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Abstract 
Previous studies conducted over many years in our laboratories on zebrafish embryos, have enabled the identification 
of precise moments of stem cell differentiation in which a large number of genes switch on and off, a sign that the 
genome is undergoing substantial changes in gene expression. Factors of the early developmental stage of zebrafish 
embryo 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, the occurrence of these factors in a 
primarily multiplicative stage also elicited the transcriptional activation of two major mechanisms capable of opposing 
stem cell senescence, including the gene expression of TERT, the catalytic subunit of telomerase, and the transcription 
of Bmi1, a Trithorax family of repressors which act as essential factors for the self-renewal of adult stem cells, and as 
key telomerase-independent repressors of cell aging1,2. On the contrary, molecules taken during differentiation events 
are able to reprogram pathological stem cells3.
On the basis of studies on stem cell rejuvenation, a differentiation of many studies was made. In this study we present 
the clinical results of twenty men aged between 46 and 67 (average age 57) with androgenetic alopecia. They were 
treated with Stem Cell Growth and Differentiation Factors from Zebrafish embryo using cryopass-laser treatment for 
transdermal administration.
The materials and methods used to prepare the Zebrafish extracts4 and the use of Cryopass Laser (5) have already 
been described. Results: All the patients demonstrated an initial regeneration of hair in the form of a soft fleece after 
the first treatment. This regeneration was consolidated with subsequent treatments and after about 10 treatments, 
the appearance of hair was comparable to adult and pigmented hair. At the six months check, the number of hairs in 
examined subjects was almost unchanged and there was a general improvement in the number and in the volume of the 
stem.
The treatment did not have any adverse effect and was very well accepted by patients, who were satisfied with results 
obtained.
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Introduction

Previous studies conducted over many years in our 
laboratories on zebrafish embryos, have enabled 
the identification of precise moments of stem cell 
differentiation in which a lot of genes switch on and 
off, a sign that the genome is undergoing substantial 
changes in gene expression. These studies on zebrafish 
embryos have enabled us to identify and choose some 
moments in which important cell differentiation events 
take place and other moments just before the middle 
blastula-gastrula, in which multiplication events and 
totipotent embryonic stem cells are prevalent. The 
substances present in these moments before the start 
of cell differentiation are significant in activating 
important genes responsible for counteracting human 
stem cell senescence. On the contrary, substances 
present during the stages in which cell differentiation 
events take place are not only able to differentiate 
normal stem cells, but also to reprogram pathological 
stem cells, like cancer stem cells, to a normal phenotype, 
or induce them to apoptosis. It was demonstrated 
that factors taken from zebrafish embryo just before 
the middle blastula-gastrula are a very effective tool 
for increasing multipotency stem cell expression, 
promoting both telomerase-dependent and telomerase-
independent antagonists of cell senescence. In fact the 
factors of the early developmental stage of zebrafish 
embryo 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, these factors 
taken in a primarily multiplicative stage also elicited 
the transcriptional activation of two major mechanisms 
capable of opposing stem cell senescence, including 
the gene expression of TERT, the catalytic subunit of 
telomerase, and the transcription of Bmi1, a Trithorax 
family of repressors which act as essential factors 
for the self- renewal of adult stem cells, and as key 
telomerase-independent repressors of cell aging1-4.
In contrast, molecules taken during differentiation 
events are able to reprogram pathological stem cells. 
This occurs because fundamental molecules that 
control the cellular cycle mechanism, such as the 
p53 tumor suppressor gene5 and retinoblastoma 
protein6, are modulated by stem cell differentiation 
factors (SCDSFs), which act on transcriptional or post-
translational regulation mechanisms. As a result, 
cancer stem cell multiplication is arrested and as this 
occurs, genetic damage at the origin of the disease is 
repaired so that cells differentiate or, if the alterations 
cannot be repaired, genes prompting programmed cell 
death (apoptosis) are activated and the cells die, as 
demonstrated in numerous previous studies7-12.
On the basis of research into stem cell rejuvenation 
and differentiation, some studies on the prevention of 
cell degeneration have been carried out. These studies 
demonstrated that the prevention of cell degeneration is 
possible only when we administer all the factors present 
in many different moments of stem cell multiplication 
and differentiation1. All these factors actually make 
up the entire epigenetic code, which in the embryo is 
complete with all its elements only during the period of 
organogenesis. This code is able to regulate all the genes 

