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ABSTRACT

The historical, lexical and conceptual issues embedded in stem cell biology are reviewed from technical, ethical, philosophical, judicial, 
clinical, economic and biopolitical perspectives. The mechanisms assigning the simultaneous capacity to self-renew and to differentiate 
to stem cells (immortal template DNA and asymmetric division) are evaluated in the light of the niche hypothesis for the stemness state. 
The induction of cell pluripotency and the different stem cells sources are presented (embryonic, adult and cord blood). We highlight the 
embryonic and adult stem cell properties and possible therapies while we emphasize the particular scientific and social values of cord 
blood donation to set up cord blood banks. The current scientific and legal frameworks of cord blood banks are reviewed at an international 
level as well as allogenic, dedicated and autologous donations. The expectations and the challenges in relation to present-day targeted 
diseases like diabetes mellitus type I, Parkinson’s disease and myocardial infarction are evaluated in the light of the cellular therapies for 
regenerative medicine.

Key words: embryonic stem cell; adult stem cell; pluripotency; induced pluripotent stem cells; umbilical cord blood; spinal cord stroke; 
Parkinson’ disease.

STEM CELL HISTORY: FROM PAPPENHEIM TO microRNAs

To understand the range of stem cell (SC) biology in 
technical, ethical, philosophical, judicial, clinical, economic 
and biopolitical issues, two pre-requisites must be clarified: 
1) the derivation of the term “stem cell” or better, its root 
“staminal” and 2) anatomic SC sources. This is necessary for 
the psychological implications behind the daily use of scientific 
terms: for example, the colloquial use of the term “life”. While 
appearing to have a scientific meaning, it actually refers to the 
experience spectrum of everyone that has lived.
Regarding the derivation of the words stem and staminal, only 
two contributions explain it. Ramalho-Santos and Willenbring 
(2007) suggested that: “One would be tempted to assume that 
the term stem cell has some relation to the term ‘‘meristem’’ 
because meristems are the stem cell compartments of plants.” 
The term meristem was first used by the botanist Karl Nägeli, 
born in Switzerland, describing the areas of continual cell 
division in a plant (Nägeli, 1858). He derived the term from 
the Greek ‘‘meristos’’ and the suffix ‘‘-em’’ (as in ‘‘phloem’’ or 
‘‘xylem’’).

Since the adjective staminalis, -e did not exist in Latin, we 
suggested (Monti and Redi, 2011a) the neutral noun stamen, 
-inis being the basis of the neo-Latin word “staminal”, which 
was coined in an English-speaking scientific environment. 
Stamen indicates the warp of the cloth and metaphorically 
suggests “the fiber of life” with the idea of a “grounding” 
entity, which is the founding “stem cell”.

SCs are then defined by their double capability to 
simultaneously perform two distinct processes: self-renewal 
and differentiation. The phenomenon that ensures this capacity 
is called “asymmetric division”, but there is no agreement on 
the mechanism that sustains it. Another hypothesis, focused 
on the “immortal DNA strand”, suggests that the daughter 

cell inheriting the old “template” strand keeps the stem 
capacity, while its sister cell inheriting the new DNA strand 
will undergo differentiation (Cairns, 1975; 2002; 2006). Notably, 
this hypothesis can account for the origin of cancer stem cells 
(CSC) since the mutations will continuously accumulate in 
the newly synthesized DNA strands that are always inherited 
by the differentiative-committed cell reaching the neoplastic 
(stemness) condition due to the inactivation of tumor 
suppressor genes (Cairns, 2006; Rando, 2007). Supporting this 
view, Reya and Clevers (2005) showed that different kind of 
tumors share the deregulation of the Wnt signaling network 
that is able to activate the self-renewal capacity. The European 
group “Migrating Cancer Stem Cells” (www.mcscs.eu), led 
by Riccardo Fodde, is continuously updating the CSC biology 
field. Recently, however, the hypothesis of the immortal 
template DNA was questioned by the evidence that it does not 
apply to intestinal epithelial SCs (Escobar et al., 2011).

