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ABSTRACT

The choice of an optimal strategy of stem cell culture is at
the moment an impossible task, and the elaboration of a
culture medium adapted to the production of embryonic and
adult mesenchymal stem cells for the clinical application of
cell therapy remains a crucial matter. To make an informed
choice, it is crucial to not underestimate the theoretical
health risk of using xenogenic compounds, to limit the im-
munological reactions once stem cells are transplanted, to
not overestimate the controversial results obtained with hu-
man serum, plasma, and blood derivatives, as well as to
carefully examine the pros and cons of serum-free and ad
hoc formulation strategies; besides that, to also maintain
multipotentiality, self-renewal, and transplantability. The

extent to which we are able to achieve effective cell therapies
will depend on assimilating a rapidly developing base of
scientific knowledge with the practical considerations of
design, delivery, and host response. Although clinical studies
have already started, many questions remain unsolved, and
concomitantly even more evidence on suitable and safe off-
the-shelf products (mainly xeno-free) for embryonic and
mesenchymal stem cells is cropping up, even though there
should be no rush to enter the clinical stage while the
underlying basic research is still not so solid; this solely will
lead to high-quality translational research, without making
blunders stemming from the assumption that all that glitters
is not gold. STEM CELLS 2007;25:1603–1609

Disclosure of potential conflicts of interest is found at the end of this article.

INTRODUCTION

No question is of greater interest to the researchers and clini-
cians dealing with adult and embryonic stem cells than the
identification of “optimal” conditions for the cell culture me-
dium [1]. The development of techniques to grow in vitro
human and murine embryonic pluripotent stem cells (hESC and
mESC, respectively) and/or adult human and murine multipo-
tent mesenchymal stromal stem cells (h and mMSC), and the
deeper understanding of pathways of cell differentiation, have
expanded the horizon of likely therapeutic uses. In general, the
use of stem cells to create human tissues ex vivo for transplan-
tation into patients with degenerated or injured tissues has
attracted increased interest, inducing the Food and Drug Ad-
ministration to set the rules of stem-cell-based therapies as
health policies [2]. The level of concern about potential con-
tamination and damage to cells/tissues depends on how (and
how much) they have been handled and manipulated. When
stem-cell-based products involve more than minimal manipula-
tion (such as expansion or differentiation), the cells will prob-
ably be grown in in vitro culture, and the standard culture
medium contains bovine serum. However, this common process,

which involves the use of nonhuman serum (often obtained from
fetal calves), may be the source of possible contamination (e.g.,
infection from bovine disease by prion, virus, and zoonosis) or
immune-reaction to foreign proteins (e.g., xenogenic bovine
serum antigens), underlining the necessity for a more cautious
evaluation of culture media. Moreover, to minimize the risk of
transmitting infectious diseases from animals, hESC lines have
been cultured in a conditioned medium obtained from human
cells as feeders and human and recombinant serum components
or serum-free conditions; hence, contrasting results have been
widely obtained, and a heated debate has been opened on this
topic (both in STEM CELLS and in other journals) [3–7]. On the
basis of the point of view that scientists still have much to learn
about determining the safety and efficacy of stem-cell-based
products, we bear in mind that the more we know about the
biology of self-renewal and differentiation of both ESC and
MSC, the more readily the risks of inappropriate cell function
can be assessed. We are following the debate on this field with
great interest, because the clinical application of ESC and MSC
in cell therapy needs the elaboration of more appropriate culture
media and defined culture conditions [8], evaluating the bene-
ficial and detrimental effects of feeder cell layer or feeder-free
conditions, human allogeneic/autologous and fetal calf sera in
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comparison with serum-free conditions, or a new formulation ad
hoc in order to present an updated overview and to set the basis
for an informed choice in translational stem cell research.

