
has granted a licence to Ian Wilmut (the fa-
mous “father” of Dolly) and his team from
the Roslin Institut to allow them to clone hu-
man embryos for stem cell research. Stem
cells are indeed the more promising cells for
the medicine of the future and are now inten-
sively studied all around the world. These
cells differ from other kind of cells in the
body. All stem cells, regardless of their source
share three general properties: they are able
of dividing and renewing themselves for long
period, they are unspecialized and they are
able to differentiate into any specialized cell
types. The real pluripotent stem cells are is-
sued from the embryo. Specifically, embryon-
ic stem cells are derived from eggs fertilized
in vitro and isolated from a microscopic ball
of cells, the blastocyst, formed four or five
days after the fertilization. These cells can
give rise to every tissues of the human body
and represent a huge reservoir of regenera-
tive cells. But for some ethical consideration
as well as some hazards appeared during em-
bryonic stem cells transplantation (high inci-
dence of teratoma or teratocarcinoma), re-
searchers have redirected their attention up-
on primitive cells residing in the adult body.
Each organ and tissue is perceived to possess
a sub-population of cells capable of self-
maintenance activated for the normal turn-
over of tissue or in case of organ injury.
These cells usually give rise to a limited num-
ber of differentiated cell lineages according
to their normal environment and are consid-
ered as multipotent. The adult tissues report-
ed to contain stem cells include bone marrow,
blood vessels, heart, lungs, gastrointestinal
tract, liver, pancreas, kidney, nervous system,
skin, skeletal muscle and bone. Concomitant-
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Abstract. – Adult stem cells (ASC) have
becoming a great domain of research by their
promising interest for the regenerative medi-
cine. For some years, the number of publica-
tions has been increasing, displaying the poten-
tial of ASC to differentiate in all tissue-lineages,
challenging the previous dogma that ASC were
restricted to give rise only to specific cells from
their tissue of origin. Among the diversity of
ASC, hematopoietic stem cells (HSC) have been
the most studied and their use in the clinical set-
ting is largely documented. Commonly, HSC
have been harvested from the bone marrow, but
for some years, two others sources, the periph-
eral blood and the umbilical cord blood have
been introduced. All these HSC posses their
own molecular characteristics and degree of
maturity and represent a more or less good can-
didate to participate in the cellular-based tissue
regeneration.

We have reviewed the different parameters al-
lowing to define which subset could be the more
favorable such as the accessibility to the pool of
HSC; the quantity of available cells; the tolera-
bility of host-engraftment and the capacity of the
cells to home correctly to the required site of
damaged. Besides, recently, the molecular pro-
filing of HSC has allowed identifying which sub-
set posses the more promising characteristics.

Key Words:

Stem cells, Tissue regeneration, Umbilical cord blood.

Introduction

On February, the 10th of 2005, a new claim
from the biological community about the two
most debated and controversial currents top-
ics, human cloning and stem cell research
made once again a lot of noise. The Britain’s
human fertilization and embryology authority
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ly to their capacities to restore tissues in an
environment limited area, researchers have
shown that these cells under appropriate cul-
ture conditions and also after infusion to a re-
cipient could differentiate to another lineage
for which they were not predestinated1. This
phenomenon has been named transdifferenti-
ation and has dramatically contradicted the
previous dogma that adult stem cells differen-
tiation was restricted to their own tissue of
origin. Transdifferentiation has opened new
interest to adult stem cells and given the hope
to be able, one day to make new organs and
tissues from these cells.

Among all the reservoir of adult stem cells
(ASC), the hematopoietic stem cells (HSC)
are the more known until today and their use
in the clinical treatment of leukemia and im-
mune diseases have proved their efficiency
for a long time2. That’s why we will focus only
on HSC and their interest for the application
in the regenerative medicine.

Hematopoietic Stem Cells (HSC) 
are Originated from Different Sources

The hematopoietic system has traditional-
ly been seen as an organized hierarchic sys-
tem with multipotent self-renewing stem cells
at the top; committed progenitors in the in-
termediate part and finally, lineage-restricted
precursors cells which give rise to mature dif-
ferentiated blood cells. Human HSC and
progenitors are commonly characterized by
their expression of the CD34 antigen; howev-
er, CD34+ cells represent a heterogeneous
population with cells at different level of ma-
turity. Other markers such as CD133 has
been proposed to select a more primitive
population even if the CD34 marker remains
the actual HSC reference3.

