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GELL-FREE COMPOSITIONS AND METHODS FOR RESTORATION OR ENHANCEMENT QF
TISSUE FUNCTION

CROGS-REFERENCES TO RELATED APPLICATIONS
jpoe1} This agpplication claims benefit of UG, Patent Application No. 62/748,788 filed Oclober 15,
2018, the specification{s) of which is/are incorporated herein in theilr entirsty by reference.

BACKGROUND OF THE INVENTION

Fieid of the Invention

a2 The present invention refates o therapies for promoting tissue repair, restoration of tissue
function, andfor enhancement of tissue funclion It a target tssue, more parlicularly to cell-free
compositions and methods for helping promote tissue repailr, restoration of tissue function,
and/or enhancement of tissue funclion in a target! tissue featuring said cellfree compositions.
The compositions herein do not necessadly comprise living cells bul rather comprise
components produced by celfls, componenis capable of being produced by cells, andfor
componernis engineered or manufactured by means other than production by living cells.

Background Ar

[0e3] in recent vears, three-dimensional celf andior tissue cultures have been used for various
therapeutic purposes, particularly to help support tissue repair. These three-dimensional
celiftissue cultures atlempt to provide conditions similar to what would be expecled in vivo it
was surprisingly discovered that compositions for promoting tissue repair {or for enhancing or
restoring tissue function) do not necessarily need to comprise living cells but rather can
comprise componegnts produced by cells, components capable of being produced by calls, or
enginesred or manufactured components. Rather thas implant cells that are sxpected o sutvive
and engrafl in a targe! tissue, the compositions and methods of the present nvention help
stimulate lissue repair, restoration of Hissue function, and/or enhancement of tissue function via
stimulation of the subject’s own cells (by stimulating endogenous pathways), The compositions
and methods herein are not limited to use in subjects having suffersd a trauma or a particular
disease or condition but may also be used in healthy subjects, e.g., for enhancement of tissue
function, cosmetic use, ate,

BRIEF SUMMARY OF THE INVENTION

janedf The present invention features celi-free compositions for promoting lissue repair,
restoration of tissue function, andfor enhancement of Hssue funclion in targe! tissuss and
meathods of use. For exampie, the cell-free composition of the present invention may comprise a
carrier and at least one stimulating agent for activaling an endogenous pathway in & fanget
tissue. When the celi-free composition is administered to a subject, the cell-free composition
promctes repair of the target tissue, restoration of function of the target tissue, or enhancemeant
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of function of the target tissue. The present invention is not limited to one stimulating agent in
the cell-free composition. In certain embodiments, the composition comprises two or more
stimulating agents. In cerlain embodiments, the composition comprises three or more
stimulating agents. In certain embodiments, the composition comprises four or more stimulating
agents. In certain embodiments, the composition comprises five or more stimulating agents.

o5} In certain embodiments, the stimulating agent is one or a combination of RNA, DNA,
protein, carbohydrate, or a lipid. In certain embodiments, the stimulating agent is a nucleic acid.
fry certain embodiments, the nucleic acid is RNA. In certain embodiments, the stimulating agent
is a virus, In certain embodiments, the stimulating agent is 2 composition for in vive gene
editing. in certain embodiments, the stimulating agent is one or a combination of a growih factor,
an angiogenasis modulating agent, a hormone, a drug, a cell surface recepior, an enzyme, a
nucleic acid.

fpeus) in certain embodiments, the growth factor is one or a combination of: vascular endothelial
growth faclor (VEGF), a fibroblast growth factor {(FGF), epidermal growth factor (EGF}, platelet
derived growth factor {(PDGF), Transforming growth factors-beta (TGF-betfa), transforming
growth factor-alpha {TGF-aipha), an insulindike growth factor, erythropoietin {(Epo), fumor
necrosis factor-alpha (TNF- alpha), fumor necrosis factor-beta {TNF-beta), interferon-gamma
{INF.gamma), or a colony stimulating factor (CSFS). In cerlain embodinments, the angiogenasis
modlating agent is-one of more of. anglopoeitin-1, epidermal growth factor (EGF), hepatooyle
growth factor (HGF}, tumor necrosis factor {TNF-alpha), platelst derlved endothelial cell growth
factor (PD-ECGF) platelst derived growth factor (PRGF), insulin-ike growth faclor (IGF),
interleukin-g {iL-8), growth hormone (GH), angiopoietin, vascular endothelial growth factor
{(VEGF}, a fibroblast growth factor (FGF), transforming growth factor alpha {TGF-alpha), CYR
61, or platelet-derived growth factor (PDGF).

jeag7] in cerain smbodiments, the cell-free composition {e.g.. stimulating agent) promotes
production of a growth factor in the cell. in certain embodiments, the cell-free composition {e.g.,
stimutating agent) modiies DNA of cells in the targef Hissue. In cerlain embodimants, the call-
free composition (e.g., stimulating agent) causes gene expression of calls in the target issue o
be modified. In certain embodiments, the celi-free composition (e.g., stimuiating agent)
promotes  or enhances cell-cell communication. In certain  embodiments, the celi-fres
composition {e.g., stimulating agent) incregses vessel densily in the larget lissus. in ceriain
embodiments, the cell-free composition (e.g., stimulating agent) promotes electrical signal
transduction, in certain embodiments; the celi-ree composition (e.g., stimudating agent) causes
activation of tissue remodeling. In cerfain embodiments, he celi-free composition (e,
stimudating agent} promotes cell profiferation. In certain embodimeants, the cell-free composition
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{e.g., stimulating agent) promotes cell differentialion. in certain embodiments, the celi-fres
composition {g.g., stimulating agent} promotes ceil swrvival. In certain embodiments, the cell
freg composition {e.g., stimulating agent} promotes snsrgy production. in cerfain embodiments,
the cell-free composition (e.g., stimulating agent) activates cell repair pathways. in cerlain
embodiments, the celi-free composition {e.g., stimulating agent) promotes secretion of secretory
factors.

