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SUMMARY

Throughout the last few years, significant attention is being paid to
progenitor cells, whose isolation has enhanced the understanding of
biology of tissue formation and regeneration. Hematopoietic stem cells are
historically the most well studied, they have been shown to provide the
best chance for patients who undergo bone marrow transplantation,
peripheral blood cell transplantation and cord blood transplantation. 1o
date, the therapeutical potential of stem cells has become increasingly
evident in many diseases, leading, beyond the classical procedures, to the
implementation of non-haematological trials.

At the beginning of the 20th Alexander Maximow said that in the
peripheral blood a small number of cells circulated that might be
capable of reacquiring pluripotentiality; he called these cells
“gemeinsame Stamzellen”.

After several decades of attempts to confirm the existence of
these stem cells, Hematopoietic Stem Cells (HSC)
transplantations started in the late 1940’s with experiments in
mice. Starting in the late 1950’s several groups tried to apply
these concepts to the treatment of patients with leukaemia, and
in the late 1970’s these concepts gained acceptance. All clinical
transplantations used allogeneic or autologous bone marrow as
source of stem cells; since peripheral blood as a source of stem
cells was still considered inadequate to permanently
reconstitute hematopoiesis!.

Key words: Stem cells - Differentiation -Reparative medicine - Self-renewal.
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Three basic categories of cells make-up the h :
somatic cells, germ cells and stem cells. Somalzic cells g?éacnellzot(}il;
make-up the human adult; each of these cells, in its differentiated
state, hgs its own copy of the genome (with the only exception of
qells Wlthout nuclei, i.e. red blood cells). Germ cells are cells that
give rise to gametes (eggs and sperm). Stem cells are hav\e the
capacity to self renew and the potential to generate mature
sppc;ahzed .ceﬂ types; they are able to differentiate into cell types
within the tissue in which they reside (“stem cell plasticity”) P

Stem cells generally represent a small percentage of thé: total
cellular make-up of a particular organ. When a stem cell divides, the
daughter Cells‘can either differentiate in a specialized cell or éelf—
renew to remain a stem cell, so ensuring that the pool of stem cells
is cons‘tantly replenished; this is a necessary physiological
rpechamsm for the maintenance of the cellular cempositio%x of
tissues and organs in the body. Stem cells can also be classified as
totipotent, pluripotent and multipotent. Totipotency is the ability to
form gll cell types; totipotent cells can basically form the Wgole
org;]msm because they have unlimited capability.

uripotency is the ability to form several cell t
whole organism. There are four classes of p}uripgt};zi ]satlétrr?(z:te;?se
embryonic stem cells, embryonic germ cells, embryonic carcbinome'l
celi\s/I aﬁq the adult progenitor cells from bone marrow. |
_ Multipotency is the ability to generate a limi
(Sitlfferenltllated .cell ]'ineages appropriatge to their locatil(t)ff efgl.l%?oc?g
plzlg;]e;?s.s which give rise to red blood cells, white blood cells and
The fundamental dogma that somatic tissue-deri
ceﬂ.s may differentiate only into mature element: t)vfe?hgi?;;ﬁéeﬁ
which they reside was undermined in 1998, when it was first
demonstrated that adult stem cells, (such as haemopoietic stem
cells, nepronal stem cells and mesenchymal stem cells), could cross
boundaries and differentiate into cells of a different ,tissue This
Bhenomenon of adult stem cell plasticity has been térmed
transdifferentation”. Differentiation is the process whereby an
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unspecialized early embryonic cell acquires the features of a
specialized cell such as heart, liver or muscle. The best studied aduit
stem cell is the hematopoietic stem cell (HSC).

The adult hematopoietic system 18 composed of a series of
pluripotent, multipotent and unipotent cells leading to functionally
distinct mature blood cell types?. Rare pluripotent hematopoietic
stem cells (HSCs) are at the foundation of the adult hematopoietic
system and are maintained in constant numbers in the adult bone
marrow in a relatively quiescent state; they both self-renew more
stem cells and give rise to clonal progeny that continue to
differentiate. Stem cell survival and proliferation in vivo depend on
a close connection with bone marrow stromal cells. These stromal
cells include cells of mesenchimal origin (e.g. fibroblasts,
osteocytes, adipocytes and vascular smooth muscle cells) that are
known to constitute a supportive microenvironment. The specific
role of each stromal population is still unknown, but recent studies
clearly revealed that osteoblasts are an important component of the
bone marrow niche.

HSCs are entirely responsible for the development, maintenance,
and regeneration of blood forming tissues. Furthermore, HSCs are
the most important, if not the only, cells required to engraft in
hematopoietic tissue transplantations. HSCs have been used widely
in clinical settings for over 40 years and form the basis of bone

marrow transplantation success.

