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Abstract: In spite of the growing body of evidence on the biology of the Zebrafish embryo and stem cells, including the
use of Stem Cell Differentiation Stage Factors (SCDSFs) taken from Zebrafish embryo to impact cancer cell dynamics,
comparatively little is known about the possibility to use these factors to modulate the homeostasis of normal human stem
cells or to modulate the behavior of cells involved in different pathological conditions. In the present review we recall in a
synthetic way the most important researches about the use of SCDSFs in reprogramming cancer cells and in modulating
the high speed of multiplication of keratinocytes which is characteristic of some pathological diseases like psoriasis.
Moreover we add here the results about the capability of SCDSFs in modulating the homeostasis of human adipose-
derived stem cells (hASCs) isolated from a fat tissue obtained with a novel-non enzymatic method and device. In addition
we report the data not yet published about a first protein analysis of the SCDSFs and about their role in a pathological

condition like neurodegeneration.
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INTRODUCTION

Current medical literature acknowledges that embryonic
microenvironment is able to suppress tumor development
during cell differentiating processes [1, 2]. Administration of
carcinogenic substances during organogenesis leads in fact to
embryonic malformations, but not to offspring tumor
growth. However, administration of carcinogenic substances
after complete organogenesis causes a rise in offspring tumor
development [3-5]. These data indicate that cancer can be
considered as a deviation in normal development that can be
controlled by factors in embryonic microenvironment during
the differentiating stages. Furthermore, it has been demon-
strated that teratoma differentiates into normal tissues once
implanted in the embryo [6].
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Recently, it has been shown that implantation of mela-
noma cells into Zebrafish embryos does not result in tumor
development, while in the adult animal, a tumor is formed
[7]. Moreover, injection of melanoma cells in Zebrafish ex-
tra-embryonic membranes originated Zebrafish neuronal
cells. This demonstrates that cancer cells can differentiate in
normal tissues when implanted in embryos [8]. In addition, it
was demonstrated that other tumors, including leukemia,
liver and breast tumor cells, can differentiate into normal
tissue when implanted in the embryo [9-12].

The term "reprogramming" was initially introduced to
identify the transformation of a normal adult somatic cell
into an embryonic-like stem cell, the induced pluripotent
stem cells (iPS). The issue of cell reprogramming has now
been extended to cancer (stem) cells to define any genetic or
epigenetic intervention aimed at inducing differentiation of
these cells into a normal phenotype and/or forcing them to
become terminally differentiating cells. These interventions
focus on the role of the embryonic microenvironment in tu-
mor reprogramming. Intriguingly, it is now evident that the
molecular mechanisms underlying normal stem cell differen-
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tiation and embryonic development do not stop after birth
but are still in part operating and remodeled throughout the
adult life to maintain the self-identity and the interplay be-
tween tissues and organs. To this end, it has been shown that
the transcription factor GATA4 is a crucial regulator of both
embryonic and postnatal heart development and morpho-
genic maintenance due to a fine tuning of its struc-
tural/regulatory domains [13]. Whereas the N-terminal do-
main of GATA4 is needed for promoting postnatal cardio-
myocyte survival and for inducing cardiogenesis, other dis-
tinct residues and domains therein are crucial to mediate
these effects [13]. A noteworthy example of morphogenetic
flexibility is also provided by the existence of reverse path-
ways of transformation, from the postnatal stage back to an
embryonic-like condition retaining the memory ability to re-
differentiate backward to the same original phenotype. A
vivid example of such flexibility is shown by the ability of
post-natal cardiomyocytes to generate iPS cells with in-
creased capacity toward cardiomyogenic re-differentiation
[14]. Similarly, adult neurogenesis, a process of generating
functional neurons from adult neural precursors, has been
shown to occur throughout life in restricted brain regions in
mammals, including the dentate gyrus of the hippocampus,
the subventricular zone of the lateral ventricle, and the ros-
tral migratory stream to the olfactory bulb [15]. This discov-
ery is currently boosting emerging principles that have sig-
nificant implications not only in stem cell biology, develop-
mental neurobiology, and neural plasticity, but, remarkably,
in disease mechanisms, including neurodegeneration.

