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SYSTEM AND METHOD FOR TREATING INFLAMMATION

PRIOQRITY CLAIM
{8661] This application claims the benefit of the filing date of United States Patent
Application Serial No. 16/137.467, filed Seplember 20, 2018, the disclosure of each of which

1s incorporated herein in 1ts entirety by this reference.

FIELD
[8062]  This application relates generally to the field of medical devices and
associated treatments, and more specifically to precise bicelectrical control of inflammation
in a subject. For example, described is that the stnmudation of a subject’s brain tissue,
possibly augmented with the administration of a composition comprising, among other
things, stern cells and nutrients, can be useful fo stimulate and treat the mflammation

associated with, e.g., a concussion.

BACKGROUND

[0003] To date, no effective treatment for a concussion exists, Concussion
management thus far has focused on prevention and rest, allowing symptoms 1o subside
naturally before normal activity is resumed.

{0004] The use of anti-inflammatory drugs for the treatment of concussion has been
examined. Non-steroidal anti-inflammatory drugs (NSAIDs) seemed to be an atiractive option.
However, evidence exists to suggest that NSAIDs may not be the best pharmacotherapy for
managing the neurobiological factors underlying concussive mjuries. For example, chronic
treatment with ihuprofen worsens the cognitive alterations in rodents exposed to an
experimental TBL Other NSAIDs, such as minocycline, are able to reduce apoptotic damage in
several forms of CNS injury, such as spinal cord injury, but do not show any beneficial effects
when exarnining recovery fimes from mald TBIL Taken together, these data demonstrate that
preventing an inflamimatory response to a concussion is likely not a viable treatment
Furthermore, the evidence suggests thai the concussed brain presents a unigue inflammatory
signature as opposed to a general inflamymatory response that occurs following any CNS 1njury.

{0005] The search for a viable concussion treatment continues. An acute metabolic
cascade following a concussion has been characterized in detail. Unfortunately, targeting this

metabolic cascade has failed (o produce viable treatment options. Treatment strategies focused
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on managing the neuroinflammatory responses to concussion may prove more effective. Data
exists suggesting that mampulating neuroinflammation can be used as a treatment strategy (o
manage the long-term deficits produced by a concussive injury. However, general anti-
inflammmatory drugs will not serve as a “magic bullet.” Rather, it seems that a tailored array of
pro- and anti-inflammatory compounds given al particular temporal intervals will likely be
implemented given the complexity of the nflammatory response fo concussion. Treatments will
likely differ based on severity of brain injury, age of the patient, and previous brain injury
history. Furthermore, treaiment strategies require close attention be paid given the fluctuations
of mflamrnatory profiles over time {ollowing a concussion,

{0006] The failures of NSAIDs and other anti-inflammatory agents i nutigating
post-concussive damage in a subject highlight the need for cusiomized approaches for the

subject.

BRIEF SUMMARY

{8087 (ustomized approaches for conirolling inflammation in a subject can be
provided by controlled protein expression on demand by bioclectric stimulation. Controlled
protein expression on demand by bioelectric stimulation can be designed to deliver a very
spectific protein regimen at a very specitic time; often in very specific sequence at a very specific
dose.

{0008] Described herein 1s a method of treating inflarnmation 1 a subject comprising
first reading {or otherwise determining) the levels of a subject’s inflammatory cyiokines after,
2., a concussion and then adjusting the subject’s levels of inflammatory cytokines to a desired
tevel to tmprove recovery from the concussion or traumatic brain injury (TBIE). It 1s found that
the right timing and the right balance in the right sequence of inflammatory cytokines aids in a
subject’s recovery from stroke. concussion, and/or traumatic brain imjury. Electric stimulation
should be provided to the subject 1o control the expression and/or release of SDF-1 (stem cell
homing), IGF-1 (DNA repair), HGF, VEGF, PDGF, eNGS, HIF 1 o, IL-6, Aclivin A+B, Stem
cell proliferation signals, and stem cell differentiation control signals. To this may be included,
g.g., GDF-10, GDF-11, Neurogenin 3, and FGF.

[8009%9] For recovery from stroke, concussion, or fraumatic brain mjury, if electric
stimulation alone does not provide complete recovery, the patient mav then also receive a
composition comprising adipose-derived or bone marrow-derived stem cells (MSCs),

endothelial progenitor cells, a variety of selected growth factors cocktail, selected exosomes,
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selected micro RNAs, selected alkaloids, selected anti-inflammatory agents, mutrient hydrogel,
organ specific matrix, and amniotic fluid.

[8019] For severe recovery need cases, the method preferably further includes
commmnicating wirelessty with miniature “Bion” implants that are implanted into the damaged
organ and/or tissue (e.g., brain) regions that relay and amphfy applied protein expression
signals.

{9011] Described is a device that determines a subject’s mflammatory markers
following organ injury and then, in response to the determunation(s), delivers regenerative
and recovery bioelectric protein expression signals to the subject’s tissue so as o up-regulate
and/or down-regulaie selected protein expression thereby, thus helping to establish
inflammatory balance for organ healing and recovery in the subject.

[08012] Such a device typically comprises: a power source, an input to determine the
subject’s mflammatory markers, and means for delivering an electrical signal 1o the subject’s
tissue. The device utilizes the electrical signal to preciselv control protein expression in the
tissue on demand.  Such proteins are typically selected from the group consisting of msulin-
tike growth factor 1 ("IGF17), interleukin 6 {(“TL-67), interleukin 1¢ ("IL-107), mterleukin-1p
(“IL~1P7), transformomg growth factor-B (“TGFR™), tumor necrosis factor alpha (“TNF~o), and
any combination thereof

[8013] Such a device may be utilized, e.g., to treai a subject suffering from a brain
concussion, traumatic brain injury (“TBI), heart failure, etc. In the mwethods relabing to
concussion or TBI, the bioeleciric protein expressions sequence typically comprises: from about
five (5) to abowt forty {40} minutes, o increase HL-1 following a concussion {precedes the
secretion of ciliary newrotrophic factor ({CNTF) and nerve growth factor (NGF}, both of which
promote the growth and survival of newrons and defend against the mnstigation of apoptotic
pathways}, wherein the device then determines and adjusis the bioeleciric protein expression
signals to the subject’s tissue for about five (5) minutes of an IL-1f inhibition shut off signal,
and then from about five {5} to forty (40) nunutes, a rise in TNF-¢, wherein the device then
determines and adjusts the bioelectric protein expression signals to the subiect’s tissue for about
five (5) minutes of TNF-a inhubition shut off signal, and then from about five (5) to forty {40}
minuies rise in TGEFR, and wherein the device then delermines and adjusis the bicelectric protemn
expression signals to the subject’s fissue for about five (8) minutes of a TGFP inhibition shut

oft signal, and then about three (3) minutes of arise in 1L-10.
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{0014] In certain cases, the bicelectric stimudator is programmed {o prodice a
bioelectric signal that stimulates target tissue to express and/or release Klotho polvpeptide by
the target tissue utithizing a bioelectric signal comprising a biphasic square pulse at 20 Hz, 0.1 V
{(100mV), and a 7.8 ms pulse duration for, e.g, 30 minutes of stimudation. The amount of
Klotho expression enhanced by the herem described system (>400% increase) is greater than
that seen with generic electrical muscle stimulation or muscle contraction alone.

[0015] Such a method may further inclhude separately delivering to the subject (e.g., via
a pump and catheter) a “cocktail” of regenerative agents comprising anv combination of the
following: stem cells, endothelial progemiior cells, selected exosomes, selected alkaloids,
selected anti-inflammatory agents, mutrient hydrogel, organ specific matrix, selecied growth
factors, ammiotic fluid, placenta fluid, cord blood, and embryonic sourced growth factors and
cells.

[3016] The method may be used m a subject to regenerate brain cells. Such a method
typically comprises generating electrical signals from the device to control the expression and/or
release of a protein, wherein the protein s selected from the group consisting of insulin-like
growth factor 1 (“TIGF), interdeulin 6 (M1L-67), mterleukan 10 ("IL-107), mterleukim- 15 (“IL-
1P, ransfornung growth factor-f (“"TGFB”), tumor necrosis factor alpha ("ITNF-a™), and any
combination thereof.  Again the method may further comprise separately delivering to the
subject stem cells and/or growth factors comprising any combination of IGF1, L6, IL-10, IL-
1P, TGFP, TNF-q, and any combination thereof.

9017] The device may be used to achiave brain regeneration, cognitive function
brain improvement, brain stroke, heart recovery, and traumatic injury recovery, eye
regeneration, and/or ear hearing regeneration.

{0018] The described bioelectric signals appear to have two primary mechanisis
of action. First, they provide instructions for the subject’s DNA 1o build protein{s} And,
second, they provide instructions for cell membranes to open and close pores and to activate
electrical transfers of energy on demand.  As further described herein, action potentials
management are most often conirolled by frequency durations.

{861%] While not intending 1o be bound by theory, the following may help {o explain
the mvention. Inflammation 15 an inmmmune response of the body that works as a contained
fire that is pre-emptively sparked as a defensive process during infections or upon any kind
of tissue insult, and that is spontaneously extinguished after elimination or termination of the

damage. However, persistent and uncontrolled immune reactions act as a wildfire that
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promote chronic inflammation, unresolved tissue damage, and, eventually, chronic diseases.
A wide network of soluble mediators, such as endogenous bicactive lipids, governs all
wmune processes. These mediators are secreted by basically all cells mvolved m the
inflammatory processes and constitute the crucial infrastructure that triggers, coordinates,
and confines inflammatory mechanisms. However, these same molecules are also involved
in the detrimental transition fromn acute to chronic mflammmation, be it for persistent or
excessive action of pro-inflamumatory lipids or for the impairment of the functions carried
out by resolving ones. For example, bicactive lipids have been linked to several chronic
diseases, including theumatoid arthritis, atherosclerosis, diabetes, cancer, inflammatory
bowel disease, systemic lupus eryvthematosus, and multiple sclerosis.

[0020] Provided are a system and methods designed to promote positive
inflammation in moderation, which s essential for healing and when the body is readv to
turn off the inflaramatory cycle loop 1o avoid the detrimental effects of chronic inflammmation.

[98021] The mmvention includes the idea of recording the ideal neuro inflammation
bioelectric and biochemical/hormonal responses of a healthy recovery {without chronic
neurological inflammation being triggered) and storing this data i a nucroprocessor
database. For exarople, recording the brain recoverv of a toddler with brain injury. The
treatment regime for an mnjured adult is then compared to this ideal {(in addition to real time
sensing and adjustments of therapy). The treatment regime chosen is a balance between the
ideal recovery sequence (recorded in the microprocessor) and real time adjustments made by
real time monitoring.

{8622] Provided herein {(e.g.,

in the “neuwro hormonal closed loop” approach) are
systems and methods that, at times, send bicelectric signals to the brain in order to allow the
brain to adjust its response(s) to injury. At times, signals are directed to the injured tissue to
aliow the tissue to release proteins directly, which influences the neuro hormonal foop with
the brain, inflammation, and healimg. The system and methods may mterfere and control
messaging up to the brain, back from the brain, or directly in tissues. Such may be used in
combined therapy by combining bioelectric signaling control of inflammation, blood
pressure, healing, and programmed biologics delivery via a closed loop sensing and

custommzed therapy neuromodulation sysiem.
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BRIEF DESCRIPTION OF THE DRAWINGS

{00623} FIG. | depicts a programmed bioelectric stumulator (with or without cell
and growth factor) for delivery to the heart of a human subject via two lumens respectively
at a stlicon septum.

[0024] FIG. 2 depicts a programmed bicelectric stimulator depicied alongside a
U.S. quarter
{ | FIG. 3 depicts an interface for use with the system.
{8026] FIG. 4 depicts a micropumyp for use with the system.
{ 1 FIG. 5 depicts a pump associated with a subject’s heart.

[0028] FIG. 6 depicts an image of the signal (voltage and frequency) associated
with Activin B at 6.0 mV, pulse width 100 ps, square wave.

[902%9] FIG. 7 depicts an image of the signal (voltage and frequency) associated
with EGF at 10 V/em (5 V here), 500 Hz, pulse width 180 us, square wave.

[9036] FIG. & depicts an image of the signal {voltage and frequency) associated
with follistatin at 10 V/em, 50 Hz, square wave.

[8631] FIG. 9 depicts an image of the signal {(voltage and frequency) associated
with HGF at 3.5 V, 10 second burst every 30 seconds, square wave,

[8032] FIG. 10 depicts an image of the signal {voltage and frequency) associated
with IGF-1: 3.0 mV, 22 Hz, square wave.

[8033] FIG. 11 depicts an image of the signal {voltage and frequency) associated
with OPG: 4.0 mV, 2,000 Hz, square wave.

{8634] FIG. 12 depicts an image of the signal {(voliage and frequency) associated
with PDGF 30%: 3 Viem (100 mV here), 10 Hz, pulse width 200 ps, square wave.

[803%] FIG. 13 depicts an image of the signal {(voltage and frequency) associated
with PDGF 230%: 20 V/em (7.0 V here), 100 Hz, pulse width 100 us, square wave,

[0036] FIG. 14 depicts an image of the signal {voltage and frequency) associated
with proliferation: 15 mV, 70 Hz, square wave.

9037] FIG. 15 depicis an image of the signal (voltage and frequency) associated
with profiferation: 2.5-6.0 V (4 V here}, 20 Hr, pulse width 200-700 us, square wave.

18038] FIG. 16 depicts an image of the signal (vollage and frequency) associated
with RANKL: 3.0 mV, 2 Hz, square wave,

[8039] FIG. 17 depicts an image of the signal {voltage and frequency) associated

with SDF-1: 3.5 mV, 30 Hz, square wave.
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{80406] FIG. 18 depicis an image of the signal (voliage and frequency) associated
with tropoelastin: 60 mV, 50 Hz, square wave.

[8041] FIG. 19 depicts an image of the signal {(voltage and frequency) associated
with VEGF: 100 mV, 50 Hz, square wave.

[0042] FIG. 20 depicts an image of the signal {voltage and frequency) associated
with SDF-1 (2" part): 0.25 mA (3.0 V shown here), 100 Hz, 100 us pulse width, square
wave.

{8043] FIG. 21 depicts a combination bicelectric stiimulation and stem cells and
growth factors ifusion catheter.

[8044] FIG. 2215 aclose up view of the conductive and infusion cork screw tip for
use with the catheter system of FIG. 21.

[0048] FIG. 23 depicis a helmet design for use as described herein.

{0046] FIG. 24 depicts a helmet design for use as described herein.

DETAILED DESCRIPTION

18047 Costomized inflammation control could also be usefd for other disease
treatment and roanageroent.  Preferablyv, one does not deliver a single drug or single signal or
one set of signals for inflamimation control. A subject suffering from inflammation benefits
from real time monitoring and constant adjustment of signals to achieve inflammation balance.
Too much s bad, (oo little 15 bad, too much or (oo hitle at the wrong time can be bad for the
subject. The sequence is preferably correct and constantly adjusted. Multiple imflammatory or
anti-inflammatory cytokine levels need (o be up or down at just the right time depending on the
status of recovery and many other variables. Cytokines such as IL-1, TNF-A or IL-6 at the right
time at the right levels can be highly useful for healing of an organ, but at the wrong levels at
the wrong time, the very same cytokines can be highly damaging to the organ and/or tissue and
can cause rapid deterioration,

{0048]  Such adjustments include elevating or reducing TNF-A, IL-1, 1L-6, and other
inflammatory or anti-inflammatory cytokines. Regardless of inflammation control, the organ
or tissue should be regenerated back to maximal health. A healthy regenerated organ does not
have an mflamroation problem, only an unhealthy organ has an inflasomation problem.
Controlling mflaromation only treats the symptony, not the disease. Inflanwmation is a reaction
to an unhealthy organ; not the other way around. A subject’s tooth becomes inflamed when,

e.g., there is a root infected from trapped bacteria and breakdown. The problem is the source



WO 2020/061532 PCT/US2019/052278

W

10

20

N2
W

30

-8

of the infection and breakdown that is to be treated; not just the inflammation.  Inflammation
control herein is preferably customized for the subject’s condition, and preferably adjusted
constantly (e.g., many times a day. sometimes many times a minute, based on real ime data).