HSC transplantation is an effective therapy for a wide variety of
neoplastic diseases, in addition to congenital and autoimmune
disorders. The two major types of HSC transplantations, autologous
and allogeneic, are defined by the donor graft source’. Both
autologous and allogeneic HSC transplantations are used,
depending on donor availability and the type of disease being
treated. In autologous HSC transplantation, chemotherapy and/or
radiation are administered to the patients, so, prior to HSC
transplantation, patients undergo harvesting of their hematopoietic
cells from bone marrow or from peripheral blood. The principle
behind allogeneic HSC transplantation differs, as do the spectrum
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of diseases treated and the potential benefits and complications. For
hematologic malignancies, thought to evolve from early
hematopoietic progenitors (i.e., chronic myelogenous leukaemia) or
from bone marrow failure states (i.e., aplastic anemia), replacement
with healthy donor cells is required. Compared to autologous HSC,
allogeneic HSC transplantation has a higher incidence of treatment-
related morbidity and mortality, particularly because it contains
immune cells that can respond against host-specific antigens and
causes the syndrome called graft-versus-host disease (GVHD).
Despite the prophylaxis with immunosuppression, ~20-30% of
allogeneic HSC transplantation patients develop an acute form of
GVHD, and ~50% develop a chronic form of the disease. If we put
together the risk of GVHD, immunosuppression, and the potential
failure engraftment, the transplantation-related mortality for an
allogeneic HSC transplantation is ~10-15%.

Unfortunately, HSCs, like many other adult stem cells, are rare
in bone marrow and difficult to isolate in large numbers. For
example, only approximately 1 out of 10000 bone marrow cells is
an HSC. In a steady state, HSCs are even rarer in peripheral blood,
since a low number of HSCs exits from the bone marrow and
circulates in peripheral blood.

Little is known about the physiological roles of such trafficking,
however the role of the so-called cytokines (or growth factors) is
clear; they may influence this process increasing both the number of
HSCs exiting the bone marrow and their lifespan. Compared to
bone marrow harvest, a significantly higher number of stem cells
can be so obtained from the blood, after a growth factor injection; a
process called “mobilization”.

Before 1990, almost all HSCs transplantations were bone
marrow-derived. At the end of the 1980’s the first case of allogeneic
peripheral blood stem cell (PBSC) transplantation was reported.
Since the donor was not mobilized by cytokines, he underwent ten
apheresis to harvest a sufficient stem cell number. Engraftment was
succesful. In 1988, the ability of granulocyte-macrophage colony-
stimulating factor (GM-CSF) and granulocyte colony stimulating
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factor (G-CSF) to mobilize HSCs to the blood .streamk'wag
documented (other hematopoietic growth factg.rls ai. mtzrlzgtslr;;) )
ion ag
tem-cell factor were not approyed as mobiliza g
?ggtisne clinical use). Mobilization with elﬂglr che;nl(_)ltshgraggtﬁdt/gé
L . S
th factors injection may result in an efflux of 0 )
%1(’)(;\;/ marrow into the blood and lead to a concentration of H[S.Cst }1111
the peripheral blood that equals or exceeds the conpentraﬁon in be
bone marrow itself. An HSC-enriched celésfrzilctlgn tcanr ig;e; Ge
i 1995, the first se -
ted by apheresis from the blood. In 0 .
CCOS%G-Cmeobﬂ}i]zeIc)l stem cell allogeneic transp_lantatlons was pubhshede;
Now allogeneic transplantations have increased at an al\)/%rg% )
annual rate of 10% and the peripheral blood stem cellt(
allogeneic transplantations have risen at an even higher ra et. et
Under standard conditions, donors and recipients are matche -
the major histocompatibility complex (MH(%%,{ I\j;{);clﬁgl“}]l;/njnssi are
es of the human leucocyte antigens . ‘ ,
gllz ilc;?lity to identify suitably matched re@ated or unrelated donoﬁz
can be difficult in some patients, alternative s((i)}irces (_)lf ls)tlcznslc;erce
ides a readily availa
have been explored. Cord blood provi jable sourc
i 1 f cord blood cells is relatively
for such patients*. The collection o o e (GVIID)
d the risk of severe acute graft-versus-host s !
?sa Sljcgv?/zr thus making the cord blood tr.ansplantatlon an appealing
tive to bone marrow transplantation.
alt?lzrli: first known attempt took place about }?4&/6&58 algo 1\2/;6;12
- - boy with acute lymphoblastic leu :
T oe i ifferent donors. One unit
i rd blood units from 8 di feren . :
gicg?;fetgd ;(r)ld lasted for 38 days. But the ﬁrgt successfull allogene}c
cord blood transplantation occurred approximately 16 yearsh ago 13
a child with Fanconi anemia’. Data accumullatzd.over t iegféd
d blood is an ac
s 1 years have demonstrated.that cor ( i
‘;Ttiiixztize source for hematopoietic stem cells in children. It offers

many practical advantages such as:
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1) absence of risk for mother and newborn;

2) relative ease of procurement and availability (as stored cord
blood celis are fully tested and HLA-typed, they are available for
immediate use);

3) potential reduced risk of GVHD.