Hence, a kind of memory/projection of the embryonic
patterning may be conceived as a relevant background in
tissue resident stem cells in the adulthood for the execution
of self-healing and “learning” (acquirement of new knowl-
edge) tasks. In this frame, degenerative diseases occurring in
any organ (i.e. neurodegenerative diseases) may be viewed
as a deviation from the normal potential of tissue resident
stem cells to afford self-healing duties and the maintenance
of tissue organ identity.

Akin to this perception, here we review several of our
experimental findings over the past 20 years on the possibil-
ity to reprogram cancer cells in vitro as well as in vivo. In
fact, we present results from controlled clinical studies on
hepatocellular carcinoma at intermediate-advanced stage
based on the treatment with Zebrafish Stem Cell Differentia-
tion Stage Factors (SCDSFs) taken during precise stages of
stem cell differentiating processes [16, 17]. We also report
on our recent finding that the same SCDSFs obtained at early
developmental stages acted as a major controller of stemness
and senescence patterning in human adult adipose-derived
stem cells [18]. Consistent with the concept of considering
tissue degeneration a “flexible” deviation from a tissue iden-
tity program still entangled with embryogenetic memory, we
show our recent findings on the ability of SCDSFs to prevent
neurodegeneration in hippocampal cells of CA1 area in mice.
Compounding the spectrum of exploitation of SCDSF poten-
tial for (stem) cell reprogramming, we recently succeeded in
using Zebrafish embryo differentiation factors to reduce
keratosis and ameliorate symptoms in patients affected by
psoriasis [19-21], a T cell-dependent immune-mediated dis-
ease of the skin and joints. Such result is also rewarding due
to (i) the recent detection of functional circadian clocks in
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most, if not all, of skin cell types, (ii) the emergence of a
close involvement of these circadian clocks in the control of
UVB-induced DNA damage and skin cancers, and (iii) the
implication for the targeted modulation of stem cell-
mediated immunomodulatory action and control of aging
processes [22, 23].

ROLE OF SCDSFs IN CANCER CELL LINES AND IN
MICE CARCINOMA CELLS

In vitro effects of SCDSFs on different human tumor cell
lines have been investigated in a number of studies [24-28].
Seven different human tumor cell lines were treated with
factors taken from Zebrafish embryos at different develop-
mental phases, specific of the beginning, intermediate and
final embryonic differentiation stages. In general, a reduced
growth rate was seen when tumor cells lines were treated
with factors drawn during the different developmental
stages, ranging from 73% reduction for the glioblastoma
cells to 26% for the melanoma cells. No proliferative effects
have been reported, except from a weak tumoral growth with
factors extracted at a very early stage of embryonic devel-
opment in which the differentiation processes did not begin,
like morula stage. These data confirm the intuition that in the
embryo, during the differentiating stages, there are networks
of factors able to readdress tumoral cells towards a normal
path. Those networks appear in the very first phases of the
gastrulation, while they are absent in merely multiplicative
stages [24].

Several studies were carried out in order to unravel the
molecular mechanisms involved in tumor growth inhibition
mediated by Zebrafish embryonic extracts, showing that
molecules that have a fundamental role in regulation of the
cell cycle, such as p53 and retinoblastoma protein (pRb)
were affected. More precisely, a p53 transcriptional regula-
tion took place, highlighted by a considerable increase of the
p53 protein expression in some of the tumor cell lines, such
as the glioblastoma multiforme and the melanoma [25]. In
other tumor cell lines, such as kidney adenocarcinoma, the
growth reduction was due to changes in phosphorylation of
pRb [26], which is known to regulate transcription of E2F-1
and thereby controlling the cell cycle.

Moreover, apoptotic events as well as cell differentiation
events were studied, in order to understand the consequences
of cell cycle regulation in tumor cells induced by differentia-
tion factors. The analysis was carried out on colon adenocar-
cinoma cells, showing activation of an apoptotic pathway
dependent on p73, as well as an increase in the cell differen-
tiation marker e-cadherin [27].