FEEDER CELL LAYER OR CONDITIONED

MEDIUM IN FEEDER-FREE CULTURE

SYSTEMS: THE MEDIUM IS THE MESSAGE

The hESC, the most pluripotent known stem cells, were derived
with fetal mouse fibroblast as feeder cells [9] with a procedure
similar to that used for derivation of mESC lines [10]. Several
purified polypeptides (such as leukemia-inhibitory factor) are
able to maintain the nondifferentiated growth of mESC [9] but
not of hESC [11]. The hESC cell lines are isolated, and continue
to be maintained, with human or mouse embryonic fibroblast as
feeder layers or as a source of conditioned medium (or both) for
propagation of the cells in the undifferentiated state [12, 13].
Exposure of these cells lines to live animal cells presents a risk
of contamination with retroviruses and other pathogens or
causes concern for infection with recognized or as yet unrecog-
nised infectious agents that could be transmitted to the patients
and the wider population [2, 14]. On the other hand, in condi-
tioned medium from mouse embryonic fibroblast feeder layers,
136 unique protein species were identified, which included
some that are known to participate in cell growth and differen-
tiation, extracellular matrix formation, and remodelling, in ad-
dition to the unexpected but interesting finding of many nomi-
nally intracellular proteins [15]. These studies highlight the
complexity of the environment provided by the feeder cells and
some of the basic differences in the self-renewal mechanism and
pluripotency between m- and hESC [16].

Although hESC lines have been derived by human feeder
systems—with fetal human fibroblasts and postnatal human skin
fibroblasts as feeder cells [17, 18] as well as by feeder-free
systems [6, 16, 19]—these approaches generally require addi-
tion of feeder-conditioned medium (which can contain potential
pathogens) or at a minimum require extensive screening of
donor sources for derivation of potential pathogen-free hESC.
Use of feeder layers also limits stem cell research design, since
experimental data may result from a combined ESC and feeder
cell response to various stimuli [8]. In this respect, some studies
described the system for feeder-free and conditioned medium-
free culture of hESC, even though these have been exposed to
feeder cells during derivation [6, 16]. An additional study de-
rived and established new hESC lines in completely feeder-
layer-free and serum-free conditions using an extracellular ma-
trix prepared from mouse embryonic fibroblasts [20]. The
extrinsic factors necessary for maintaining hESC pluripotency
and self-renewal are poorly understood, partly because of com-
plex culture conditions that include both growth-inactivated
feeder cells and serum, a cocktail of myriad proteins, and soluble
factors. The use of such an extracellular matrix may eliminate the
risk of transmitting animal pathogens to the hESC [20].

The extracellular matrix is a uniquely assembled three-
dimensional molecular complex that varies in composition and
diversity; it consists of basic components (such as fibronectin,
collagens and other glycoproteins, hyaluronic acid, proteogly-
cans, and elastins), and it also arbors molecules such as hor-
mones and growth factors (like transforming growth factor �1,
leukemia inhibitory factor, basic fibroblast growth factor, stem
cell factor, fetal liver tyrosine kinase-3 ligand, thrombopoietin,
ciliary neurotrophic factor, oncostatin M interleukin-6 [IL-6]
family members, etc.). In particular, some of these factors (e.g.,
IL-6 and ciliary neurotrophic factor) have shown effects in
maintaining the pluripotency of mESC [21, 22], whereas basic

fibroblast growth factor (alone or in combination with other
factors) supports undifferentiated growth of hESC [23]. Inter-
estingly, hESC cultured in nonconditioned medium supple-
mented with stem cell factor, fetal liver tyrosine kinase-3 ligand,
thrombopoietin, and leukemia inhibitory factor but without ba-
sic fibroblast growth factor are not sufficient to maintain the
growth of undifferentiated cells, which showed almost complete
differentiation after 6 weeks in culture [16, 23]. This evidence
emphasizes the hypothesis that autocrine and paracrine factors
produced by h- and mESC are not adequate to support the
growth of stem cells in long-term culture. However, all the
bioactive components present in extracellular matrix may play a
key role in mediating signals that recapitulate developmental
processes in tissue-specific differentiation and morphogenesis
of both h- and mESC, as well as regulate stem cell homing in
experimental animal models and clinical transplantation proto-
cols [24, 25].

