristics in vivo.64;65

In two disease models, BM MSC supported at least
partial correction of the disorder. These included
improvement of demyelination in a demyelinating
spinal cord disorder,66 and decreased loss of pur-
kinje cells in an animal model of Niemann–Pick
disease.67 Although at least partial functional re-
covery was observed, these studies did not prove
that the MSC themselves contributed to the Schwan
cell compartment or Purkinje cell compartment,
and effects could be mediated via trophic factors
produced by the MSC.

MAPC differentiate in vitro in response to se-
quential addition of cytokines thought to be
involved in mid brain development, into neuroec-
todermal cells such as dopaminergic-like neurons.
Such differentiation occurs in what appears a de-
velopmentally correct fashion, similar to ES cells
and NSC.20;68 These experiments were carried out
using clonally derived cells, which also differenti-
ate into endothelium and hepatocyte-like cells,
and expression of multiple neuronal markers and in
vitro functional studies were used to prove neural
differentiation. However, functional reconstitution
of the in vivo CNS compartment by MAPC was not
addressed.

BMDSC to endoderm
Several studies have also suggested that cells from
BM may be capable of differentiating onto epithe-
lial cells. For instance Krause et al.69 showed that a
single HSC not only restores the hematopoeitic
system but that HSC-derived cells could be found at
variable frequencies (1–15%) in the epithelia of the
liver, lung, GI tract and skin, where they acquired
tissue specific phenotypic characteristics. Other
studies have, however, suggested that although
such a phenomenon may be correct, the frequency
of such an event may be very low (1/100,000 cells).
Mature hepatocytes can undergo several cell divi-
sions and are responsible for hepatic cell replace-
ment. During extensive liver necrosis due to
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chemical injury or when hepatocytes are treated
with chemicals that block their proliferation, a
population of smaller cells with oval shape, termed
oval cells, emerges and proliferates.70;71 These oval
cells may constitute the “stem cell” compartment
in the liver. Recent studies suggest that non-en-
dodermal cells may also form hepatocytes in vivo
and in vitro.23;69;72;73 A significant number of studies
have studied the generation of liver cells from BM
cells. Following BM transplantation, oval cells are
derived from the donor BM.1 However, other
studies have not been able to confirm this notion.74

Transplantation of enriched HSC in FAH)/) mice,
an animal model of tyrosenimia type I, resulted in
the proliferation of large numbers of donor LacZþ

hepatocytes and animals had restored biochemical
function of the liver,73 which was seen as proof for
stem cell plasticity. Donor-derived cells in the liver
with hepatocyte characteristics have also been
detected in patients who received BM transplan-
tations, and host-derived cells with hepatocyte
markers in patients that underwent sex mis-
matched cadaver liver transplants.75;76 A rare
population of human hematopoeitic cells that are
lin-, CD45+, CD38), CD34+/) and C1qR (p)+ may
differentiate into hepatocytes when injected into
mouse NOD-SCID mice.77 Finally, human, rat and
mouse MAPC can differentiate in vitro in cells with
phenotypic, morphological and functional charac-
teristics of hepatocytes.78 In vivo studies demon-
strating functional liver repopulation with MAPC
are still lacking.

Two independent studies also show contribution
of BM-derived cells to pancreatic islet cell regen-
eration. Following transplantation of BM cells from
male mice that express eGFP (if the insulin gene is
actively transcribed) into female recipient mice,
1.7–3% GFP+, insulin+ donor cell could be detected
in the pancreas.79 However, other studies sug-
gested that although donor cells can be detected in
the pancreas, they might be endothelial and not
endocrine cells. For instance, in one study BM
transplantation led to normalized levels of glucose
and insulin in streptozotocin-induced diabetic mice
even before donor-derived cells were detected in
the pancreas thereby suggesting an indirect con-
tribution of the BM cells to insulin production in the
streptozotocin-treated mice.80
Neural stem cells

Isolated from fetal and adult brain, NSC prolifer-
ates and gives rise to all the major cell types of the
central nervous system.81–83 There are reports
suggesting that NSC can give rise to cells other than
neural cells. One study demonstrated that clonally
derived NSC could reconstitute the hematopoietic
system following transplantation in lethally irradi-
ated mice.2 However, a second study failed to re-
produce these results,84 the reasons for which are
not clear. Murine and human NSC may generate
myoblasts when transplanted into muscle,85 and
may generate smooth muscle myoblasts in vitro.86