An alternative is the SC hub-niche hypothesis presented 
by Schofield (1978). It is based on studies in the vertebrate’s 
hematopoietic system and was corroborated by the 
Caenorhabditis elegans germ cell development (Kimble and 
White, 1981) and research with the Drosophila melanogaster 
ovary (Kiger et al., 2001; Tulina and Matunis, 2001; Fuller and 
Spradling, 2007). Several reviews illustrated how the SC niche 
represents a paradigmatic concept in SC biology (Scheres, 
2007; Jones and Wagers, 2008; Knoblich, 2008; Morrison and 
Spradling, 2008). Proximal signals (cell surface molecules) as 
well as distal ones (secreted molecules) act in a specialized 
anatomical microenvironment (the hub-niche) where they 
control cell proliferation and differentiation. Whatsoever the 
explanation, the medical community has an intense interest in 
using SCs for cell replacement therapies in tissues that have 
been damaged by aging, trauma or specific pathologies.
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As for the SC sources: at first it was thought, naively, that 
only a few tissues posses SCs: blood, intestinal epithelia, bones, 
skin. Now we know that they can be found in any tissue of the 
body, surprisingly in the pulp of deciduous teeth (Gronthos 
et al., 2000), amniotic fluid (De Coppi et al., 2007) and breast 
milk (Cregan et al., 2007). Nerve tissue was believed to be 
completely differentiated, but it presents SCs, even within 18 
hours after death. In mammals, all phases of preimplantation 
embryo development yield embryonic SCs (ESC). After 
implantation, the embryo affords somatic SCs (SSC), which 
unfortunately are also called “adult”. Nearly 1015 ESCs in the 
human are pluripotent; a few ESCs of the early embryo are 
totipotent: only these are able to produce every type of body 
cell in any number.

The restricted SSCs are multipotent when they give rise to 
more than one cell type pertaining to a specific cell lineage. 
More restriction happens later on in development, and SSCs 
become only unipotent when they produce just a single cell 
type.

Until the beginning of the 1950s, the existence of SCs was 
conjectural. After the Second World War, autoradiography 
introduced time as the fourth dimension to histological 
investigation, along with the conversion of the nuclear energy 
physics into biological application. French-Canadians took 
the opportunity to follow the movements of labeled isotopes 
in time and thus discovered the renewing male germ cells 
(Leblond and Clermont, 1952) and the SCs at the base of the 
intestinal villi. From that moment on, there was fast and furious 
flourishing of SC discoveries that have lead us to revolutionize 
the SC concept. Examples were the induction of stemness in 
a terminally differentiated cell (Yamanaka, 2009) and the new 
way of looking at cancer stem cells (CSC; www.mcscs.eu). This 
important field of research is still fascinating in retrospect. Some 
SC bibliographic masterpieces are quite instructive for those 
entering the field. We recommend the 2006 EMBO summary 
Stem Cell Research - status, prospects, prerequisites (www.embo.
org/index.php). This is still a valid document introducing 
SC biology and all problems related to what is undoubtedly 
considered the hottest topic in biology and medicine nowadays. 
The journal Nature offers a website devoted to SCs, which is 
constantly updated and particularly instructive (www.nature.
com/stemcells/index.html). We also note the drawings by 
Artur Pappenheim who lived 13 Dec 1870 – 31 Dec 1916 (Dinser 
2001). He unraveled the differentiation of hematopoietic cells 
while working at the Virchow Pathological Institute in Berlin 
(see Fig. 2 in Maehle, 2011). This is especially interesting 
when compared to the present-day view about the microRNA 
modulation in the hematopoietic lineage (Chen et al., 2004; 
Kluivert et al., 2006). This comparison teaches the lesson that 
sometimes, in science, it is reasonable and fruitful to believe in 
something invisible! The mammalian egg for example was not 
discovered until Karl Ernst von Baer found it in 1827. But it was 
supposed to exist already during the time of Johann van Horne 
(1621 – 1670), Niels Stensen (1638 – 1686) and Reignier de Graaf 
(1641 – 1673). Actually, we know perfectly the microRNAs, 
which control self-renewal and cell differentiation in the 
hematological system (Chen et al., 2004; Kluivert et al., 2006). 
Their identification is due to a fundamental change of biology 
from a historical (ontological) science to a hard science, from the 
description to the synthesis of life. Now we can biotechnologically 
produce these desired cells, thus – there will be blood! (Durand 
and Zon, 2012; literature quoted there).

STEM CELL TYPES: EMBRYONIC AND SOMATIC

ES cells have been first derived in the mouse by Martin Evans 
and Matthew Kaufman (1981) from the Dept. of Genetics, 
Cambridge University, UK, and by Gail R. Martin (1981) from 
the Dept. of Anatomy, University of California, San Francisco, 
who coined the term “embryonic stem cell”. Later on, such 
cells were isolated from blastocysts in primates and humans 
(Thomson et al., 1998). These projects have been funded 
by large private pharmacy corporations like Geron (Menlo 
Park, California, USA). The USA Federal government under 
President George W. Bush’s leadership never supported 
research with human embryos. However, President Barak 
Obama is promoting such studies, and new ES lines have 
been derived and are now freely available to the scientific 
community (http://stemcells.nih.gov/registry).

The primordial germ cells (PGC) appear at the 1st and 3rd 
developmental week in mouse and human, respectively. Once 
isolated from the embryo, these cells can multiply giving rise 
to pluripotent embryonic germ cells (EG, Shamblott et al., 
1998). Anyway, difficult and time-consuming isolation restrains 
their use in therapy.