Finally, in order to ascertain if SCDSFs could synergisti-
cally/additively interact with 5-Fluorouracil (5-Fu), whole
cell-count, flow-cytometry analysis and apoptotic parameters
were recorded in human colon cancer cells (Caco-2) treated
with SCDSFs 3 pg/ml in association or not with 5-Fu in the
sub-pharmacological therapeutic range (0.01 mg/ml). Cell
proliferation was significantly reduced by SCDSFs, mean-
while SCDSF+5-Fu leads to an almost complete growth-
inhibition. SCDSFs produce a significant apoptotic effect,
and the association with 5-Fu leads to an enhanced additive
apoptotic rate at both 24 and 72 hours. SCDSFs alone and in
association with 5-Fu trigger both the extrinsic and the
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intrinsic apoptotic pathways, activating caspase-8, -3 and -7.
These data suggest that Zebrafish embryonic factors could
improve chemotherapy efficacy by reducing anti-apoptotic
proteins involved in drug-resistance processes [28]. There-
fore, the molecular mechanisms underlying the tumor growth
reduction seen after treatment with SCDSFs can be summa-
rized as follows: the cell cycle stops in G1-S or G2-M phase,
according to the tumor type, genetic damage repair and cell
re-differentiation, or tumor cells apoptosis if reparation is not
possible because of mutation gravity.

The effects of SCDSFs on tumor growth were also ob-
served in vivo after subcutaneous injection of primary Lewis
Lung Carcinoma cells into C57BL/6 female syngenic mice
weighing 18-20 gr. A single cell suspension of tumor cells
was prepared by mechanical dissociation of tumor mass: 50
UL of Dulbecco phosphate buffered saline (DPBS) contain-
ing 10° viable tumor cells were mixed with SCDSFs and
used in the treated animals, while the control group received
50 uL of DPBS. A highly significant difference was noted
(p<0.001) between treated and control mice both in terms of
primary tumor development and of the survival rate in favor
of the treated mice [29].

SCDSFs IN CLINICAL TRIALS ON INTERMEDIATE-
ADVANCED HEPATOCELLULAR CARCINOMA
(hce)

From January the 1st 2001 to April the 31st 2004 a ran-
domized controlled clinical trial was conducted on 179 pa-
tients affected by hcc in an intermediate-advanced stage.
Since no further treatments were possible, a product fine
tuned on the basis of above mentioned studies was adminis-
trated. The posology was 30 sublingual drops of the Zebraf-
ish embryo differentiation factors three times a day. The sub-
lingual solution was chosen because the composition of the
active fraction is composed of low molecular weight proteins
(see the data about the protein analysis of SCDSFs).

Objective tumor response, overall survival and perform-
ance status have been evaluated. Results showed that 19.8%
of the patients experienced a regression and 16% experi-
enced a stabilization with an overall survival of more than
60% of the responsive patients after 40 months, compared to
10% of the non responsive patients.

A wide improvement of performance status has been
registered in a great majority of patients (82.6%), also in
those who experienced a progression of the disease [16]. A
more recent study confirms the role of SCDSFs in determin-
ing complete response in primitive intermediate advanced
liver cancer in 13.1% patients [17].

SCDSFs IN HUMAN ADIPOSE-DERIVED STEM
CELLS (hASCs)

The possibility to address the fate of hASCs, isolated
from a fat tissue obtained with a novel non-enzymatic
method and device (Lipogems) [30], was explored by expos-
ing them to SCDSFs [18].

SCDSFs taken during the late developmental stages (20
somites and pharyngula stages) reduced cell viability and
elicited caspase-3 mediated apoptosis. This effect did not
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include Bax or Bcl-2 transcription. This circumstance has
long been observed, as shown in the case of Bax-
independent, caspase-3-related apoptosis induced by hepato-
cyte growth factor (HGF) in rat liver epithelial cells and re-
cently confirmed in both normal and cancer cells [31].

