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THE USE OF MECHANICAL (ACOUSTIC/SUBSONIC) VIBRATION FOR A

NOVEL PARADIGM IN REGENERATIVE MEDICINE AND HUMAN WELL BEING

Carlo Ventura and James Ryan

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority under to United States Provisional Patent Application

Serial Number 62/359,646 filed July 7™ 2016, which is incorporated herein in its entirety.

FIELD OF THE INVENTION
[0002] The present invention relates to acquiring cellular and tissue vibrational patterning to
identify “signatures” capable to induce pluripotency and commitment towards defined lineages, as
well as survival under hostile conditions (i.¢. oxidative siress) in both human adult stem cells and
human adult somatic cells. Specifically, the present invention provides methods to:
. Deliver such signatures to human adult stem cells or human aduit somatic cells to induce
specific differentiation processes and promote survival to hostile environmental conditions.
. Target tissue resident in vivo to retrieve their ability to sustain scif-hcaling process,
therefore affording a Regencrative Medicine executed without the needs for (stem) cell or

tissue transplantation.

BACKGROUND OF THE INVENTION
[0003] There is now compelling evidence that our cells and their subceltular structures generate and
perceive mechanical oscillations (1-3).
[0004] Biomolecular recognition is also insolvably linked to the oscillatory naturc of subcellular
components. The conventional view is that signaling molecules have to interact like a key in a lock
to trigger an event. This is certainly the case, but there is also evidence indicating that the cellular
reactions exhibit a timely, wide-ranging connectedness which is too fast to be explained solely upon

the simple molecular diffusion in water. Most of water molecules are bound to subccliular
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structures, which are constantly moving and oscillating, like the cytoskeleton and the
nucleoskeleton, forming a sort of textile network, encompassing the nucleus, mitochodria and the
endoplasmic reticulum, that will create serious problems to a merely diffusive trafficking of
signaling molecules.

[0005] If we think of proteins in physical terms, we may sec their alpha-helices as being like
springs and the turns between them as connectors, making the system in a single protein capable to
vibrate in a sort of phase resonance. This oscillator (the protein) is like a metronome, which owing
to molecular motors like kinesins or dyneins, is able to move along the cyto-nucleo-skeleton, where
the microtubules act as an elastic network dissipating the major rhythmic differences among the
various oscillators that compose the ensemble of signaling molecules (4,5). This context facilitates
and promotes the achievement of synchronization phases, with each element of the network
remaining individual and, at the same time becoming aware of what is occurring in the system,
because of its inherent connectedness.

[0006] Consonant with this view, the cellular microtubuli, due to their intrinsic vibration modes and
electrical polarity, are now regarded as a system capable of generating high-frequency electric
ficlds with radiation characteristics (6-8). The overall oscillating ficld (both mechanical and
clectromagnetic) provided by the microtubular nctwork appears to be important for the intracellular
organization and intercellular interaction. These motions are highly coordinated, also being
associated with motor proteins moving along cytoskeletal filaments, and by the dynamic growth
and shrinkage of the filaments themselves.

[0007] Intra/inter cellular motility appears to be coordinated through mechanical signals passing
between and regulating the activity of motors, microtubuli and filaments. These signals are carried
by forces and sensed through the acceleration of protein-protein dissociation rates. Mechanical
signaling can lead to spontaneous symmetry breaking, switching, and oscillations, and it can
account for a wide range of cell motions such as mitotic spindle movements, and bidirectional
organelle transport and the establishment of collective behaviors, as those afforded by cell signaling

networks. Because forces can propagate quickly, mechanical signaling is ideal for coordinating
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[#L]

motion and information over large distances.

[0008] Biomolccular recognition patterning through resonance is a remarkably intriguing process,
since it enables sclective energy transfer with minimum energy loss. Resonances at the level of
biological macromolecules, such as proteins, DNA and RNA, are particularly rewarding, as they
relate to and can impact with the biological activity of the macromolecule itself. Distinct vibrational
modes of macromolecules in the high frequency domain stem from their intra-molecular degree of
freedom, with every single molecule displaying a specific vibrational signature (9-11).