{049]  Described herein is real time, data-based customized bicelectric inflammation
management for, e.g., heart, stroke, traumatic brain imjury and concussion recovery {see, e.g.,
FIG. 23 for a preferred “helmet” with nodes particularly useful for real time managernent when
nflammeation follows brain injury or stroke).

{0059] In certain preferred embodiments, a bigelectric stmulator for reducing
mflammation i a subject 13 configured {0 generale bioglectric signals responsive 0 a
programimed process, which bioelectric signals comprise a bioelectric signal that exhubits the
following characteristics (within 13%} 35 uA, a frequency range of 139-147 Hz + 3 V/em
and/or a biocelectric signal that exhibits the following characteristics (within 15%): 10 Hz, 0.2
s pulse duration, 3 V.

[0051] In other preferred embodimenis, bioelectric stimulator for reducing
nflammation in a subject s configured fo generate bioelectric signals responsive o a
programmed process, which bioelectric signals comprise: a bioelectric signal that exhibits the
following characteristics {(within 15%): 0.1 V applied at a frequency of 50 Hz, square wave,
0.25 mA, 3.0V, 100 Hz, 100 us pulse width, square wave, or 3.5 mV, 30 Hz, square wave, and
a bioelectric signal that exhibits the following characteristics (within 15%): 20Hz 0.1 V, and a
7.8 mws pulse duration.

[0052] A bioelectric stimulator may be further configured 1o generate a hioelectric
signal that exhibits the following characteristics (within 15%): 0.1 V applied at a frequency of
50 Hz, square wave.

[8053] A bioelectric stimulator may be further configured 1o generate a bioelectric
signal that exhibits the following characteristics (within 15%): 0.25 mA, 3.0V, 100 Hz, 100 us
puise width, square wave,

[{0054] A bioelectric stimulator may be further configured to generate a bioelectric
signal that exhibits the following characteristics (within 15%): 3.5 mV, 30 Hz, square wave.

{0055] A bioelectric stinmidator may be further configured 1o generate a bioelectric
signal that exhibiis the following characteristics (within 15%): 3 mV with a frequency of 22 Hz,
square wave, and a current of 1 mA, and 3 mV with a frequency of 22 Hz, square wave, and a

cwrrent of 3 mA.
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{0056] A bioelectric stinmidator may be further configured 1o generate a bioelectric
signal that extabits the following characteristics (within 15%): 20 Hz, 0.1V, and 2 7.8 ms pulse
duration.

[057] A bhioelectric stimulator may further comprise an electrode for delivering
bicelectric signal{s) to the subject and/or a transducer and/or transceiver is cordigured for
delivering bioelectric signal(s) wirelessly to the subject.

[0058]  As depicted in FIGS. 23 and 24, such a helmet has, as primary components,
wireless means io read real time inflammatory and anti-inflammatory cvtokine levels in an
organ or blood flow (e.g., in the brain}, wireless bioelectric signals directed to specific organ
regions to manage the control of inflammation with real ime custorized delivery of signals for
balancing cytokine levels, and bioelectric signals delivered via the nervous and cardiovascular
systern to manage total bodv electrical potentials balance, all for inflammation conirol therapy.

[B059]  In certain embodiments, both recordimg electrodes and stimulating electrodes
are appiropriately positioned, e.g.. about the patient’s head with a helmet to measwre and sense
the iflammatory situation, and then in response stirmilating the inflamed tissue appropriately.
In sorme instances, the stimulating electrode can be an external coil, situated above microbeads
placed m close proximity to the mflamed tissue. These embodiments can be readily adapted to
areas of the body other than the head.

[08068] The device depicted in FIG. 23 has stimulators, EEG hardware {e.g., sensor
pads), and stimulator-purop hardware. The legs are refatively thick and follow the form of the
subject’s head ending in, e.g., EEG sensors. Stimulators are typically placed between the EEG
sensors. At the apex of the depicted device, there are hardware storage uniis for the EEG (e g.,
battery and S storage card) and the stimudator and pump. The stimulator and pump are
preferably positioned on the device at the posterior portion of the subject’s head.

[0061]  Applications of the device include treating a subject for: cerebral siroke
recovery, concussion recovery, injury-related brain damage, brain cancer recovery, Parkinson’s,
Alzheimer’s and dementia, cerebral aneurvsm repair, depression, brain memory recovery and
enhancement. and brain function enhancement.

{8062] In use, the device is focused on brain regeneration utilizing microcurrent
signals that home stem cells o the brain and cause new blood vessels to grow. For severe cases,
stemn cell and growth factor injections are added, and for extremely severe cases, a re-fillable,

progranmumable micro pump regeneration stirnulator is incorporated into the system.
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{0063] The device is designed to stimulate true neurogenesis, 1.¢., the formation and
nuriuring of new neuron cells, o regenerate damaged or diseased brain tissue for frue brain
regeneration. By biocelecinic stimulation, the device controls the release of, eg., bram
regeneration promotion cytokines. Such cytokines may include SDF-1 (for stem cell homing
factor and recruitment of stem cells from the patient’s own bone marrow, fat and circulating
blood to the stimulated brain tissue areas)  Another signal of oppostite polarity for controlling
the differentiation of those recruited stem cells into healthy fimctioning brain tissue. Other
cytokines are IGF-1 (for DNA level repair), HGF, EGF, Activin A+B, eNOS, VEGF, follistatin
and tropoelastin (all of which contribute to regeneration}, eNOS, HGF and VEGF (which help
wmprove blood supply to the treated area).

[064] For severe brain damage recovery and difficult disease cases, the
programmable micro infusion pump {fillable daily or weeldy} ts included, with angiogenic and
regeneration compositions comprised of a varety of cell tvpes, growth factors, nutrient
hydrogel, exosomes, Micro RNAs, bram matrix and other neurogenesis promoting molecules
including harmine and tetrahvdroharmine alkaloids and mflammation control agents. The
combination of bicelectric regeneration stimudator, micro infusion purap and angiogenic and
regeneration compositions are believed to help people recover from brain wyuries or brain
related diseases better than with previous therapies.

[8065]  For brain tumor cancer paiients, pending tuned bioeleciric signals are used to
reduce cell division and blood supply 1o the tumors.

[0066] Inflammation is better managed with more than a single drug or single
bicelectric signal. The body produces inflammation to promote healing and the right cytokines
at the right time in the right sequence greatly aide in healing. The very same cytokines at the
wrong time in the wrong sequence and at the wrong levels for the wrong duration can cause
detrimental damage to health  The device determunes these inflammatory and anti-
mflammatory cytokines to deliver multiple cytokine (up- or down-regulation} real time to best
atiempt to gain the right inflammatory balance.

[0067] The depicted device responds to a subject’s mflammatory marker levels,
delivers bioelectric protein expression signals 1o the subject’s tissue so as to up-regulate and/or
down-regulate select protein expression{s) in the subject s¢ as o balance inflammation in the
subject. The device comprises: a power source, an mput or several mputs to determine the

subject’s inflammatory markers, and means for delivering bioelectric signals 1o the subject’s
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tissue, wherein the device wutilizes the electrical signals to precisely control select protein
expression(s} in the tissue on demand.

{0068]  Specifically, anti-inflanunatory cytokines serve opposing roles in response to
brain injury. Some effects are beneficial while others are detrimental.  Balance 1s essential to
optimal recovery.

{0069] For example, 1L-1P provides neuroprotection following brain imury and
therefore might be considered part of the regenerative process. Paradoxically, it has also been
shown that chronic inhibition of IL-1§ for up to one week following a controlled cortical impact
(“CCI) - induced mild/moderate TBI reduces cerebral edema and tissue loss while improving
the cognitive outcome by modifying the wnflaromatory response. These data suggest that
prolonged exposure to IL-1 may be associated with neurotoxic effects following a concussion.

[6078] TNF-o, m the correct balance, appears to play both neuroprotective and
neurotoxic roles following brain injury.

[0071] 1L-6 acts as both a pro-inflammatory and anti-inflammatory cvtokine and is
considered to be a key regulator during the acute phase of the inflammatory response o
infections and tissue damage. The key is getting the correct IL-6 balance at the right time in the
right sequence.

{072  TGF-0 confers potential shori-term beneficial effects following clinical and
experimental TBIs by down-regulating the inflammatory response. However, long-term, TGF-
f may be detrimental and may increase the risk of developing other neurological disorders.

[0073] The beneficial effects of 1L-10 adnunistration are transient and circumstantial,
These beneficial effects appear to be dose-specific and site-specific, requiring pre-treatment in
order to confer protection.

{06074} Lobo-Suva et al. “Balancing the imnwne respounse in the brawn H.-10 and 1fs
regulation,” Journal of Newroinflonumation, 13:297 (2016}, doi.org/10.1186/512974-016-0763-
8, describes the importance of IL-10 balance in mflammation management. As described
therein, mampulating the protective and degenerative neuroinflammation balance is important.
Mechanisms exist to avoid exaggerated neurcimmune responses including the production of
anti-inflammatory cviokines, such as IL-10. 1L-10 binding 1o ifs receptor {riggers a series of
signaling cascades mediated by the Janus kinase signal transducer and activator of transcription
(STAT) pathway. Signalling through the 1L-10 receptor regulates several steps of the inwoune
response, from decreasing cytokine gene expression to down-regulating the expression of major

histocompatibiity complex class I and thus antigen presentation to T cells. TL-10 prevents
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apoptosis by activating the PI3K/Akt cascade and enhancing the expression of anfi-apoptotic
factors as Bel-2 and Bel-xl, while attenuating caspase-3. IL-10 inhibits the production of pro-
mflammatory cytokines by microghia, protecting astrocytes from excessive inflaromation. 1L-
10 also acts on astrocytes and potentiates production of TGF-$3. 1L-10 is an important mediator
of the crosstalk between microglia, astrocyies, and neurons. Several studies directly implicate
defective 1L-10 production or signaling in patients and aramal models of neurological diseases,
ranging from neuropathic pain to mwlliple sclerosis, Alzheimer’s disease, or Parkinson’s
disease.

18075] Prolonged exposure o inflammatory cviokines s typically ultimately
harratul, shifting the intrinsic neuroprotective efforts of the immune response to the detrimental
effects of newrcinflammation.  However, neuroinflammation may contribute o the
neuroprotective regenerating efforts of the brain and in 1ts absence the comulative damage s
mcreased following injury.

[0076] In certain embodiments, provided is a system that reads inflammation real
time and constantly adjusts bioelectric stimulation and cytokine releases to modulate and
manage inflanmmation v a subject in real time. This 1s preferably done to manage the cvcle of
chrome mflanymation in the subject. In essence, it activates a “re-start button” on the subject’s
chronic inflammation cycle.

[8077] The microprocessor preferably stores ideal optimal healing cycles. Treatment
regimes are adjusted real time between data coming i viareal time monitoring of mflaromation
and ideal optimal healing algorithims stored on the microprocessor of the microstimulator and
reader. The ideal optimal healing cycles may be derived from measurements made in healthy
subjects having an inflamnmation causing event, who recover quackly and fully (such as a {oddler
head injury recovery).

{078]  Proper inflammation management is believed to be served best by bioelectric
energy management that in turh controls release of the proper cytokines in the correct sequence
at the correct time for healthy recovery, especially when combined with proper diet and
exercise.

{8079] Inflammation has long been a well-known sympiom of many infectious
diseases, but new molecular and epidemiological research mcreasingly suggests that it is also
mtimately linked with a broad range of non-infectious diseases.

[0089] Inflammation is a response of the immune system o injury, irritation, or

infection caused by invading pathogens, radiation exposure, very high or low temperatures, or
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autoimmune processes. Therefore, mflammation 1s a mechanism for removing damaged cells,
trritants, or pathogens. Inflammation is constdered to be beneficial when it is short term and
under control within the immune system (Cacute nflammation”™). Inflanmmation that persists
longer 15 known as chronic mflammation. This inflarmamation is characterized by the
simultaneous destruction and healing of tissue.

[0081] The varous factors that are known to induce chromic inflammatory responses
also cause numerous chronic diseases. These factors include bacterial, viral, and parasitic
infections {e.g., Helicobacter pvlori, Epstein-Barr virus, human immunodeficiency virus,
flukes, schistosomes); chemical frrtants (e.g., tumor promoters, such as phorbol ester 12-0-
tetradecanoyliphorbol-13-acetate, also known as phorbolimyristate acetate); and non-digestible
particles (e g.. asbestos and/or silica). Inflammation produces reactive oxygen species and
reactive nitrogen species, which cause oxidative damage and further lead to chronic diseases.
Inflaromation also recruits leukocyies that secrete mflammatory cytokines and angiogenic
factors to the site of tissue insult. These evtokines are required for proper wound healing and to
stimulate epithelial cell proliferation. However, if uncontrolled, these cytokines can lead to
mflammatory disorders. All these inflammaltory products have been shown to be regulated by
the nuclear transcniption factor NF-xB.

{0082]  Ataillored array of pro-inflammatory and anti-inflammatory compounds given
at particular temporal intervals is herein implemented. Treatment differs based upon severity of
the brain injury, the age of the patient, and a previous history of brain mjurv. Furtheroore,
treatment strategies require close attention be paid to when a patient consults a medical
professional after brain mjwy given the fluctuations of inflammatory profiles over time
tollowing a concussion.

[0083] A customired real fime read and then deliver bioglectric protein expression{s)
therapy should be able to better strike the balance between acute and delayed actions of
cyvtokines may prove to be appropriate targets for treatment of concussion.

[0084] Following the mechanical injury suffered by concussed patients, there 15 an
acute cyiokine response. IL-1, a family of 11 cviokines known for their regulation of
inflammatory responses, imcreases rapidly in both human and rodent cases of mild to severe
TBIL Within this cyiokine superfamily, [L-1o and IL-1 convey a pro-mflanmumatory response
that aids in the defense against infection or iyury. fn rodent models of concussion, IL-1g and

IL-1p are up-regulated within howrs following mjury. IL-1a shows an acute spike following a
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concussion, while IL-1§ shows a much more gradual increase which may represent a portion of
the delaved cyvtokine response to NS injury.

[0085] 1L-10 levels remain elevated for days following experimental concussions and
show significantly higher levels relative to other pro-inflanmmatory cytokines. The elevation in
IL-1p tevels seen after brain injwry appears to be conditional on the severity of the frauma. As
such, experimental imjuries lead to contusions, mumcking a more potent TBI than a concussion,
and produce more 1L-1 mRNA expression in tissues swrrounding the contusion, which lasts up
to 6 days following the onset of injury.