Unlike SCDSFs taken during the late developmental
stages, SCDSFs taken during the early developmental stage
(50% epiboly stage) did not induce hASC apoptosis, nor did
it decrease cell viability. Indeed, SCDSFs of the early devel-
opmental stage were able to regulate the stem cell expression
of multipotency, enhancing the stemness genes Oct-4, Sox-2
and c-Myc. In addition to affecting stemness genes which
maintain stem cell identity [32], SCDSFs also elicited tran-
scriptional activation of two major mechanisms capable of
opposing stem cell senescence, including the gene expres-
sion of TERT, the catalytic subunit of telomerase, and the
transcription of Bmi-I. This is a member of the Polycomb
and Trithorax families of repressors which acts as essential
factors for self-renewal of adult stem cells, and as a key te-
lomerase independent repressor of cell aging [33].

Thus, this study showed that human stem cell exposure to
SCDSFs taken during the early developmental stage of Ze-
brafish embryo may represent a very effective tool to in-
crease stem cell expression of multipotency and promote
both telomerase-dependent and -independent antagonists of
cell senescence. On the contrary SCDSFs taken during the
late developmental stages decrease cell viability and address
cells toward senescence. This strategy did not require any
gene manipulation through viral vector mediated gene trans-
fer, or expensive synthetic chemistry. These results show for
the first time that it is possible to address human mesenchy-
mal stem cells towards different and opposite directions,
tuning in specific, physiological way the regulation of differ-
ent genes.

NEUROPROTECTIVE ROLE OF SDCSFs

We present here, for the first time, some recent findings
on the ability of SCDSFs to prevent neurodegeneration in
hippocampal cells of CA1 area in mice.

In order to evaluate the neuroprotective effect of
SCDSFs, murine hippocampal slices of the CA1 area were
prepared and cultured as described by Gardoni et al. [34] and
four Zebrafish embryo solutions were prepared as follows: A
(50% epiboly plus tail bud stage extracts), B (5 somites
stage), C (20 somites plus pharingula stage) and Mix ABC (a
mixture of the three solutions A, B and C) [24].

Organotypic hippocampal slices were treated with N-
Methyl-D-Aspartate (NMDA) 50 uM and 300 uM for 1 hour
to induce mortality and a propidium iodide (PI) coloration
was performed after 24 hours [35]. After fixing, the CAl
area was acquired and mortality was analyzed considering
the average PI-fluorescence intensity using as a term of
comparison the maximum cell damage obtained by exposing
the organotypic slices to NMDA.

We first observed that treatment with NMDA 50 uM and
300 uM induced an increase of mortality in both kinds of the
treatments compared with the controls (p=0.002 and
p=0.0002 respectively).
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Then we evaluated the neuroprotective effect of SCDSFs
after treatment with three toxic stimuli administered for 1
hour at the 14™ day of culture: they were serum deprivation,
NMDA 50 uM and NMDA 300 uM. Analyses were per-
formed after 24 hours from treatments.

We noticed that treatment with the Mix ABC (dilution
1:100) administered together with each of the three toxic
stimuli reduced in a significant manner the neuronal mortal-
ity caused by both serum deprivation and NMDA treatments.

In fact SCDSFs significantly reduce the neuronal mortal-
ity caused by serum deprivation (-31,6 + 6,2%, p=0.005) as
shown in (Fig. 1).
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Fig. (1). The effect of the mix ABC on CA1 area cell mortality after
1 hour of serum deprivation (*p=0.005).

Current Pharmaceutical Biotechnology, 2015, Vol. 16, No. 9 785

Moreover, treatment with NMDA 50 uM significantly
increases cell mortality compared with the controls
(p=0.002) and SCDSFs significantly reduce the neuronal
mortality caused by NMDA 50 uM treatment (p=0.01, Fig. 2).

Similarly, treatment with NMDA 300 uM significantly
increases cell mortality compared with the controls (p=0.0002)
and SCDSFs significantly reduce the neuronal mortality caused
by NMDA 300 uM treatment (p=0.009, Fig. 3).