Clarke et al.87 showed that injection of clonally
derived NSC into chick embryos or murine blast-
ocysts leads to the incorporation of NSC-derived
progeny in multiple tissues, even though no live
mice were obtained, and chimerism was not
balanced.
Epidermal stem cells

Epidermis of the skin is known to contain a popu-
lation of basal cells that exhibit properties typical
of somatic stem cells.88 Adult hair follicles also
contain multipotent stem cells that regenerate a
wounded epidermis.89 These cells differentiate
into epidermis, hair follicle sand sebaceous
glands.90 Recently, a combination of Hoechst
33342-dye exclusion and hematopoietic lineage
negative selection strategy has lead to purification
of epidermal stem cells to near homogeneity.91

When injected into a developing blastocyst, such
epidermal stem cells contributed to ectodermal,
mesenchymal and neural crest-derived tissue.92 An
other apparently multipotent adult stem cell can
be derived from the dermis of fetal and adult ro-
dent skin, and from human scalp, termed skin-
derived progenitors or SKPs. SKPs differentiate into
neurons, glia, as well as smooth muscle cells and
mesenchymal lineage cells (osteoblasts and adipo-
cytes) in vitro,93 and are thought to potentially
represent remnant neural crest stem cells.
Muscle stem cells

A number of different cells with stem cell proper-
ties have been identified in skeletal muscle, the
best characterized of which is the muscle satellite
cell. Satellite cells are myogenic stem cells, pres-
ent between the muscle fibers and the basal lam-
ina.94 They can be identified based on expression of
the transcription factor Myf595 and are normally
quiescent.96 Upon activation as a result of for in-
stance muscle injury, satellite cells self-renew to
repopulate the satellite cell pool and give rise to
myoblasts.95;97;98 More recently, stem cells have
also been isolated from muscle based on cell sur-
face markers (Sca1, cKit, etc.) and their ability to
exclude the Hoechst dye (SP phenotype) CD34+
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Sca1+ muscle-derived cells can engraft in muscle
and restore dystrophin expression in mdx mice.99

Asakura et al.100 showed that the muscle SP frac-
tion might contain cells competent to form he-
matopoeitic colonies, as well as giving rise to
skeletal muscle myocytes and satellite cells fol-
lowing intramuscular transplantation.
Mechanisms of stem cell plasticity

What mechanism underlies the apparent greater
potency of adult stem cells, termed plasticity, is
the subject of ongoing and very lively debates in
the scientific community. Several possible mecha-
nisms may underlie the apparent plasticity.

The most obvious explanation might be that, as
a number of the reports were based on infusion of
non-purified populations of cells, co-infusion of
multiple different stem cells accounts for the en-
graftment in multiple tissues. Indeed, skeletal
muscle contains HSC. For instance, infusion of non-
purified populations of muscle cells can repopulate
the hematopoietic system at least in part because
of the existence of HSC in the inoculum.101 This
obviously does not constitute stem cell plasticity.
However, as alluded to above, the possibility exists
that SP cells in muscle may be bi-potent, i.e. give
rise to muscle as well as hematopoietic cells.100

In lower animal species, such as in planaria,
asexual multiplication occurs through the exis-
tence of pluripotent stem cells that can regenerate
all tissues. Apparent plasticity could thus be due to
persistence of similar more pluripotent stem cells
in post-natal life. As discussed above, there may be
evidence for persistence of cells with greater po-
tency in mammals: for instance mesangioblasts,
SKPs, MAPC, NSC and epidermal stem cells may be
capable of differentiating into multiple different
tissues outside of the tissue of origin. One caveat is
that most of these cells have shown such potential
following ex vivo culture, a process that may have
caused de-differentiation. Studies will therefore be
needed to demonstrate that such cells exist in vivo
and the greater potency is not culture-induced. If
such cells would be present in vivo, then again this
would not represent plasticity, but merely remnant
more multi or even pluripotent stem cells.