18086] The rise in [L-1P following a concussion precedes the secretion of ciliary
neurotrophic factor (CNTF) and nerve growth factor (NGF), both of which promote the growth
and survival of neurons and defend against the instigation of apoptotic pathways. Data suggest
that IL-1B provides neuroprotection {ollowing brain injury and therefore might be considered
part of the regenerative process. Paradoxically, others have shown that chronic mhibition of 1L~
18 for up to one {1} week following a CCl-induced mild/'moderate TBI reduces cerebral edema
and tissue loss while improving the cognitive outcome by modifying the mflammatory
response. These data suggest that prolonged exposure 1o TL-1p mav be associated with
neurotoxic effects followimg a concussion.

{0087]  Given that 1L-15 is able to stimulate the expression and/or release of other
proinflammatory cytokines, such as tumor necrosis factor-alpha (TNF-q}, it is not surprising the
IL-1P inhibition results in an atypical inflanunatory response following flud percussion
injuries. The IL-1P-dependent hypersecretion of other cytokines may produce a foxic
inflammatory environment for neurons surrounding the site of injury. Therefore, interrupting
IL-1P momediately following the endogenous secretion of neurotrophic factors might prove to
be effective m concussion management,

[0088] Like the IL-1 fanuly of cviokines, TNF-o shows a rapid response to
experimental brain injury and is considered 1o be an earty mediator of NS damage. Following
experimental TBIs, ranging from a muld closed head wywry to a more severe lateral fhud
percussion injury, TNF-g rises rapidly and peaks within hours, retirning to normal levels within
24 howrs of the injury. Like IL-1P, TNF-o appears to play both neuroprotective and neurotoxic
roles following brain inpury.

[0089] Acutely, TNF-q alters the permeability of the blood bram barrier (BBB), a
well-characterized physiological consequence of concussions. Appropriate alterations to BRB

permeability mav be necessary to regulate the infiltration of blood-bom defense mechanisms
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following brain inpury. For example, mice lacking complete functional TNF-a signaling show
greater tissue damage, increased BBB permeability, and increased recovery times following
both moderate and severe CClinjuries, suggesting that TNF-o 18 necessary for normal recovery.
However, inhibiting TNF-¢ transcription and bicactivity pharmacologically following a mild
closed head injury improves newological outcome and motor function recovery, normalize
BBB permeahility and decrease edema size, suggesting indubition of TNF-a activity facilitates
recovery. TNF-g signaling may be neurctoxic in the acute stages of TBIL In conjunction with
iL-1, TNF-o stimulates the expression and/or release of NGF from astrocyies, which may
explain some of s neuroprotective effects. TNF-a may promote proliferation of neurons.
Central blockade of TNF-u following a concussion may prove (o be beneficial, while prolonged
antagonism could be detrimental.

[6099] TNF-o stimulates 1L-6 expression. IL-G acts as both a pro- and anti-
mflanymatory cytokine and 1s considered to be a key regulator during the acute phase of the
inflammatory response to infections and tissue damage. IL-6 increases both mild and
moderate/severe TBI in rodents and has been detected at high fevels for weeks following severe
human brain njuries. In mice lacking IL-6, experimental cortical freeze injuries or cytotoxic
brain injuries result in increased oxidative stress, decreased cell survival, and lengthened
recovery times compared to WT mice. IL-6 secretion leads to elevated production of NGF in
astrocytes and suppresses the production of both TNF-¢ and IL-1p. Also, 1L-6 deficient mice
exposed 1o a closed cortical mmpact, mimicking a mild TBI, show exaggerated behavioral
abnormalities and increased expression of 1L-1P one hour following injury.

{06091] Overexpression of the 1L-6 gene, on the other hand, resulted in shortened
recovery fmes.

{06092] TGF-p promotes tissue repair. TGF-§ expression is induced by the presence
of inflammatory cytokines and forms a negative feedback loop by suppressing the production
of pro-inflammatory cytokines such as IL-1, IL-6, TNF-q, and [FN-y. This negative feedback
system ensures that the host is protected from proliferating inflannmatory attacks. However, the
beneficial effects of TGF- seem to be dependent on its temporal expression and/or release and
concentration. Fxcessive expression of TGF-), e.g., hinders the intrinsic repair machanisms of
the brain and confers a predisposition for the development of serious infections.

{06093}  Expression of TGF-f peaks within 24 houwrs atter TBI in human cases. TGF-

8 may confer potential short-term beneficial effects following clinical and experimental TBIs
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by down-regulating the inflammatory response. Only focal administration has been shown 1o
promote tissue repair, while systernic administration results in an immunosuppressive reaction.

[08094] 11L-10 mav be neuroprotective as it decreases levels of reactive oxygenated
species, decreases the expression of pro-inflammatory cyiokines such as IL-1 and TNF-q, and
suppresses further activation of microglia and astrocyies. The beneficial effects of 1L-10
administration are transient and circumstantial. These beneficial effects appear 1o be dose- and
site~specific, requiring pre-treatment in order to confer protection, while the type of yury
model also seems to influence the use of IL-10.

18095] Provided is a method and system for the controlled up-~ or down-regulation of
CXCLS expression. CXCLS 15 a protein having a role m preventing artery occlusion and cancer
tumor growth as well as many other potential useful therapeutic applications including the
treatment of arthritis.

{0096] Similarly, other CXClLs were induced by electrical stimulation in visro. Using
20V, 1 HZ with a frequency of 5 ms, a 3-time up-regulation in 15 minutes was attained that
decreased to 2.5 in one hour and persisted at around 2.5 - 3 times at 24 hours. These results were
oblained on cultured adipocyte~-derived mesenchymal stem cells. The results are simalar to
when the treated cells were bone marrow mesenchymal-derived stem cells. Similar results were
found with CXCLI, a chemokine with angiogenic activity, and the potential anti-tumor
CXCL3, CXCL 9, and CXCL 10. For CXCL 9, and CXCL 10, the up-regulation was really
signtficant.

[0097] The protein encoded by this gene, CXCLS5 13 a small cytokine belonging to
the CXC chemokine family that is also known as epithelial-derived neutrophi-activating
peptide 78 (ENA-78). It 1s produced following stimulation of cells with the inflammatory
cytokines interleukin~1 or TNF-0. Expression of CXCLS5 has also been observed in eosmophils,
and can be inlubited with the type U interferon IFN-y. This chemokine stirmulates the
chemotaxis of neutrophiis possessing angiogenic properties. It elicits these effects by inferacting
with the cell surface chernokine recepior CXCR2. The gene for CXCLS is encoded on four
exons and is located on human chromosome 4 amongst several other CXC chemokine genes.
CXCLS has been implicated in connective tissue remodeling. CXCLS3 has been also desertbed
to regulate neutrophil horeostasis.

[0098] CXCLS plays arole 1o reducing sensitivity to sunburn pain in some subjects,
and is a “potential target which can be utilized to understand more about pain in other

inflammatory conditions like arthritis and cystitis.” CXCL5 has chemotactic and activating
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functions on neutrophils, mainly during acute mflammatory responses. However, CXCLS
expression is also higher in atherosclerosis (a chromc imflarnmatory condition), but is not
associated with neutrophil mfiltration. Instead, CXCL5 has a protective role in atherosclerosis
by directly conirolling macrophage foam cell formation.

{0099] CXCLS5 has potential properties for organ regeneration and recovery including
cancer fumor treatment including hiver cancer, prostate cancer, atherosclerosis, colorectal
Cancer, pancreatic cancer, pneumonia, acute respiratory distress syndrome, other lung disorders,
arthritis, pain associaied with, e.g., sunburn, mflammation, diabetic foot and leg ulcer wound
healing, knee stemn cell therapy, periodontitis, and neuropathic pain management,

{0100} The CXCLS protemn was found in previous pre~chimical studies to be a key
cvtokine in potentially reducing risk of heart attacks, strokes and limb amputations due to
atherosclerosis and resulting artery occlusion. Control of UXCLS expression has also been
suggested from data gathered in numerous studies as a possible means to stop cancer tumor
growth.

{0181] XCLS5 is one of the most potent cyiokines known to reduce nisk of arterial
occlusion that 1s a primary cause of heart attacks and stroke as well as tower limb 1schemia,
Nurnerous studies have demonstrated that controlled down-regulation of CXCLS can be anti-
angiogenic and thus help starve cancer tumors of blood supply.

[#102] CXCL3 biological processes include positive regulation of leukocyte
chemotaxis, posilive regulation of cell proliferation, inflarnmalory response, G-protein coupled
receptor signaling pathway, response to lipopolvsaccharide, signal iransduction, cell-cell
signaling, immune response, chemokine-mediated signaling pathway, cell chemotaxis, and
neutrophil-mediated immunity,

[0103] Descnibed 1s a biceleciric stimulation device that treats a subject after
concussion through real time biosensing and customized biocelectric signal deliveries. Such a
device{e.g., FIGS. 23 and 24}, which can be in the form of a helmet (see, e.g.. CerebraCell from
Leonhardt Ventures), preferably non-invasively recruiis a subject’s stem cells {e.g., via SDF-1
or down-regulation of CXCR4) to damaged brain tissue via at least one bioelectric homing
signal. Signals delivered by, eg., an implantable lead (or micro implant} are also usefid,
particularly in severe mjury cases. Such bigelectric signals can also control the expression
and/or release of many protems that promote new blood vessel growth and brain tissue repair.

[0104] The surest way to intended signal purity to a specific region of the brain for a

specific treatment however is via controlled protein expression with an implantable lead. A
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micro implant may include a mudti-site electrode array connected via an ouiput to a VLSI
biomimetic model, having an imput associated with the subject’s hippocampus. An unplantable
micro siimulator device is already approved for human climical trials for another deep brain
application.

[#105] Preferably, the device has sensors (or other means) that are able 1o determine
cytokine levels in the subject. For example, nodes on the “cap” or helmet (F1G. 23 or 24) can
communicate with implanted micro implants receiving and send signals constantly {sending
and receiving signals 24 hours per day). Multiple implanis may be wirelesslv powered and
programmed in one or more region of the brain. For deep brain siimulation, communication
exists between the brain cap and deep brain nucro implant.

{0106]  Programmed into the microprocessor are references to cvtokine release that
occurs (in both balance and sequence) similar to that of when a healthy baby or voung child
fully recovers from a brain irgury as a baseline. The nucroprocessor adjusts up and down from
there, based on real time mnpw from the mjured brain. The microprocessor is also pre-
programmed in signals and thetr resulting cytokine release(s} known o contribute to healthy
brain development, function and mjury recovery.

{0107}  The device(s) may be used in conjunction with a mucroinfusion punp to
deliver select proteins to the subject. An implantable combination microstimulator and re-
fillable micropump with pacing infusion leads may be directly connected with specific brain
locations.

[0108] With such a device, electrical signals emutied from the device may be used to
cause the subject to halt the unchecked flux of 1ons through regulated channels in membranes,
which minimizes brain darsage.

{0109] Electrical signals emitted from the device may be used to reverse ionic
disequilibrium, which minimizes brain damage.

[9118]  With such a device, elecirical signals emitted from the device may be used to
cause the subject to reverse neuronal depolarization, which minimizes brain darnage. This helps
to bring electrical membrane polarizations into healthy balance.

{0111} Electrical signals emitted from the device mav be used to encourage a healthy
balance of Ca2+ levels so as to avoid over accumulation of Ca2+ m the mitochondria, which
can hunder metabolism leading to impatrments of ATP production.

[0112]  With such a device, electrical signals emmtied from the device may be used to

control dependent Nat+ and K+ pumps reacting to the concussion.
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{0113] With such a device, electrical signals emitied from the device may be used to
cause the subject to reduce, stop, or otherwise bring under control indiscriminate release of
excitatory neurotransioitters.

[0114]  With such a device, elecirical signals emmtied from the device may be used to
stop, slow down, or otherwise bring under balanced control, adenosine triphosphate {ATP).

[0115]  With such a device, electrical signals emtted from the device may be used to
control glicose metabolism and hyperglvcolysis.

{0116] FElectrical signals emitied from the device may be used to bring into balance
glucose supply and demand, 30 as to minimize brain damage.

0117]  With such a device, electrical signals emitied from the device may be used to
encourage a healthy balance of N-methvi-D-aspartate (NMIDA}Y, eg., by receptor activation.
Such action decreases over-activation of the NMDA receptors.

[0118]  With such a device, electrical signals emtted from the device may be used to
cause the subject o increase cerebral blow flow to healthy levels via controlled release of
VEGF, PDGF, eNOS, and HGF, so as to mimimize brain damage. IGF-1, growth and
differentiation factor 10 (“GDF107), EGR, activin, and BDNF/TrkB may also be useful. Such
bioelectric signals are described herein.

[0119]  In summary, bioelectric signals encourage stem cell recrintment to the
subject’s brain, controlled elecinical signals reinforce positive brain pathways, and control
expression and/or release of select proteins, thus enhancing memory and recall,

{0128] In a preferred embodiment, an organ regeneration composition hereof
comprises adipose-derived stem cells, bone marrow-derived stem cells, muscle-derived stem
cells {e.g., when needed {or muscle), exosomes, MicroRNAS, nutrient hydrogel, growth {acior
cocktail, organ specific matry, selected alkaloids, and/or selected anti-inflanunatory agents.

[121] Referring now to FIG. 1, depicted is a human use stimulator and pump for use
with treatment of, e g, the heart. Preferably, such a device is abowt the size of two quarters
{available from QIG Greatbatch / Greatbatch, Inc. of Frsco, TX, USy (FIG. 2} and 15
programmable and re-fillable with fow cell damage design. Refilling may be by silicon septum
poits and reservoir chambers. Depicted particularly in FIG. 1 are the subject’s heart, the pacing
tead, the infusion lead, the thoracic cavity, two lumens, thoracic wall, silicon septum, and a
larger programmed/progranmymable bioelectric stimulator with composition {e.g., cells and
growth factors) for delivery via two humens via the silica septum. The microinfusion pump for

continuous or repeat delivery of a liquid composition, which micromfusion pump includes
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silicon septum ports and assoctated reservoir chambers connected to the bioelectric stimulator
microinfusion purp to the tissue with a pacing infusion lead.

[0122] The described svstem is currently being investigated for various applications
including heart and cardiovascular (e.g., heart regeneration, aorta regeneration, biological
pacemaker regeneration, heart valve regeneration, arterv regeneration, Hmb blood flow
improvement and lirab salvage, and wireless diabetic foot ulcer treatroent), brain {e.g., brain
regeneration, stroke. concussion, Parkinson’s, Alzheimer’s, memory and cognitive function
improvement, cerebral aneurysim treatment and cancer, and cognitive function improvement),
cosmetic and personal care (e.g., breast regeneration, dental gum regeneration and tooth pulp
storage, orthodontics, and skin regeneration), major organ regeneration {e.g., eve, pancreas
regeneration, lung, liver regeneration, kidney regeneration, ear hearing, bladder regeneration,
whole body regeneration, and sub-gastric mucosa}, and associated cancer ireatment {e.g., some
organ specific technology platforms have miegrated cancer tumor stoppage signals).

{0123] The described system may be incorporated into, for example, a whole body
regeneration chamber that scans and/or analvzes the body for its deficiencies and precisely
delivers the right stem cells and proteins to the right location at the nght time combined with
programmed infusion of whole body regeneration substances. Ultimately, the goal for the
technology 1s whole and complete body regeneration, every organ.

{0124] The organ specific matrix is a composition comprising cells of an organ which
is to be treated. The organ specific matrix is believed to aid in stem cell differentiation, but in
any event is found to be useful in the composition. it has been found that for the
multicomponent composition, cells phus selected growth factors are better than just cells alone.
See, e.g., Prochdzka et al. “Therapeutic Potential of Adipose-Derived Therapeutic Factor
Concentrate for Treating Critical Livob Ischemia,” Cell Transplantation, 25(9), pp. 1623-
163311} (2016) and “Cocktail of Factors from Fai-derived Stem Cells Shows Promise for
Critical Limb Ischemua,” world wide web at
sciencenewshing commews/201601 2204520017 himl (Jan. 22, 2016}, the contenis of each of
which are incorporated herein by this reference.