{paes] The carrier may be designed in a variety of forms. For example, in certain smbodiments,
the camier is a foam. In certain embodiments, the carrier is & film. In certain embodiments, the
carier is a patch. in certain embodiments, the carrier is a capsule. In certain embodiments, the
carver is a sponge. In ceriain embodiments, the camier is a gel. The carrier may be designed fo
allow for ime-release of one or more therapeutic compenents, e.9., one of more stimulating
agents. In certain embodiments, the carrier comprises a biclogical matrix, a synthetic matrix, or
a combination thereof. In cerlain embodiments, the camrier comprises a collagen matrix, gelatin,
of @& combination thereof. in cerlain embodiments, the camer i a bulking agent. In cerdain
embodiments, the carrler comprises profeins, gels, or a combination thereof In certain
ambodimants,  the carrier fargats the cell-free composition {o the target tissue. In cerlain
embodiments, the carrier helps attach the celi-free composition (o the targel tissue. in ceriain

embodiments, the carrier helps contain the celi-free composition in the target lissue.

jonos] Target tissues include but are not limited - to muscle {e.g., skeletal musdle, heart muscle),
bone, cartifage, central nervous system fissue, eye tissue, epithelial tissue, gastrointestingl
tissye, auditony tissue, genital tissue, oral cavity tissue, or conneclive tissug, or the like.

j018] The present invention also features methods of promoting repair, restoration of function,
or enhancement of function in a target lissue of a subject in need thersof. The methods may
comprise introducing to the target lissue a celi-free composition comprising according o any of
the embodiments herein, wherein the cell-free composition promotes repair, restoration of
function, or enhancement of function of the farget tissue. The targel tissue may be damaged
tissue, e.q., lissue damaged from trauma, tissue damaged from disease. However, the present
ivention is not Himited to diseased or damaged tissue. in cerlain embodiments, the target tissue
is @ healthy tissue.

jagt 1] Administering the cell-free composition to the targel lissue may comprise injecling the
composition, e.g., injedling a first administration of the cell-fres composition. Administration is
not limited 1o infection methods. In ceriain embodiments, the method futher comprises
administering at least one subsequent administration of a cell-free composition according o any
of the embodiments herein.
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012§ The present invention alsc features methods of promoting repair, restorgtion of function,
or enhancement of function in gastrointestinal tissue of a subject in need thereof. The methods
may comprise introducing 1o the target tissue g celi-free composition comprising according fo
any of the embodiments herein, wherein the cell-free composition promotes repair, restoration of
function, or enhancement of function of the gastrointestinal tissue. In cerlain embodiments, the
celi-free composition causes the gastrointastinal tissue to increase production of enzymes. the
celi-free composition causeas the gastrointestinal tissue to increase motility.

09131 The prasent invention also features methods of promoting repair, resioration of funciion,
ar enhancement of funclion in cardiac lissue of a subject in need thergof, The methods may
comprise introducing to the target lissue a cell-free composition comprising according o any of
the embodiments herein, wherein the cell-free composition promotes repair, restoration of
function, or enhancement of function of the Biver tissue. In cedain embodiments, the cell-free
composition causes the cardiac tissue to restore blood flow. In cerlain embodiments, the cell-
free composition causes anincrease in slectiical funclion of cardiac Hissus,

1] Any fegture of combination of features descoribed herein are included within the scope of
the present invention provided that the featwrss included in any such combination are not
mutually inconsistent as will be apparent from the context, this specification, and the knowledge
of one of ordinary skill in the art. Additional advantages and aspects of the present invention are
apparent in the folfowing detailed description and claims.

TERMS

15} Uniess otherwise expiained, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the ant o which a disclosed
invention belongs. The singular terms *a,” “an,” and “the” include plural referents unless context
clearly indicales gtherwise. Similarly, the word “of" s intended t0 inchide “and” unless the
context clearly indicates otherwise. The ferm "comprising” means that other slements can also
be present in addition {o the defined slements presented. The use of “"comprising” indicates
inclusion rather than limifation. Stated another way, the term "comprising” means “including
principally, but not necessary solely”. Furthermore, variation of the word “comprising”, such as
‘comprise” and “comprises’, have corespondingly the same meanings. In one respect, the
technology described hersin related io the herein described compositions, methods, and
respective componeni(s) thereof, as essential fo the invention, yet open to the inclusion of

£

unspecified slements, essential or not {"comprising”).

jaatel Al embodiments disclosed harein can be combined with other embodiments unlass the
sontext clearly dictates othenwise,

jou17] Suitable methods and materdals for the practice andfor {esting of embodinments of the
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disclosure are described below. Such methods and materials are flustrative only and are not
intended to be imiting. Cther methods and materials similar or equivalent {o those described
herein can be used. For example, conventional methods well known in the art o which the
disclosure pertains are described in various general and more specific references, including, for
example, Sambrook et al., Molecular Cloning: A Laboratory Manual, 2d ed., Cold Spring Harbor
Laboratory Press, 18889; Sambrook et 8., Molecalar Cloning: A Laborafory Manual, 3d ed., Cold
Spring Harbor Press, 2001; Ausubel ef al, Current Profocols in Molecular Biology, Greene
Publishing Associgtes, 1892 {(and SBupplements to 2000}, Ausubel of al, Short Profocols in
Molecular Biology: A Compendiunt of Methods from Current Profocals in Molecular Biology, 4th
ed., Wiley & Sons, 1898 Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, 1880; and Harlow and Lane, Using Anfibodies: A Laboralory Manua!,
Cold Spring Harbor Laboratory. Press, 1898, Gene Exgression Technology {Methods in
Enzymology, Vol 185, edited by D Goeddel, 1881, Academio Press, San Diego, Calif}, "Guide
to Protein Purification” in Methods in Enzymology (M. P. Deutshcer, ed., {1880) Academic
Press, Inc.); POR Frofocols: A Guide fo Methods and Applications {Innis, et al. 1888, Academic
Press, San Diego, Calif), Cuffure of Animal Celis: A Manual of Basic Technique, 2™ Ed. (R 1.
Freshney, 1887, Liss, Inc. New York, N.Y.}. Gene Transfer and Exprassion Protocols, pp. 108-
128, ed. E. 1. Murray, The Humana Press inc., Clifton, N.l), and the Ambion 1938 Cataleg
{Ambion, Austin, Tex.}, the disclosures of which are incorporated in their entirety herein by
reference.