While the clinical data is encouraging for pediatric patients, cord
blood use can be more problematic in adult patients since the
limited number of hematopoietic progenitors and the collection can
occur only in a single occasion. Nevertheless cord blood
transplantation has recently been explored in an increasing number
of adult patients. The reason is that, while the total numbers of
mononuclear cells are limited, the progenitor “content and the
proliferative potential of cord blood cells are high. So some
protocols are now available to attempt to use cord blood as an
alternative source of hematopoietic stem cells for allogeneic
transplantations for adult patients too.

The possibility to purify and expand HSCs has recently led to the
implementation of non-hematological clinical trials, aimed at
developing tissue repair protocols in chronic-degenerative disorders
as Alzheimer’s disease, Parkinson’s disease and other neurological
disorders; and it has opened up new and unexpected therapeutical
perspectives also in the treatment of nephropathies (kidney
transplantation)s: 7, and other diseases involving liver, brain and
heart. For example the infusion of autologous bone marrow stem
cells in the coronary artery has been proposed for regenerating the
myocardium after ischaemias. 9.

Treatment via stem cell will be a “cell-based therapy”. For the
first time, treatment will be the administration of cells directly into
the body thus delivering stem cells to the tissues where they are
needed. The biology of these mysterious cells is yet to be
understood and a lot more basic research is needed before new
therapies using stem-cells can be applied, problems exist with the
manipulation of adult stem cells, in fact stem cells in adult human
tissues are difficult to isolate and those that can be isolated with
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relative ease are unfortunately difficult to scgl@—up én igilt;lrg:é

heless some of these problems are techmcal and mig |
overcon in :che future. The therapeutic potential of stem cells das
ngfxig:de to revolutionize the future of medicip@ and has created a
i:éw f{eld of research, called regenerative medicine.

BIBLIOGRAPHY AND NOTE

(ARD L.P.,
JANSEN J., HANKS S., THOMPSON 1M, DUGAN M.J., AK

j .. J. Cell. Mol.
Transplantation of hematopoietic stem cells from the peripheral blood. J. Ce

1 9:37-50. o
MS(;ZIO\I(E(? 3DZIERZAK E.. Embryonic beginnings of adult hematopotetic stem
D " " )

¢ gica 2005; 90:100-108. o .
Cculsi[?;r[l}a; OAIOD;\?I;GRIN R.S.. WEISSMAN IL., Hematopoietic stem and proger;lor
la v id sys . Rev.
> SFIIZA clinical and preclinical regeneration of the hematolymphoid system. Annu
cells:
Med‘CZ)OT(\)ISJ; 5??;;/?31‘{5531\1 $.G.. WEINBERG K.L., Stem cell transplantation (cord
4. CHA g, G., ‘
blood transplants}). Hematology 2004; 1.?54‘ N P
5 MOLLISON PL., Blood transfusion in clinical medicine.
. Science, tenth edition, 1997, pp. 468-9. O £ TORREGROSSAR.
ANGLANI F., FORINO M., DEL PRETE D., TOSETTO E.. e 00,
D’ANGELO A., In search of adult renal stem cells. J. Cell. Mol. . ;
84}7;;ng P. ABBATISTA M.R., Stem cells: separative medicine and nephrology.
7. SC P, / R.,
gy 2003; 16:51-85.
JogggngszhrglI%gDANO R., Cell therapy: an evolutionary development of
8. R o » Cell 1 ;8
Transfusion medicine. Blood Transfusion 2004; 2:1-9.

TViO QUEI }., L;USE S-, A BELLE E-, BAU IEI{S C 5 JUDE B s Aa.llll stem
U N . N veniion ()fhea”fal“/”e

b

ondon, Blackwell

cells to repair the injured myocardium: a ne‘w hope for th.; ;;1;)83
after myocardial infarction? Blood transfusion 2004; 2:92-103.

> dressed to:
Correspondance should be ad : o
VagliopS. “La Sapienza” University, Via Chieti 7- 00161 Rome, L

809