The serum replacement with extracellular matrix prepared
from mouse embryonic fibroblasts [20], with conditioned me-
dium from mouse embryonic feeder [6, 19] and using several
growth factors in the absence of conditioned medium [13, 23],
contains animal proteins that raise the possible problem of
immunogenicity of these xeno-components in these culture sys-
tems. In this respect, several studies have shown that hESC
cultured on mouse feeder cells and with commercial serum
replacement culture medium were reported to be contaminated
by the xeno-carbohydrate N-glycolylneuraminic acid (Neu5Gc)
[26]; this immunogenic nonhuman sialic acid can be potentially
taken-up by hESC, making them potentially unfit for human
therapy. Moreover, a recent study revealed that similar contam-
ination occurred also in hMSC cultured in the presence of fetal
bovine serum, suggesting that Neu5Gc is present in both gly-
coprotein and lipid-linked glycans [27]. Although major com-
plications have not been reported in the clinical trials with
hMSC exposed to fetal bovine serum, the immunogenic con-
tamination may potentially be reflected in the viability and
efficacy of the transplanted cells and, thus, bias the published
results.

Several studies are in progress in order to define more safe
culture conditions for stem cells; even though it is believed that
the serum replacement medium should ideally be replaced by
one containing only human proteins, hormones, and growth
factors, the results obtained testing the effects of different cul-
ture media for hESC are actually contradictory. It has been
reported that 1,417 genes were found to be differentially ex-
pressed when hESC cultured in serum-containing medium were
compared with those cultured in serum-replacement medium,
highlighting that, in serum-replacement, the hESC were main-
tained in an undifferentiated state, whereas differentiated phe-
notypes were induced when cells were cultured in serum-con-
taining medium [28]. Although it has been described that human
serum as matrix and medium conditioned by differentiated
hESC reduces exposure of stem cells to animal ingredients and
provides a safer direction toward a completely animal-free con-
dition [29], more recent evidence demonstrates that any xeno-
free culture medium was able to maintain the undifferentiated
growth of hESC [30]; moreover, this comparative study reports
that medium containing human serum was found to sustain
undifferentiated hESC proliferation to some extent, even though
inferior to the conventional serum-replacement medium [30].
Even though it has been stated that hESC for transplantation
have to be cultured in conditions of Good Manufacturing Prac-
tice to guarantee the safety and quality of these cells [2], many
studies are still needed to avoid immune-reactions in transplan-
tation, to prevent chromosomal, epigenetic and genetic changes
during h- and mESC culture [31, 32], and to finely control
differentiation of these cells before clinical treatment.
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FETAL CALF SERUM: THE PROS

AND CONS

Fetal bovine or calf serum (FBS and FCS, respectively) are the
most widely used growth supplements for cell culture, primarily
because of their high levels of growth stimulatory factors and
low levels of growth inhibitory factors. Maintaining successful
and consistent cell fermentations can be difficult, as FBS and
FCS are complex natural products and may vary from lot to lot
even from a single manufacturer; moreover, the quality and
concentration of both bulk and specific proteins can affect cell
growth. Quality control tools for FBS/FCS are relatively prim-
itive and expensive given the complexity of the sample and the
large amount of FBS/FCS used. Since 1975, a high degree of
serum variability was found both within and between suppliers
concerning chemical, protein, and endocrine parameters, sug-
gesting that caution should be employed in the interpretation of
results from experiments utilizing serum supplements without
specific quantitation of possible interfering or modulating fac-
tors [33]. In addition, a recent time course study of FBS com-
position revealed that, in the fermentation medium, the amount
of several extracellular matrix and structural proteins (which are
indicators of cell growth) increased over time, and components
supplied by the FBS addition (such as nutritional-related and
cell-spreading-related proteins) decreased over time [34]. Such
variability not only forces most laboratories to perform their
own FCS/FBS screening and to use “preselected” lots thereafter,
it also often makes it hard to compare the data received by the
different investigators.