o018 Al publications, patent applications, patents, and other referances meantioned herein are
incorporated by reference in their entirety for all purposes.  In case of conflict, the present
specification, including explanations of terms, will control.

j0019§ Although methods and materials similar or equivalent to those described herein can be
used to praclice or test the disclosed technology, suitable methads and materials are described
below. The materials, methods, and examples are Hlustrative only and not infended 5 be
fimiting.

feo2al it order i faciiiiate review of the varipus embodiments of the disclosure, the following
explanations of specific terms are provided:

e21} The term “angiogenesis modulating agent” as used herein refers {0 any agent that can
induce angiogenesis or the proliferation ¢of endothelial cells. For sxample, an angiogenesis
modulating agent may include a coylokine (e.g. interleukins, lymphokines, monokines,
interferons, colony stimulating agents, chemokines, other proteins, efg.), a growth fastor, an
enzyme, an enzymatic inhibitor, an antibody, etc. One class of anglogenesis modulating agenis
are polypeptide angiogenic factors, which includes but is not limited {o angiopoeitin-1, epidermal
growth facitor (EGF), hepatocyle growth factor (HGF}, tumor nstrosis factor {TNF-alpha),
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platelet derved endothelial cell growth factor (PR-ECGF), platelet derived growth factor (PRGF),
insulin-tke growth factor {IGF), interleukin-8, growth hormone, angiopoletin, vasoular endothelial
growih factor (VEGF), acidic and basic fibroblast growth factors (FGFs), transforming growth
factor aipha {TGF-alpha), CYR 81, platelet-derived growth factor (PDGF), ete. These molecules
have been shown io induce angiogenesis i vvo., Other similar molecules that display
angiogenic aclivity are the heparin binding growth factors (HBGFs). Other angiogenesis
modulating agents have been described in addition to polypeptide angiogenic factors. For
example, prostaglanding E7 and E2, which are lipid-derived angiogenic factors, are well known
inflammatory cell attractants with anglogenic properties. In addition, nicotinamide causes- an
anglogenic response when tested in chick cornea or in a chick CAM assay. In addition, negative
angiogenic regulatory molecules include angiostalin, endostatin, and thrombospondin. The
present invention is.not limited 10 the aforementioned angiogensesis modulating agenis:

22} The term “derived from” as applied fo a cellular component being “derived fromy” a cell
means the component was produced from a cell and isolated from said cell. The ferm "derived
from" as applied {o 2 cell being "derived from” ancther celt or from a lissue means the cell was
gither isolated from the tissue referred lo, or was differentiated from the reference tissue or cell
fype.

{0231 The term "disease”™ or "disorder” or “condition” refers to any alteration in state of the body
or of some of the Organs, interrupting or distrbing the performance of their funclions andfor
causing symptoms such as discomfort, dvsfunction, distress, or even death io the person
afflicted or those in contact with a person. A disease or disorder or condition can also relate to a
distemper, ailing, ailment, malady, disorder, sickness, #iness, complaint, indisposition or
affliction.

j00241 The ferm "growth factors” refers to substances that promote cell growth, Growth factors
are also known to stimulate cell migration {e.g., mitogenic cytokines), funclion as chemotactic
agents, inhibil cell migration or invasion of tumor cells, modulate differentiated functions of celis,
be involved in apoptosis and promote survival of cells. Such factors can be secrsted as
diffusible factors and can also exist in membrane-anchored forms. They can, therefore, act in an
aulocrine, paracrine, juxiacrine or retrocring manner. A cylokine is one {type of growth factor.
Examples of growth factors include, but are not limited to, VEGF, fibroblast growth faclors
{FGF), epidermal growth factor (EGF), platelet derived growth factor (PDGF), Transforming
growth faclors-bela {TGF-beta), transforming growth faclor-aipha (TGF-slpha). insulin-fike
growth factors, ervihropoistin {(EPO), tumor necrosis factor-alpha (TNF- alpha), tumor necrosis
factor-beta {TNF-bela), interferon-gamma {INF-gamma), and colony stmulating agents {CSF5)
or variants therseof. The present invention is nol limited 1o the aforementioned growih faclors of
the athers described herein,



WO 2020/081604 PCT/US2019/056390

{0235 As used herein, "profiferating” and “proliferation” refers {o an increase in the number of
cedis in 2 population {growth) by means of cell division. Cell prolferation is generally understood
o result from the coordinated activation of multiple signal transduction pathways in response o
the environment, including growth factors and other mitogens. Cell profiferation may also be
promoted by release from the actions of intra- or extraceliular signals and mechanisms that
block or negatively affect cell profiferation.