ES cells can be obtained from embryos. This is a legal 
practice where the ethical debate on the embryo status has 
reached a consensus either on a pragmatic-utilitarian view 
(Australia) or on an ideological-religious view (Singapore, 
Taiwan, Israel). In these countries, embryos come from in vitro 
fertilization clinics after the procedures have granted a baby. 
Both partners have to sign an informed consent form agreeing 
to donate embryos for ESC derivation. In other countries 
like Brazil, Spain and the UK, a special authority, like the 
Human Fertility and Embryology Authority (HFEA; www.
hfea.gov.uk) rules on research applications. The green light 
for the derivation of ESC lines is given very rarely. The donor 
embryos must be destroyed mandatorily before the end of 
the second developmental week. In many more countries (for 
example, Austria, Germany, Ireland, Italy), embryos left after 
IVF have to be cryo-preserved. The international situation, 
the ethical issues and the philosophical themes are broadly 
discussed in “Biopolitics of the frozen embryos” by Monti and 
Redi (2011b).

INDUCTION OF PLURIPOTENCY: THE EGG AS THE REPRO-
GRAMMOME

Embryos can be created de novo when nuclei of terminally 
differentiated cells are transferred into de-nucleated oocytes. 
The oocyte cytoplast enforces genetic reprogramming of the 
received nucleus, which acquires the embryonic developmental 
programme. Nuclear transfer is the pivotal technique in the 
cloning procedure with animals. The first success was Dolly 
the sheep (Wilmut et al., 1997). Even though this did not result 
from a proper procedure of nuclear transfer, Cumulina, the first 
cloned mouse, clearly did at least (Wakayama et al., 1998).

If the development of the composed embryo is stopped 
at the first mitotic divisions, ESCs can be derived from its 
inner cell masses. This fact opens the possibility of producing 
autologous SCs on demand for personalized medical 
treatments. Unfortunately, this theoretical possibility gave 
rise to the term therapeutic cloning. The term is often used, 
but should be avoided, since it calls to mind unacceptable 
practices, e.g., human cloning (Solter, 2002).
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Nuclear transfer techniques show the capacity of the oocyte 
cytoplasm to induce activation of the stemness genes, but 
the responsible substances and their mechanism still remain 
unknown. Seminal studies by Hans Spemann and Hilde 
Mangold proved a cytoplast’s capacity to induce re-acquisition 
of the stemness status, and for his discovery of the organizer effect 
in embryonic development, Spemann won the Nobel Prize 1935 
(www.nobelprize.org).

Recent studies by Sir John Gurdon and colleagues worked 
out that the reprogramming process replaces somatic proteins 
by oocyte polypeptides and includes DNA demethylation and 
histone modification. Since these reactions obey a chronological 
order, the Gurdon group supports a deterministic view for the 
phenomenon (Jullien et al., 2011, especially Figures 1-4). Thus, 
the authors face the prevailing stochastic idea that, however, 
better justifies the very small yields of the process.

Extracts from oocyte cytoplasts,  when added to 
differentiated cells in culture, will probably hugely increase 
the yield of reprogrammed cells. This promising consideration 
justifies the efforts put forward by the scientific community 
to find the best strategy. A “natural” approach will use de-
nucleated oocytes or ESCs, whereas an artificial way will 
lead to the synthesis of molecules showing reprogramming 
capacity (Byrne, 2011). Using a cytoplastic strategy, it was 
possible to turn fibroblasts into ES-like cells by “growing” 
them in cytoplast extracts from mouse oocytes. Considering 
≈ 0.01 - 0.1% efficiency, the yield of reprogrammed cells was 
good (Neri et al., 2007). A cocktail of the essential substances 
should theoretically be able to erase the epigenetic imprinting 
of the differentiated starting cells and to switch on the 
stemness network. It seems reasonable that stemness does not 
depend from a single gene, but hinge on a genetic cascade. The 
theoretical premises came forward from the group of Helen 
Blau who showed that a defined and specific methylation 
status of Oct-4 and Nanog genes is necessary to get a stemness 
status (Palermo et al., 2009). Recently, Michele Boiani and 
colleagues restricted the number of the candidate factors of the 
“reprogrammome” to 28 polypeptides (Pfeiffer et al., 2011).

INDUCED PLURIPOTENT STEM CELLS (iPS)

Some genes play a master role in activation and maintenance 
of the regulatory stemness networks. Their ectopic expression 
opens a “direct” route to pluripotency in target cells. The 
feasibility of this strategy was proved at Kyoto University 
by transfection of the four stemness genes Oct4, Sox2, c-myc 
and Klf4 into terminally differentiated fibroblasts. Takahashi 
and Yamanaka (2006) used retroviruses that supported 
the induction of pluripotency in a very small fraction 
of the fibroblasts (only 0.001 - 0.01% efficiency). All the 
reprogramming techniques for induced pluripotent stem cells 
(iPS) have still low efficiency, due to several reasons explained 
by Shinya Yamanaka (2009). However, his pioneering study 
allowed researchers to reduce, step by step, the required 
genes to one, Oct4, and to obtain high rates of reprogramming 
(Giorgetti et al., 2009; Kim 2009). Now we conceive that the 
elusive cytoplast substances are made of just some of the 
proteic products of the master stemness genes (e.g., Oct4, Sox2, 
Nanog).