A variety of on-going clinical/research trials use hMSC and
hESC in search of a treatment for various diseases. At the
moment, most isolation and expansion protocols for clinical-
scale production of stem cells use culture media frequently
supplemented with FCS, which may contain potentially harmful
xenogeneic compounds. In particular, bovine serum proteins
may be internalized in stem cells stimulating immunogenicity
[26, 35]; consequently, a host of potential problems can arise
such as viral and prion transmission [2, 36] and/or immunolog-
ical reactions due to the bovine protein attachment to cells in
culture that act as antigenic substrates once transplanted [27].
For example, patients infused with lymphocytes cultured in
medium supplemented with FCS develop arthus-like reactions
[37]; cellular cardiomyoplasty using skeletal myoblasts culti-
vated with FCS causes malignant ventricular arrhythmias and
sudden death in patients [38], even though intracoronary trans-
plantation of FCS-cultivated MSC in infarcted human myocar-
dium fails to provoke any ventricular arrhythmias [39, 40];
patients undergoing clinical gene therapy trial for adenosine
deaminase deficiency, using autologous T cells grown in FCS-
supplemented medium, develop unique IgG immunity to FCS
proteins [41].

Other than these well known “side effects,” the role of
serum source and serum treatment (e.g., heat inactivation) on the
behavior of cells has long been neglected. Although serum is
chemically ill defined, a reduction of variability in qualitative
and quantitative cell culture medium composition secondary to
interbatch differences should be expected, leading to a more
efficient level of quality control. Bovine serum contains a va-
riety of polypeptides that may “attach” to cells, inducing sig-
nificant metabolic/morphologic changes. For example, the use
of FCS in soluble form in the culture medium or coated in
polyvinyl substrates can significantly alter both cell behavior
and morphological differentiation, regulating the potential of the
central nervous system neural stem cells [42]; bone marrow
derived mesenchymal progenitor cells show a different behavior

in culture performed in the presence of FCS with or without heat
inactivation [43]; a significant antibody response to bovine
lipoproteins is observed using autologous T cells grown in
FCS-supplemented medium [41], linked to the observation that
FCS contains a low density lipoprotein, which, in turn, binds to
its human receptor [44]; adipocyte precursor cells are stimulated
to differentiate when cultured in the presence of FCS that
enhances the activity of glycerophosphate dehydrogenase (a
sensitive adipose differentiation marker) [45]; phospholipids
present in microvesicles found in FCS may compete with anti-
bodies secreted by human cells, obscuring the detection of
anticardiolipin antibody secreting clones [46]; �2-microglobulin
present in high concentration in FCS can promote peptide bind-
ing to class I major histocompatibility molecules on cells cul-
tured in vitro, significantly affecting its stability [47]; the long-
term expansion and proliferation rate of adult neural progenitor
cells is significantly reduced when cultured in FCS with N2 and
without cytokines [48]; finally, FCS contains a high concentra-
tion of fetuin-A, a glycoprotein with a wide spectrum of bio-
logical functions on cell growth and differentiation [49, 50], and
it may be released from authentic disulfide-bridged two-chain
forms present in FCS-supplemented media through the proteo-
lytic action of matrix metalloproteinases [51], key proteinases
that have been involved in the regulation of MSC and ESC
differentiation [52, 53]. All of this evidence supports the hy-
pothesis that FCS is unsuitable for an effective expansion of
stem cells to be used in cellular therapy, suggesting that cell
culture medium composition should distance itself from animal
products [54, 55].