90261 The term “scaffold” refers (o g suppor structre for therapeutic material. The suppornt
structure may feature fibers, the scaffold may be in the form of a film, sponge, solution, efc. The
scaffold may be constructed from a variety of materials such as but not limited to fibers, peptides
{e.g., recombinant peptides), lipids, carbohydrates, eifc.

je271 The term “ stimulating agent(s)” as used herein refers 1o any molecule or composition of
the celi-free composition that has an effect on a pathway of an endogenous cell in the subject
baing administered a cell-free composition of the present invention. Stimulating agents are not
fimited to activators of pathways; a stimulating agent may sctivate a particular pathway andior
inhibit a8 particulsr pathway. Nondiniting sxamples of stimulating agents include: DNA, RNA,
miRNA, a peplide/protein, a virus, a carbohydrate, a lipid, a drug, 8 composition comprising one
or & combination of the aforementioned molecules, stc. For example, a stimulating agent may
be a miRNA, a virus, a growth factor, 2 hormone, a cytokine, an anglogenesis modulating agent,
a drug, a cell-surface raceptor, an antibody or fragment thereof, elc. The present invention is not
fimited o the aforementioned examples of stimulating agents describad herein.

{028 The term "lissue” refers 10 a group or ayer of similardy specialized cells that fogether
pedform certain special functions.

2o Ag used herein, the terms "treat” or “reatment” or “treating” refers to both therapeutic
treatment and prophylactic or preventative measures or enhancement measures (ey.,
enhancement of function of heailthy tissue), wherein the object is 1o prevent or slow the
development of the disegse, such as siow down the development of a cardian disordsr, or
reducing at least one adverse effect or symptom of a cardiovascular condition, disease or
disorder, e.q., any disorder characterized by insufficient or undesired cardiac function. Adverse
effects or symptoms of cardiac disorders are well- known in the art and include, but are not
limited to, dyspnea, chest pain, palpitations, dizziness, syncope, edema, cyanosis, pallor, fatigue
and death. Treatment is generally “effective” if one or more sympioms or clinical markers are
reduced as that term is defined herein. Alternatively, a treatment is "effective" if the progression
of a disease is reduced of halled. That is, "reatment” includes nat just the improvement of
symptoms or decrease of markers of the disease, but alse g cessation or slowing of progress or
worsening of a symplom that would be expected in absence of treatment. Beneficial or desired
clinfcal resylts inglude, but are not limiled io, slleviation of cone of more symplom(s),

e
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slowing of disease progression, amelioration or palliation of the disease stale, and remission
{whether partial or total}, whether detectable or undetactable. "Treatment” can also mean
prolonging survival, restoring function, or enhancing function as compared to expecied survival
or function if not receiving treatment. Those in need of treatment include those already
diagnosed with a condition, as well as those likely to develop a condilion due lo genetic
susceptibiiity or other factors such as weight, dist and health, as well as healthy individuals.

DETAILED DESCRIPTION OF THE INVENTION

{au36} The present invention features cell-free compositions for restoration of tissue function or
enhancement of tissue function in target tissues, and methods of use. The compositions herein
help stimulate endogencus pathways via a subject’'s own cells effectively for improving lissue
function, enhancing lissue function, enhancing cell proiiferation, etc. Briefly, the compositions
comprise one o a plurality of therapsutic components funclioning as stimuiating agents, a.g,,
malecules, compound, oF compoesitions. that affect pathways of endogenous cells lo stimulate
restoration of fissue function or enhancement of tiasue funclion in & particular target tissue. Non-
imiting examples of stimulating agents include growth factors, extraceliular matrix components,
protein, DNA, RNA, hormones, drugs, cell surface receptors, enzymes, cytokines, angiogeneasis
modulating faclors, elc, e.g., any malerial that can appropriately affect (e.g., aclivate, inhibit)
particular endogenous pathways in the subject’s own cell to achieve a desired effect As an
example, a stimulating agent from the cell-free composition may lead to the activation of
pathways in the subject's own cells that lead io sacretion of growth factor so as fo promote cell
survival, celf repair, cell function, regain of fissue funclion, or enhancement of tissue funclion.

{8431} Subjects include but are not limited to humans or other primates or any othar appropriate
animal model such as mice, rats, pigs, cats, dogs, rabbits, sic,

j0932f Non-limiting examples of target tissues include muscle {e.g., skeletal muscle, cardiac
muscle, eic.), bone, cartiiage, ceniral nervous system tissue (8.9., nerves, myelin sheaih, efc.),
eye lissue, epithelial tissue, gasthointestinal tissue (e.g., colon tissue, pancreas lissue, lver
tissue, efc.), ear and auditory tissue, genital tissue, oral cavity tissue {e.g., salivary tissue, dental
fissue, eic.), connective tissug, ele.

196331 The exact combination of components, e.g., therapeutic components, stimulating agents,
used to produce the cell-free compositions of the present invention may vary depending on the
target tissue. Different lissues may have different requirements for repair, restoration of function
{e.g., restoration of celi-cell communication, immune response, exiracaiiular matlrix production,
etc.}), etc. As an example, the restoration of function of heart muscle may involve remodeling
and restoration of celiular communication for coordinated electrical signaling and mechanical
force generation. As a@n example, the effect on heart dssue may include agents to enhance

&
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cardiomyocytes, as well as agents that promote profiferation of endogencus cells, including but
not imited to fibroblasts, endothelial cells, ete. Further, the combination of components used o
produce the celi-free compositions of the present invention will also vary depending on the
underlying cause of the tissue damage, e.g., whether the damage was & result of frauma, a
chronic disease, a congenital disease, a genetic abnormality, ete | or whether the composition is
used in a healthy subject for the purpose of enhancing tissue function (e.¢., enhancing muscle
strength, endurance, ele),

josdy In cerfain embodiments, the cali-free compositions of the present iwenfion: comprise
material produced by cells, In certain embodiments, the cell-free compositions of the present
invention comprise material capable of being produced by cells. In certain embodiments, the
cefli-fres compositions of the present invention comprise material that s enginesred or
manufaciured.