The data are of social importance, because they testify 
to the good attitude and responsibility of the scientific 
community in public problems. The iPS cells liberate especially 

Catholics from the Roman disagreement on the use of ESCs. 
The iPS cells provide a positive perspective in science-society 
relation.

The theoretic background and the conceptual derivation 
of the physiological principles of cellular reprogramming 
have been reviewed by Thomas Graf and Tariq Enver (2009). 
Wolfgang Reik and colleagues presented a similar model 
within a Waddington’s epigenetic landscape (Hemberger et al., 
2009).

Ideal approaches avoid the use of foreign DNAs in 
reprogramming. This objective was aimed at by the use of 
chemicals or by biophysical stimuli at the Scripps Research 
Institute (La Jolla, California). The group of Sheng Ding 
produced iPS cells using purified proteins, which were derived 
from the four Yamanaka’s genes (Xu et al., 2008; Li et al., 
2009). Their protein mix contained valproic acid (a histone 
deacetylase inhibitor), synthetic small molecules and natural 
products, which are able to bind nuclear receptors, histone- 
and DNA-modifying enzymes, protein kinases and signaling 
molecules.

To get the story on promises and reality of iPS cells 
updated, see the Special Insight on regenerative medicine in 
Nature 453:301 (2008), Stadtfeld and Hochedlinger (2010), 
as well as Hayden (2011). After all, the Nature web focus is 
devoted to stem cells nowadays (www.nature.com/focus/
stemcells).

STEM CELL SOURCES

A vast body of literature is devoted to the SC derivation from 
almost every organ (for information, readers can refer to the 
web sites mentioned above). In addition, we have acquired 
the ability to produce several cell types from the SSC isolated 
from different tissues of adults, fetuses and the umbilical cord 
blood (CB). SC isolated from preimplantation embryos only 
now entering the preclinical trials steps due to the necessary 
caution in their use (their clonogenic capacity can lead to 
tumors) and for the ethical and legal considerations on the 
embryo status (Monti and Redi, 2011b). No doubt, ES are a 
need for the scientific community, but actually for other uses 
than for therapies; in other words, we need them to advance 
our knowledge on the very first embryo developmental steps 
and to shorten the time of toxicological and pharmacological 
tests so that translational medicine can take profit of the iPS’ 
ability to “draw in a test tube” the diseases. However, quite 
frequently the ethical concerns on the ES derivation from 
embryos (either from frozen or de novo created embryos) focus 
the debate on the attempts put forwards to accommodate this 
problem (Monti and Redi, 2011b) thus diverting our attention 
from alternative SC sources that intrinsically resolve the ethical 
concerns: in other words, the SSC that can be obtained from 
the umbilical cord blood (CB). Here we would like to draw 
the reader’s attention on this partly neglected SC source in the 
hope to boost the creation of public CB banks.

STEM CELLS FROM UMBILICAL CORD BLOOD

Ethical concern about ESC derivation from embryos guides 
our attention to alternative sources. The cord blood (CB), 
also known as placental blood, contains SSCs, which are not 
subject to ideological restrictions. In 1988, Eliane Gluckman 
conducted the first successful transplantation of SCs from 
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CB. The recipient was a young patient suffering from Fanconi 
anemia, a rare congenital blood disease. The success 
invalidated the idea that hematopoietic SCs can be exclusively 
derived from bone marrow, and further that only these cells 
can be used for transplantation. Three research groups have 
combined their different skills to overcome the prevailing 
skepticism. Arleen Auerbach (Rockefeller University, New 
York) devised a reliable method for the prenatal diagnosis of 
Fanconi anemia. Hal Broxmeyer (Indiana University) deeply 
studied the characteristics of the CB hematopoietic SCs: their 
sufficient number and clonogenic potential to repopulate bone 
marrow. After all, Eliane Gluckman (Hôpital Saint-Louis, 
Paris University VII) devised the pre-transplant conditioning 
by reduced chemotherapy, which allowed the engraftment of 
CB SCs. The prenatal diagnosis had proved the CB SCs of the 
young patient and of his brother being healthy and compatible. 
CB was collected after birth, cryo-preserved at -180° C, and 
infused after rapid thawing. The first signs of the transplanted 
cells appeared twenty-two days later and finally brought 
complete hematologic and immunologic reconstitution. The 
patient is alive and in good health twenty years after the 
transplant. This exciting experience evoked many scientific, 
organizational and ethical questions.