Subsequently, the potential neuroprotective activities of
A or B or C were investigated. Also in this case, the experi-
ments showed a reduction in mortality, overall for A extract
but results are not enough significant, neither in the serum
deprivation group (Fig. 4) nor in the NMDA group (Fig. 5).
Thus, the whole informational set with a redundance of dif-
ferentiation stage factors is needed to produce an effective
result.

EXPERIMENTAL RESEARCH AND CLINICAL
STUDIES ON PSORIASIS

It was also investigated the anti-proliferative effects of
SCDSFs by addressing the mitochondrial function (MTT
assay) and cell nuclei distribution (Hoechst staining) in epi-
dermal cell cultures stimulated with fetal calf serum (FCS) or
epidermal growth factor (EGF). SCDSFs significantly inhib-
ited cell proliferation induced by either approach, although
the effect was stronger in cells stimulated with FCS [36].
Three clinical trials were conducted to evaluate the efficacy
in cases of psoriasis following the administration of a mix of
all 5 Zebrafish embryo developmental stage extracts added
with Boswelia serrata, 18-beta glicirretic acid, Zanthoxylum
alatum, 7-deidro-cholesterol and vitamin E. Results show
80% clinical objective improvements, with a reduction of
keratosis and itch after 20-30 days from the beginning of the
treatment [19-21].
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Fig. (2). The effect of the mix ABC on CAl area cell mortality after 1 hour NMDA 50 uM treatment (*p=0.002; **p=0.01).
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Fig. (3). The effect of the mix ABC on CAl area cell mortality after 1 hour NMDA 300 uM treatment (*p=0.0002; **p=0.009).
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Fig. (4). The effect of the single solutions A, B and C on CAL1 area of hippocamp after 1 hour of serum deprivation. Values are expressed as

percentage of samples treated with serum deprivation without SCDSFs.

PROTEIN ANALYSIS OF SCDSFs

To better know the content of the SCDSFs that we em-
ployed for our researches, we begun to perform protein
analysis of the extracts, and here we present our first results.

Firstly, protein content of the five Zebrafish embryo ex-
tracts resuspended in a glycero-alcoholic solution [18, 24]
was analyzed on an one-dimensional Sodium Dodecyl Sul-
phate - PolyAcrylamide Gel Electrophoresis (SDS-PAGE)

[37]. After Coomassie staining [38], the protein amount was
evaluated as pixel intensity and relative abundances were
expressed as percentage of the total intensity. As shown in
Fig. 6, in all five extracts, three main protein clusters are
distinguishable according to their molecular weight, i.e. over
45 kDa, around 25-35 kDa and less than 20 kDa. Anyway,
the relative protein abundance is different among the five
samples.
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Fig. (5). The effect of the single solutions A, B and C on CAl area of hippocamp after 1 hour of NMDA 50 uM treatment. Values are ex-
pressed as percentage of samples treated with NMDA 50 uM without SCDSFs.
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Fig. (6). Representative 12% SDS-PAGE gel of Zebrafish embryo extracts resuspended in a glycero-alcoholic solution. Lanes: M) Broad-
range protein molecular weight markers (in kDa); 1) 50% epiboly stage proteins; 2) tail bud stage proteins; 3) 5 somites stage proteins; 4) 20

somites stage proteins; 5) pharingula stage proteins.

At the beginning of the gastrula period (50% epiboly
stage, Lane 1), the higher molecular weight cluster (> 45
kDa) represents the 45,8% of the bands intensity; this rela-
tive abundance is quite stable at the end of the gastrula pe-
riod (tail bud stage, Lane 2) with a peack at the beginning of
the segmentation, 46,1% (5 somites, Lane 3), while at the
middle-late segmentation (20 somites, Lane 4 and pharyn-
gula, Lane 5) this percentage composition decreases until the
43,9%.