s3] Non-limiting examples of therapeutic components or stimudating agents of the cell-free
compositions of the present invention include cell surface receptors from intact livings cells a8
factor{s), DNA; RNA {a.g., RNA, miRNA, eic); cytokines {e.g., interferon gamma, intedeuking
{e.g., L4, IL-5, -8, IL-13, IL-17, 122, elc.); viruses, RNAs including bul not limiled to
microRNAs; hormones; drugs; extraceliular matrix; proteins, proteasomes, and glycoproteins,
e.g. major basic protein (MBP), granule proteins, heat shock proteins (HSPs), granulocyte
colony-stimulating factor, granulocyte-macrophage colony stimulating factor; proieases; glycans,
protecglycans; chemokines {e.g., MCP-1, macrophage inflammatory proteins (MiPs), RANTES,
iP-10), vasoactive agents; angiogenesis modulating agents; enzymes {e.g. MMPs, elastase,
cathepsins, lysosomal hydrolytic enzymes, eosinophific peroxidase, proteases), gene ediling
compositions {e.g.. one or more components for the purpose of in vivo gene editing); fryplase,
chymase,; other biologically active components; gene therapies, .4., gene therapies via viruses,
RiNA, DNA, eic.; the like, or a combinalion thereof,

H03e] Growth faciors myay include bt are not limited to; vascular endothelial growth facior
{(VEGF}, fibroblast growth facior (FGF), comnective tissue growth faclor {CTGF), basic fibroblast
growth factor (bFGF), hepatocyte growth factor (HGF}, anglopoistin-1, malrix deposit factors
{e.q., Transforming growth factors, e.g.. TGF-a, TGF-b, a.g., TGF-1, TBG-bY, ete.}, milogenic
factors (e.g.. platelet derived growth facior (PRGF, e.g., platelet derived growth faclor A (PDGF-
A}, Insulin like growth factor 1 (IGF-1), Heparin binding epidermal growth factor (HBEGF),
Transforming growth factor a (TGFa)), angiogenic factors {e.g., Anglogenein, Angiopolentin-2),
Endothelial Growith Facior, Leptin, Platelel derived growth factor BB (PDGF-BR), Vascular
gndothelial growth factor (VEGF), Hepatooyte growth factar (HGF), Basic Fibroblasts -growth
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factor (bFGF), Secreted protein acid and rich in oysigine {SPARC),  Intedeukin 8 {iL-8),
interdeukin 8 (HL-8), iInflammaiory Cytokines {e.q.. Interferor gamma, Interdeukin 1g, Interleukin
1b, Interleukin 6 (IL-8), interleukin 8 {(iL-8}, Monocyte chemotactic protein 1, Granulocyle colony

stimulating facior {GCSF), Tumor necrosis factor a {TNFa), EPD, eic.

[anat The celidfree compositions herein comprise a camrier, For example, the compositions may
be attached 1o a carrier, integrated into a carler, encapsulated by a carier, etc. The carrier may
help provide for cantainment of the therapsutic components andior targeting or localization of
the therapeutic components of the compaosition and/or provide for time-release of the therapeutic
componenis of the calldree composition. For example, the cawier could be used for fargeted
delivery of the therapeutic components {e.g., the stimulating factor(s}), to avoid off-targset affects,
to help minimize the amount of therapeutic agent needed for effectiveness {e.q., reduce waste,
reduce cost, elc.}. Targeting is not limited to specific targeting wherein the carrier comprises a
receptor that is specific for a ligand of the {arget lissue or vice versa. Targeling may refer fo
maraly the physical administration of the composition 1o the location needed. Targsting may
refer {o physical contact with the intended target tissue. Targeting may refer to containment of
the composition in the area of the target tissue, efc.

{pa3s] Carriers  {eg.. pharmaceutical carrders, pharmaceutical vehicles, phammaceutical
compositions, pharmaceutical melecules, efc.) are materials generally known o deliver cells
andfor drugs and/or other appropriate material into the body. The compositions herein may
feature a carrier, which may function as a preservative agenl, a timed-release control agent, a
bulking agent, atc. for the components of the composition. For example, a carrier may comprise
& patch, a.g., & material in which Ccomponents of the cell-free composition gre adsarbed for slow
release or encapsulated for slow/sustained, fast/acule or controlled relesse. In cerain
embodiments, components of the cell-freg composition may be physically encapsulated or
biochemicaily bound by a carrier. Carrier materials may be treated to enhance encapsulation or
binding activity of the components of the cell-frae composition.

{p39} Carders {8.g., pharmaceutical carriers or vehicles) may comprise conventional carriers but
are not imited to conventional carriers. For example, E. W. Martin, Remington's Pharmaceutical
Sciences, Mack Publishing Co., Easton, PA, 15th Edition {1975) and D. B. Troy, ed. Remington:
The Science and Practice of Pharmacy, Lippincolt Williams & Wilkins, Baltimore MD and
Philadelphia, PA, 217 Edition (2008) describe compositions and formulations suitable for
phamaceutical delivery of one or more therapeutic compounds or molecules. in general, the
nature of the carrier wilf depend on the nature of the compaosition being deliversd as well as the
paricular mode of administration being emploved. In addilion (o biclogically-neulral cariers,
pharmaceutical compositions administered may contain minor amounts of non- toxic auxiliary
substances, such as welting or amulsifing agents, preservatives, and pH buffering agenis and
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the like. Patents that describe pharmaceutical carriers include, but are not imited to: ULS. Palent
Na, 8667371 U8, Patent No. 8813385, U8 Palert No §5382888 U5 Palent No.
8,413,838, U.S. Patent No. §3688 543, 113, Falent No. 4,078, 038; US. Patent No. 4,083,708,
U8, Pateni No. 4,131,848; ULS. Palent No. 4,138,344, LLE, Patent No. 4,180,848, U5 Patent
Na. 4,304,787, LS. Patent No. 4,248,231, the disclosures of which are incorporated in their
entirety by reference herein.