{0125] In case of an advanced disease state, a micro infusion pump {e.g.. FIGS. 3- 5}
1s used for daily delivery of, e.g., 2 ml of organ regeneration composition {comprised of adipose-
derived cells or bone marrow-derived mesenchymal stem cells plus cocktail of growth factors

{usually derived from ammiotic fluid or placenta), selected Micro RNAs, selected alkaloids,
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selected anti-inflammatory agents, mitrient hydrogel, organ specific matrix, selected exosomes),
For muscle regeneration, immature myoblasts are inchuded in the composition.

{0126] Exosomes represent a specific subset of secreted membrane vesicles, which
are relatively homogeneous in size (30100 nm). Exosomes have been proposed to differ from
other membrane vesicles by s size, density, and specific composition of lipids, proteins, and
nucleic acids, which reflect 1ts endocytic origin

{0127] Exosomes are formed in endosomal vesicles called multivesicular endosomes
(MVEs}) or muitivesicular bodies, which originate by direct budding of the plasma membrane
mnto early endosomes. The generation of exosomes to form MVEs involves the lateral
segregation of cargo at the delumiting membrane of an endosome and inward budding and
pinching of vesicles into the endosomal fumen. Because exosomes originate by two successive
favaginations from the plasma membrane, s membrane orientation is similar to the plasma
membrane. Exosomes from many cell tvpes may contain similar surface proteins as the cell
from which it is derived. Membrane protemns that are known to cluster into microdomains at the
plasma membrane or at endosomes, such as tetraspanins {(CB63, CDE1, CDRZ), often are also
enriched in EVs. It is also thought that endosomal sorting complex responsible for fransport
systern and fetraspanins, which are highly enriched in MV Es, play a role in exosome production.
How cytosolic constituents are recruited into exosomes 15 unclear but may involve the
association of exosomal membrane proteins with chaperones, such as HSC70, that are found in
exosomes from most cell types. MV Es are also sites of miRNA-loaded RN A-induced silencing
complex accumulation, and the fact that exosome-like vesicles are considerably enriched in
GW182 and AGO2 implicates the functional roles of these proteins in RNA sorting to
exosomes. Exosomes are released to the extracellular fluid by fusion of MVE (o the plasma
membrane of a cell, resulting in bursis of exosome secretion. Several Rab GTPases such as Rab
27a and Rab27b, Rabll and Rab335, all seem to be involved in exosomes release.

[#128] Repeat doses of the composiiion are also preferred. See, e g, Gavira et al.
“Repeated vmplantation of skeletal myoblast in a swine model of chromic myocardial
mfarction,” Fur. Heart ., 31{(8). 1013-1021. doi: 10.1093/ewhearty/ehp342 (2010}, the contenis
of which are incorporated herein by this reference.

[8129] For heart muscle regeneration, immature myoblasts and cardiac-derived
progenitors cells as well as endothehal progenitor cells (EPCs) may be mcluded m the

composition,
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{0139] (Generally, the systern hereof involves a bigelectric stimulator controltiing
expression and/or release of SDF-1, IGF-1, HGE EGE, VEGFE, PDGF, eNOS, f{ollistatin,
Activin A and B, and tropoelastin. Optionally and in certam applications, GDF-10, GDF-11,
Neurogenin-3 and Relaxin may also be included.

[#131] SDF-1 is generally for recruring stem cells and maturing blood vessels. IGF-
1is for DNA repair. HGF 1s for tissue regeneration and reduces arrhythinias in the case of heart.
EGF grows tissue. VEGF grows blood vessels. PDGF is a second stem cell homing factor and
helps tissue regeneration especially heart. eNOS dilates blood vessels. Follistatin promotes
muscle growth. Activin A and B regenerates nerve cells and newrons.  tropoelastin increases
clasticity of all tissues especially arteries, skin, heart, aorta. GDF-10 and GDF-11 promote
regeneration especially of nerve cells and neurons. Neurogenin-3 1s especially helpfid in brain
and pancreas regeneration. Relaxin helps heart regeneration.

{0132] The muicro voltage signal generator may be produced utilizing the same
technigques to produce a standard heart pacemaker well known to a person of ordinary skill in
the art. An exemplary microvoliage generator is available (for experimental purposes from Cal-
X Stars Business Accelerator, Inc. DBA Leonhardt’s Launchpads or Leonhardt Vineyards LLC
DBA Leonhardt Ventures of Salt Lake City, UT, US). The prnimarv difference is the special
elecirical simuiation signals needed to conirol, e g, precise follistatin expression and/or release
on demand {which signals are described iater herein}. The leading pacemaker manufacturers
are Medtronic, Boston Scientific Guidant, Abbott St Jude, BioTronik and Sorin Biomedica.

{0133] Construction of the electric signal generators and pacemakers, are known in
the art and can be obtained from OFEM suppliers as well as their accompanying chargers and
programmers. The electric signal generators are progranumed to produce specific signals to lead
to specific protein expressions at precisely the right time for, e.g., optimal organ treatment or
regeneration.

{#134] The pacing infusion lead may be constructed or purchased from the same
suppliers that bunld standard heart pacemaker leads. Pacing infusion leads may be purchased
from a variety of OEM vendors. The pacing infusion fead may, for example, be a standard one
currently used in heart failure pacing studies in combination with drug delivery.

18135] An nfusion and electrode wide area pitch may be constructed by cutting
conduction polymer to shape and forming plastic mnto a flat bag with outlet ports 10 strategic

locations.
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{0136] Micro stimulators may be purchased or constructed in the same manner heart
pacemakers have been made since the 19607s. Micro infusion pumps can be purchased or
produced sinular to how they have been produced for drug, msulin, and pain medication
delivery since the 1970’s. The programming computer can be standard laptop computer. The
programming wand customary {o wireless programming wands may be used to program heart
pacers.

{0137] Any one of the protein expression signals work well on their own for organ
regeneration, but they work better together. SDF-1 is the most powerful regeneration protein
followed by IGF-1.

{0138 Wireless, single luruen ifusion pacing lead or infusion conduction wide arrav
patch may all be used to deliver the regeneration signals and substances to the organ of interest
10 be treated or they may be used in combination.

[0139] A rve-charging wand for use herein 1s preferably similar to the pacemaker re-
charging wand developed by Alfred Mann in the early 1970°s for recharging externally
implantable pacemalkers.

10148] FIG 21 depicts a combmation bioelectric stimulation and stem cell and
growth factor(s) mfusion catheter usable with the described svstem.

{0141] A corkscrew tip may be of a standard type utilized to secure most heart
pacemakers in heart tissue. Wireless delivery of the signal or eleciro-acupuncture needle
delivery 1s included. FIG. 22 15 a close up of the conductive and infusion cork screw tip for
getting deep into target tissue. The tip include suture tabs for even more secure fixation to the
target organ.

10142] Additionally, the micro stimulator and wicro pump and regeneration
composition and bioelectnc signaling prograniuing may be used to generate tissue(s) and/or
organ{s).

[#143] A preferred composition includes adipose-derived cells (or bone marrow
derived MSCs or any pluripotent stem cell, such as iPS cells) and growth factor max which
should include (SDF-1, 1GF-1, EGE HGF, PDGE, VEGE, eNOS, activin A, activin B, follistatin,
relaxin, GDF-10, GDF-11 and tropoelastin plus selected exosomes (miR-146a, miR-294, mES-
Exo) plus selected alkaloids (harmine and tetrahy droharmine) plus selected anti-inflammatory
factors plus nutrient hydrogel (IGF-1, SDF-1, HGF plus FGF) plus organ specific matrix. For

regenerating muscle, one includes into the composition skeletal mwscle or cardiac muscle-



WO 2020/061532 PCT/US2019/052278

W

10

20

N2
W

30

-4 .

derived celis.  Also, preferably included are ammiotic fhuid, placenta, or cord blood when
available.

{0144] For heart treatioent/regeneration {e.g., for treating congestive heart fallure),
the compositions may be modified to include: cardiac tissue biopsy derived cells, adipose
tissue~derived cells, skeletal muscle derived cells {(immature mvoblasis (Tamaki selection
process — Tamaki et al. “Cardiorovocyte Formation by Skeletal Muscle-Derived Multi-
Myogenic Stem Cells after Transplantation into Infarcted Myocardium,” PLoS ONE 3(3):
&1789. doi1:10.1371/journal. pone. 6001789 (2008}, the contents of which are incorporated hersin
by this reference)}), nutrient hydrogel, selecled growth factors (SDF-1, PDGF, HGF, IGF-1,
follistatin, relaxin, tropoelastin, eNOS, VEGF, and EGF). exosomes, alkaloids, anti-
mflammatory agent(s), cardiac matrix soaked in selected growth factors, and Micro RNAs.

[#1458] Forhuman use, longer repeat doses are needed and a natural expression and/or
release from a patient’s own electrically stimulated cells leads to successtul human heart
regeneration. For exarple, the described signals for follistatin expression and/or release match
more closely with the natural low voltage signals in the human body.

[8146] In a booster composition for heart {reatment/regeneration, the composition
may include: adipose tissue-derived cells, cardiac tissue-derived cells, skeletal rouscle derived
cells - immature myoblasts (Tamaki selection process - cardiac progenitor — Tamaki et al. supra
{2008)), growth factors (SDF-1, PDGF, HGF, Follistatin, and IGF-1}, and cardiac matrix. In the
hasic composition for heart treatroent/regeneration, the composition may wnclude: adipose
tissue-derived cells and muscle-derived 1mmature myoblast cells (Tamaki process selection -
see Tamaki et al. supra (2008)) or cardiac derived cells, together with selected growth factors
(SDF-1, PDGE, HGF, and Follistatin).

[0147] There are three composifions, i.e., a basic composition, an intermediate
composition, and an advanced composition. The basic composition includes MSCs or adipose
derived cells, ammiotic fhad, and myoblasts.  The mtermediate composition includes the
mgredients of the basic composttion together with a cocktail of growth factors (Follistatin rnich).
The advanced composttion is adipose-derived or bone marrow-derived stem cells (MSCs),
endothelial progentitor cells, selected growth factors cocktail, selected exosomes, selected Micro
RNAs, selected alkaloids, selected anti-inflammatory agents, mutrient hydrogel, organ specific
matrix, armniotic fluid (240 growth factors), and cardiac derived cells or immature myoblasts.

{0148] The concentration of cells in the compositions is preferably about 50,000,000

cells/ml.  The ammiotic fluid is preferably as described in Pierce et al. “Collection and
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characterization of amniotic fluid from scheduled C-section delivenies,” Cell Tissue Bank, DOL
10.1007/310561-016-9572-7 (Springer, 2012} and is available from Trvine Scientific.

[0149] In certain embodiments, an organ regeneration mixed composition {e.g., a
cardio angiogenic and cardio myogenic “‘cocktaill” for heart treatment/regeneration) is loaded
into a micro infusion pump {or in the case of limb salvage injected directly in the patient’s leg
with a needle and syringe). The purop may be refilled, e.g., weekly to achieve a slow, timed
mnfusion delivery of the composition to the heart scar tissue.  Administration of the
composition(s} 1s combined with bicelectric stimulation to control the expression and/or release
of more than twelve regeneration promoting proteins. Treatrent times for assisting the heart
may last 3¢ months.

[0158]  For treating heart failure, a single (prior art} injection session is insufficient to
fully recover a failing organ especially a failing heart. Furthermore, mjeciing just one cell tvpe
alone one time 15 not enough for full organ recovery. Bioelectric stimulation for controlled
expression and/or release of SDF-1 in a subject is powerful to improve organ regeneration
results. Bioelectric stimulation controlied expression and/or release of VEGF, eNOS and SDF-
1 1s powerful in improving blood flow to a failing organ. Nuirient hydrogels and organ specific
matrixes can highly improve cell transplantation results. A nux of growth factors provides
better organ recovery resubis than just one growth factor or just one cell type. Bioelectric
stimulation controlled expression and/or release of a variety of growth factors offers more
fmprovement than just one. Hepatocyte growth factor not only atdes i organ regeneration, but
also reduces arrhythmias risk in the heart. Follistatin injected or released via bioelectric
stimulation can greatly improve muscle based organ regeneration results. Tropoelastin can
wmprove elasticity of anv treated organ, which in itself is valuable and 1s deemed to be especially
valuable in the heart. An implantable nuicro infusion re-tillable prograromable pump designed
to reduce cell damage is better than injecting the patient’s heart numerous times with separate
procedures.

[#151] Bioelectnic stimulation can be done with the described microstimulator, which
has a pacing mfusion lead with a corkscrew lead placed/attached at, e.g., the center of heart scar
tissue. The microstimulator is actuated and runs through programmed signals {o signal the
expression and/or release of, e.g., SDF-1 and a differentiation signal. Described 1s a method of
activating a tissue to differentiate a stem cell or to stimulate the tissue to produce a protein. The
protein is selected from the group consisting of insulin-tike growth factor 1 (“IGF17), epidermal

growth factor (“"EGF”), hepatocyie growth factor ("HGF™), platelet-derived growth factor
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(“PDGFE™), endothelial NOS (“eNOS™), vascular endothelial growth factor ("VEGEF™), activin
A, activin B, receptor activator of nuclear factor kappa-B ligand ("RANKL™), osteoprotegerin
(“OPG™), tumor necrosts factor alpha ("INF o), follistatin, interleukin 6 (“1L-67), hypoxia-
inducible factor 1-alpha ("HIF-1-0”), and tropoelastin, the method mcluding: stimulating the,
e.g., human tissue with an electrical signal appropriate for the protein and tissue.

[0152] In such a method, when the electrical signal includes (within 15%) 0.1V
applied at a frequency of about 50 Hz with a duration of about three (3) minutes {(wherein the
electrical signal is as measured three (33 mum deep into the tissue), the protein produced is
VEGF.

[0153] In such a method, when the electrical signal includes (within 2%); 200
picoamps for about 10 seconds for about one (1) howr and the pulse has an amplitude of about
5 volts and a width of about 0.5 milliseconds for abowt one (1) howr, with a duration of abowt
one (1) minute {wherein the electrical signal is as measured three (3) nun deep into the tissue),
stem cells differentiate.

{0154] In such a method, when the electrical signal includes (within 15%) 10V at
50 HZ and 100 HZ {or about 12 hours each (duration one (1) minuie) {(wherein the electrical
signal 1s as measured three (3) mm deep inio the tissue), the protein produced is follistatin,

{0155]  In such a method, when the electrical signal includes {within 15%) 35V
stimudation in 10 second bursts, one {1} burst every 30 seconds at a frequency of about 50 HZ
{(duration S nunutes) {wherein the electrical signal 1s as measured three (3) mm deep into the
tissue}, the protein produced is HGF.

{0156] Insuch a method, when the electrical signal includes (within 15%). 3 mv with
a frequency of about 22 Hz, and a current of about one (1) mA for about fifleen {15) minuies
and 3 ma for about fifieen (15) manutes (duration S minutes) (wherein the electrical signal is as
measured three (3} mm deep info the tissue), the protein produced is IGF-1.