[0009] There is now compelling evidence for the existence of high frequency electromagnetic and
mechanical oscillations of proteins, indicating that such oscillations can share a common megahertz
(MHz) frequency domain (11-13). In proteins, depending on the vibrational mode triggered by an
external electromagnetic frequency, the relaxation time could change from fifty nanoseconds (10° Hz
~ GHz) to a few hundred microseconds (10° Hz ~ MHz). Nevertheless, physical protein folding can
vary between few microseconds and few seconds. For some proteins the electromagnetic and
mechanical oscillations may have a common time or frequency region, where both é].ectromagnetic
and mechanical oscillations merge. Assuming a protein (molecule) remodeling time within a
microsccond frame, the related frequency (the inverse of microseconds) will be in the megahertz
range, which will identify the *common frequency point”. The merging of electromagnetic and
mechanical oscillations at this “point” has the crucial implication that we can manipulate one with
another.

[0010] We have shown that embryonic and human adult stem cells can be committed along specific
differentiation routes by asymmetrically conveyed electromagnetic fietds (ACEMF) (14-15), and that
extremely-low frequenéy magnetic field can remarkably affect gene transcription in rat adult
cardiomyocytes (16) and promote high-efficiency cardiogenesis in mouse embryonic stem cells (17).
ACEMTF can even be used to direct non-stem human somatic cells, like skin fibroblasts into complex
lineages (i.e. cardiac, neural, skeletal muscle) in which they would never otherwise appear (18). Our
recent studies have also shown that ACEMF can reverse human stem cell senescence in vitro by

priming both telomerase dependent- and ~independent pathways (19), and reprogram tumor cells of

SUBSTITUTE SHEET (RULE 26)



WO 2018/009836 PCT/US2017/041153

neural origin into dopaminergic neurons (20). Most of thesc effects resulted from the ability of
ACEMF to optimize cell polarity (21), a crucial trait in the physiological modulation of stem cell
differentiation and aging, as shown by the fact that altered cell polarization invariantly associates
with disease, pathological aging and cancer (22-25). To this end, the cytoskeletal and nucleoskeletal
microtubular network form a major dynamic environment to cstablish and preserve cell polarity. The
DNA itself, considered as an electrically charged vibrational entity, despite its role of storage and
expression of genetic information, may conceivably contribute to cell polarity, also by virtue of its
continuous epigenctic remodeling, and architectural assembly in multifaceted loops and domains that
are essential features of the nano-mechanics and nano-topography imparted to this macromolecule
by the timely intervention of transcription factors and molecular motors.

[0011] Consonant with these considerations, cells have been found to gencrate defined vibrational
patierns, and Atomic Force Microscopy (AFM) has been extensively used to monitor these
nanomechanical motions across a wide spectrum of biological conditions, including the assessment
of metabolic states (26), the analysis of differentiating mechanisms (27), the identification of
signatures from cancer/metastatic cells (28,29), the dissection of nanotopografic features at the level
of subcellular clements, including the microtubuli (30), the actin filaments (31), and the cxosome
nanovescicles (32,33) .

Ovecrall, while it is possible to affect cell biology with electromagnetic ficlds of different
characteristics, there is compelling cvidence that cells generate defined mechanical vibration and that
mechanical vibration itself can trigger and modulate electromagnetic patterns in cells.

{0012] Therefore methods are needed to characterize vibrational patterning in cells and tissues
associated with their health status or the attainment of defined fates or the capability to survive to
hostile environment, or the possibility to reprogram diseased cells (i.c. cancer stem cells) into healthy,

functionally active cells.

SUMMARY OF THE INVENTION

[0013] The present invention provides methods to acquire specific vibrational patterns (signatures)
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from cells/stem cells undergoing commitment into different lincages or terminal differcntiation into
specific phenotypes.

[0014] In one cmbodiment of the present invention methods are provided to retrieve signatures for
the acquirement of a pluripotent state in human adult or embryonic stem cells, as well as in human
induced pluripotent stem cells (iPS) and human adult somatic cells.

[0015] Human adult stem cells can reverse their aging process due to prolonged culture in vitro when
exposed to asymmetrically conveyed radio electric ficlds (19) or early stage developmental factors
obtained from the zebrafish embryo (34). In another embodiment methods are provided to acquire
vibrational patterns expressed by human adult stem cells or human somatic cells during their aging
reversal.

[0016] In another embodiment defined vibrational signatures are acquired from cells/stem cells
surviving oxidative stress, as induced by l-hour exposure to H202 to generate reactive oxygen
species, or SHD (mitoKATP channel blocker) or rotenone (it works by interfering with electron
transport chain in mitochondria).

[0017] In another embodiment vibrational patterns will be acquired from the human heart sound,
including the identification of autosimilarity/fractal frequency pattcmns.

[0018] In another embodiment we show that defined vibrational patterns from the human heart sound
can be applied to human adult stem cells to induce an efficient program of cardiogenesis.