The first evidence of the presence of HSC
in bone marrow (BM) was provided by
Ernest Mc Cullough and Lou Siminovitch in
19634. They proved, for the first time, that
cells from the BM could reconstitute hemo-
poiesis and rescue lethally irradiated recipi-
ent animals. This discovery marked the be-
ginning of modern day stem cell research and
bone marrow became the classical source of
stem cells. In the middle sixties, first BM
transplantations were performed to rescue
patients with hereditary immunodeficiency or
acute leukemias. In the beginning, a high
morbidity rate occured because of immu-

norejection. But for 40 years, BM has been
routinely used for transplantations in the clin-
ic to restore hemopoietic functions following
intense radiotherapy and or chemotherapy.
Briefly, the marrow is usually harvested from
the back of the hip bones by needle aspira-
tion under general anesthesia before cancer
treatment, cryopreserved and injecting to the
patient when he needs.

Although, BM is the more common source
of HSC, peripheral blood (PB) has been
demonstrated to be a good alternative. The
percentage of HSC isolated by CD34+ posi-
tive selection, from the circulating blood in
healthy patient is very low; around 18 fold
less than in the BM5. But this low rate could
be dramatically increased by using cytokine
treatment. This process called apheresis is
traditionally initiated by injection of recombi-
nant human granulocyte colony stimulating
factor (rhG-CSF) for five to seven days and
results in a significant mobilization of
hematopoietic precursors in the circulating
blood6. Peripheral blood stem cells harvesting
by leukapheresis procedure presents a num-
ber of advantages: randomized trials have
shown a better recovery of all cell-lineages
following PBSC transplantation and particu-
larly a more rapid recovery of neutrophils
and platelets7. This method has been demon-
strated safe and comfortable and avoids the
risks associated with general anesthesia re-
quested for marrow aspiration. That’s why,
today, peripheral hematopoietic stem cells re-
infusion has mostly replaced BM derived
progenitors transplantations.

Finally, a third source of HSC, from the
umbilical cord blood (UCB) has been intro-
duced since 1988 in the clinical setting8. The
absolute number of HSC from the umbilical
cord is lower than from the two others
sources seen previously, that’s why until to-
day, umbilical cord blood transplantation has
been mostly applied in children. Although
exact statistics are not available, it is estimat-
ed about 5000 to 6000 cord-blood transplan-
tations still performed worldwide. The main
advantage of this source of cells is the higher
tolerance of 1-2 Human Leukocyte Antigen
(HLA) mismatches, which offers the oppor-
tunity to extend the donor pool by reducing
the risk of Graft Versus Host Disease inci-
dence. However the hematological reconsti-
tution with UCB transplantation is often de-
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layed because of the limited number of total
CD34+ cells presents in the graft9. Neverthe-
less, recently this limit seems to have been
solved by a new placental umbilical two-step
collection method which allow the recovery
of enough nucleated cells for adult graft10.

Stem cell Plasticity
Besides the huge potential of HSC to re-

constitute the hematopoietic system, recent
discoveries have revealed the capacity of
these cells to give rise to other cell lineages as
known as “stem cell plasticity”. One of the
first model demonstrating this potential was
done on immunodeficient mice transplanted
with genetically marked BM cells11. The re-
sults revealed that BM-derived cells migrate
into the areas of induced muscle damage and
participate in the regeneration of myofibers.
Since this precursor experiment, a lot of new
assays have been processed with the three
sources of HSC, BM12-16, PB17-19 and UCB20-24,
to induce the differentiation into multiple tis-
sue lineages (Table I). Basically, three models
have been studied to understand this phe-
nomenon. First, in vitro culture of HSC with
specific growth factors leading the differenti-
ation into lineage-restricted cells; second,
model of injured animals to mobilize stem
cells from the BM and the circulation into the
damaged area; third, model of sex-mis-
matched animals by infusion of female SC in-
to male recipient (or the opposite) to follow
the capacity of injected cells to graft and dif-
ferentiate properly in the host. As mentioned
in the table, most of the experiments have
been performed in rodent models. Observa-
tions from mice and rats cannot always re-
flect the situation in human and we have to
be careful before extrapolating these results
to a clinical setting. Besides, little is known
about the mechanisms leading stem cells to
switch to another lineage. There are currently
three hypothesized mechanisms: the transdif-
ferentiation, when a fully differentiated cell
switches to another phenotype; the transdeter-
mination, when stem cell generates descen-
dant of another lineage than the predestinat-
ed, and the dedifferentiation, when a cell gives
rise to a new lineage by first reverting to a
common stem cell and then redifferentiating
along another tissue lineage25. But the “plas-
ticity potential” of stem cells is a very contro-
versial topic and some experiments tend to