On the other hand, it is fair to strike a blow for FCS; in fact,
there are several published clinical trials using hMSC for the
treatment of various disorders, all of which use FCS for sup-
plementing culture medium, demonstrating so far that FCS
doesn’t cause any significant side effects [4, 56]. Moreover,
FCS contains low-molecular weight bioactive factors (e.g., se-
rofendic acid) with neuroprotective functions, playing a crucial
role in attenuating cytotoxic consequences induced by necrotic
and apoptotic signals (such as mitochondrial membrane depo-
larization and caspase-3 activation) mediated by neuronal glu-
tamate receptors [57]. Finally, hMSC expanded in FCS-supple-
mented medium display comparable morphology, phenotype,
and differentiation capacity to MSC expanded in medium sup-
plemented with platelet lysate; moreover, hMSC in FCS are
more efficient in suppressing alloantigen-induced lymphocyte
subset proliferation, suggesting FCS-supplemented medium is
more suitable for preventing/treating alloreactivity-related im-
mune complication [58].

Although the quality of FCS has proved to strongly influ-
ence the large-scale production of ESC and MSC while main-
taining their multilineage and immunosuppressive capacity,
other culture parameters/conditions (e.g., basal medium, glucose
concentration, stable glutamine, stem cell plating and passaging
density, and plastic surface quality) affect the final outcome [1,
59, 60]. All of this evidence suggests the need to proceed with
caution, because the ex vivo culture phase (with detrimental and
beneficial contribution of FCS constituents) may induce subtle
and unexpected modifications in the biology of stem cells when
the cell products are released and infused into the patients.

HUMAN SERUM AND BLOOD

DERIVATIVES: A
SUITABLE ALTERNATIVE?

In theory, using human blood derivatives should eliminate or
reduce the risk of secondary effects due to FCS constituents.

1605Mannello, Tonti
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Different considerations indicate that we should not rule out the
possibility of using equally human serum or plasma, due to
evident involvement of coagulation/fibrinolytic pathways. In
fact, the necessity of using hESC as a source of tissue for cell
therapy in regenerative medicine brings about its establishment
and propagation according to Good Manufacturing Practice
quality requirements [61], avoiding the cultures with animal
substances in order to exclude the risk of infections and immu-
nogenicity [2, 26, 36], and finally obtaining cells and tissues that
are genetically and epigenetically normal. In particular, it has
been demonstrated that hESC grown in matrix derived from
human serum maintains all embryonic stem cell features after
prolonged culture (including the developmental potential to
differentiate into representative tissues of all three embryonic
germ layers) and also unlimited and undifferentiated prolifera-
tive ability with the maintenance of normal karyotype [29]. On
the contrary, hESC line was functionally adapted toward a
decreased dependence of extracellular matrix for in vitro sur-
vival, revealing a paralleled karyotype change in all cells, main-
taining the expression of peculiar hESC markers but showing a
decreased pluripotency [31].

For what concerns MSC, there has been much controversy
about what constitutes a suitable FCS supplement. Apart from
human plasma, in which have been identified factors that might
be important for the differentiation of adipocyte precursor cells
(e.g., growth hormone and insulin) [45], several studies have
focused the attention on the use of autologous serum. In this
respect, several papers evidenced that autologous serum/plasma
preserves the differentiation capacity, induces a greater cell
amplification, and promotes motility of stem cells (mesenchy-
mal and bone marrow derived stem cells), improving cellular
and genetic therapies [3, 62–68]. However, it is currently ac-
cepted that the life span of hMSC is limited in vitro, due to
replicative senescence and telomeres shortening [4]. Yet, the use
of autologous/autogenic plasma/serum is limited by the amount
of autologous supplements necessary to expand hMSC for clin-
ical use and the variability of serum, especially for patients
receiving prior chemotherapy [1, 56], even though the autolo-
gous strategy is a matter of debate [4]. Up until now, even
though the biochemical difference between human plasma and
serum is well known, surprisingly no data are available on the
possible effects on hMSC cell features of autologous/autogenic
plasma and serum.