of all the cells of the human body. After organogenesis, 
the different components of the epigenetic code are 
subdivided into various organs and organ-systems, and 
are present in an organ only as the part of the code that 
controls the gene expression of the cells of a particular 
organ. Therefore in an adult organism it is no longer 
possible to study all the functions of the epigenetic 
code, but it is possible to provide epigenetic information 
for determining the fate of normal and pathological 
stem cells.
Research into the possibility of regulating the gene-
expression of normal and pathological stem cells using 
factors taken during all phases of the organogenesis of 
Zebrafish embryo enabled us to study all the different 
functions of the epigenetic code. First of all it was possible 
to study the composition of the substances contained 
in different moments of stem cells multiplication and 
differentiation1. These substances are proteins with a 
low molecular weight (98%) and nucleic acid content (2%). 
The different composition of the proteins taken in the 
five stages of cell differentiation was analyzed on a one-
dimensional Sodium Dodecyl Sulphate - PolyAcrylamide 
Gel Electrophoresis (SDS-PAGE) (Figure 1); all the proteins 
present at the beginning of the cell differentiation 
process of Zebrafish embryo (50% of epiboly) were 
then identified by using a liquid chromatography–
mass spectrometry (LC-MS/MS) analysis, following 
the in-gel digestion procedure (Figure 2). We listed 
the identified proteins with the correspondent NCBI 
accession number, the score and isoelectric point (pI). 
Individual ions scores >36 indicate identity or extensive 
homology (p<0.05). Identified proteins include multiple 
forms of yolk protein vitellogenin, heat shock protein 
(e.g. HSP8 and HSP70) and other previously undescribed 
proteins. These proteins are implicated in many 
pathways, including signaling cell cycle regulation, 
protein trafficking, chaperoning, protein synthesis and 
degradation1. Using these factors taken in different 
specific moments of organogenesis, it becomes possible 
to correct the behavior not only of cancer stem cells, but 
also of cells involved in degenerative diseases. It also 
becomes possible to regulate the expression of genes 
which play a major role in the prevention of aging and 
tissue regeneration: these results are at the basis for the 
in vivo approach of this study. Specifically, the scope of 
this study is to verify the possibility of promoting tissue 
regeneration by bypassing stem cell transplantation13. 
In this study we describe the results of 20 men 
with androgenetic alopecia using the transdermal 
administration of Stem Cell Growth and Differentiation 
Factors coupled with Cryopass Laser Treatment.

Figure 1 - The different composition of proteins taken in the five stages 
of cell differentiation analyzed on a one-dimensional Sodium Dodecyl 
Sulphate - PolyAcrylamide Gel Electrophoresis (SDS-P AGE).
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Protein Name

Vitellogenin 1 precursor

Vitellogenin 1

Novel protein similar to vitellogenin 1 (vg1)

Novel protein similar to vitellogenin 1 (vg1)

Vtg1 protein

Novel protein similar to vitellogenin 1 (vg1)

Novel protein similar to vitellogenin 1 (vg1)

Zgc:136383 protein

Vitellogenin 5

Zgc:136383

Vtg1 protein

Vitellogenin 7

Vitellogenin 4

Vitellogenin 2 isoform 1 precursor

Zgc:136383 protein

Procollagen type I alpha 2 chain

Vitellogenin 2

Vitellogenin 3 precursor

Vitellogenin 6

Egg envelope protein ZP2 variant A

Nucleoside diphosphate kinase-Z1

Nucleoside diphosphate kinase 3

Novel protein containing a galactose binding a Lectin domain

Mitochondrial ATP synthase beta subunit-like

Ppia protein

HSC70 protein

Heat shock protein 8

Histone H2B 3

Collagen, type I, alpha 1b precursor

Ras homolog gene family, member F

Tryptophan hydroxylase D2

Zona pellucida glycoprotein 3.2 precursor

PREDICTED: RIMS-binding protein 2-like

Vtg3 protein

Glutaredoxin 3

Peptidylprolyl isomerase A, like

pI

8,68

8,74

8,92

8,83

9,07

8,84

8,73

8,78

8,77

9,33

9,23

8,37

9,48

8,70

8,93

9,35

7,84

6,92

8,84

6,04

7,77

7,68

9,33

5,25

9,30

5,18

5,32

10,31

5,39

9,00

6,56

4,92

5,86

6,32

5,18

8,26

MW (Da)