[0019] In another embodiment vibrational patterns from the human heart sound can be delivered to
human iPS to induce an efficient program of cardiogenesis.

[0020] In all living species, including the drosophila, rodents, amphibians, primates and Humans,
cardiogenesis is the first morphogenetic event occurring in the developing embryo. This suggests that
thc human heart sound may store information for the attainment of other complex morphogenetic
pathways than cardiogencsis itsclf.

[0021] In anothcr embodiment, we show that the same vibrational signaturcs from the human heart
that induce cardiogenesis in human adult stem celis can also be delivered to human adult stem cells

to induce other complex lineages, including neurogenesis and vasculogencsis.
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[0022] 1n anothcr embodiment the same vibrational signatures from the human hcart that induce
cardiogenesis in human iPS can also be delivered to human iPS to induce other complex lineages,
including neurogenesis and vasculogenesis.

[0023] In another embodiment the sam'e vibrational signatures from the human heart that induce
cardiogenesis in human adult stem cells or human iPS can be applicd to human adult somatic cells to
promote a multilineage commitment.

[0024] In another embodiment a method is provided to obtain specific vibrational signatures and
audible sound patterns from human iPS-derived cardiomyocytes.

[0025] In another embodiment the same vibrational signatures from human iPS-denved
cardiomyocytes are applied to human iPS to transform them into beating human cardiomyocytes.
[0026] In another embodiment the same vibrational signatures from human iPS-derived
cardiomyocytes are applied to human iPS to transform them into neurons and endothelial cells.
[0027] In another embodiment the same vibrational signatures from human iPS-derived
cardiomyocytes are applied to human adult stem cells to transform them into cardiac, neural and
vascular cells.

[0028] In another cmbodiment the same vibrational signatures from human iPS-derived
cardiomyocytes are applicd in vitro to transform human adult somatic cells into cardiac, neural and
endothelial cells.

[0029] In another embodiment vibrational signatures obtaincd as reported in [0015] arc used to
reverse senescence in human adult stem cells in vitro.

{0030] In another embodiment vibrational patterns acquired from cells/stem cells surviving
oxidative stress, as reported in [0016], or other hostile conditions (i.e. hypoxia), are delivered to
human adult stem cells or human adult somatic cells remarkably enhancing their survival. Only a
small percentage (about 5%) of cells survives the oxidative stress induced as reported in [0016].
When human adult stem cells or somatic cells are first exposed for 24 hours under normal
conditions to the vibrational patterns ensued from the few cells surviving the hostile conditions of

the oxidative stress or hypoxia and then subjected for I hour to oxidative stress, or hypoxia, the
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percentage of surviving stem cells is dramatically enhanced, between 20 and 30% of the original
population.

[0031] In another embodiment human cancer stem cclls are reprogrammed in vitro by vibrational
patterns acquired from the human heart sound or human iPS-derived cardiomyocyutes into elements
capable of lineage commitment decisions (i.e. cardiac-, neural-, and skclatal muscle-like cells).
[0032] In another embodiment human cancer stem cells subjected in vitro to vibrational patterns
acquired from the human heart sound or human iPS-derived cardiomyocyutes are remarkably
commitment to apoptosis.

[0033] The achievements reported in [0028-0029] have remarkable biomedical implication. Cancer
stem cells, a small number of cells within the tumor, are resistant to conventional chemotherapy émd
radiotherapy (35-38), and play a crucial role in the maintenance of tumor growth and initiation of
metastatic process (36,37). A new era may emerge in case cancer stem cells can gain differentiating
abilities. The analysis of vibrational signatures in normal and cancer stem cells may reveal novel
cues on the way these cells organize their fate. Consonant with such perspectives are compelling
data showing that (i) tumours display unique mechanical properties, being considerably stiffer than
normal tissue (28,29) and that (ii) the mechanical microenvironment may cause malignant
transformation (39). Hence, the application of localized forces, the use of localized probes,
nanopaiterned substrates or substrates designed to apply localized forces, may eventually become a
strategy to enhance or direct cellular differentiation in cancer stem cells. Why vibrational signatures
form the human heart sound and from human iPS-derived cardiomyocytes can funnel cancer stem
cells into differentiating and apoptotic decisions? Intriguingly, the heart has the lowest risk for
primary malignant transformation, which may very rarely develop in the form of cardiac sarcomas
(40-42). Cardiogenesis is the first morphogenetic event in different animal species, including
humans. The risk for tumorigenesis throughout embryo development is also very rare (43-45). The
canonical view speculating that primary cardiac malignant tumors are so rare since cardiac cells
divide very rarely appears to be too simplistic. An alternative although noun-mutually exclusive