In the literature, the results for allogeneic serum/plasma are
instead contradictory. Some studies have been successful in
isolating and expanding hMSC using heterologous serum [62,
69, 70], whereas others have observed very rapid senescence
and growth arrests of hMSC [3, 67, 71]. Although human serum
is described to not fully support growth of hMSC in vitro [72],
several studies evidenced that hMSC cultivated in media sup-
plemented with fresh frozen plasma and platelets, platelet-ly-
sate, platelet-rich plasma, and platelet-derived growth factors
showed vigorous proliferation and migration ability, high clo-
nogenic efficiency, immunosuppressive activity, and capacity to
differentiate toward the osteogenic, chondrogenic, and adipo-
genic lineage [58, 72–76]; this evidence suggests that the plate-
let-rich plasma may be a powerful and safe substitute for FCS in
the development of tissue- and cellular-engineered products in
clinical settings using hMSC [58, 77], leaving space for the
hypothesis of a difference between serum and plasma. Of par-
ticular interest is the recent evidence that human AB heterolo-
gous serum, as well as thrombin-activated platelet-rich-plasma,
provides significantly higher proliferative effects on adipose-
tissue hMSC, retaining differentiation capacity and marker ex-
pression throughout long-term culture [77].

Curiously, in the search for the optimal culture condition, it
was found that a mixture of minimal quantity of human AB

serum or human autologous plasma with a new serum substitute,
containing vegetable-derived proteins, displayed growth and
differentiation of hMSC comparable with that obtained with
FCS or serum substitute containing animal-derived proteins,
demonstrating that the mixture has synergistic effects on colony
formation unit-F formation [70]. Moreover, the most primary
phenotypes have been described even in poor serum-free culture
media [4], and so it seems possible that low serum concentra-
tion, while limiting cell proliferation, may enable production of
cells for therapeutic use.

SERUM-FREE MEDIUM: FRIEND OR FOE?

Several studies characterized hESC cell lines derived from em-
bryos under completely cell and serum-free conditions [6, 7,
14]; although this culture strategy allowed maintenance of nor-
mal karyotype and markers of pluripotency, retaining also the
potential to form derivatives of all three embryonic germ layers
both in vitro and in teratomas [7, 20, 78–81], other studies
reported that the hESC cultured in xeno-free medium does not
maintain the undifferentiated growth of undifferentiated stem
cells, showing that the proliferation decreased substantially [30],
probably linked to the loss of gap junctional intercellular com-
munication [82]. Cultivation in serum-free conditions has dem-
onstrated contradictory results, and no breakthroughs have yet
been reached. In particular, some studies revealed that hMSC
from marrow and umbilical cord blood were efficiently ex vivo
expanded in serum-free medium [83, 84]. In particular, cord
blood MSCs were expanded in Dulbecco’s modified Eagle
serum-free medium supplemented with high glucose, basic fi-
broblast growth factor, human albumin, hydrocortisone, and
SITE (sodium selenite, bovine insulin, human transferrin, and
ethanolamine); these cells preserved the differentiation potential
into three mesenchymal lineages in vitro (including chondro-
cytes, adipocytes, and osteoblasts), suggesting the application of
this culture strategy for cell-based therapy and biomedical re-
search [83]. Interestingly, during the true serum deprivation
culture condition (in �-modified minimum essential medium
without cytokines or other growth factor supplements), a mes-
enchymal stem cell subpopulation with early progenitor cell
features was isolated; these cells showed longer telomeres with
respect to control cells cultured in FCS-complete medium and
enhanced expression of genes characteristics of embryonic cells
[84].

On the other hand, additional studies demonstrated that
serum-free media cannot promote hMSC growth without the
addition of cytokines and/or growth factors [85, 86], possibly
due to the fact that serum induces intracellular calcium oscilla-
tions, which are vital to stem cell proliferation and differentia-
tion [87]. Moreover, mMSC were reported as sensitive to hyp-
oxia and serum deprivation stimuli, suggesting that the survival-
growth factor withdrawal and hypoxia cause apoptosis via the
caspase-dependent manner in transplanted cells [88]. To further
complicate the serum-free culture condition, other parameters of
cell culture, in particular initial cellular density, basic medium,
the presence of any cytokine, and the plastic quality/character-
istics, are variables that may explain, at least to some extent, the
inconsistencies among study results.