{pade] The carrier may, for example, be solid, liquid (e.g., a solution), foam, a gel, the like, or a
combination thereof. In some embodiments, the carer comprises a biclogical matrix {e.g.,
biological fibers, etc.). In some embodiments, the carrier comprises a synthetic malrix {e.g..
synthatic fibers, efc.}. in cerlain embodiments, a portion of the carrier may comprise biological
matrix and a portion may comprise synthetic matrix.

jandif in certain embodiments, the carmier comprises a collagen matnix, gelatin, the like, or a
combination thereof. In certain embodiments, the carier may resemble a scaffold, eg., a
composition providing bulk, thickness, andior structural support for components of the ceil-free
composifion. Non-imiting examples of materials that may commonly be used for constructing
scaffolds include: polyglycolide, pobdactide,  polvhydrosiobutyrate,  poly{anhydrides),
poly{dioxanone), poly (rimethylene carbonate), polyglactin, poly{lactic acid), polyvinylidene
fluoride,  polyesters, silicone, polyurethans, polymethyimethacrylate, polypropylene,
polyethyiens, poliglecaprons-25 monoflament, @ polycarbonate, a polyaniide, a polyestsrs, a
polystyrene, a polvacrylate, a polyvinyl, polvietrafiuorethylene, thermanox, nitroceliulose, gelatin,
dexiran, cofiagen, fibrn, elastin, sk, melals, TMC, proteinsipeptides, the like, or a combination
thereof. In ceriain embodiments, the carrier or scaffold is in the form of a fim. In cerfain
embodiments, the carrier or scaffold is a sponge. In ceriain embodiments, the carrier or scaffold
is siratified having muitiple levels or layers.

jed} Non-limiting examples of carriers include hydrogels {seg. collagen, gelatin, fibrin,
glycosaminogiveans, the fike, or combinations thereof), tissuss; porous scaffolds; non-porous
scaffolds: synthetic scaffolds {(2.4., polyliactic acid), poly{givesiic acid), poly{capralactong), co-
polymers, the like, combinations thereof);, natural scaffolds; scaffolds from 2 combination of
synthetic or natural materials; ceramics, composites; natural polymers {e.g. collagen, fibrin, silk,
glycosaminogiyeans, the ke, or a combination thersof), liposomes; micelles; microspheres;
nanoparticles or nanccapsules or other nanostructures such as nancshells {optionally alfowing
for controfled release); proteins; fatly acids; carbohydrates, gels; ste.

jand3] The carrisr may be absorbable or non-absorbable. Or, the camier may comprise a portion
that is absorbable and a portion that is non-absorbable. In some embodiments, a portion of the
carriar resorbs/absorbs/degrades within 1 day of administration {e.g., injection, implantation,
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efc.). In some embodimenis, a portion of the carrder resorbsiabsorbs/degrades within 1 week of
administration {8.9., injection, implantation, eic.}. In some embodiments, @ portion of the carrier
resorbsfabsorbs/degrades within 2 weeks administration {e.g., injection, implantation, efe.). In
some embodiments, a portion of the carrier resorbs/absorbs/degrades within 1 month of
administration {e.g., injection, implantation, eic.}). In some embodiments, a portion of the carrier
resorbs/absorbs/degrades within 6§ months of administration {e.g., injection, implantation, sfc.}
o some embodiments, a portion of the camier resorbs/absorbsidegrades within 1 year of
administration {e.g., injection, implantation, et} In some embodiments, & portion of the carrier
resorsfabsorbs/degrades within 2 years of adminisiration {e.g., injection, implantation, efe} In
some smbodiments, a portion of the carer resorbs/absorbe/degrades within 3 years of
adrainisiration {e.g., injection, implantation, efc.). In some embodiments, a portion of the carrer
resorbs/absorbsidegrades within 4 years of administration {e.g., injection. implantation, sic.).
Any - appropriate degradable malerials or combinations thereof may achieve  a desired
degradation profile.

jaadd] The camier of scaffold may be anisolropic, e.¢.. the machanical properties of the carrier or
scaffold may be different in ane direction than the other. in certain ambodiments, the carrier or
scaffold may be isotropic.

jea4s] The carrier may comprise components that are products of cells. For example, in cerlain
embodiments, the product is extraceliular matrik (ECM). The ECM may be derived from any
appropriaie ECM-generating celis. ECM componenis may include but are not limited {o collagen
{&.g., collagen type |, collagen Type i}, elastin, fibronectin, laminins, tenascin, protecglycans,
giycosaminoglycans {(8.g., Verisgan, Decorin, Betaglycan, Syndecan}, ele.

jaids] In some embodiments, the carrer #sell further comprises one of more growth factors,
Growth factors may include but are not limited to vascular endothelial growth factor (VEGF),
basic fibroblast growth factor (bFGF), hepatocyie growth factor (HGF), angiopoietin-1, matrix
deposit facltors {e.g., Transforming growth factor {TGF-b1}, Transforming growth factor (TBG-
b3}), mitogenic faclors {(e.g., Platslet derived growth factor A {(PDGF-A), Insulin ke growth factor
1 {(1GF-1), Heparin binding epidermal growth factor (MBEGF), Transforming growth factor a
{TGFa)}, angiogenic factors {e.g., Angiogensin, Anglopolentin-2}, Endothelial Growth Faclor,
Leptin, Platelet derived growth factor BB {(PDGF-BB), Vascular endothelial growth factor
{(VEGF), Hepalocyte growth factor (HGF), Basic Fibroblasts growth faclor (BFGF), Secreted
protein acid and rich in cysteing (SPARC), interleukin 8 {IL-8}, Interleukin B {iL-8}, inflammatory
Cytokines {8.¢., interferon- garmma, interleukin 1a, Interdeukin 1, Interlaukin 6 {(1L-6), Interleukin
8 {iL-8}, Monocyle chemotactic protein 1, Granulocyte colony stimulating factor {(GCSF), Tumor
necrosis factor a (TNFa)), FGF, EPOG, slc. The carrier may comprise any of the aforementioned
proteins or agents herein.
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[nd7i in some embodiments, the carrier is constructed from or comprises a component for
enhancing adherence 10 the endogencus cells of the sublect. in some embodiments, the carrier
i constructed from or comprises a component for enhancing adherence of the carrier o the
therapeutic components of the celi-free compaosition. For example, in some embodiments, the
carrier has a hydrophilicity adapted {o allow adherence of endogencous celis of the subject to
itself.