conclude that the so-called transdifferentia-
tion of stem cell could result in fact by spon-
taneous fusion between donor and host cells
leading to a cell fusion hybrid26-28. Neverthe-
less, in the hypothesis of only fusion oc-
curred, the so-formed hybrid possessing a
diploid karyotype could no more enter the
cell cycle and multiply; preventing the possi-
bility to regenerate a damaged organ as ob-
served in experiments. To conclude, even if
the mechanisms of stem cells mediating re-
generation remain unclear and fully debated,
some human trials have been still realized
and showed the potential of stem cells use as
new therapeutic field for muscular, cardiovas-
cular as well as neurodegenerative disor-
ders29-37 (Table II).

Which Source of HSC?
Although experiments of stem cells differ-

entiation have given interesting results with
all reservoirs, it could be now favorable to try
defining the more valuable source of HSC for
the concept of tissue engineering. Different
parameters have to be studied:
– The stem cell pool must be easily accessi-

ble and available in enough quantity.
– The transplanted stem cells must be well

tolerated by the recipient.
– The differentiation of HSC and the en-

grafment at the site of damaged tissue
must be sufficient to regenerate the in-
jured organ.
It is well known that the HSC from the

three sources are distincts in term of maturi-
ty, clonogenic potential as well as differentia-
tion capacity and engraftment potential. To
investigate the qualities of each cell’s sources,
different approaches could be explored: ret-
rospective studies to assess the differentiation
of stem cells in the recipient, and prospective
studies to examine the molecular characteris-
tics of each cell and establish which have the
better chance to differentiate and home to
the correct area. We will review the different
parameters for each HSC subset to appreci-
ate the complexity of their differentiation
pathway and relative merits for regenerative
medicine.

Accessibility to HSC
Although Bone Marrow is considered the

standard source of HSC for more than 40
years, marrow aspiration requires a surgical
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Table I. Examples of HSC transdifferentiation in animal model from the three sources of HSC.

Source Model Differentiation Results References
of HSC

BONE MARROW

Male mice Sublethally irradiated Intravenous Detection of donor marrow cells in the Eglitis12

bone marrow female WBB6F1/ injection via brain. Some BM-derived cells positive
J-kitW/kitWv mice the tail vein for F4/80 microglial antigenic marker

HSC from Mdx mouse, model Intravenous Partial restoration of dystrophin in Gussoni13

bone marrow of Duchenne’s injection the affected muscle
muscular dystrophy

Purified HSC FAH(-/-) mouse, Intravenous Restoration of biochemical functions Lagasse14

from adult animal model of injection of the liver
bone marrow tyrosinemia type 1

Bone marrow from Myocardial infarction Injection in Generation of de novo myocardium Orlic15

male transgenic model of female the contracting
mice expressing C57BL/6 mice wall bordering
enhanced green the infarct
fluorescent protein

Enriched HSC Lethally irradiated Intravenous HSC engraftment into cardiac muscle. Jackson16

(Cd34-/low, c-kit+, mice rendered  injection Differentiation of HSC into
sca1+) from BM ischemic by coronary cardiomyocytes and endothelial cells

artery occlusion

PERIPHERAL BLOOD

Human purified In vitro culture Addition of Immunostained positive for: epithelial; Zhao17

monocytes appropriate neuronal; hepatocytic; endothelial
growth factors

Adult human Myocardial Injection in Detection of human leukocyte antigen Yeh18

peripheral blood infarction induced the tail vein positive marker on cardiomyocytes, 
enriched CD34+ NOD/SCID mice endothelial and muscle cells of 
cells mouse hearts

Circulating cells Irradiated or Intravenous Alveolar epithelial cells and lung  Abe19

from green elastase injected injection fibroblasts derived from 
fluorescent protein wild-type mice circulating progenitors
transgenic mice

UMBILICAL CORD BLOOD

Human umbilical Male Wistar rats Intravenous ↑ functional recovery after stroke. Chen20

cord blood cells subjected to transient injection by Detection of astrocyte and neuronal
middle cerebral the tail vein markers on some HUCB cells
artery occlusion

Human enriched 2-AAF/partially Intravenous Human albumin mRNA detection. Danet21

(CD45+, CD38-, hepatectomized injection by Human X-chromosome-positive 
CD34±, C1qRp+) NOD/SCID mice lateral vein hepatocytes in mouse liver
UCB cells

Purified human Immunocompromised Intravenous Neovascularization in the ischemic Taguchi22

umbilical cord mice subjected to injection by zone, neuronal regeneration
blood CD34+ cells stroke the tail vein

Human UCB Dysferlin-deficient Intravenous Partial engraftment of HUCB cells in Kong23

cells or enriched sjl mice injection the muscle which express both dysferlin
CD34+ fraction and human-specific dystrophin gene; 

prove myogenic diff.