Is the CB collection safe for both the mother and the 
baby? Does the volume of one umbilical cord (60-120 ml) 
contain sufficient SCs to ensure success of a transplant? 
Does the “contamination” of CB with maternal cells cause 
severe immune responses in the recipient? Can we obviate 
the dreaded graft versus host reaction? Can patients with 
onco-hematological diseases, such as leukemia, recover 
after transplant? Are CB SCs different from SSCs concerning 
immunological properties and the ability to repopulate bone 
marrow? What are the criteria for collecting, storing and 
monitoring samples of CB? Is the therapeutic benefit worth the 
preceding efforts?

In recent years, the worldwide cooperation of institutions 
yielded answers to all these questions. Eurocord, funded 
by the European Union, provides an international platform 
specialized in research in CB SCs and in the international 
registry of CB transplants. Thus, it brings together the 
European network of cord blood banks (NETCORD), the 
European Group for Blood and Marrow Transplantation 
(EBMT), the European Hematology Association (EHA) as well 
as the CB banks in Athens, Leiden, Madrid and Milan.

Eurocord has started an initiative called “On-line CME 
program in cord blood technology and transplantation”, which 
provides scientific, technical and regulative information for 
healthcare. This program is available in several languages 
(www.eurocord-ed.org).

The Center for International Blood and Marrow Transplant 
Research (CIBMTR) is a private firm at the Medical College of 
Wisconsin Clinical Cancer Center in Milwaukee (Wisconsin, 
USA), which promotes research in hematopoietic cell 
transplantation and cellular therapy worldwide.

The Foundation for the Accreditation of Cellular Therapy 
(FACT) with headquarters at the University of Nebraska 
Medical Center (Omaha, NE; USA) deals with patient care and 
laboratory practice. The nonprofit corporation was co-founded 
by the International Society for Cellular Therapy (ISCT) and 
the American Society of Blood and Marrow Transplantation 
(ASBMT) for the inspection and accreditation in the field of 
cellular therapy.

Likewise, the National Marrow Donor Program (NMDP) 
is a nonprofit organization based in Minneapolis (Minnesota, 
USA) that registers volunteer donors of bone marrow and 
CB. As of February 2012, the NMDP had facilitated more than 
50,000 transplants worldwide (wikipedia.org).

Without doubt, CB can be collected safely for both, mother 
and child, after delivery.

It was learned that one umbilical cord contains an adequate 
number of SCs for a successful engraftment in low body weight 
patients (up to 40 kg) to reconstitute their immune system. 
CB SCs are highly prolific; they can be used for transplants to 
patients affected by onco-hematologic and genetic diseases. 
The criteria for isolation and conservation are now well 
defined and internationally shared.

PARAMETERS OF UMBILICAL CORD BLOOD

Ian K. McNiece and Elizabeth J. Shpall were the first to show 
that CB shares similar cell types with bone marrow and 
peripheral blood. After growth stimulation, e.g. with the 
Granulocyte Colony Stimulating Factor, undifferentiated and 
slightly differentiated SCs were obtained (McNiece and Shpall, 
2009). Such differentiated SCs and functional auxiliary cells 
are essential for SC engraftment. However, the total number 
of cells, comprising hematopoietic progenitors, collected from 
one umbilical cord, is significantly lower (roughly 5 x 106) than 
from donated bone marrow or from peripheral blood after 
mobilization (roughly 1 x 108 cells). Until few years ago, only 
little children (up to 40 kg) could be transplanted with SCs 
obtained from CB. A stringent code for quality and security 
determines the amount of a CB transplant. Donated CB must 
contain per kg recipient’s body weight at least 3 x 107 nucleated 
cells or more than 2 x 105 specific cells with CD34+ phenotype. 
In each case, two disparities are tolerable between donor and 
recipient in their Human Leukocyte Antigen (HLA) systems. 
It is important to remember that in SSC transplants, donor and 
recipient must have a perfect HLA compatibility. For genetic 
diseases with a higher rejection risk, CB transplant requires, 
at least, 3 x 107 cells (as suggested by Gluckman’s latest paper, 
even though this number will likely change in a few years).

Some specialized hospitals, including MD Anderson 
Cancer Center (Texas, USA) and Fondazione IRCCS Policlinico 
San Matteo (Pavia, Italy), try to overcome these stringent 
limits. Their novel schedule administers two similar, but not 
identical CB doses, which provide patients with a lot of cells 
during initial transplant phases. The donated cell populations 
compete in proliferation, and the most suitable prevail. 
Preliminary data show this approach promises to expand 
the possibility for transplantation in older and consequently 
heavier patients.

Impressive data certify CB as an important source of SCs 
for transplants. A matching dose with checked good quality 
can be identified in CB banks within 15-20 days. In contrast, 6 
months are usually required to find in the donors’ network a 
compatible sample of bone marrow.