jpads} Mechanisms of relegse of components of the cell-free composition {e.g., therapeutic
componenis} from the catrier include but are not iimited to: hydrolysis, enzymalic degradation
{e.g. collagenase); temperature sensitive changes in structure or porosity; melting: dissolution;
fight activated changes in structure or porosity {8.g. using resonance); electrically activated
changes in struclure or porosity; bioactivation (e.g. conversion o an enzyme), digestion;
ultrasonic disruption; physical disruption; denaturation; biodegradation; structural changes
through binding receptors or molecules; structure changes through polymerization; swelling; the
iike, or @ combination thergof.

[ in certain embodiments, the cell-fres composition and/or carrier s designed to allow for
cenfirmation that the cell-free composition reaches ifs target or intended destination,

(o650} Table 1 below shows non-limiting exampies of celifree compositions of the present
invention. The present invention is not limited o the examples described herein.

Table 1. Exampies of Cell-Fres Compositions

Exampie Carrier Components {e.g., therapeutic components}
Nucieic
Acid {e.g..
BNAY or
Film Cefl- Angingenesis Gens
or Time- Foam § Growth surface Modulating Editing
Pateh | Capsule | Sponge | release | or Gal | Faclors | ECM | receplars Agents Materiatl Drugs
1 i v v
2 v v ¥ v
3 e v v v v
4 v v v ¥
5 v v N4 vy vy
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9 v vy IV < v
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12 v v v v v < v
13 v v iV
14 7 v I v v
15 v v 1V v v
16 7 N VA
17 ¢ v v iV v
18 v Ng v i v N v v
19 N N v
20 ¢ v v v
21 v v i v v v
22 v N v v
23 v N v v v
"""" 2 F 0 7 v vty v v v
25 | 2 D R R R N N R s
28 v N4
YN D V2 R N s 1
28 J v
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29 g <
30 v N ¥
Melhods of Lise

jsasi] The present invention features mgthods of restoring funclion g target tissue in a subject in
need thereof, as well as methods of enhancing function of a target Hssue in a subject in need
thereof. The methods may generally comprise adminisiering to the subject {e.g., administering
specifically the iarget tissue} a cell-free composition of the present invention, wherein the cali-
free composition promotes lissue repair, restores tissue function, andfor enhances fissue
function of the target issue.

{pes2} As previously discussed, the compositions comprise one or a plurality of therapeutic
components funclioning as stimulating agents, eyg., molecuies, RNA, compound, or
compositions that affect pathways of endogenous ceills to stimulate restoration of Hissue function
or enhancement of tissue funclion in a particular target tissue. The particular therapeutic
components of the composition depend on the target tissue (s8.g., cell-free compositions
designed for cardiac tissue will differ from celf-free compositions for skin tissue} and the goal
effect {e.g. survival of endogenous cells, proliferation of endogenocus cells, enhanced function of
sndogenous cefis). Likewise, the effects of the cell-frase composition (e.g., the stimulating
agent/agents of the composition) will activate andior nhibtt different pathways i different
tissues.

003531 In ceriain embodiments, the cell-free composition {g.g.. stimulating agent from the cell-fres
composition) causes the aclivation of pathways in the subject's own cells that lead o secredion
of growth factor so as to promote tissue repair, regain of tissue function, or enhancement of
fissue function. In certain embodiments, the celi-free compuosition {e.g., stimulating agent from
the cell-free composition) causes the subject’'s cells to aclivate or promote angiogenesis
{increase vascular density) and increase blood flow to the target tissue. in gertain embodiments,
the call-free composition {&.g., stimulating agent from the celi-free composition} causes the
subject's cells o activate Hissue remodeling. In certain embodiments, the cellfree composition
{e.q., stimuiating agent from the cell-frae composition) causes the subject's cells to promote cell
proliferation. In certain embodiments, the celldree composition (e.g., stimulating agent from the
celi-free compaosition) causes the subject’s cells activate or promote cell diferentiation. In certain
embodiments, the cell-free composition {(e.g., stimulating agent from the cell-free composition)
causes the subject's cells o promote or enhance celbcell communication. ln certain
embodiments, the cell-free composition {e.g., stimulating agent from the ceil-free compaosition}
causes the subject’s cells to promote or enhance celf survival. In certain embodiments, the cell-
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free composition {e.g., stimulating agent from the celi-free composition) causes the subject’s
cefls o promote or enhance energy production. in cerlain embodiments, the cell-free
composition {&.g., stimulating agent from the cell-free composition) causes the subject's cells fo
promote or enhance protein production. in certain embodiments, the cell-free composition (e.g.,
stimulating agent from the cell-free composition} causes the subjects cells to promote or
enhance RNA production. in cerdain embodiments, the cell-free composition {e.g., stimulating
agent from the cell-free composition) causes the subject's cells {o promote or enhance cell
death, I certain embodiments, the cell-free composition {e.g., stimulating agent from the cell-
free composiion) causes the subject's cells to inhiblt cell death. in certain enbodiments, the
celi-free composition {e.g.. stimulating agert from the celi-lree composition) causes the subject’s
cells to activate cell repair pathways. In certain embodiments, the cell-free composition {e.g.,
stimulating agent from the celi-fres composition) causes the subject's cells 0 promote or
enhancy secretion of particular secretory factors. I cerlain embodiments, the  call-free
composition {e.g., stimulating agent from the celi-free compeosition) causes the subject’s calls to
promote or enhance electrical signal fransduction.