{#157] In such a method, when the electrical signal includes (within 15%) 0.06 V
with 50 Z aliernating electrical field and a current of about 1 ma for about fifteen (15) minutes
and 3 ma for about fifieen {15} minutes (duration 2 minutes) {wherein the elactrical signal is as
measured three (3) mm deep into the tissue}, the protein produced is tropoelastin,

[8158] In such a method, when the elecirical signal includes (Gwithin 15%):
alternating high-frequency (HF) and mediuro-frequency signals (MF), symuetric, biphasic,
trapezoid pulses. with 400-us pulse dwration and 1.5/1-s ramp-up/ramp-down duration,

respectively {wherein the electrical signal is as measured three (3} mum deep mto the tissue), the
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protein produced 1s eNOS. In such a method, when the HF consists of about 75 Hz pulses with
six (6} seconds on and 21 seconds off for about {ifteen (15) minutes. In such a method, when
the MF consists of about 45 Hz pulses with 5 seconds on 12 seconds off for about fifteen (15)
minutes followed by stimulation duration set as 20 mintes. In such a method, when the
elecirical signal includes (within 15%); one (1) Hz stimulation, stimulation applied for abowt
mine (9} seconds, followed by a one (1) second silent period, a total of about 1080 stimulations
for about 20 minmutes. In such a method, when the electrical signal includes (within 15%). 20
Hz stimulation, stimulation applied for about two (2} seconds, followed by sifent period for
about 28 seconds, a total of about 1600 stimudations for about 20 munutes (duration 2 minutes).

[0159]  In such a method, when the electrical signal includes (within 15%). 6 mv at
150 HZ Monophasic square wave pulse .1 ms in duration current of fifteen (15) mA for about
fifteen (15) minutes {duration two (2} minutes) {wherein the electrical signal is as measured
three (3) mm deep into the tissue), the protem produced 13 Activin B,

[0168] In such a method, when the electrical signal includes (within 15%): 10 V/cm,
pulse-width 180 us, 300 Hz {duration nine {9} minutes) (wherein the electrical signal 1s as
measured three (3) mm deep into the tissue), the protein produced is EGF.

[0161] In certain embodiments, a bioelectric signal of 40 Hz and 116 Hz altemnating (1
mY 1o 3 mV} can be used for reducing swelling and inflammation in a subject.

{0162] For example, up-regulation of RANKL, IGF-1, VEGF, and SDF-1 was
achieved in cardiomyociyes using such signals. Up-regulation of SDF-1 was achieved n pig
heart. Up-regulation of VEGF, endothelial NOS ("eNOS™), hypoxia-inducible factor 1-alpha
(“HIF-1-07"}, and IL-6 was achieved in eye cells. Up-regulation of RANKL and osteoprotegerin
{(“OP(Gy was achieved in bone, tooth and gum,

[0163] Also described 1s a method of activating a tissue fo produce SDF1, the method
imncluding: stimulating the (e.g , human} tissue with an electrical signal, wherein the electrical
signal includes (within 15%). 30 pulses per second with a voltage of about 3.5 mV, and
successively alternating currents of about 700 to 1500 picoamps for about one minute, and again
with 700 to 1500 picoamps for about one nunute and stimulated with current of about 0.25 mA,
pulse duration of about 40 pulses/s, puise width of about 100 us, wherein the electrical signal is
as measured three (3) mm deep into the tissue.

[0164] Further described is a method of activating a tissue to atiract a stem cell, the
method meluding: stimulating the {e.g., human) tissue with an elecirical signal, wherein the

electrical signal includes (within 2%} fifleen (15) mV and a current of about 300 picoamps at
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70 puises per minute for about three (3) hours and 20 pulses per mimite, a pulse amphitude of
from about 2.5-6 volts, and a pulse width of {rom about 0.2-0.7 mulliseconds for about three (3)
hours for about three (3) nunutes, wherein the electrical signal is as measured three (3) mm deep
into the tissue.

[#165] A combination bioelectric stimulator that controls expression and/or release
in the scarred heart of SDF-1, IGF-1, HGF, EGF, eNOS, VEGF, Actuvin A and B, follistatin,
tropoelastin, GDF-10, GDF-11 and Neurogenin 3 combined with repeat delivery of a mixed
stem cell and growth factor cardiac matrix composition via an implantable re-fillable micro
mfusion pump may be advantageously used.

{0166]  In some cases, SDF-1 recrutts via a presumed homing signal new reparative
stem cells to the damaged organ. VEGF causes new nuirient and oxygen producing blood
vessels {0 grow o the area being treated. 1GF-1 repairs damaged cells, tissues and organs.
Follistatin repairs damaged muscle. Tropoelastin adds elasticity to treated tissues making them
more comphiant. HGF aides in all repair processes and in the specific case of the heart
regeneration reduces the risk of arthythimias.  All of these proteins work together o fully
regenerale an organ over time.

{0167} The healing process can be accelerated with the use of a micro infusion pump
that is filled with various types of stem cells and growth factors and in some cases drugs.

[#168] In certam embodiments relaling to the treatment of cancer and tumors,
described 1s a method of mhibiting the growth of cancer cells in a target region, wheremn the
method includes treating the cancer cells with an anti-cancer drug; and applying an electric field
to the target region for a period of time, wherein the electric field has frequency and field
strength characteristics selected 1o inhibit the growth of cancer cells in the target region. Insuch
a method, in the applying step, the field mav be applied 1n at least two different directions inan
alternating sequence.

[#169] In such a method, the drug dosage may be less than 20% of a standard dosage
for the drug.

{0178] In such a method, the period of time 1s typically at least 24 hours.

{0171] In such a method, the field strength is typically at least one (1) V/em

18172] In such a method, the drug typically comprises at least one of paclitaxel,
doxorubicin cyclophosphammde, and cisplatin. fn such a method, the field strength s typically

at least one (1} V/om and the period of time s at least 24 hours.
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{0173] Also described in certain embodiments is a method of killing or inhibiting the
growth of cancer cells i a target region, wherein the method includes applying an eleciric field
to the target region for a period of time while the cancer cells are being treated with an anti-
cancer drug. wherein the electric field has a field strength in the target region of at least one (1)
V/em. In such a method, the drug dosage is less than 20% of a standard dosage for the drug.
In such a method, the period of time is at least 24 hours. In such a method, the drug comprises
at least one of paclitaxel, doxorubicin cyclophosphamide, and cisplatin. In such a method, the
field strength is between one (1) V/om and 5 V/em and the period of time is at least 24 hours.
In such a method, n the applving step, the field is apphied 1o at least two different divections
an alternating sequence. Tyvpically, the drug comprises cyclophosphanude, and typically, the
period of time is at least 6 hours.

[#174] What foliows are preferred signals from the stimulator. For example,
described are two PDGF expression control signals, one low voltage and one higher voliage.
The test tissue is sheep heart tissue. The test cells are mesenchymal stem cells,

{0175] 30% PDGF increase > 3 V/iem, 10 Hz, 2 micro amps (0.000002 amps) and
the pulse duration 0.2 ms.

0176] 230% PDGF mcrease > 20 V/om 100 Hz, 0.25 mA (2.5¢-7 amps) and pulse
duration of 40 pulses/s, width of 100 ys.

[#177] 40-manute {reatment cycles 2 times a week for 4 weeks and then 3 times a
week for 12 weeks.

{0178] PDGF Signal: 20 V for one (1) nunitte, 20 MVs for 10 minutes, current of
.25 mA, pulse duration of 40 pulses/s, pulse width of 100 us, and frequency of 100 Hz for 5
minules followed by 528 Hz for 3 minutes and 432 Hz for 3 munutes and 50 Hz for 3 minutes.

0179 VEGF - Blood vessel sprouting growth: 0.1 V applied at a frequency of 50
Hz. Duration 3 nunutes.

[#188] SDF-1 - Stem cell recninting signal: 30 pulses per second with a voltage of
3.5 mV, and successively alternating currents of 700 to 1500 picoamps for one minute, and
again with 700 to 1500 picoamps for one minute and stimmilated with current of 0.25 mA, pulse
duration of 40 pulses/s, pulse width of 100 us, and frequency of 100 Hz - each signal for 40
minuies to 8 hours a day for 2 1o 36 months as needed for ideal results. Duration 7 minutes.

[0181] Stem cell proliferation signals: 15 mV and a current of 500 picoamps at 70
pulses per mumite for 3 hours and 20 pulses per minute, a pulse amplitude of from 2.5-6 volts,

and a pulse width of from 0.2-0.7 malliseconds for 3 hours. Duration 3 minutes.
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{0182] Stem cell differentiation signals to become muscle: 200 picoamps for 10
seconds for one (1) howr and the pulse has an amplitude of § volts and a width of 0.5
milliseconds for one (1) hour. Duration one (1) minute,

[#183] Another method is to reverse polarity and drop the voltage.

{0184] Follistatin - {muscle growth) production signal: 10V at 30 HZ and 100 HZ
(.25 mA. Duration one (1) minute,

[0185] HGF - Hepatocyte growth factor (arrhythmia reduction} signal: 3.5 V
stimulation in 10 second bursts, one (1) burst every 30 seconds at frequency S0 HZ. Duration
3 minutes.

[0186] IGF-1: 3 mv with electric frequency of 22 Hz, and electric current of one (1)
mA for 15 minutes and 3 ma for 15 minutes. Duration 5 nunutes.

{0187} Tropoelastin: 0.06 V with 50 Z altemating electrical field and electric current
of 1 ma for 15 nunutes and 3 ma for 15 nunutes. Duration 2 nunuies.

[0188] RANKL/TNF-q, nuclear factor-kappa B (NF-xB) ligand/ TNF-o. 3MV at
2/100 Hz alternating frequency with cwrrent of 3 ma followed by 15 Hz, one (1) Gauss EM
field, consisting of 5-mullisecond bursis with S-microsecond pulses followed by 200-us pulse
duration at 30 Hz and with current amplitude of 140 mA. (Optional use depending on
application.}

[0189] eNOS: Alternating high-frequency (HF) and medivm-frequency signals
(MF): Symmetric, biphasic, trapezoid pulses, with 400-us pulse duration and 1.5/1-5 ramp-
up/ramp-down duration, respectively. HF consisted of 75 Hz pulses with 6 second on-21 second
off for 15 minutes. MF consisted of 45 Hz pulses with 5 second on-12 second off for 15
minules. Followed by stimudation duration set as 20 minutes for both one (1) Hz and 20 Hz
stimulations. For one (1) Hz stimulation, stunulation is applied for 9 seconds, followed by aone
{1} second silent period, a total of 1080 stimulations for 20 min. For 20 Hz stimulation,
stimulation 15 applied for 2 seconds, followed by silent period for 28 seconds, a total of 1600
stimulations for 20 min. Duration 2 mimses.

[0198] Activin B 6 mw at 150 HZ Monophasic square wave pulse 0.1 ms in duration
current of 15 mA for 15 minutes. Pruration 2 mimutes.

{0191} EGF - 10 Viem, pulse-width 130 ps, 500 Hz. Duration 9 minuies.

{0192}  An exemplary bioelectric signal sequence suggested for heart regeneration in
humans split into six phases is as follows.

[6193] Phase I - Prepare Scar (“soil prep™): 10 minutes
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IGF-1 signal 3 minutes
—  PDGF signal 3 minutes
—  HGF signal 2 minutes
EGF signal 2 minutes
Phase I - Grow New Blood Vessels ("lay wrrigation system™): 5 minutes
—  VEGF signal - 3 nanutes
SDF-1 signal - one (1} minute
eNOS signal - one (1) minute
Phase [ - Recruit and Inject Stern Cells ("plant™); 15 munutes
- SDF-1 signal ~ 10 minutes
PDGF-1 signal § minutes
Phase TV - Build Tissue (Fgrow™): 25 minutes
—  Stem Cell Proliferation Signal - 5 roinutes
Stem Cell Differentiation Signal - 5 minutes
Follistatin Signal - 5 minutes
—  Tropoelastin Signal - 5 muinutes
- GDF-10 - 2 minutes
GDF-11 - 3 minutes
Phase V - Post Tissue Growth Mamtenance (“lertilize™): 30 nunutes
- VEGF - 3 minutes
EGF -~ 2 minutes
eNOS - 2 mimes
~  HGF - 5 munutes
- PDGF - 3 nunutes
Tropoelastin - 5 nunutes
Relaxin - 5 mumites
—  Follistatin - 5 minutes
Phase V1 - Protect Against Fnemies (“pesticides™}: 10 minutes
Activin A and B - 5 minutes
—  IGF-1 - 5 nunudes
RESULTS OF ELECTRICAL STIMULATION (ES) OF CELLS IN VITRO

IL-1B: mRNA expression was up-regulated from 16 up to more than 400 times

when cells were treated with 10 to 20 V between 3 and 20 hours.
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[0226] IL-60 mRNA expression was up-regulated from 3 times —as soon as 15

minules- 1o 10 times.

0227 IL-8: mRNA expression was stimulated by 5 1o 50 times.

[0228] HGF: mRNA expression was up-regulated by more than 10 times.

[0229] TNFo mRNMNA expression was up-regulated by 9 1o 24 times.

{0230] MMPY: mRNA expression was up-regulated 9 to 23 times with 3 and 24 hours

of ES, respectively.

{0231] (CCL2: mRNA expression was up-reguiated 15 to 64 times.

18232] CXCLS: wmRNA expression up-regulated thousands of times.

{02331 CXCL1O: mRNA expression up-regulated a thousand times by long term, 24
hour, electrical stimulation /7 vifro. These experiments were performed on adipose dertved stem
cells (among other cell types).

[0234] A week after treatment, samples can be collected for morphometric evaluation
by in-sifu hybridization or RT-PCR.

{0235] The PCR machine used herein 1o detect protein expression was the Applied
Biosysiems 7900HT.

[0236] FIGS. 6-20 are images of the corresponding signals with the name, voltage,
and frequency of each signal written on each image. eNOS and differentiation signals were
omitted due to of complexity or lack of frequency parameters. The signals are 1o be further
defined in terms of cwrrent and frequency, not vollage and frequency as shown., The voltage
delivered to the cells will be different for each tissue type, but with current ali of the signals can
be kept constant regardless of tissue type. The device should have a current driven signal
(instead of voltage driven like most other devices).

{02377 Specifically, FIG. 6 depicts an image of the signal {voltage and frequency)
associated with Activin B at 6.0 mV, pulse width 100 ps, square wave on a TEKTRONIX®
TPS 2024 four channel digiial siorage oscilloscope. FIG. 7 depicts an image of the signal
{voltage and frequency) associated with EGF at 10 V/em (5V here), 300 Hz, pulse width 180
us, square wave. FI(G. 8§ depicts an image of the signal (voltage and frequency) associated with
follistatin at 10 V/em, 50 Hz, square wave. FIG. 9 depicts an image of the signal {(voliage and
frequency ) associated with HGF at 3.5V, 10 second burst every 30 seconds, square wave. FIG.
10 depicts an image of the signal (voltage and frequency) associated with IGF-1: 3.0 mV, 22
Hz, square wave. FIG. 11 depicts an image of the signal {voltage and frequency} associated

with OPG: 4.0 mV, 2,000 Hz, square wave. FIG. 12 depicts an image of the signal (voltage and
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frequency) associated with PDGF 30%: 3 V/em (100 mV here}, 10 Hz, pulse width 200 us,
square wave. FIG. 13 depicts an image of the signal (voltage and frequency) associated with
PDGF 230%: 20 V/em (7.0 'V here}, 100 Hz, pulse width 100 us, square wave. FIG. 14 depicts
an image of the signal (voltage and frequency) associated with proliferation: 15 mV. 70 Hz,
square wave. FIG. 15 depicts an image of the signal {voliage and freguency) associated with
proliferation: 2.5-6.0'V (4 V here), 20 Hz, pulse width 200-700 us, square wave. FIG. 16 depicts
an image of the signal (voltage and frequency ) associated with RANKL: 3.0 mY¥, 2 Hr, square
wave. FI(G. 17 depicts an image of the signal (voltage and frequency) associated with SDF-1;
3.5 mV, 30 Hz, square wave. FIG. 18 depicts an tmage of the signal (voltage and frequency)
associated with tropoelastin: 60 mV, 50 Hz, square wave. FIG. 19 depicts an image of the signal
{voltage and frequency) associated with VEGF: 100 mV, 50 Hz, square wave. FIG. 20 depicts
an image of the signal (voliage and frequency) associated with SDF-1 (2% part): 0.25 mA (3.0
V shown here), 100 Hz, 100 us pulse width, square wave.