150308

149825

149828

150550

116965

149911

147826

124413

149609

28924

36580

24490

31304

181208

149328

147826

69906

140477

151677

48194

17397

19558

19245

55080

19745

71473

71382

13940

137815

24035

55686

47365

138659

60622

36541

17763
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913
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762
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Figure 2 - List of proteins present at the beginning of the Zebrafish embryo cell differentiation process (50% of epiboly) identified by using a liquid 
chromatography–mass spectrometry (LC- MS/MS) analysis, after the in-gel digestion procedure.



14Aesthetic Medicine / Volume 6 / Nº1 / January - March 2020

Stem cell growth and differentiation factors from Zebrafish embryo and their role as epigenetic regulators
in hair regeneration: results after transdermal administration using cryopass laser treatment

cryo-applicator, when a photon hits an electron of the 
outermost orbital of the molecules, the energy applied to 
the latter would cause the electron to jump to a higher 
yet more unstable energy orbital, meaning the electron 
would tend to return to the starting level by re-emitting 
a photon that caused the energy jump in the first place. 
Instead, at the temperature of use of the cryo-applicator 
frozen, -18° C, upon application of photonic energy using 
the laser handpiece, the return of the electron from the 
excited state to the fundamental one is observed at a 
much slower rate. When the laser beam crosses the frozen 
cryo-applicator, it encounters the drug molecules that 
are inserted within the crystalline lattice of the frozen 
gel; the photons hit the electrons of the drug molecules, 
causing an energy transformation.
In this condition of use, the appearance of a marked 
scattering effect due to the interaction between drug 
molecules and the photons used for excitation is 
observed in the cryoapplicator. This creates an energy 
exchange from the photon to the electron; energy stored 
in the form of potential energy is transferred to the ice 
/ skin interface in the form of kinetic energy, enabling 
the release of the drug when the cryo-applicator reaches 
melting point, so that it passes through the skin 
membrane.
2nd phase: A second laser source (Laser scanner) is 
applied on the area previously treated with the laser 
handpiece, with a power of 50 mW and a wavelength of 
635 nm (1st phase application).
The laser beam passes through the skin and carries 
energy to the tissues in a selective manner, unleashing 
reactions ranging from vasodilatory action to interaction 
with inflammatory mediators, etc. Beneath the dermis, 
the system is essentially connective tissue and is the 
largest organ in the body. Despite its simplicity and 
ubiquity, a new interpretation has recently emerged 
regarding the presence of collagen in connective tissue, 
along with its structure and its functions.
It is considered a veritable “communication network”; 
a ubiquitous network with a tissue and organ support 
function due to its interconnection in the three directions 
of space. Thanks to the PG and GAG coating, the collagen 
fibers are able to propagate the signal in the direction 
of fiber orientation. Because of their structure, collagen 
fibers behave like semiconductors.
Furthermore, according to the arrangement between 
them and cells, the distinction can be made between 
afferent and efferent fibers; afferent fibers conduct 
electromagnetic energy to cells, whereas efferent ones 
carry energy from the cells to the fundamental substance.
Interaction with collagen can take place through various 
types of stress, including PHOTONIC TRANSFER, as 
happens with laser. Collagen is a semiconductor in virtue 
of the crystal structure of its molecules; collagen fibers 
are organized in regular bundles.
Regular beams both in solid and liquid form can be 
considered to be crystals. The collagen molecules 
in which all our organs are inserted and operate, 
can be defined as a coherent and orderly system of 
liquid crystals. It follows that collagen is able to carry 
information, molecules and energy. This means that 
there is veritable three-dimensional communication 
between the connective system and the cell.
From all this it can be hypothesized that by interacting 

Material, Methods and Design of the Clinical Trial

Twenty men aged between 46 and 67 (average age 57) 
with androgenetic alopecia were treated with Stem Cell 
Growth and Differentiation Factors from Zebrafish 
embryo using cryopass-laser treatment (LASERICE 
Med. C.I.R.C.E. S.r.L., Magnago, Milan) for transdermal 
administration.