Human UCB cells NOD/SCID mice Intraperitoneal Human HSC engraftment into mice Di Campli24

or enriched CD34+ subjected to liver administration liver. Albumin and AFP expression
fraction damage by allyl 

alcohol



procedure under general anesthesia that can
cause post-operative pain and poses a small
risk to the donor. Unlike BM harvesting, PB
collection after leukapheresis is very simple
and completely safe for the donor. In the
same manner, collection of stem cells from
UCB is a very fast and safe procedure for
both the newborn and the mother and with-
out any ethical problem. The cells are collect-
ed from the placenta after the delivery, HLA-
typed and could be cryopreserved for long
years. Considering the promising potential of
UCB derived stem cells, both public and pri-
vate cord-blood banks have emerged for a
few years which promise to cure a cup of dis-

eases thanks to the precious cells collected
from the baby. However, the legislation sur-
rounding UCB stem cell is still dubious and
has to be approved by official administration
to keep clear all the emerging “cord blood”
institutions.

Availability of HSC
The number of stem cells in the adult is

very low. The proportion of HSC differs ac-
cording to the source: the largest fraction in
the BM and the poorest in the UCB38. Never-
theless, as shown previously6, the proportion
of HSC in the PB could be dramatically in-
creased by injection of cytokine such as rhG-
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Table II. Clinical applications of HSC for human tissue engineering.

Diseases Source of HSC Model Results References

Osteogesis Allogeneic BM 3 children with ↑ total body bone mineral content. Horwitz29

imperfecta transplantation osteogenesis imperfecta ↓ nb of bone fracture

Liver Male donors Archival autopsy and Human BM derived cells Theise30

disorder bone marrow needle biopsies of differentiate into mature 
women hepatocytes and cholangiocytes

Liver Allogeneic High dose chemotherapy XY-positive chimerism found in Korbling31

disorder transplantation and radiotherapy treated epithelial cells and hepatocytes
of CD34+ cells female patients by in situ hybridization show 
from mobilized differentiation of circulating HSC
PBSC of male into hepatocytes and epithelial cells
donors

Duchenne BM Muscle biopsie from a Presence of donor nuclei within a Gussoni32

muscular transplantation Duchenne muscular small number of muscle myofibers. 
distrophy at age 1 dystrophy collected at Expression of a truncated form 

the age 13. of dystrophyn.

Neuro- BM transplant Post-mortem brain Y-chromosome positive cells in Mezey33

degenerative from male donor samples from female several regions of the brains; some
disorder recipient of them were donor-derived neurons

Myocardial Intracoronary 30 ctrl patients receiving ↑ left ventricular systolic function Wollerst34

infarction transfer of PIT*PIT/ 30 patients with in patients receiving the cellular 
autologous PIT & BM cells therapy

Myocardial Intracoronary 27 patients treated with G-CSF therapy associated with Kang35

infarction infusion of cell infusion or G-CSF PBSC infusion ↑ cardiac 
G-CSF mobilized alone or ctrl function & angiogenesis (but high 
PBSC rate of restenosis)

Ischemic Autologous BM 20 patients with end-stage At 6 months, ↓ of total reversible Perin36

heart disease transendocardial ischemic heart disease defect. At 12 months, exercice
delivery (11treated/9 ctrl) capacity improved

Hepatitis UCB cells 83 patients with severe Improvement of liver function Tang37

transplantation viral hepatitis with/ and decrease of heart impairment
without heart damage
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CSF prior to the collection without any risk
for the patient. Besides, recently, improve-
ment in HSC mobilization has been achieved
by the use of AMD3100, a selective antago-
nist of CXCL12, also known as stromal cell
derived factor-1 (SDF-1) that binds to its re-
ceptor CXCR4 expressed on CD34+ cells
surface. It is indeed well-known that SDF-1
plays a central role in CD34+ homing in the
BM and AMD3100, by decreasing the inter-
actions between SDF-1 and CXCR4 induces
rapid stem cells mobilization in the circulat-
ing blood and could as well acts synergistical-
ly with rh-G-CSF39. 