hypothesis may consider the heart as a tumor suppressor organ, capable of secreting a large network
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of growth regulatory and differentiating peptides that may potentially limit the onset and
progression of a local cancer. In this regard, we have shown that the attainment of cardiogenesis in
the presence of either chemical agents or physical stimulation encompasses the transcription and
protein expression of endorphin peptides (46). These molecules, besides their role in cardiogenesis
(47-49), have long been shown to act as ncgative regulators for the development and spreading of
different types of cancer (50-57). Mechanical signatures for cardiogenesis, acquired either from the
sound of the human aduit heart or through the analysis of mechanical vibrations appearing during
the cardiogenesis of human iPS can be used to control cancer stem cells dynamics. When exposed
to cardiogenic vibrational patterning, cancer stem cells will be committed to differentiate into
phenotypes of their tissue of origin, or conversely will enter apoptotic pathways. This approach will
place the cancer therapy within the context of Regenerative Medicine.

[0034] In another embodiment vibrational patterns acquired from the human heart sound are used to
modulate the content and release from exosome nanovescicles, therefore controlling the
intercellular trafficking of building blocks of information.

[0035] In another embodiment vibrational patterns acquired from human iPS-cardiomyocytes are
used to modulate the content and release from exosome nanovescicles, therefore providing an
additional example for the capability of vibrational patterns to control intercellular communication.
[0036] In another embodiment of the invention vibrational patterns are delivered in vivo to any part
of the human body, or animal body in the case of veterinary use, with the specific aim of targeting
and reprogramming stem cells where they are, in all tissues. As a result, the invention aims at
deploying the diffusive features of vibrational mechanical forces to afford a Regenerative
Medicine based upon retricving the natural self-healing capabilities ensuing from
optimization of cellular polarity and differentiating/paracrine dynamics from tissue resident

stein cells, without the needs for stem cell transplantation,

DETAILED DESCRIPTION OF THE INVENTION

Systems Used for Detection of Vibrational Patterns in Cells or Tissues

SUBSTITUTE SHEET (RULE 26)



WO 2018/009836 PCT/US2017/041153

[0037] Atomic Force Microscopy (AFM). The AFM is a scanning probe microscopc that
measures a local property, such as topography, mechanical properties, thermal and electrical
properties, optical absorption or magnetism, with a probe or “tip” placed very close to the sample.
The small probe-sample separation makes it possible to take measurements over a small area.
Becausc the AFM can image biological samples at sub-nanometer resolution in their natural
aqueous environment, it has potential for characterization of living cells. Using the AFM, it has.
been possible to observe living cells under physiologic conditions, detecting and applying small
forces with high sensitivity (26). In yeast and bacterial cells, cellular activity, metabolism, growth
and morphogentic changes were associated with defincd nanomechanical activity, merging to the
cell surface up to the generation of defined patterns of vibrations (26). “Sonocytology” is the term
that has been introduced to identify a novel area of inquiry based on the fact that in these small
cells, after an accurate process of amplification, given the frequency range of nanomechanical

- motions recorded by AFM, the vibrations could be transformed into audible sounds, providing a
thorough assessment of mechanistic ce]].ulz;r dynamics (26). More complex eukaryotic cells can also
be investigated by this approach. For example, stem cells directed to cardiac myocyte
differentiation begin to beat at a point in differentiation. This beating motion requircs a major
rcorganization of the cell cytoskeleion and microtubuli, and in turn a significant change in cellular
nanomechanical properties. Concerning the cytoskeleton, it is now evident that transferring of
mechanical vibration to the subcellular environment triggers the mobilization of ionic species and
the generation of ionic fluxes and induccd microcurrents, uitimately ensuing in the appearance of
oscillating electromagnetic fields (6-8). Considering the remarkable biological effects of
electromagnetic fields, and their recently reported ability to control stem. cell dynamics, including
pluripotency, differentiation and senescence, the modulation of cellular electromagnetic patterning
may represent an additional level of cell regulation afforded throu;gh the application of mechanical
forces.

[0038] Hyper Spectral Imaging (HSK). HSI, also known as imaging spectrometer, relies upon the

advantage of acquiring two-dimensional images across a wide range of electromagnetic spectrum.