A third explanation for plasticity, representing
true plasticity, would be de-differentiation and
redifferentiation or even transdifferentiation. In
such a process the nuclei of the transplanted cell
would have undergone reprogramming to efface to
some extent existing genetic information and ac-
quiring new expressed genes and proteins consis-
tent with the novel lineage. Again, there is evidence
in nature that such phenomenon can occur. For in-
stance in young newts in which a limb is removed,
cells in the blastema undergo de-differentiation and
then redifferentiate to make most cell types of the
regenerating limb.102 Obviously, the process of
cloning, in which the nucleus of an adult somatic
cell is introduced in the cytosol of an unfertilized
egg to recreate a whole animal exploits a similar
phenomenon.103 Currently, there is no good proof
as to whether plasticity seen in vitro or in vivo can
be ascribed to this phenomenon. As mentioned
above, it is possible that the isolation of what ap-
pear to be more pluripotent adult stem cells, such
as MAPC, certain NSC, epidermal stem cells and
mesangioblasts – which requires in general ex vivo
culture – is the result of de-differentiation of more
classical HSC, EPC, NSC or MSC.

A final explanation is that cell fusion occurs. Cell
fusion is an old biological phenomenon and has
been exploited extensively in the generation of
hybridomas.104 That this process may underlie at
least some of the observations of stem cell plas-
ticity was first demonstrated by co-culture of ge-
netically marked ES cells with genetically marked
NSC or BM cells wherein the fused tetraploid cells
retained the genetic marker expressed in the neu-
ral or BM cells, as well as the pluripotency of the ES
cells.105;106 Since these initial in vitro reports, a
number of in vivo studies have shown that fusion
may also underlie the apparent lineage switch of
HSC and BM grafts. For instance, follow-up studies
to the initial report in which FAH)/) animals were
rescued from fatal liver failure by transplantation
of enriched HSC,73 have shown that the liver nod-
ules proliferate from tertraploid cells generated by
fusion between HSC-derived cells and hepato-
cytes.72 Transplantation GFP+Cre+ BM cells into
lethally irradiated R26R receptor mice, transgenic
for the LacZ gene located between two Lox-P sites,
showing presence of b-gal positive purkinje
neurons, cardiomyocytes and hepatocytes in all
injected animals, proving that contribution of Cre-
recombinase positive cells to these cell lineages is
at least in part due to fusion with host cells. Yet
another study showed that myofibers were derived
from fusion between mature myeloid cells and
muscle fibers in response to injury and not through
a myogenic stem cell intermediate33 even though
other studies did not confirm this to be the sole
mechanism of muscle repair.32 The phenomenon of
cell fusion both in vitro and in vivo appears to be
rare (1/100,000 cells), and seems to occur most
readily in cells where polyploidy is commonly seen,
including hepatocytes, skeletal muscle, cardiac
muscle and purkinje cells. In most cases fusion
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likely does not occur between the HSC itself and
the target cell, but may be caused by fusion of a
descendant of HSC, such as monocytes, with the
target cell. In some respects, this also qualifies as
plasticity, as generally, genetic information pres-
ent in the donor cell is partially effaced, as is the
genetic information from the host cell to which the
cell fuses. However, if this were caused by fusion
of monocytes with tissue specific cells, this would
not qualify as “stem cell” plasticity.
Conclusion

Irrespective of the mechanism underlying stem cell
plasticity, many believe that adult stem cells hold
considerable clinical potential. Some of the po-
tentials and challenges of adult stem cell use in
therapy are outlines in box 2.
Box 2. Potential of adult stem cells
• treatment of degenerative disorders of

many organs
• allows autologous transplantation thereby

reducing immune rejection
• ex vivo gene correction of autologous stem

cells in case of genetic disorders
Challenges to overcome

• confirm greater potential of adult stem
plasticity by independent groups

• provide evidence that undifferentiated
adult stem cells will not cause tumor

• types of cells to transplant, differentiated
vs. undifferentiated cells

• homing of adult stem cells to the site of
injury/engraftment

• immune rejection in case of genetically
corrected allogeneic cells
HSC are extensively used for transplants in blood
related disorders and, if its newfound plasticity can
be further validated, this could be extended to other
disorders as well. MSC are already being used clini-
cally and could be a source of cells to treat bone and
muscle diseases. If isolation and propagation of the
more pluripotent stem cells such as mesangioblasts,
SKPs, or MAPCs can be improved, theymay serve as a
source of cells to treat neural, mesenchymal and
even epithelial disorders. While all these cells hold
immense therapeutic potential, there remains a
long road ahead in which investigators will need to
learn more about the cells them selves, possible
mechanisms underlying in vivo observations and
long-term effects of such cells used in vivo.
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