{0238] Production of SDF-1 15 best under control with two signals in sequence. If
ones uses just one signal, the SDF-1 increased expression effect peaks at one {1} hour and then
diminishes. I vou use two signals, the SDF-1 expression effect does not dimnimish after one (1)
hour.

[0239] In certain embodiments, an inflammation management bioeleciric signal
sequence 1S generated from a bioelectric stimulator (e.g., a Rigol DGI0227 funciion
generalor/stimulator from Rigol US, Beaverton, OR, US modified to deliver microcurrent)
applies a direct microcurrent to the subject of about 0.35 pA for from about 10 mimutes to about
8.5 hours daily during the mflammation management phase and in an anti-inflammatory
frequency range of 139-147 Hz + 3 Viem, or 10 Hz, 0.2 s, 3 V, pulse duration for about 4
hours. This hioelectric signal 1s preferably followed up with a second mflanunation
management bicelectric signal delivered from a programmed bioelectric stimulator (Rigol} of
10 Hz, 0.2 ms pulse duration, 3 V. See, also, Yuan et al. “Electrical stimulation enhances cell
mugration and itegrative repair i the menscus” Scigwific Reporis Volume 4,
Article number 3674 {2014), the contents of which are incorporated herein by thus reference.

{0240] In certain embodiments, a subject’s organ(s) and/or tissue(s} are first scanned
or analyzed with a device {0 determine what his or her needs may be before treatment begins.
The scanning / analysis can be by, e.g.. generating mechanical vibrations at position adjacent
the location to be an analyzed as described in, e.g., U.S. 2003/0220556 A1 1o Porat et al. (the

contents of which are incorporated herein by this reference) and/or by measuring
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transmembrane voltage potential of a cell {see, e.g, Chemet and Levin, “Transmembrane
voltage potential 15 an essential cellular parameter for the detection and control of tumor
development 10 a Xemopus model,” Dis. Models and Mech 6, pp. 595-607 (2013);
do1:10.1242/dmm 0108335, the contents of which are also incorporated herein by this reference.
See, also, Brooks et al. “Bioelectric impedance predicts {otal bodv water, blood pressure, and
heart rate during hemodialvsis in chaldren and adolescents,” J Ren. Nutr., 18(33:304-311 (May
2008); dot: 10.1053/1jm . 2007.11.008, the contents of which are incorporated herein by this
reference, describing the use of bioelecinc impedance to evaluate the vanability of blood
pressure, systolic blood pressure, ete.

[0241]  As used herein, “scanming” means measuring bioelectrical electncal activity
of organs, sometimes by placement of a bion coil reader and transmitter in the organ, and direct
that information {0 a computer. The computer siores the bioelectrical read measurements of
diseased organs and healthy organs and makes a comparative exam classifying the organ mto
one category or another, which is much like a doctor using information to make a diagnosis.

{0242] Presently, the best approach for whole body and individual organ scanning is
to use a combination of (a) 3D Body Scanmint, (b} Quantom Magnetic Resonance Scanning,
(¢} Biofeedback scanning, (d) Biocelectric scanning, (e} Bion implant scanning, (f) MNervous
gystem scanning, and {g} Light-activated cell reaction reading.

[0#243] Scanners such as the Ina’Chi scanner, the Quantum Magnetic Resonance
Analyzer (QMRA), the 3D Quantum Health Analyzer Scan whole bodyv organ health 2,
Body Scan® scanner, and the “BIONic muscle spindie” are also useful.

[0244] See, also, P. Colling “Bioelectric Signals Can Be Used to Deiect Early
Cancer,” Tufis News, hitp://now tufts eduw/news-releases/bioelecirnic-signals-used-detect-early-
cancer (Feb. 1, 2013) reported that scientists had discovered a bicelectric signal that can identify
cells likely to develop into tumors, and that they could lower the incidence of cancerous cells
by manipulating the electrical charge across cell membranes. After the subject’s needs in this
regard are determined, then {reatment (e.g., enhanced tissue growth or regeneration) may be
mitiated as needed and/or desired, preferably with the same device.

{0245 U.S. Patent 9,032,964 1o Schuler, the conienis of which are mcorporated
herein by this reference, entitled “Method and system for processing cancer cell electrical
signals for medical therapy”™ describes a scientific computer system with processor capable of
recording, storing, and reprogramming the natural electrical signals of cancer cells as found in

furnors of humans and amimals. The reprogrammming process 1$ designed to create a confounding
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electrical signal for retransmission into a malignant tumor {0 damage or smi-down the celhular
mternal elecirical communication system. Altering the electrical charge on the glycocalyx of
the outer cell membrane is also part of the treatment by application of ions. The svstem causes
cancer cell death as a medical ireatment using ultra-low voltage and amperage encoded signals
which are reprogrammed from cancer cell communication signals.

{0246] For example, the subject 1s positioned for analvsis with a device, preferably
with a non-invasive festing device for evaluating, e.g., the auionomic nervous system, organ
function{(s}, and risk factors associated with heart disease, diabetes, and stroke. The non-
mvasive festing device may analyze data from, e.g., the subject’s skin galvanic response, skin
color, oximeter, blood pressure, and body composition analyzer o determine hardening and
thickening of the subject’s arteries, the subject’s heart health, exercise capacity, thyroid
function, neurotransmitter balance, and muliiple other markers for health. See, also, Fatemi et
al. “Tmaging elastic properties of biclogical tissues by low-frequency harmonic vibration”
Proceedings of the IEEE, 91(10):1503-1519 (Oct. 2003)

{0247] In an altemative embodiment, the analysis conducted by the device comprises
{or further mcludes) detecting minute energy fields around the human body with, eg., a
“SQUID magnetometer” (SQUID 1s an acronvm for “Superconducting Quantum Interference
Device™), able to detect biomagnetic fields associated with physiological activities in the
subject’s body. A quantum resonant magnetic analvzer analyzes such fields. The magnetic
frequency and energy of a subject’s organ{s) and/or tissue(s} are collected by appropriately
positioning the sensor with respect to the portion of the subject’s organ{s} and/or tissue(s) to be
enalyzed, and after amplification of the signal by the insirument, the data are compared with
standard quanturn resonant spectrum of diseases, nuirihion, and other indicators/markers to
determine whether the sample waveforms are irregular using a Fourier approach.

[0248] Treatment may include, e.g.. moving magnets or changing magnetic fields
{pulsed electromagnetic fields) about the ftissue and/or organ, for example, to reduce
mflammaation or treat pain or induce fissue growth in the subject.

[0249] The subject’s body is scanned to detect non-cancerous tissue damage. When
non-cancer damage 1s detected, treatment may be inttiated/indicated/scheduled.

18258] The invention 1s further described with the aid of the following illustrative

Examples.
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EXAMPLES

{0251] EXAMPLE - Controlling Expression of Follistatin

[0252] Low voltage pulsed electrical stimulation device for controlling expression of
follistatin, a muscle formation promotion protein, from tissues.

[0283] Epicardial stimudation is especially useful for heart regeneration.

[0254] In one embodiment, the systern stimulates the controlled production/release
of follistatin, a known myostatin inhibitor, thus promoting the formation of new muscle and
repair of damaged or weakenad muscle including heart muscle post heart attack. Follistatin-like
F{FSTL1} s aprotein that encourages the growth of healthy cells, contractile muscle tissue and
even blood vessels, helping supply the newly created muscle tissue with oxygen and nutrients.
This therapy was originally designed to reduce or eliminate scarring of the heart following a
heart attack and reversing heart failure, but may also be applicable to treating other organs
suffering from muscle loss or degradation.

[0285] The electrical stimulation device promotes the reliable controlied expression
and/or release of follistatin with practical, safe, low voltages. The version of the svstem
described in this Exarple includes the following compounents: Micro voltage signal generator
(micro-stimudator from QUG Greatbatch); pacing and mfusion lead; corkscrew tip; conductive
poiymer bandage wrap or patch; signal programmer; and extemnal battery charging wand.

[8256] Relationship Between The Components:

[3287] The micro voltage signal generatoris attached to the pacmg infusion lead with,
e.g.. acorkscrew tip or conductive polymer bandage or patch fo the tissue or organ 1o be ireated.
An external signal progranumer may be used to program the micro voltage signal generator with
the proper signals for treatment including the follistatin producing signal. The device baitery
may be re~chargeable with an external battery charging wand.

[0258]  In use, the signal generator sends a signal to the target tissue organ that causes
the genes within the DNA of that tissue o stari the follistatin svnthesis process on demand. The
signal generator sends a signal fo the target tissue organ that causes the genes within the DNA
of that tissue to start releasing follistatin on demand. The follistatin - (nmuscle growth}
production signal 1s preferably 10V at 50 HZ and 100 HZ 0.25 mA alternating back and forth.
A 3V signal 1s being developed.

[0259]  The system not only controls the DNA to build ribosomes and proteins, but
also conirols the gates of the cell membranes opening and closing correctly to promote

regeneration.
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{0268] The essential elements are the micro voliage signal generafor and the means
for delivering the signal to the target tissue.

{0261} A nucro mfusion pump is included to the system for delivering other
supportive substances or even follistatin in greater volume more quickly.

{0262] The signal generator may be external or internal. The transmission of the
signal may be wireless, via hquid and/or via wires.

[0263] The tissue contact interface may be a patch or bandage or may he via
electrodes or leads.

18264] The described system produces follistatin under precise dosing control at safe
and corafortable low voltages.

{0265] The signal generator programmed with the follistatin expression and/or
release signal 1s direcied via a lead, bandage of patch to the target organ tissue i need of muscle
repair or build up. As the signal 1s in stumulation mode the tissue releases follistatin and rouscle
is built or repaired as needed unttl full function resumes or the desired enhanced function is

reached.

{0266] EXAMPLE - Treatmuent of the pancreas with bioelectric controlled protein

[0267] Treatment of the pancreas with bioelectric controlied protein expression and
micro nfusion pump stern cell composition delivery

[8268] A pancreas regeneration system imchudes three primnary components, First, the
micro bicelectric regeneration stimulator (micro-stimulator from QIG Greatbatch) that controls
expression and/or release of 10 regeneration promoting proteins including SDF-1 a stem celi
homing signal, IGF-1, HGF, EGF, activin A and B, eNOS, VEGFE follistatin and tropoelastin.
Second, a programmable, re-fillable nicro infusion pump. Third, a fifieen component stern cell-
based regeneration composition comprising a variety of cell types, growth factors, BMP-7,
PDLE-1, HGH, selected alkaloids, micro RWNAs, nutrient hydrogel, NADA and pancreatic
matrix.

{0269] In use, the stimulator and pump are implanted just below the subject’s skin
with a re-fillable sificone septum port with pacing infusion lead directed to the pancreas with a
total conductive mfusion wrap fip that is gentle on the pancreatic tissue. One portion of the

pacing infusion lead is directed to the interior portion of the pancreas.
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{02707 EXAMPLE - Brain and Organ Regeneration Device based on Bioelectric
IGF-1 Stimudation

[0271] An organ regeneration device that produces controlled expression and/or
release of platelet-derived growth factor by bioelectric stimulation is disclosed. The system
provides controlled sustained and repeated expression and/or release of PDGF via a wire
conduction lead or wireless signal delivery and mayv be combined with a micro mfusion purmp
for maximumm results in severe organ failure cases.

{0272} A Bramm and Organ Regeneration Device based on Bioeleciric IGF-
Stimulation 1s disclosed. The system directs a lead (o exactly the right position with the target
organ and stiroulates controlled expression of IGF-1 in combination with SDF-1, VEGF, HGH,
HGF, Follistatin and tropoelastin in the proper sequence o optimize repair and regeneration.

[6273] Damaged aged or cancer sincken organs and fissues are unable {0 be
regenerated back 1o their original health with prior art therapies. Further, imgections wash away
and needle pricks are painful and the enitry site is too far away from the organ. Other prior art
electrical stimuiation devices do not: produce the expression 1GF-I or other combination useful
proteins in the most effective sequence.

[0274] The disclosed system directs a lead to exactly the right position with the target
organ and stimulates controlled expression of IGF-1 in combination with SDF-1, VEGE HGH,
HGFE, follistatin, and tropoelastin in the proper sequence (o optinize repair and regeneration,

{0275)  1GF-1 can transport raw materials to the cells for repair and renovation. IGF-
1 promotes raw material transport to the cells. Meanwhile, nucleic acids are helpful in repairing
the damage in the DNA, while stimulating ceil division. IGF-1 1s able to minimize the DNA and
cell stellar damage, but also treat the DNA and the cell. The IGF repair cells and thus tissues
and organs, especially when delivered over tume in combination with other factors such as SDF-
1, VEGF, HGH, HGF, follistatin, and tropoelastin.

[9#276] Conirolled on demand expression of IGF-1 can help repair cells, tissues and
organs including bramn, muscle, pancreas, lung, skin, kidney and liver.

{06277 1GF-1 injections and infusions do not get enough repair material 1o the target
organ or tissug and cause inflammation, which is counterproductive to regeneration. Thus
electrical stimulation is preferred. Prior art electrical stimulation systems failed {o express the
right regenerative proteins at the right time.

[0278] The svstem directs a lead to exactly the right position with the target organ

and stimudates controlled expression of IGF-1 in combination with SDF-, VEGFE, HGH, HGF,
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Follistatin, and tropoelastin in the proper sequence {o optimize repair and regeneraiion. Also, it
can produce hearts, kidneys, livers, lungs, brains, pancreas, hung, skin, knees, and elbows, skin,
penis, breasts, aorta, arteries, and limbs.

106279} The version of the system discussed for this Example includes the following
components: bioelectric regeneration stirmiator (micro-stimudator from QHG Greatbaich):
signal for causing controlled expression and/or release of IGF-1: applied 20V at one (1) Hz with
a frequency of 5 ms for 24 hours; signal for causing conirolled expression and/or release of
SDF-1; signal for causing controlied expression and/or release of VEGF, signal for causing
controlled expression and/or release of HGH. signal for controlled expression and/or release of
HGF: signal for controlled expression and/or release of follistatin; signal for controlled
expression and/or release of tropoelasting pacing infusion lead to implant in organ or tissue to
be treated; infusion and electrode wide area paich {optional); wireless transmitter for all signals
hsted above {optional); refillable micro purp {optional); external programyoer; and external
battery charger.