Concerning the limiting quantity of HSC
in the UCB fraction, a lot of experimenta-
tions have been processed to expand these
cells in vitro without loosing their characteris-
tics of “stemness”. The expansion has been
successfully repeated in many experiments
with the use of different cytokines cocktails
according to the lab’s protocols40-42. Besides,
the selective in vitro expansion (with a dra-
matic increase up to 128) of human
CD34+/CD38-, considered as the more primi-
tive subset has been successfully performed
from CD34+ cells upon stimulation with a de-
fined medium and cytokines43. Another im-
portant point allowing the use of stem cells
expansion in clinical setting is the availability
of a reproducible and secured model. Com-
mercially closed system as the “DIDECO
pluricell model” is now ready and has been
shown to dramatically expand stem cells ac-
cording to safe and controlled procedures44.
This system is indeed composed of a sterile
expansion chamber and a kit of certified
reagents that does not contain animal de-
rivates and permits then to expand the HSC
in a secured and reproducible manner. It is
interesting to note that some human trials of
expanded stem cells transplantations have al-
ready been documented with success in chil-
dren and adults with leukemia and other
blood diseases45.

Graft Tolerance
One of the major challenge in stem cell

therapy is that transplanted stem cells are tol-
erated by the host. Differentiation of autolo-
gous BM or PB derived stem cells is the pre-
ferred therapeutic approach to limit the risk
of immunological rejection but, when stem
cell therapy has to compensate organ defi-

ciency caused by hereditary illness, allogeneic
transplants are useful. In this case BM and
PB derived stem cells transplantations re-
quire a close HLA matching between the
donor and the host unlike, UCB graft is more
permissive as the cells are less mature and
present a lower risk of rejection. It is then
justifiable that cord blood banking is increas-
ingly common-place to provide an effective
HSC reserve for individual in case of hypo-
thetical damage or for altruistic purposes.

Homing and Engraftment Capacity
Homing and engraftment potential are es-

sential to direct stem cells to the injured or-
gans. These properties are required for stem
cells transplantation in allogeneic as well as
autologous manner and even if we consider
that tissue-comitted progenitors reside in the
BM under steady-state conditions and could
be mobilized to the injured organs46. Appro-
priate signals from the site of damage are
needed to lead the cells where they are re-
quired. Chemokines, pro-inflammatory
chemoattractant cytokines, selectins are the
major regulators of the cell trafficking47.
Among these, stromal cell derived factor-1
(SDF-1) that binds specifically to its receptor
CXCR4 plays a central role to attract CD34+
cells. The interaction between SDF-1 and CX-
CR4 has been demonstrated fundamental for
successful murine BM engraftment by human
severe combined immunodeficient (SCID) re-
populating stem cells48. Well then, it has been
demonstrated that SDF-1 is released from
damaged organs such as liver49 and kidney50

and could mobilize stem cells to the area of
injury. It is then justifiable trying to define
which stem cells subset express highly the cy-
tokines required for engraftment. Compara-
tive study of homing-related molecules by
flow cytometry revealed that UCB derived
stem cells have some defect of expression of
molecules such as the very late antigen 5 and
6 (VLA-5 and VLA-6) and CXCR451-52. To re-
verse the poor trans-migratory behavior of
UCB-derived stem cells, ex vivo manipula-
tions have been realized with the use of mi-
croparticules carrying adhesion molecules53 or
by adding of recombinant human stem cell
factor54. These experiments have been shown
to improve the in vivo trans-migratory poten-
tial of UCB-SC and represent the premises to
control stem cells destiny.
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Multi Lineages Differentiation Potential
Last but not least, the more important