SUBSTITUTE SHEET (RULE 26)



WO 2018/009836 PCT/US2017/041153

10

HSI is now subjected to multiple applications in wide-ranging contexts, including archacology and
art conservation, food quality and safety control, and biomedicine (for a recent comprehensive
review, see Ref. 58). HSI can be regarded as an emerging imaging tool with remarkable potential
for non-invasive biomedical diagnosis and assessment. Light delivered to biological tissues in vivo
undergoes multiple scattering from inhomogeneity of biological structures and absorption primarily
in signaling molecules and water as it propagates through the tissues (58,59). HSI can provide
nearly real-time images from informarional biomarkers, including oxyhemoglobin and
deoxyhemoglobin, affording an estimation of tissue homeostasis based upon molecular spectral
characteristics within various tissues (58-60). Relevant to this invention HSI is now recognized as a
major tool to afford nanoscale vibrational imaging in living cells, providing an unprecedented
platform for Biology and Medicine (61,62). HSI has also been shown to provide unprecedented
cues of the features of differentiating stem cells at both quantitative and qualitative levels in a non-
invasive fashion (63). Within this context, HSI will be exploited to analyze subtle vibrational modes
from the initial period of stem cell commitment to cardiogenesis, when sporadic non-coherent wave
forms of contraction begin up to the development of coherent vibrational modes underlying the

appearance of synchronous beating (twitch).

[0039] In the present invention both AFM and HSI are used to obtain vibrational signatures from
cclls/stem cells under the above reported conditions. In fact, AFM provides a thorough estimation
of nanomechanical motions and their underlying force development in space and time. HSI
provides measurement of the electromagnetic radiation reflected from an object or scene (i.c.,
materials in the image) at many narrow wavelength bands. By the aid of a multispectral camera
adapted to the stage of an inverted microscope we use a dedicated software for “floating point”™
analyses of pixel reflection at all given wavelengths. This analysis yields spatial resolution of
fluctuations in pixel luminance (i.e. the intensity of light emitted from a surface per unit arca ina
given direction) and chrominance (i.c. the colorimetric differcnce between a given color 1n a picturc
and a standard color of equal luminance), corresponding to a pixel-related spectral signature. In this

regard, HSI may offer several advantages over AFM for the recording of the vibrational pattern of
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cells, as HSI is not affected by the bias introduced by the contact modes of the AFM cantilever tip
with the cell surface, which may itself suppress weaker nanomotions, erasing relevant vibrational

information.

Systems Used to Deliver Defined Vibrational Patterns to Cells or Tissue in Vivo

[0040] In another embodiment we provide vibrational actuators working as devices for stem cell or
somatic cell reprogramming in vitro.

[0041] In another embodiment we provide vibrational devices forged to interact and adapt in vivo
with any part of the body in order to target the underlying tissue-resident stem cell population(s).
[0042] In another embodiment we provide vibrational devices suitable for being embedded in smart
phones, pad, tablcts.

[0043] In another embodiment we providé vibrational actuators forged for being embedded within
textile structures, becoming part of vests/dressing bearing vibrational codes for the self-
healing/rescue of damaged tissues.

[0044] In another embodiment we provide armchairs capable to deliver defined vibrational
patterning to the spine and use it as a second actuator for the spreading of vibration to other parts of
the body.

[0045] In another embodiment we provide Pods capable to embed the whole body in a dedicated
vibrational environment.

[0046] In another embodiment we provide vibrational actuators embedding graphene nanolayers or
carbon nanotubues. These actuators not only will be able to deliver specific vibrational signatures to
all parts of the human body, but they will merge the delivery of vibrational patterns with the unique
optical and electrical properties of graphene or carbon nanotubues that can stimulate and further
assist stem cell differentiation. So far, pulse electrical stimulation has been shown to enhance
ncuronal regencration and graphene-based powered clectrical stimulation has been shown to
remarkably enhance stem cell neurogeneresis (64,65). Graphene substrate can act as a conductive

substrate, intcracting with and optimizing the ccllular /tissue microcurrents generated by the
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mechanical motions applied with vibrational actuators. Within this combined action, graphene may
act as a sender-and-receiver of cellular / tissue mcirocurrents optimizing cell polarity and the
related mobility at the level of cytoskeleton and nucleoskeleton.