A CIBMTR survey over the last 12 years estimated that 
20% of transplants in young patients (under 20 yr) had 
been performed using SCs derived from CB. In Japan, 8,000 
transplants from unrelated donors have used SCs derived from 
CB. This figure represents 50% of transplantations.

Data obtained from 233 European and 196 international 
transplant units through 1988-2008 showed intriguing results 
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for treatment of genetic diseases or leukemia. No substantial 
differences were found between the treatments with SCs from 
traditional sources or with SCs from CB, neither in engraftment 
ability nor in long-term survival. Preliminary transplant data 
from adult high-weight patients indicated SCs from CB and 
from classical sources equally good.

CB application may meet limitations sometimes, when 
an engraftment fails because of too few SCs in a sample. 
Another risk comes from the potential transmission of genetic 
abnormalities like malignant mutations occurring in young 
SCs.

In the last ten years, however, the cellular composition of 
CB has became more important. Researchers are looking for 
differences in cells that populate a given sample of CB.

BANKS AND RECIPIENTS OF UMBILICAL CORD BLOOD

Three aims for CB conservation may be discriminated 
according to the donor ’s intention: allogenic donation, 
dedicated donation and autologous donation.

Regarding the allogenic donation, CB is given to a 
specialized bank for anybody who is compatible and needs 
a hematopoietic SC transplant. Indeed, CB donation is a 
solidarity act regulated by law in Italy. Lombardy was the 
first to set up a regional bank for conservation, analysis, 
characterization and distribution of CB. Nowadays, Italy has 18 
public banks and 200 birth centers able to collect up to 20,000 
CB samples (www.trapianti.ministerosalute.it). The banks in 
Milan and in Pavia alone dispose of 7,000 and 4,000 CB doses, 
respectively. Currently, a total of some 300,000 CB doses are 
available around the world, where New York, Paris, Barcelona, 
Dusseldorf and London have the largest collection banks. 
Theoretically, a bank of 50,000 CB units is able to meet the 
transplants needs of a country as large as the U.K.

The challenge in the coming years is to collect and 
characterize CB with very high quality to meet regional and 
international requirements prescribed by FACT-NETCORD 
and JACIE (Joint Accreditation Committee-ISCT) and to 
achieve certifications by ISO (International Organization 
for Standardization) and EFI (European Federation of 
Immunogenetics). At the international level, only 16 banks got 
the prestigious international FACT accreditation and two of 
them are in Italy (Milan and Pavia).

The dedicated donation means that a child’s sibling will get 
the CB infusion. In Italy, this procedure is restricted to families 
with high transmission risk of genetic diseases that can be 
treated with CB SCs transplant. CB conservation for this kind 
of use must be authorized by the hospital’s expert committee.

The third intention is autologous conservation when CB of 
a newborn is determined for the exclusive use in favor of this 
child. The scientific community is against such conservation, 
because there are no established indications and protocols for 
this very special kind of transplant. Besides, CB SCs may carry 
genetic mutations. In Italy, the law prohibits CB conservation 
in private institutions and does not allow any advertising for 
autologous conservation; however, a specific authorization 
may be issued by the Ministry of Health if autologous CB has 
to be conserved abroad. In this last case, parents expecting 
a baby must choose the hospital to which the CB delivery 
will take place and must afford the costs without any 
administrative help. It is worth noting that the most respected 
scientific societies, like the medical institutions of the European 

Union, the Council of Europe and particular scientific 
authorities (French, Italian and others) take autologous 
conservation - rare cases excepted - for therapeutic futility. 
Unfortunately, some marketing campaigns try to convince VIP 
mothers from show business or sports to conserve their baby’s 
CB. They appeal to emotions and spread naïve statements 
that autologous conservation is a “little treasure” for a child’s 
future. This creates false expectations in the society, especially 
when famous actresses declare to conserve the CB of their 
babies in private banks. It must be remembered that if not 
counteracted this situation produces, just for Italy, the actual 
figure of nearly 10,000 CB units exported to private banks 
(Switzerland, San Marino).

This manifests an attitude directed against young patients 
who actually are waiting for transplants. Only allogenic CB 
donations make SCs available for everyone without any 
distinction of ethnicity or wealth.

Nowadays a new method for the collection of the large 
amount of CB that is commonly thrown away is emerging: 
actually, only 25-30% of collected CB units are cryo-preserved 
(those with high level standards for clinical use and the 
correct qualitative and quantitative parameters established 
by European regulations). By increasing the number of CB 
units, it will be possible to provide therapeutic support for 
a great number of new patients in a very short time. This 
opportunity is quite relevant considering that CB contains 
a highly heterogeneous mixture of cells: in addition to the 
hematopoietic SC there are both mesenchymal SC (MSC) and 
endothelial progenitor cells. MSCs have different biological 
functions: they’re assisting the engraftment of hematopoietic 
SCs, they have immunosuppressive proprieties and especially 
they are able to differentiate and reconstitute several tissues 
like bones, cartilage and muscles. Endothelial progenitor cells 
can be isolated and cultured in vitro and thanks to the high 
potentiality to grow and differentiate they are able to form 
new blood vessels. Researchers still have to understand how 
these pluripotent SCs are able to repair and/or generate ex 
novo different tissues, even though data regarding their ability 
of repairing cardiac tissue affected by ischemia are available 
(Khoo et al., 2008). Other new therapeutic advancements are 
emerging under the name of medical bio-engineering (Conconi 
et al., 2005; Bian and Bursac, 2009; Zhang and Webster, 2009).