The 25-35 kDa protein cluster abundance is quite stable
in the gastrula period (Lanes 1 and 2), around 25.5%, while
during the segmentation (Lanes 3, 4 and 5) it decreases until
the 22.6 %. At the beginning of the gastrula period (50%
epiboly stage, Lane 1) the lowest molecular weight cluster
(less then 20 kDa) represent the 28,5%; the cluster abun-
dance is quite similar among the end gastrulation and early
segmentation (Lanes 2 and 3) (29,4%) while at the end of the

gastrulation stages (20 somites, Lane 4, and pharingula, Lane
5) this percentage composition increases until the 43,9%.

Then, all the proteins extracted from the earliest Zebraf-
ish developmental investigated stage (50% epiboly) were
identified by using a liquid chromatography—mass spec-
trometry (LC-MS/MS) analysis, after the in-gel digestion
procedure as described by Della Corte and coll [39]. We
listed in Table 1 the identified proteins with the correspon-
dent NCBI accession number, the score, their isoelectric
point (pI). Individual ions scores >36 indicate identity or
extensive homology (p<0.05). Identified proteins include
multiple form of yolk protein vitellogenin, heat shock protein
(e.g. HSP8 and HSP70) and other proteins that have not been
described before (indicated in Table 1 with an asterisk) [40,
41]. These proteins are implicated in many pathways as in
signalling, cell cycle regulation, protein trafficking, chaper-
oning, protein synthesis and degradation.



788 Current Pharmaceutical Biotechnology, 2015, Vol. 16, No. 9

Biava et al.

Table 1. List of proteins identified using the nano LC-ESI-Q-TOF with the specification of their NCBI accession number, name,

score, molecular weight (MW) in Dalton (Da), isoelectric point (pI) and percentage sequence coverage. Proteins high-
lighted with asterisk (*) were not described before in Zebrafish embryo.

Accession Protein Name Score MW (Da) pl Coverage %
2i|166795887 Vitellogenin 1 precursor 1108 150308 8.68 19
2i[94733730 Vitellogenin 1 1039 149825 8.74 21
21|94733733 Novel protein similar to vitellogenin 1 (vgl) 913 149828 8.92 19
21|94733734 Novel protein similar to vitellogenin 1 (vgl) 835 150550 8.83 16
2i|145337918 Vtgl protein 780 116965 9.07 18
gi|94733731 Novel protein similar to vitellogenin 1 (vgl) 762 149911 8.84 19
21|94732723 Novel protein similar to vitellogenin 1 (vgl) 745 147826 8.73 17
gi|159155252* Zgc:136383 protein 720 124413 8.78 17
2i/68448530 Vitellogenin 5 559 149609 8.77 13
2i/92097636 Zgc:136383 402 28924 9.33 36
2i/63100501 Vtgl protein 345 36580 9.23 28
2i|57864789 Vitellogenin 7 341 24490 8.37 40
2i|57864783 Vitellogenin 4 334 31304 9.48 27
gi|113678458 Vitellogenin 2 isoform 1 precursor 323 181208 8.70 11
21|125857991 Zgc:136383 protein 171 149328 8.93 9
gi|15209312* Procollagen type I alpha 2 chain 169 147826 9.35 4
2i|57864779 Vitellogenin 2 122 69906 7.84 8
gi|11118642 Vitellogenin 3 precursor 117 140477 6.92 2
2i/303227889 Vitellogenin 6 73 151677 8.84 4
gi|13242157 * Egg envelope protein ZP2 variant A 71 48194 6.04 5
gil6644111 * Nucleoside diphosphate kinase-Z1 69 17397 7.77 14
gi|18859071* Nucleoside diphosphate kinase 3 69 19558 7.68 7
gi|126632622* Novel protein containing a galactose binding Lectin domain 67 19245 9.33 13
gi|66773080 * Mitochondrial ATP synthase beta subunit-like 66 55080 5.25 4
2i[38541767* Ppia protein 60 19745 9.30 13
2i|1865782 HSC70 protein 58 71473 5.18 2
gi[28279108 Heat shock protein 8 58 71382 532 4
2i[41152402* Histone H2B 3 49 13940 10.31 11
2i|41393113* Collagen, type I, alpha 1b precursor 46 137815 5.39 4
2194732492 * Ras homolog gene family, member F 46 24035 9.00 6
gil47778620 * Tryptophan hydroxylase D2 45 55686 6.56 1
gi|68448517 * Zona pellucida glycoprotein 3.2 precursor 44 47365 4.92 2
21|326677766 * PREDICTED: RIMS-binding protein 2-like 41 138659 5.86 0
2i[112419298 Vtg3 protein 40 60622 6.32 2
21|54400406 * Glutaredoxin 3 39 36541 5.18 11
gil41152400* Peptidylprolyl isomerase A, like 37 17763 8.26 7
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DISCUSSION AND CONCLUSION