FUTURE PERSPECTIVE

Stem cells are the functional elements of reparative medicine
and tissue engineering, and the use of living cells as a therapy
presents several challenges [2, 14]. These include identification
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of a suitable source, development of adequate methods, and
proof of safety and efficacy. We are now well aware that
embryonic and adult stem or pluripotent cells offer an exciting
potential source for a host of functional cell types. Their true
potential will only be realized through continued effort to in-
crease basic scientific understanding at all levels, the develop-
ment of adequate methods to achieve a functional phenotype,
and attention to safety issues associated with careful control of
cell localization, proliferation, and differentiation [89].

Control of cell growth and phenotypic expression does not
end in the culture vessel, but goes beyond to the patient, high-
lighting the dynamic characteristic of living cell therapy, as is
the host response. The cells or tissue constructed in most cases
will not behave as a whole-organ transplant. It is therefore
important that we understand a cell or tissue therapy’s ability to
react and interact within the host, since clinical effectiveness has
proven to be one of the most difficult milestones to achieve.

The living cell therapy through hESC and hMSC offers
great potential to alter the human condition, encompassing al-
teration of the current biological state of a targeted tissue or
organ, augmentation of depleted or lost function, or absolute
functional tissue replacement. The extent to which we are able
to achieve effective cell therapies will depend on assimilating a
rapidly developing base of scientific knowledge with the prac-
tical considerations of design, delivery, and host response (ex-
cellently reviewed in [89]).

For these reasons, growing interest in STEM CELLS and
other journals is currently emerging regarding the use of FCS,
serum replacement, feeder layers, human autologous/heterolo-
gous serum/plasma supplemented media, and serum-free and
conditioned medium for the large scale expansion of stem cells
to be used in cellular therapy (although this use is of regulatory
nature). Although we have not covered all aspects of this com-
plicated area of human stem cell research, we have presented the
state-of-art of more recent studies aimed to define optimal
conditions of stem cell culture, to minimize the theoretical
health risk of using xenogenic compounds, to limit the immu-

nological reactions once stem cells are transplanted, but main-
taining multipotentiality, self-renewal, and transplantability.

Even though clinical studies have already started, many
questions remain unsolved, and concomitantly even more evi-
dence on suitable and safe off-the-shelf products (mainly xeno-
free) for ESC and MSC are cropping up. The growing studies
that promote exciting alternatives as the optimal choice of stem
cell culture medium may open the realm of the stem cell clinical
research, even though there should be no rush to enter the
clinical stage while the underlying basic research is not so solid;
this only will lead to high-quality translational research, without
blunders, because novel things that glitter are not all gold. The
evaluation of the best stem cell culture optimal condition is at
the moment an impossible task. However, we believe that FCS
seems not anymore the best choice, whereas the strategy of
serum-free supplemented by autologous and/or heterologous
human serum, as well as the supplementation of blood deriva-
tives (e.g., platelet-factor rich plasma), may represent a prom-
ising tool, opening new frontiers in stem cell culture condition,
even though controversial results about hMSC osteogenic dif-
ferentiation capacity remain [74, 75]. In the same way, studies
directed to derive and establish hESC lines in completely feed-
er-layer free and serum-free conditions are crucial to solve one
of the major problems associated with the use of hESC differ-
entiated progeny in the treatment of human medical conditions,
thus eliminating the risk of contamination with pathogenic
agents capable of transmitting diseases to patients. All we can
do is make an informed choice in order to continue the crucial
translational research and trials of stem cell therapies [89] for
treating irreversible pathological disorders not responding to
conventional therapies.
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