These important findings lead to develop specific programs 
for the capillary collection of this exclusive biological material 
that could be used for many different therapeutic needs.

STEM CELLS IN REGENERATIVE MEDICINE: CELLULAR THE-
RAPIES

The possibility to substitute damaged or dead cells with new 
functional ones has shifted the focal point in medicine from 
traditional pharmacological and surgical methods to SC-based 
therapies. Indeed, “regenerative” medicine is rapidly evolving 
in research and application. The new approach comprises 
regeneration, repair and replacement of cells or tissue or 
organs with the aim to restore their impaired function.

Moreover, regenerative medicine could be useful for 
conditions where present therapies are unsatisfactory or 
not effective. The human body has an endogenous repair 
system, in which SCs play a fundamental role. In fact, SCs 
can be found in every tissue, even if the activation of the 
repair mechanism is not fully understood. The artificial SC 
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application, however, faces problems associated with extensive 
in vitro cell expansion, as well as cell death after implantation 
(Vacanti, 2006). There are also difficulties with the biomaterials 
employed as carriers, and extensive cell manipulations are still 
expensive. Lastly, ethical and moral questions compete with 
clinical translation.

The Medical Research Council published “a strategy for 
UK regenerative medicine” in March 2012 (www.mrc.ac.uk/
index.htm). It presents clear objectives and a delivery plan how 
the increased understanding for SC biology can be converted 
into clinical practice. The strategy extends to the stimulation 
of the body’s own repair systems, to SC transplantation and 
to the use of acellular products. Such practices of translational 
medicine, which should be mimicked by other countries, will 
benefit both patients and economy.

Very innovative are preliminary employments of 
differentiated ESCs, especially of nerve cells. On 23 January 
2009, the Food and Drug Administration (FDA) approved 
a phase I multicentre clinical trial for transplantation of 
oligodendrocytes, normally present in brain and spinal cord. 
Eleven patients who sustained complete thoracic-level spinal 
cord injuries were treated with “GRNOPC1”, a product by 
the Geron Corporation (Menlo Park, California, USA). This 
was a suspension of oligodendrocyte progenitor cells derived 
from human ESCs, which had shown an amazing capacity 
to remyelinate and to stimulate nerve growth in preclinical 
studies. Geron estimated that these SCs need several months 
to replicate and to determine that the treatment was successful 
or not. Unfortunately, the trial was put on hold in August 
2009 and then continued to 30 July 2010. Finally, in November 
2011, Geron announced it would abandon SC research for 
financial reasons, but would continue monitoring the patients. 
Hopefully, this anecdotal trial will become routine soon for 
the patients sake. A good sign comes from the FDA decision 
to unlock another trial, focused on the Lou Gehrig’s disease, 
which is the most common form of motor neuron diseases. 
The occasionally interrupted project is run by Neuralstem 
(Rockville, Maryland, USA).

To complete the scenario, it is important to note that 
regenerative medicine disposes already of several admitted SC 
applications. The biological reagents, the SCs, are available and 
ready for use. Some approaches apply a patient’s own SCs, e.g. 
with defects in bone growth. Autologous SCs, either circulating 
ones or those from certain histological niches, can be induced 
to move towards the area in need of repair.

Other approaches produce large quantities of differentiated 
cells in vitro thanks to an innovative culturing technique. 
The “3-D suspension culture system” is a reliable alternative 
to the adherent static conditions in dishes: SCs are stirred 
in suspension bioreactors containing molecules of variable 
composition (Fluri et al., 2012; Shafa et al., 2012). Thus, cell 
differentiation can be triggered to form a variety of tissues: 
renal epithelium, lung or liver constituents, cardiomyocytes, 
dopaminergic neurons, motor neurons, bone cells, etc. High 
yields of differentiated cells are useful in tissue engineering 
to obtain three-dimensional, transplantable constructs. The 
process uses biopolymer “skeletons” to produce the required 
“organs”. Basic research is testing this technique by targeted 
experiments on animal models in the pursuit of ambitious 
goals. For example, human germinal cells, sperm and oocytes, 
are to be created from triggered SCs with the help of pliable 

biomaterials as “skeleton” using nude mice as intermediate 
hosts.