Patient inclusion Criteria:
a) all the patients were male and with androgenetic
 alopecia in the parietal zone
b) for the purposes of achieving a homogeneous group,
 all selected patients were aged between 46 and 67
 years

Exclusion criteria:
a) Aged below 18
b) Women of any age
c) Males who had had an anti-hair loss treatment 6 months
 before Cryopass® laser treatment

Assessment of the degree of alopecia:
a) The Norwood scale IV and V type was used to evaluate
 the degree of androgenetic alopecia in the parietal
 zone and the number of hair grown per square
 centimeter was counted.

Criopass Therapy - (cryo laser forese) laser treatment
Criopass Therapy is a non-invasive transdermal drug 
delivery technique which is also called fortified laser 
cryo. It uses a particular mechanism in which the 
active ingredient is inserted in a special cryo-applicator 
(medical device) LASERICE GEL BASE N.1, containing a 
neutral gel, transparent to the laser source used, which 
acts as a support material for the active ingredient whose 
penetration is to be encouraged.
The cryo-applicator into which the drug is inserted is 
then frozen at (-18° C); complete freezing usually occurs 
within 4-6 hours.
Once frozen, the cryo-applicator is used, coupled with 
Lasericemed equipment, a medical device that essentially 
consists of two laser sources which transmit the energy 
necessary to excite the drug molecules and thus favor 
the transdermal transport of all medication molecules.
The working principle of Criopass therapy is based 
on a physical process of exploiting kinetic energy, 
generated by the photons of a diode laser beam with a 
power of 50 mW and a wavelength of 635 nm, in order 
to convey drug molecules inserted in an active matrix 
(cryo-applicator), consisting of an inert gelled solution 
designed to disperse the solution of the drug that needs 
to be used. The cryo-applicator containing the drug 
is frozen at -18° and coupled to the laser handpiece, 
ready for use (in accordance with protocols specified 
by the manufacturer). The passage of the drug occurs 
in a totally atraumatic and painless way, fundamental 
characteristics for making the therapy more acceptable 
to the treated patient. The treatment takes place in two 
distinct phases.
1st phase: the frozen cryo-applicator containing the drug 
is connected to the laser handpiece and is positioned on 
the area to be treated until it has completely dissolved.
If this operation were to take place with a non-frozen 
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Below are the photographic images (Figures 3-13) during 
treatment, taken every 7 days.

with collagen fibers, photons generated by the laser 
propagate electromagnetic energy, temporarily modifying 
the crystalline structure of the liquid crystal to favor the 
passage of single drug molecules and enabling them to 
reach the cell through the afferent fibers establishing the 
transfer processes to the cell.
The degree of penetration into the tissue can be adjusted 
by changing the time and speed of the laser scanning 
applied in the 2nd phase14-32. At the level of some 
structures such as cartilage, it has been found that 
Criopass therapy creates important concentrations of 
the drug in the site to be treated, impossible with other 
traditional methods as the drug barely reaches the site 
concerned.

Used drugs
For the preparation of stem cell growth and differentiation 
factors, we used substances taken at 5 different stages 
of Zebrafish embryos: before epiboly, 50% of epiboly, 5 
somites , 20 somites and the beginning of pharyngula, 
referred to as ZF1, ZF2, ZF3, ZF4 and ZF5, respectively. 
We also used the mixture (referred as Z6) of substances 
taken at the 5 different stages of organogenesis. 
Extracts were prepared in a glycero-alcoholic solution 
(60% glycerol, 5% ethanol, 0.12% potassium sorbate and 
0.08% sodium benzoate) at the concentration of 100 
micrograms/mL and stored at 4°C until the preparation of 
cryo-applicators. The solution was then diluted (1 to 10) 
in distilled water and injected into the cryo-applicators 
before beingfrozen at -18° C.
Patients were treated weekly with these solutions 
to compare results. Considering that the Cryopass 
Laser was registered by the Health Ministry of the 
Italian Republic as a medical device for the transfer 
pharmacological substances, the preparation of the 
growth and differentiation solution was prescribed as a 
galenic product by doctors who treated patients.
The clinical study was prepared and conducted in 
compliance with the “Declaration of Helsinki”.