The use of stem cells differentiation factors in anticancer
therapy has enabled one of us to build up a model of cancer
corresponding to reality [41]. Such a model, conceived in
2002, describes cancer as a consequence of two different
processes, 1) a process of maturation arrest of stem cells (hi-
erarchical model) and ii) a process of deterministic chaos in
which genetic and epigenetic alterations conduce a normal
differentiated cell to be malignant (stochastic model). In fact,
these two processes are not mutually exclusive and both have
been described [42, 43].

Therefore, from this point of view, cancer cells can be
defined as "cancer stem-like cells", that according to their
degree of malignancy, are considered blocked at a different
phase of development. In fact, in tumors with an elevated
degree of malignancy, such as acute lymphoblastic and mye-
loid leukemia, multipotent stem-like cells are present,
whereas in tumors with lower malignancy, such as chronic
lymphocytic leukemia, cells not yet completely differentiated
are present, but towards a final differentiation.

In addition, cancer and stem cells share several character-
istics. Firstly, they present oncofetal antigens, maintained
during the phylogenesis [44] and specific receptor on the
cellular membrane on which the stem cells differentiation
factors probably act. It has already been mentioned above
that such factors could activate pathways of cellular differen-
tiation, that lead the cells to differentiate or to die, as usually
occurs in the embryo (the apoptotic events in the embryo are
many).

Furthermore, cancer and embryonic cells share common
metabolic pathways such as APC/beta catenin/ TCF/Wnt and
the Hedgehog/Smoothened/Patched pathways.

The gene configuration and the metabolism of cancer
cells is actually very similar to that of stem cells: they both
have active proto-oncogene and produce embryonic growth
factors, present oncofetal antigens and they work with an
aerobic metabolism.

Nevertheless, cancer cells and stem cells show an impor-
tant difference. The problem of cancer cells is double: they
present genetic mutations that are at the origin of malignancy
and, at the same time, they show an imbalance of the epige-
netic code. In contrast with normal stem cells, tumor cells
are not able to complete their development and to differenti-
ate because they lost informations, i.e. they experienced a
mutation or epigenetic alterations in their code. The regula-
tion of DNA informations using epigenetic regulators such
as SCDSFs, taken in the intermediate-late stages of devel-
opment of the embryo, transforms the cancer cells into nor-
mal cells or causes their apoptosis.

It is now emerging more and more clearly that the tran-
scription factors, the microRNAs, the translational- and post-
translational factors, play a fundamental role in the regula-
tion of DNA informations and in regulating the cell life. In
other words, the epigenetic regulators contained in SCDSFs
are able to differentiate and regulate normal stem cells and
cancer stem cells, deactivating genes that lead cancer stem
cells to proliferate while activating new differentiating path-
ways.
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Our studies have recently been confirmed by other ex-
perimental researches performed by some colleagues of the
Children Hospital of Chicago [12]. In particular, they have
confirmed that malignant melanoma reverts to a normal phe-
notype when it is in the environment of Zebrafish embryo.