{0280] The regeneration stimudator may be implanied just below the skin of the
patient or may be external, especially if the wireless option 15 chosen. For the implantable
maodel, an nfusion conduction lead is directed from the stimulator to the organ or tissue to be
repaired. The tip of the lead is lodged into the tissue with a corkscrew or other fixation tip. The
regeneration stimulator s programmed by an external prograromer. The stimudator is
programmed to cause expression and/or release of specific regeneration proteins in a preferred
sequence to optimize organ repair starting with VEGE, then SDF-1, then IGF-1, then HGH, then
HGF, then follistatin, then tropoelastin. The wireless version is apphied externally with the signal
pointed to the organ to be regenerated. The signal may be constantly calibrated to adjust {or fat,
skin, and other obstacles between the signal generator and the organ of Interest to be treated.
The device may be recharged with an external charger In cases of very widespread organ
damage, a wide array infusion and electrode patch may be used to cover the damaged organ
area more completely. To accelerate the organ regeneration, an implantable, programmable,
refillable micro infusion pump may be used to deliver various stem cells, nutrient hvdrogels
Micro RNA’s and growth factors and (in some cases} drugs.

{06281} SDF-l recruits via homing signal new reparative stem cells to the damaged
organ, VEGF causes new nuirient and oxygen producing blood vessels to grow mnto the area
being treated. 1GF-1 repairs damaged cells, fissues and organs. Follistatin repairs damaged

muscie. Tropoelastin adds elasticity to treated tissues making them more compliant. HGF aides
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in all repair processes and in the specific case of heart regeneration, reduces the risk of
arthyvthmias. All of these proteins work together to fully regenerate an organ over time. The
process am be accelerated with the use of a micro infusion pump that is filled with varous types
of stem cells and growth factors and in some cases drugs.

[#282] The construction of electric signal generators, and pacemalkers, are known to
the art and can be obtained from OEM supphiers as well as their accompanying chargers and
programmers, What is unigue is the programming of specific signals to use specific protein
expressions at precisely the right time for optimal organ regeneration. Pacing nfusion leads
may be purchased from a variety of OEM vendors. An infusion and electrode wide area pitch
may be constructed by cutting conduction polymer to shape and formung plastic into a flat bag
with owtlet ports in strategic locations.

{1283]  Any one of the protein expression signals work well on their own for organ
regeneration, but they work better together. As previously identified herein, SDF-1 is the most
powerful regeneration protein followed by IGF-1.

[0284] A wireless, single lumen infusion pacing fead or infusion conduction wide
array patch may all be used 1o deliver the regeneraion signals and substances to the organ of
interest to be treated or they may be used in combination.

[0285] A bionic neuron ("BION™} device (injectable microstimulator) may be
adapted to provide the requisite stimudation. Such a device is typrcally the size of along grain
of rice (2 muom wide by 15 ram long) and comprises an mitegrated circutt chip sandwiched nside
an antenna coil.

{0286] The regeneration stinutator lead or wireless signal is directed to the organ to
be regenerated and the protein signals are delivered. Again, the most important 1s SDF-1 whach
recruits new stem cells to the site and 1ts accompanying reverse polanty signal which triggers
differentiation of the recruited stem cells into useful tissues.

[3287] The second most mportant is IGF-1, which 1s highly potent in cell repair,

VE'GF helps grow m blood vessels for feeding the newly created and newly regenerated tissues.

[6288] EXAMPLE - PDGF

10289] Described herein is the bioelectric controlled expression of platelet derived
growth factor (PDGF). PDGF 1s a powerful organ regeneration protein/cvtokine. PDGY is one
of the most potent growth factors in promoting cell, tissue and organ repair applicable 1o a wide

variety of uses. It has been demonstrated {0 be especially usefid in heast regeneration.
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{0290] Described is the precise bioelectric signal for triggering PDGF expression
from tissues. PDGF combined with the programmable micro-infusion pump and fifteen
component organ regeneration cornposition 15 to help patients with degenerating and diseased
organs to recover. Both wireless non-invasive and implantable wire lead based means may be
utilized to get the regeneration and healing promoting bicelectric signals to organs.

{0291} PDGF constitute a fanuly of four gene products (PDGF-A-D) acting by
means of two receptor tyrosine kinases, PDGFRa and B. Three of the ligands (PDGF-A, PDGF-
B, and PDGF-C} bind 1o PDGFRa with high affinity. PDGF signaling is essential for epicardial
cell proliferation. PDGF signaling plays important roles in coronary vessel formation,

[0292]  PDGF also induces DNA synthesis in cardiomvocytes. PDGF recruits
sterny/progenitor cells. PDGF can trigger controlled cell protiferation. PDGF can coninibute to
cell reprogramming and transformation into induced multipotent stem cells. PDGF downstream
effects include regulation of gene expression and the cell cvcle. PDGF can be used 1o create
cell-specific antifibrotic compounds including those needed for liver regeneration. PDGFs are
required for normal kidney development via recruitment of mesenchyvmal cells to both
glomeruli and the interstitium. PDGF exerts essential roles {rom the gastrulation period to adult
neuronal maintenance by contributing o the regulation of development of preplacodal
progenitors, placodal ectoderm, and neural crest cells to adult neural progenitors, in
coordinating with other faciors. PDGF plays critical roles for maintenance of many specific
cell types 1n the nervous system together with vascular cells through controlling the blood bramn
barrier homeostasis. PDGF modulates neuronal excitability through adjusting various ion
channels, and affecting synaptic plasticity and finction. PDGF stimulates survival signals,
majorly PI3-K/AkL pathway but also other ways, rescuing cells from apoptosis. PDGF in
dendrite spine morphology 15 critical for memory in the developing brain. PDGF has been
found to stimulate regeneration of periodontal tissues and bone. PDGF signaling is essential in
regeneration of hearts in animals. PDGF signaling induces DNA synthesis in the cells and 1s
required for cardiomyocyie proliferation during heart regeneration. PDGF was used in
biological pacemaker development, and it worked well to help form new sino atrial node cells
from atrial myocvtes. PDGF has been found useful in regeneration of other organs such as eves,
tangs, kidneys, brains, and aortas.

[0293] Described 1s an organ regeneration device that produces controlled expression
and/or release of PDGF by bicelectric stimulation. Failing organs cannot produce enough

PDGF (o fully regenerate.
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{0294] Other devices only provide one time delivery of PDGF, which 1s insufficient
to fully regenerate a failing organ. Infusion systems lose too much therapeutic agent.

{0295] The systern provided herein provides controlled sustained and repeated
delivery of PDGF via a wire conduction lead or wireless signal delivery and may be combined
with a micro infusion pump for maximum results in severe organ fathure cases.

[0296] The bioelectric sttmulator preferably reads the needs of an organ and produces
expression and/or release of PDGF m just needed amounts to enhance organ regeneration,
Researchers previously conducted organ regeneration studies of one ime injection of PDGF
with a needle and syringe. This 1s impractical and will not work for major organ repair,

[0297] A onetitoe dose s not enough to fully regenerate an organ. To access the organ
with a needle and syringe is very invasive, dangerous and painful. Injected or infused PDGF
has a high wash out loss rate.

[0298] The system provides controlled sustamed and repeated expression and/or
release of PDGF via, e g, a wire conduction lead or wireless signal delivery and may be
combined with a micro infusion pump for maximum results in severe organ failure cases.

18299] Also, it can produce the device may also be used for organ enhancement
mstead of just organ repair such as brain function enhancenment.

{0308] The version of the system discussed for this Example inchudes the following
components: micro bioelectric signal generator; programming wand; programming computer;
pacing infusion lead; micro infusion pump; PDGF bioelectric signal program; PDGF solution;
organ reading device and processor; organ reading software program and analysis software; and
wireless energy beam transmitter.

18301] Relationship Between The Components:

[0302] The micro bioelectric stimulator is programmed with the progranming wand
connected to the progranmuming computer with the PDGF bioelectric signal of 20 V, 50 Hz, and
0.2 amps. The micro stimlator is connected to the pacing infusion lead and the other side of
that lead 15 affixed in the ceniral portion of the damaged or diseased target organ. The
programming wand connected to the programnung computer can active the micro bioelectric
stinulator t0 become an organ reading device. When programmed with the organ reading and
analysis software the organ reader 1s able to read all the bicelectric activity of the fathing organ
as well as 1ts phenotype, genotype including genetic defects and vanation and chemical and

biologicaliy metabolism.
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{0363] The bioelectric stimulation controtied PDGYF expression causing new blood
vessels to grow mto the {aling organ{s) and new healthy organ tissue to form. The reader
adjusts the therapeutic dose as needed. The micro nfusion purop re-filled daily with a nuxed
stem cell based composition that includes PDGF and may also include SDF-1, IGF, EGF, HGF,
HGH, Activin A and B, eNOS, VEGE follistatin, troposlasting GDF-10, GDF-11 and
Meurogemin-3, selected alkaloids, and selected anti-inflammatory factors may be used to
supplement the bioelectric stimulation therapy for orean repair in seriously failing organs.

{0304] If the organ failure is severe, an added programmable, implantable, re-fillable
micro infuston pump may be added to the therapy. The micro pump is refilled daily with about
2 yol of stem cell-based organ regeneration composition that mcludes PDGFE. If itis noteasy or
desirable to reach the organ to be treated with a wire-based pacing infusion lead, the operator
may utilize a wireless energy beam transmitier to deliver the bicelectric regeneration signals
wirelessly to the organ.

{0305] In this embodiment, the stimulator, lead, and programmer are essential. The
micro infusion pump and mixed organ regeneration composition are optional,

18386] The micro sttmulator, and if chosen, the micro infusion pump are implanted
somewhere below the skin of the patient with the pump silicone septum ports accessible for re-
filling just below the skin. The stimulator must be in a location reachable by the programming
wand attached (o a portable computer. The pacing infusion lead form the stimudator and purmp
15 directed to the central damaged portion of the damaged organ, 1.¢, heart, kidney, pancreas,
fiver. The micro stimulator may optionally be non-invasive and external and can deliver its
signal to the failing organ via a focalized wireless energy beam. Much like how they focalize
radiation to treat cancer tumors, but this energy stimudates organ regeneration.

{03077  Additionally: The micro stimulator may be programmed for additional protein
expressions. The micro pump may be used a stand-alone device. The sequence of use mayv be
changed.

[6308] The device may also be used for organ enhancement instead of just organ
repair such as brain function enhancement.

{03697 Two PDGF expression control signals. One low voliage and one higher
voltage. The test tissue 1s sheep heart tissue, while the test cells are mesenchymal stem cells.
30% PDGF increase with 3 V/om, 10 Hz, 2 micro amps (0.000002 amps) and the pulse duration
0.2 ms. 230% PDGF increase with 20 V/om 100 Hz, 0.25 mA (2.5¢”7 amps) and pulse duration

of 40 pulses/s, width of 100 ps.
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{0310] EXAMPLE - Treating Cancer Tumors Using Bioelectric Stimulation in
Combination with Micro Infusion

[#311] Previous cancer treatments failed 1o address the combination of stopping cell
proliferation and blood supply followed by regenerating the damaged tissue or organ,

{0312} Cyvtokine and Chemotherapeutic and regenerative treatment for certain
cancers may be combined with low intensity, intermediate frequency alternating electric fields
that are tuned to expression and/or release specific beneficial proteins ai specific time intervals.
More specifically, cell proliferation inhibition and halting blood supply 10 tumors m the first
treatment stage.  The bicelectnic stimulation treatment may be increased 1n volume and efficacy
by the combination use of an implantable. programmable, re-fillable micro infusion pump that
delivers anti-cell proliferation and anti-blood vessel growth proteins as well, if desired, standard
cancer treatment drugs such as chemo therapy agents. The second stage of treatment is focused
regeneration of cancer damaged tissues back to their most optimal healthv state. The
regenerative phase comprises a sequence of recruiting reparative stem cells o the damaged
organ by bioelectrically stimulating the expression and/or release of SDF-1 {(stem cell homing
factor), followed by a controlled prohiferation signal, a controlied blood vessel supply signal
(VEGF) and if desired and useful expression and/or release of Follistatin, tropoelastin, HGFE,
IGF-1 and Activin. The stimudation cycle causing expression and/or release of beneficial
proteins for regeneration may be upgraded 1n volume and speed of delivery by the combination
use of an implantable, re-fillable, programimable micro infusion pump for delivering a higher
guantity of stem cells, nutrient hyvdrogel, mairix and beneficial tissue and organ regeneration
promotion proteins.

{6313} Cytokine and Chemotherapeutic and regenerative treatment for certain
cancers comprising a combination low intensity, infermediate frequency alternating electric
fields that are tuned to expression and/or release particular beneficial proteins in two stages,
stage {1) is stopping cancer spread by halting cell prohiferation and halting turmor blood supply
and stage (2) regenerating the cancer damaged tissue or organ back to optimal health. In many
cases, the resulting cell proliferation inhibition is significantly higher than the inhibition
oblained by drug-only regimens of ireatment.

{0314] A wmethod of killing or inhibiting the growth of cancer cells in a target region
followed by regenerating the tigsue or organ back to optimal health, the method comprising the

steps of!
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{0315] Stage 1 = Stop cancer growth by:

{6316] Applving, to the target region, a series of bioelectric signals that damages the
cancer cells or inhibits the growth of the cancer cells via stopping cell proliferation and halting
blood supply temporarily, but leaves normal cells in the target region substantially unharmed;
and

[8317] Treating the cancer cells with another anti-cancer regimen via programmable
micro pump infusion, wherein the applving step and the treating step are performed
stmulianeously.

[8318] Stage 2 = Regeneration of post cancer tissue or organ by

{0319] Treating the target region with a series of bioelectric signals to recrut stem
cells, grow healthy blood vessels and re-grow healthy functional tissues in the previous cancer
damaged region

{0320] Insuch a method, in the applyving step, the field may be applied in at least two
different directions in an alternating sequence to halt cell proliferation and to stop blood supply
to the tumor.

18321]  In such a method, the other anti-cancer regimen may comprise treating the
cancer cells with an anti~cancer drug. In this method, the drug may comprise at least one drug
selected from the group consisting of paclitaxel, doxorubicin cyclophosphamide, and cisplatin.
In such a case, the drug dosage may be less than 20% of a standard dosage for the drug.

[6322]  In such a method, the bioelectric stimulation may expression and/or release
any one of these regeneration of fissue and organ beneficial proteins SDF-1, IGF-1, Activin,
HGF, VEGF, Follistatin or iropoelastin and in specific sequences for optimal organ health.

18323] In such a method, all bicelectric regeneration signal may be delivered
wirelessly and/or non-invasively.

{3324] In such a method, the target cancer may be breast cancer and the target
regenerative organ may be breasi reconstruction.

[0325] o such a method, the target cancer mayv be brain cancer and the target
regenerative orgarn is brain

{8326] In such a method, the target cancer may be prostate cancer and the target
regenerative organ may be the prostate,

10327 In such a method, the target cancer may be colon cancer and the target

regenerative organ may be the colon,
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{6328] In such a method, the target cancer may be throat or esophageal cancer and
the target regenerative organ may be throat or esophagus.

[0329]  In such a method, the target cancer may be pancreas cancer and the target
regenerative organ may be the pancreas with improved insulin production.

[6338] In such a method, the target cancer may be lung cancer and the target
regenerative organ may be lung(s).

{0331] In such a method, the target cancer mav be eve cancer and the target

regenerative organ may be the eve.

{03321 EXAMPLE - A combination protein expression stimulator, micro infusion
pump, and fifteen (15) component stem cell-based composition for saving brain function in
a subject following stroke or injury.

[6333] Brain function 1s lost when a stroke or brain mjury occurs 1n a subject due
to lack of oxygen and nutrients reaching a particular portion of the brain. Prior art therapies
are typically drugs that do nothing to regenerate lost brain tissue. Chemical drugs do not do
anything to affect neurogenesis (the growth of new brain lissue to replace damaged brain
tissue). For example, the most popular siraply dissolves blood clots, stopping further
damage, but doing nothing to recover brain tissue already lost.