Results

All patients demonstrated an initial regeneration of hair 
in the form of a soft fleece after the first treatment with 
all the specific different preparations of stem cell growth 
and differentiation factors, but the best results were 
obtained using the solution containing all stages (ZF6 
mixtures).
This regeneration was consolidated with subsequent 
treatments and after about 10 treatments, hair 
consistency was comparable with adult and pigmented 
hair. The number of hairs regrown per square centimeter 
was 31, with a minimum value 24 and a maximum value 
of 43.
There was no significant difference in hair regrowth in 
relation to patient age..
The treatment did not have any adverse effects and was 
accepted very well by patients, who were satisfied with 
achieved results.
At the six month check, the number of hairs in examined 
subjects was almost unchanged; an overall improvement 
in stem number and in volume was observed.

Figure 3 - Patient image time T0.

Figure 4 - Patient image time T1.

Figure 5 - Patient image time T2.
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Figure 7 - Patient image time T4.

Figure 9 - Patient image time T6.

Figure 6 - Patient image time T3.

Figure 8 - Patient image time T5.

Figure 10 - Patient image time T7. Figure 11 - Patient image time T8.
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Discussion and conclusion

Human body tissue constantly regenerates after damage, 
due to the self-renewing and differentiating properties of 
its resident stem cells. In order to heal damaged tissue 
and regenerate functional organs, scientific research 
in the field of regenerative medicine is committed to 
understanding the molecular mechanisms through which 
the regenerative potential of stem cells can be leveraged 
for clinical application.
The finding that some organisms are capable of 
regenerative processes and the study of conserved 
evolutionary patterns in tissue regeneration led us to the 
identification of natural molecules of ancestral species, 
like Zebrafish, capable of extending their regenerative 
potential to human tissues. The decision to study the 
role of substances taken from Zebrafish embryo in 
tissue regeneration and differentiation was made on 
the basis of two considerations: 1) Zebrafish have many 
proteins which are the same of those of the human 

Figure 12 - Patient image time T9.

Figure 13 - Patient image time T10.

species and 2) Zebrafish embryo is a model for studying 
stem cell differentiation events as it is possible to 
know the exact time of eggs fertilization, which enables 
the standardization of all research into substances 
of the complete epigenome, capable of regulating 
the expression of all the genes of all body cells. Our 
previous study on rejuvenation and differentiation of 
mesenchimal stem cells of human adipose tissue (hASC) 
using substances taken from Zebrafish embryo enabled 
us to conceive new possibilities regarding the use of 
different components of the epigenetic code of this 
embryo for tissue regeneration. In this study we have 
demonstrated that the use of all available information 
can be initially used to rejuvenate and then differentiate 
the tissue of an organism which is able to regenenerate 
hair bulb cells in men with androgenetic alopecia.
The regeneration of the hair bulb obtained using growth 
and differentiation factors taken from Zebrafish embryo 
proved to be superior compared to other growth factors 
like PRP, or hCRP, previously tested in our Medical Center 
by means of transdermal administration in Criopass 
Terapy Laser Treatment33-37.
The results can be explained as follows: hair bulb 
regeneration is a complex problem, considering that in 
order to obtain a good result, the hair bulb must receive 
complete information which has to be able to stimulate 
and regenerate different kind of cells. In order to obtain 
this result, complete and redundant information must be 
administered to the hair bulb.
The only natural occurrence of such complete information 
is in an embryo during the period of organogenesis, and 
not in adult tissues, where growth and differentiation 
factors do not contain all the substances required to 
regenerate different kinds of cells. In fact starting from 
the fertilized egg, this is the only period in which all 
types of stem cells are differentiating in a complete 
way, making it possible to find all the growth and 
differentiation factors which are able to regenerate and 
differentiate all the cells of different kinds of tissues 
in an organism. Using liquid chromatography–mass 
spectrometry, we have demonstrated that growth and 
differentiation factors taken from Zebrafish embryo 
are proteins which are the same as those of the human 
species, and that these factors are able to regenerate 
different kinds of hair bulb cells, thus solving a highly 
complex biological problem.
The only way to solve complex problems of biology and 
medicine, like tissue regeneration and the regression of 
cancer diseases, is to change the scientific paradigm, 
requiring a shift from reductionism to a paradigm of 
complexity, as already published in many scientific 
papers5,11,38,39.
Only with a change in the scientific paradigm will it will 
be possible to reorder the entire biological domain, in 
order to cure the most important chronic degenerative 
diseases, by regenerating tissues and improving health.
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