point is the capacity of stem cells to differen-
tiate into other lineages to permit the regen-
eration of specific organ. As shown in table 1,
there is now a large body of evidence indicat-
ing the potential of HSC to acquire new spec-
ifications. As classical source of HSC, the ma-
jority of the experiments have been realized
from bone marrow. But, which HSC present
the best intrinsic characteristics to differenti-
ate into other tissue lineage? It has been
demonstrated that UCB-SC contain the
largest percentage of the most immature
pluripotent CD34+ cells which can react
more strongly to in vitro cytokine stimulation
and produce a lot of progeny cells55. Besides,
the technique of Myeloid-Lymphoid Initiat-
ing Cells (ML-IC) has allowed defining the
multi-lineages potential comparison of each
source of HSC56. Briefly this technique per-
mits to identify for each single cell, the capac-
ity after an initial culture period to reinitiate
both lymphoid and myeloid hematopoietic
lineages for long term culture. From the re-
sults, the authors showed that UCB-SC have
the better ability to self-renew and to give
rise to large clones of primitive progeny.
These results confirm that the larger propor-
tion of primitive HSC reside in the UCB and
could adopt different lineages. Finally, the
molecular characteristics themselves of each
stem cells could represent a good prognostic
to assess the possibilities of the different sub-
sets to express another phenotype and might
be helpful for the development of new thera-
peutic approaches using HSC cells as a
source for tissue engineering. Recently,
thanks to microarray technology, the power-
ful tool which permits the profiling of thou-
sand of genes in one single experiment, we
start to better understand the molecular
mechanisms which regulate HSC activity.
One of the first global gene expression analy-
sis of human HSC using a cDNA array cover-
ing 1185 genes allowed the molecular com-
parison of CD34+ cells from BM and mobi-
lized PB-SC57. The authors found 65 genes
differentially expressed between the two cell
sources and notably an up-regulation with
significant fold change for 9 genes involved in
cell cycle progression and 11 genes regulating
DNA synthesis in the BM counterpart. These
data confirmed the higher cycling activity in

the BM CD34+ fraction whereas circulating
HSC constitute a high number of quiescent
stem cells more immature. More recently, the
global gene expression profiling of the three
sources of HSC (BM, PB and UCB) has been
realized by using the human HG-U95 Av2
Affymetrix microarray and provided new in-
sights to a better understanding of the dis-
crepancies among the sources58. This large
scale comparison analysis showed 51 differ-
entially expressed genes between BM and
UCB fractions and 64 genes between BM and
PBSC. Among the results it is interesting to
note the up-regulation in the UCB subset of
transcriptional factors such as GATA-2, Id-1
or Fos, known to prevent the differentiation
of the cells which remain in quiescent state.
Moreover, the authors observed an up-regu-
lation of 3 and 2.7 fold respectively of the non
hematopoietic lineage associated genes Tie
(endothelial cells) and Nap-22 (neuronal
cells) in UCB versus BM CD34+ cells. These
results corroborate preliminary observations
showing by polymerase chain reaction (PCR)
that human UCB CD34+ cells were positive
for non hematopoietic genes expression59.

Conclusion

These results from both animal studies
and early human clinical trials show that HSC
have significant capabilities for growth, repair
and regeneration of damaged tissues. 

One fundamental question concerning the
use of stem cell in tissue engineering is to se-
lect the better source. Among the HSC, we
have reviewed the numerous advantages of
the UCB subset as these cells are easily ac-
cessible by a non invasive collection process,
in vitro amplifiable, well-tolerated and last
but not least possess more primitive molecu-
lar characteristics that confer them a higher
flexibility. 

Nevertheless, a lot of questions have to be
solved before starting large human assays. 

A big challenge concerning the in vitro ap-
proach would be to succeed forming func-
tional tissues from the stem cells. It is indeed
well-known that cells communicate each oth-
er and with their environment as the extra-
cellular matrix to differentiate to the appro-
priate lineage. These conditions have to be
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reproduced in the culture condition. Signifi-
cant progress have been made in recent years
by the use of three-dimensional collagen or
fibronectin porous scaffolds which promote
new tissue formation by providing a surface
and void volume that promote the attach-
ment, proliferation and differentiation of the
stem cells. Nevertheless, tissue engineering is
currently only used in a limited number of
clinical applications as bioengineered skin for
burns.

Besides, another way regarding the use of
HSC for tissue repair is now intensively stud-
ied. It may be unnecessary first to isolate and
differentiate HSC in vitro but rather to mobi-
lize endogenous stem cells from the circulat-
ing blood to home to the damaged area.
Some experiments with animals have shown
encouraging results by injecting growth fac-
tors to mobilize endogenous stem cells to the
site of injury in a model of heart damage60.
These observations suggest that tissue regen-
eration could be feasible by the use of our
own circulating stem cells if we learn to direct
them properly to the affected organs.

In summary, the different approaches for
tissue engineering are very promising and un-
doubtedly, HSC will play a key role in the de-
velopment of cellular therapy for a variety of
diseases. However, the biological properties
and the interactions between stem cells and
their environment have to be more investi-
gated to be able, soon, to control their des-
tiny in an appropriate way.
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