[0047] The generation of vibrational actuators embedding graphene / carbon nanotubues results in
higher efficiency of stem cell diffcrentiation and sccretion of rescuing/regenerative factors.

|0048] The diffusive nature of physical vibrational forces delivered alone or in combination with
the optical and ¢clectrical properties of graphene or carbon nanotubucs will allow targeting of tissue-
resident stem cells in all tissues in vivo.

|0049] Translation of electrical signals into vibrational patterns is afforded by the aid of ad-hoc
designed mechanical transducers and signal generators for maximal fidelity delivery between 5 and
20000 Hz,

[0050] The application of vibrational forces with defined signatures in vivo alone or in combination
with the optical and electrical properties of graphene or carbon nanotubues will optimize the
differentiating repertoire, the paracrine patterns from exosomal routes, and it will reverse aging
process in tissue-resident stem cells, enhancing the self-healing potential where it’s mostly needed,
at the level of damaged/deranged tissucs.

[0051] In another cmbodiment we provide scalable Textilc Artworks behaving as multisensory
dynamically interactive environments targeted to promote human well-being.

[0052] Textile Sculptures are fashioned to dynamically interact with a single subject (explorer) or
multiple explorcrs at the same time, in order to sense and deploy human heart and brain waves into
vibrational symphonies that will be fed back to the explorers to amplify their multisensory
repertoire and provide unprecedented “perceptions™ for well-being and self healing paths.

[0053] Multisensorial domcs are created to transform perceptions from heart and brain waves into a
novel form of synchronization: The Untold Prayer, to create coherence with immaterial and

spiritual dimensions.
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WE CLAIM:

1. A method to acquire specific vibrational signatures for pluripotency from human stem

cells, iPS and somatic cells.

2. A method to acquire specific vibrational signatures for defined (stem) cell commitment

and terminal differentiation.

3. A method to acquire vibrational signatures for aging reversal in stem cells and somatic

cells.

4. A method te acquire vibrational signatures from cells surviving oxidative stress and

hostile environmental conditions.
5. A method to acquire vibrational patterns from the sound of the human heart.

6. A method to afford commitment to complex lineages (i.e. cardiogenesis, neurogenesis,
vasculogenesis) in human adult stem cells, human iPS and human adult somatic cells through

their exposure to vibrational patterning derived from the sound of the human heart.

7. A method to acquire specific vibrational signatures and andible sound patterns from

human iPS-derived cardiomyocytes.

8. A method to obtain cardiomyocytes, and other complex lineages (i.e. neural, and
vascular cells) from human iPS through their exposure to vibrational signatures and audible

sound patterns acquired from human iPS-derived cardiomyocytes.

9. A method to transform human adult stem cells into complex lineages (i.e. cardiac,
neural, vascular cells) through the exposure to vibrational signatures and audible sound

patterns acquired from human iPS-derived cardiomyocytes.

10. A method to transform human somatic cells into complex lineages (i.e. cardiac, neural,
vascular cells) through the exposure to vibrational signatures and audible sound patterns

acquired from human iPS-derived cardiomyocytes.
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11. A method to acquire defined vibrational patterns expressed by stem cells and somatic

cells throughout their reversal of aging in vitro.

12. A method to reverse stem cell and somatic cell aging in vitro through the delivery of

defined vibrational patterns.

13. A method to use defined vibrational patterns to promote cell survival to oxidative

stress and hostile environmental conditions.

14. A method to reprogram human cancer stem cells into elements capable of

differentiating and apoptotic decisions.

15. A method to modulate exosomal content and release through stem cell or somatic cell

exposure to defined vibrational patterns.

16.  The development of vibrational actuators for delivering vibrational signatures to any

cell in vitro.

17.  The development of vibrational actuators capable of adapting and delivering defined

vibrational patterns to all human or animal body parts.

18. A method to target in vivo tissue resident stem cells in all human or animal tissues, to
enhance in situ the differentiating, antiaging and paracrine exosomal patterning required to

promote self-healing, and regenerative mechanisms without the needs for stem cell or tissue

transplaniation.

19, A method for embedding vibrational actuators and signal generators within smart

phone, tablets, pads.

20. A method to obtain vibrational actuaters forged for being embedded within textile
structures, becoming part of vests/dressing bearing vibrational codes for the self-

healing/rescue of damaged tissues.

21. A method for providing arm chairs capable to deliver defined vibrational patterhing to
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the spine and use it as a second actuator for the spreading of vibration to other parts of the

body.

22. A method for providing Pods capable to embed the whole body in a dedicated

vibrational environment.

23, A method for providing vibrational actuators embedding graphene nanolayers or
carbon nanotubues to enhance stem cell differentiation, paracrine patterning, and aging

reversal in vitro and in vivo.

24. A method to provide scalable Textile Artworks behaving as multisensory dynamically
interactive environments to promote human well-being and coherence with the spiritual

world.
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