[0334] Pror art elecincal stimulation devices do not have the correct signals for
homang stem cells or for regenerating brain tissue. Existing electrical stimulation devices
deliver one signal and that signal does not promote regeneration of lost brain tissue. Burst
electrical pulses of old-type stimulators do nothing to affect neurogenesis.

18335] Prior art one-time stem cell injections of one type of slem cell or modified
stem cell have achieved some success, but this therapy 15 limited and incomplete. One-time
needle injection cell therapies are too limited to recover major lost brain function. One-time
injection of stem cells on a stand-alone basis mostly die out without a support system and
cannot affect major neurogenesis,

{98336] The herein described combination of bicelectric stimulation of ten (10} key
regeneration proteins via bioelectric signals, 24 hours a day for seven days a week, combined
with datly or weekly infusions of the herein described fifteen component compositions
provides much more complete repair, recoverv, and regeneration of lost brain function

[8337] The herein described device, method, and system practice all forms of

“good farming” to grow a “new crop” of functional brain tissue in the skulls of post-stroke
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and post-injury subjects.

18338] The herein described sysiem rapidly and easily delivers ten (10} brain
regeneration promoting bioelectric signals to the subject within nunutes, combined with a
micro infusion pump that delivers fifteen (135) component angiogenic and regeneration
compositions rapidly and safely. This, in combination, can fully restore brain functionality
hack to normal.

933%] Theten (10} key regeneration proteins are SDF-1 (stem cell homing signal},
IGF-{1 DNA repair and brain regeneration signal), HGF, EGF, Activin A and B, eNOS,
VEGF, follistatin, and tropoelastin signal as described herein,

{0340]  The system discussed in this Example preferably includes: the bioelectric
signal generator, a programmable, re-fillable micro infusion pump, a brain saving helmet
with electroacupuncture needles built in, micro infuston leads stereotaxic directed to deep
brain regions, a fifteen component angiogenic composition, a fifteen component regeneration
composition, human placenta, fetal serum, a cell proliferation signal, and a cell controlied
differentiation signal.

18341] In use, the bioelecine signal generator and the micro infusion pump are both
attached to the brain saving helmet with electroacupuncture needles (not shown). The helmet
is placed on the head of the patient. If the brain saving helmet with electroacupuncture
needles is not used, one may use “off the shelf” standard, readily available electro-
acupuncture needles. The bioelectric signal generator stimulator is activated and the micro
infusion pump is filled with first the fifieen component angiogenic composition 10 increase
blood flow and then the next day with the fifteen component regeneration composHion.

18342] The bioelectric stimulator cycles through the SDF-1 signal for stem cell
homing, then [GF-1 for DNA repair, then HGF, EGF, Activin A and B, eNQOS, VEGF,
follistatin, tropoelastin, cell proliferation, and celi differentiation. The micro infusion pump
may be re-loaded with fetal serum and placenta in severe cases to enhance resulis. Anti-
mflamnmatory agents may also be used. The bioelectric signal generator stimulator recruts
stem cells, causes expression and/or release of regeneration support factors, and multiples
cells, and then controls their differantiation inio healthy full functioning brain tissue.

{0343] The micro infusion pump is filled daily or week with the fifteen component
angiogenic and regeneration compositions designed to facilitate neurogenesis. The fifteen
component angiogenic and regenerative compositions provide much more complete repair,

recovery, and regeneration of lost brain function.
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[8344] If electrical siimulation alone does not work, the micro pump 1s filled with
angiogenic and regeneration compositions for daily delivery. If those compositions do not
work, then fetal serum and placenta may be added.

{0345] A bioelectric signal generator can be as described otherwise herein. For
some signais, a drop down resistor in the pacing infusion lead may be necessary to drop the
lowest voltage and current from the standard pacemakers down to a natural nucro voltage
level (the same level of natural electricity in a human body). A micro infusion pump can be
as described otherwise herein and may be sourced from various drug delivery pump
manufacturers and adapted by taking any {ilters out. The compositions for angiogenic and
regeneration purposes are comprised of mixing together coraponents that can be obtained
from a person’s own body as described herein further processed in a standard cell culturing
taboratory {manv contract manufacturers are available) or from reliable known suppliers.

[8346] The bicelectric signal generator 1s essential. All other components may be
optional. The micro infusion pump, compositions, fetal serum, placenta, and anti-
nflammatory agents are only necessary if the bioelectric stimulation on 1ts own has not
restored complete function or (e.g., in emergency recovery cases) where time s of the
essence such as in an acute stroke situation.

[0347] One could use the compositions on their own injected by needle syringe.
One could use the micro infusion pump on its own filled with other mixes of stem cells or
drugs. One could use the bicelectric stimulator on its own running only one or a few signal
programs instead of all of them, or one could program the hioelectric stimulator for entirely
different signaling.

18348] Upon arnival to the location of an acute stroke patient, arapid assessment is
made mcluding video phone examination of the patient. A clot dissolving drug s first
administered. Then, the brain-saving helmet (e g.. FIG 23} is placed on the patient’s head,
and the bicelectric signal generator is tumed on running though all ten (10) regeneration
signals and the micro infusion pump is loaded {irst with an angiogenic composition followed
immediately thereafter with a regeneration composition. If normal brain function is not
restored in the subject with the above steps, the micro infusion pump may be re-filled with

fetal serum, placenta, and anti-inflaromatory agents, which are then admunistered.
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[6348] EXAMPLE

[8356] In bioelectric stimulation tissue studies, a 2000% and increase in 1L-6 was
achieved.

{03581} 1L-6 15 a key promoter of regeneration. With respect to IL-6, Mosteiro et
al. {2016} shows that tissue damage is a relevant factor for cells to go back to an embryonic
state. Nobel Prize winmer Shinya Yamanaka opened the door to regenerative medicine by
cell reprogramming, based on introducing a combination of four genes known as OSKM (for
genes, QCT4, SOX2, KLF4, and MYC), which reverts adult celis to an embryonic-like state,
and transforms these cells into pluripotent cells.  Cell reprogranmming was later achieved
within a hiving orgamism (i.¢., a mouse) n 20613,

{03521 Mosteiro et al. (2016) analyzes what happens in living tissues when
reprogramming 1s induced using OSKM. OSKM was found to be inafficient at inducing
reprogramming or pluripotency in the highly specialized cells that constitute adult fissues.
Tissue damage plays a critical role by complementing the activity of the OSKM genes.

{83583] This relationship between damage and reprogramming is mediated by the
proinflammatory molecule, mterleukin-6 ($L-6). Without TL-6 being present, the OSKM
genes are far less efficient at inducing the reprogrammung process. These findings suggest
the following sequence of events: the expression of the OSKM genes results in damage fo
the cells; accordingly, they secrete 1L-6; the presence of this molecule induces the
reprogramming of some neighboring cells,

[8384] Both wireless non-invasive and/or implantable wire lead (“electrode™)
based means may be used to deliver the regeneration and healing promoting bioelectric
signals {o target organs.

[038%] The controlled expression of Hypoxia Inducible Factor 1 ("HIF-1¢7) for,
e.g., promoting organ regeneration (particularly liver regeneration} is also described herein.
HiF-1a is a powerful organ regeneration protein. A more than 286% imcrease of HIF-1a on
demand in test article tissues was achieved with a specific, optimized bioelectric signal. In
other experiments, a 2300% increase in expression of HIF-10 was achieved.

{8356] Hypoxia has been proven as a critical element in the organ regeneration
process. HIF-lo is a master regulator of the adaptive response to hypoxia. HIF-lo over
expression in cells numics the mechanisms triggered by hypoxia in injured or diseased

tissues and increases their therapeutic potential without direct hypoxia stimulation.
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{0357} Potential useful properties of HIF-1¢ for organ regeneration include: HIF-
ia signaling promotes heart regeneration, HIF-1u signaling reduces infarction size and
attenuates cardiac dyvsfunction, HIF-1o mduces coronary collateral vessel formation, HiF-la
is a tumor suppressor, HiF-1a has been reported a gateway controller of cancer, HiF-1g
promotes liver regeneration, HIF-1a promotes lung regeneration via alveolar development,
HIF-1g promotes brain saving following traumatic brain injury or stroke, HIF-1g promotes
retinal eve regeneration, HIF-1g management seems {o be important to healthy kidney
function and can protect against kidney injury, HiF-1o helps promote muscle regeneration,
HIF-1a helps promote wound healing, HIF-1la promotes extracellnlar matrix, HIF-1o has a
critical role 1o bone development and healing, HIF-1o may be iroporiant to stabilize teeth
positions after accelerated tooth movement, and HIF-lg is an essential regulator of

inflammation.

[0358] EXAMPLE: Endometriosis

{0359} A 34 vyear old, female patient was presenting with endometriosis with MR.
She had symptoms for more than 5 years including chronic pelvic pain and deep dysparewa.

{0360] A hoelectric stimulator programmed to produce bioelectric signals for
SDF-1 and Klotho was used to treat the patient intravaginally. Ten (10} sessions of
bioelectric stimulation ("BES™) (Klotho and SDF-1) with an intravaginal probe for 15
minutes per session.

{98361] Evaluation of the patient before BES was Deep Dvspareunia Scale (DDS)
of 3, and assessment of pelvic pain {Visual analogue scale or “VAS™) was 6

18362] Evaluation after the ten session of BES was DDS = 1, and VAS = 2, a

notable improvement for the patient.

{03631 Deep Dyspareunia Scale {(BDS)

[08364] Score Description

9365] 0  NWo pain during intercourse

[9366] 1 Mild pain, which does not require interruption of intercourse
{0367} 2 Mild pain not requiring interruption of intercourse, but difficult
{0368] 3 Intense pain, which requires interruption of the mtercourse
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{836%] An EMG was conducted on the patient both before and after. The goal of
the EMG 1s that the reading stays within a designated range. And this was only possible afier
the BES — meaning the relaxation of pelvic floor muscles leading to less pelvic pain and

dyspareunia.

W

{0378]  The patient’s endometriosis sympioms had improved significantly after

treatment with BES as described herein.
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CLAIMS
What s claimed is:
1. A bicelectric stimulator for reducing inflammation in a subject, wherein the

bicelectric stimulator is configured to generate bioelectric signals responsive to a programmed
process, which bioeleciric signals comprise:
a bioelectric signal that exhibits the following characteristics {within 15%):

35 uA, a frequency range of 139-147 Hz + 3 V/em,

2. A bicelectric stimulator for reducing inflammation n a subject. wherein the
bicelectric stimulaior is configured to generate bivelectric signals responsive to a programimed
process, which bioelectric signals comprise:

a hioelectric signal that exhibits the following characteristics {within 15%):

10 Hz, 0.2 ms pulse duration, 3 V.

3. The biocelectric stimulator of claim |, which has been further configured to
generate a bioelectric signal that exhibits the following characteristics (within 15%):

0.1 V applied at a frequency of 50 Hz, square wave.

4, The bicelectric stirmilator of claim 2, which has been further configured to
generate a bioelectric signal that exhibits the following characteristics (within 15%):
0.1 V applied at a frequency of 50 Hz, square wave.
3. The bioelectric stimulator of claim 1, which has been further configured to
generale a bioeleciric signal that exhibits the following characterisiics (within 15%:);

0.25 mA, 3.0V, 100 Hz, 100 ps pulse widih, square wave.

6. The bivelectric stinmdator of claim 2, which has been further configured to
generate a bioelectric signal that exhibits the following characteristics (within 15%):

0.25 mA, 3.0V, 100 Hz, 100 ps pulse width, square wave.
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7. The bivelectric stimulator of claim 1, which has been further configured to
generate a bioelectric signal that exhibits the following characteristics (within 15%):

3.5mV, 30 Hz, square wave.

W

3. The bioeleciric stimulator of claim 2, which has been further configured to
generate a bioelectric signal that exhibits the following characteristics (within 15%):

3.5 mV, 30 Hz, square wave.

9. The bicelectric stimudator of claim 1, which has been further configured to
10 generate a bioelectric signal that exhubits the following characteristics (within 15%);
3 mV with a frequency of 22 Hz, square wave, and a current of 1 mA_ and

3 mV with a frequency of 22 Hz, square wave, and a current of 3 mA.

10. The bicelectric stimmator of claim 2, which has been further configured to
IS generate a bioelectric signal that exhibits the following characteristics (within 15%):
3 mV with a frequency of 22 Hz, square wave, and a current of 1 mA, and

3 mV with a frequency of 22 Hz, square wave, and a current of 3 mA.

11 The bioelectric stimulator of claim 3, which has been further configured to
20 generate a broelecinc signal that exhibits the following characteristics (within 15%}):
3 mV with a frequency of 22 Hz, square wave, and a current of 1 mA, and

3 mV with a frequency of 22 Hz, square wave, and a cuirent of 3 mA.

12. The biocelectric stimulator of claim 4, which has been further configured to

N2
W

generate a bioelectric signal that exhibits the following characteristics (within 15%):
3 mV with a frequency of 22 Hz, square wave, and a current of 1 mA, and

3 mV with a frequency of 22 Hz, square wave, and a current of 3 mA.

13. The bivelectric stinmdator of claim 3, which has been further configured to
30 generate a bioglectric signal that exhibits the following characteristics (within 15%):
3 mV with a frequency of 22 Hz, square wave, and a current of | mA, and

3 mV with a frequency of 22 Hz, square wave, and a current of 3 mA.
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14. The bivelectric stimmdator of claim 6, which has been further configured to
generate a bioelectric signal that exhibits the following characteristics (within 15%):
3 mV with a frequency of 22 Hz, square wave, and a current of | mA, and

3 mV with a frequency of 22 Hz, square wave, and a current of 3 mA.

W

15, The bioelectric stimulator of claim 7, which has been further configured to
generate a bioslecinic signal that exhibits the following charactenistics (within 15%):

3 mV with a frequency of 22 Hz, square wave, and a cuwrent of 1 mA, and

3 mV with a frequency of 22 Hz, square wave, and a current of 3 mA,

10

16, The bioelectric simulator of claim 8, which has been further configured to
generale a bioeleciric signal that exhibits the following characterisiics (within 15%:);

3 mV with a frequency of 22 Hz, square wave, and a current of 1 mA, and

3 mV with a frequency of 22 Hz, square wave, and a current of 3 mA.

17. The bioelectric stimulator of any one of the preceding claims, which has been
further configured to generate a bioelectric signal that exhubits the following charactenistics
{within 15%):

20Hz 0.1V, and a 7.8 ms pulse duration.
20
18. The bicelectric stimulator of any one of the preceding claims, further

comprising an electrode for delivering bioelectric signal(s) to the subject.

19, The bioelectric stimulator of any one of the preceding claims, further
25 comprsing a transducer and/or transceiver, wherein the transducer and/or transceiver is

configured for delivering bioelectric signal(s} wirelessly to the subject.
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20. A bioelectric stimulator for reducing inflammation in a subject, wherein the
bioelectric stimulator s configured to generate bioelectric signals responsive to a programmed
process, which hioelectric signals comprise:

a bioelectric signal that exhibits the following characteristics (within 15%):

0.1 V applied at a trequency of 30 Hz, square wave,

3.0V, 100 Hz, 0.25 mA, 100 us pulse width, square wave, or

3.5 mV, 30 Hz, square wave, and
a bioelectric signal that exhibits the following characterstics (within 15%):

20Hz, 0.1V, and a 7.8 ms pulse duration.
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