Research into organ cultivation is underway in several 
countries and covers the whole spectrum of tissue defects. 
The efforts aim at repair the nervous system after spinal 
injuries and neurodegeneration, the cardiovascular system 
with necrotic areas after heart failure or the substitution of 
blood vessels. The production of muscles, articular cartilage, 
collagen type I for skeletal diseases, tendons and ligaments 
is intentional. The endocrine system is aimed at by treating 
diabetes mellitus type I. Attempts to grow teeth and the 
heart are in early stages of development. To date, successful 
cultivation of transplantable organs is limited to the bladder 
(Atala, 2011).

STEM CELLS IN REGENERATIVE MEDICINE: TARGETED DI-
SEASES

The ongoing trials with SC based treatments span 
nowadays some diseases that find therapeutic relief already. 
Despite being still in an experimental phase, the new 
treatments may be approved in as little as five years. Three 
diseases, diabetes, Parkinson’s disease and heart necrosis, are 
shown as examples.

Diabetes mellitus type I. The treatment of this disease has 
seen great advancement from the transplantation of pancreatic 
islets. Expectations come from the ability to culture SCs and 
to differentiate them in pancreatic cells. However, a method 
would be most innovative, which could obtain in vivo genetic 
reprogramming of differentiated exocrine pancreatic cells into 
endocrine ß-cells. This strategy was realized in adult mice 
through the expression of Pdx1, Neurog3 and Mafa, which are 
key genes in ß-cells (Zhou et al., 2008). Thus, it was possible 
to turn exocrine cells into cells that are actually similar in 
morphology, size and ultra structure to ß-cells. Moreover, these 
cells lowered hyperglycemic levels thanks to the production of 
insulin.

Parkinson’s disease: The treatment of Parkinson’s aims 
to compensate for the lost neurons with new and efficient 
dopaminergic cells. Experimental cellular therapy in animals 
showed already the feasibility of this approach (Nishimura 
et al., 2003). But from clinical trials on this illness, a time-
consuming controversy came about.

The first double-blind study transplanted human 
embryonic dopamine neurons in 40 cases with severe 
Parkinson’s disease. The transplants survived, and some 
clinical benefit was found in younger, but not in older patients 
(Freed et al., 2001). However, an immediate meta-analysis 
applied the Unified Parkinson’s Disease Rating Scale (UPDRS) 
to monitor disease progression in the 40 patients above 
(Isacson et al., 2001). It derived that Freed and colleagues had 
not correctly performed data analysis.

Then, more than 400 patients have been treated and 
rescued from the typical Parkinson symptoms (Lindvall and 
Hagell, 2002; Linazasoro, 2003; Lindvall and Bjorklund, 2004).

Scepticism arose because the primary end points (relief 
of the symptoms) did not match in these trials, even though 
the tomographic evidence showed the presence of active 
dopaminergic neurons in the midbrain of the treated patients.



213MONTI ET AL. Biol Res 45, 2012, 207-214

For a recent update of the dopaminergic neurons 
production for Parkinson’s therapy, see Lindvall (2012).

Myocardial infarction. Annually, nearly half million cases 
of myocardial infarction occur in the USA. Almost sixty 
million people bear cardiovascular diseases worldwide, 
among them eight million in Italy. These numbers indicate 
a pressing reality to provide a systematic amelioration for a 
panoply of diseases with a common denominator, the loss of 
cardiomyocytes. Ideally, the injured heart functions will be 
restored by recruitment of progenitor cells in vivo and in loco. 
But regenerative medicine meets a bottleneck in cardiovascular 
complaints due to the lack of significant regenerative capacity 
of the mammalian heart. Hoped-for future, a viable source of 
SCs or progenitor cells of cardiomyocytes will be identified to 
overcome these difficulties.

Recent findings showed a resident source of SCs in mice, 
which possess the potential to contribute bona fide terminally 
differentiated cardiomyocytes after cardiac infarction (Smart et 
al., 2011). In addition, the possibility of a direct reprogramming 
of fibroblasts into cardiomyocytes is contributing to the 
optimistic view we are getting (Efe et al., 2011). Till now 
however, we remain with first transplantation trials using 
autologous bone-marrow derived SCs (BMSCs).

Martin-Rendon and co-workers at the Stem Cell Research 
Laboratory of John Radcliffe Hospital (Headington, Oxford, 
UK) reviewed on clinical evidence the safety and efficacy of 
BMSC transplantation in acute myocardial infarction (AMI; 
Martin-Rendon et al., 2008). They evaluated thirteen trials 
of BMSC treatment for AMI with a total of 811 participants. 
Accordingly, SC therapy had improved left ventricular ejection 
by 2.99% and had reduced the area of myocardial lesion by 
3.51%. Better results occurred when BMSCs had been infused 
within seven days following AMI and when the administered 
dose was higher than 108 BMSCs. The latter figure and the 
general outcome were confirmed in further meta-analyses now 
including thirty-three trials with 1,765 participants (Clifford et 
al., 2012).
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