Other extensive series of research confirm that tumors
represent a problem of developmental biology. First of all,
regarding the theories on attractors, it is to remember that
more than 50 years ago, some authors [45] speculated that
cancer could be represented as an escape from a fields like
those which guide the embryonic development, hypothesis
recently confirmed [46]. A similar hypothesis has been re-
cently put forward again by other authors [47] who suggest
that any change that conducts stem cells to evade from the its
own niche would result in tumor formation. In addition it has
already been demonstrated that tumor cells placed into a
microenvironment, like that of an embryo, can change the
malignant phenotype and reverse into normal cells [48, 49].
These data suggest that cancer can be considered an emer-
gent property of living tissues under chronic stimulations,
involving not merely DNA or single-somatic cell functions,
but instead system features [50]. On the other hand, if we
move from genomic alterations to cancer transcriptome, con-
sidered as “a whole”, as suggested by some authors, a more
interesting picture emerges, from which it is possible observe
a very great degree of order. In this vision tumors can be
classified into a small number of discretely distinct groups,
recording the organization of transcriptomes of cell types
into groups of related tissues [51-54]. There are many studies
that highlight the link between tumor malignancy and the
presence of cancer stem cells [55] that seem to be resistant to
conventional therapy, such as chemo- and radiotherapy. In
the last 6-7 years scientific works in this field are so numer-
ous that it is almost impossible to name all of them. Here we
mention only those researches that demonstrated the pres-
ence of tumoral stem cell in breast cancer [56-61], lung can-
cer [62-65], prostate [66-68], ovary cancer [69-73], liver
cancer [74-79], stomach cancer [80-84], colon cancer [85,
86, 87], pancreas cancer [88, 89, 90], glioblastoma multi-
forme [91-93], head and neck cancer [94-97]. On the other
hand, it is known that malignancy of many haematological
tumoral diseases is due to the presence of stem cells.

Regarding the interpretation of the results obtained by
using SCDSFs for the prevention of the neurodegeneration
and for the treatment of psoriasis, we can assume that: the
differentiation factors are epigenetic regulators, that, on the
one hand prevent the processes and the development of de-
generative phenomena and, on the other hand, regulate the
processes of abnormal cellular multiplication, as it comes for
instance, in psoriasis, where the multiplication of cells of the
epithelial basal layer is five-ten fold higher of that consid-
ered physiological. In this case we have demonstrated that
the differentiation factors reduce the proliferation of the epi-
dermal layers by normalizing it. In addition other researches
demonstrated that it is possible to tune in fine way the fate of
normal stem cells, like human mesenchimal stem cells using
SCDSFs. In fact, if we use in specific way the different net-
works of substances present in the different stages of cell
differentiation we can address stem cells toward the senes-
cence or the apoptosis (late stages of differentiation) or, at
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the contrary, enhance stem cell expression of multipotency
by activating both telomerase-dependent and -independent
antagonists of cell senescence (early stage of differentiation).
Noteworthy, different modulating effects can be obtained
only with a specific network of SCDSFs. From this point of
view, the experiments about the prevention of neurodegen-
eration are enlightening. In fact, to prevent neurodegenera-
tion first of all we have to enhance stem cell expression of
multipotency and then, we have to address stem cells toward
the differentiation in neural cells. For these reasons all the
different stage factors expressed during cell differentiation
have to be used: only the redundancy of these factors could
led to obtain significant results. These results make us to
consider a major shift in scientific paradigm (from reduction-
ism to complexity) for preparing new treatments for chronic
and degenerative diseases. In fact, these diseases entail un-
expected degree of complexity and disregulation, making the
single-molecule-to-specific-target paradigm totally obsolete
and inadequate. Rather, only a systemic approach can be
envisioned as a successful strategy to deal with such com-
plexity. We believe that time is ready for a “transdisciplinary
approach” in the treatment of degenerative diseases involv-
ing multiple tissues and organs, to help users in a new cul-
ture of collaboration from different scientific disciplines
joining together to combine their knowledge and come up
with innovations, new therapeutic approaches and most of all
the development of novel paradigms. This new culture is
overdue to provide a reliable effort to help elderly people
and anyone who suffers for degenerative diseases or cancer.
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