{06343 In certain embodiments, the cell-free composition {e.g., stimulating agent from the cell-free
composition) causes the DNA in the subject’s cells o be modified. in cartain embodiments, the
celi-free composition {8.g., stimulating agent from the celi-free composition) causes gene
expression i the: sublects cells 1o be modified. By cedainn embodiments, the cell-res
composition {e.g., stimulating agent from the celi-free composition? causes the subject's celis {o
release a particular hormone. The present invention is not limited to the aforementioned
pathways that may be affected by the cell-free compositions herein,

(9635; The ceil-free compositions herein can increase vascular density in a targe! tissue. In
certain embodiments, the compaosition increases vascular densily in a target tissue by 1-fold or
more: in cerain embodiments, the composition increases vascular densily in a target tissus by
2-4old or more. In cerlain embodiments, the composition increases vascular densily in a larget
fissue by 3-fold or mora. In cerain embodiments, the composilion ingreases vascular density in
a farget tissue by 4-fold or more. in certain embodiments, the composition increases vascular
dansity in a target tissug by S-fold or more,

036} The celifree compositions can increase biood flow in the target tissue. In certain
embodiments, the composition incrsases blood flow in a target tissue by 1-fold. or mors. in
certain embodiments, the composition increases blood flow in a target tissue by 2-fold or more.
i cerfgin embodiments; the composition increases blood flow i & target tissue by 3-fold or
more. In cerain embodiments, the composition increases bleood flow in a target tissue by 4-fold
or more. in cerlain embodiments, the composition increases blood flow in a target tissus by &
fold or move.
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tissue. For example, restoration or enhancement of liver tissue function-may refer {0 an increase
in hepatic secrefions. Resloration or enhancement of cardiac tissue function may refer 1o an
increase in electrical function of cells, restoration of celi-cell communication between cells, aic.
For example, restoration of cardiac tissue function may refer {o improved contractility of stunned
of hibernating myocardium, improved muscle contractions in an akinetic or hypokinetic hear,
ete. Restoration of cardiac fissue may aven refer 10 the inhiliition of disease progression,
stabilization of the heart, elc. Resloration of skin fissue may refer (0 regeneration of skin gfter a
significant burn. Restoration or enhancement of auditory tissue may refer to increased function
of the cochlea, e.¢., improved hearing.

jos8i Methods of administration of the compositions of the present invention may include
infection, implantation, or oral administration.

9639} The cell-frae composition may be delivered under the visceral layer of a particular tissue
or organ. in certain embodiments, the cell-free composition may be delivered under the paretal
layer of a particular organ or fissue, 8.g., the space behween the parietal layer and the visceral
tayer. The target for the cell-free composition may be accessed through both the visceral and
parietal layers, e.g., the two layers may be dissected to provide access to the lissue or organ.
For example, the composition may be delivered to the pleural space, e.g., the space behween
the visceral pleura and the parietal pleura. The composition may be delivered to the heart tissue
below the visceral pericardium. The prasent invention is not iimited {o the aforementioned
examples of specific delivery of the cell-free compositions.

jtaen] Adrinistration of the celi-free compositions of the present invention may fealure a single
administration. In certain embodiments, administration of the cell-free campositions may feglure
two or more administrations of the cell-free composition {&.g., two or more administrations of the
same composiiion, two or more administrations of different compositions, a combination thereof,
efc.).

{61} As an example, in applications related {o cardiac tissue, one or 8 combination of cell-free
compositions of the present invention may be administered {e.g.. injected) info one or more
locations such as: the myocardium, epicardium and/or endocardium of the left ventricle, right
ventricls, septum, under the paristal pericardium, between the parietal pericandium and viscara!
pericardium, and/or under the visceral perigardium, |, elc. The administrations {g.g., injections)
may be performed in a particular directional order, 2.g.. the administrations may start from the
pen-infarct (border) zone foward the infarct zone (the dosing and spacing of injections may
depend on the size of the diseased area and severity of disease). The procedure may be 3
single administration. Or, in certain embodiments, the procedure may feature a series of

wd
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administrations, 8.g., 2, 3, 4, &, from 1 {o 10, slc. Administrations may be spaced as appropriats,
e.g., days apart (e.g., 1 day, 2 days, 3 days, ddays, b days, & days, 7 days, 10 days, 15 days,
20 days, from 7 {0 21 days, eic.), weeks apart {(e.q., 1 week apart, 2 weeks apart, 3 weeks apart,

4 waeks apart, 5 weeks apart, efc.), stc.

09621 As an example, in applications related to muscle tissue, one or a combination of cell-free
compositions of the present invention may be administered {e.g., injected) into one or more
target focations (e.g., in and/or ground the target muscle). The administrations {e.g., injections)
may be performed in 3 particular directional order. In cerlain embodiments, the administrations
{e.g., injections) may be performed as a siand-alone procedurs. in certain embodiments, the
administrations {e.q., injections} may be performed as adjunct to anocther procedure. The
procedure may be a single administration. Or, in certain embodiments, the procedure may
feature a series of administrations, eg. 2 3 4. & fom 5§ o 10, from 10 to 206, elc
Adminisirations may be spaced as appropriate, e.g., days apart {e.g., 1 day, 2 days, 3 days, 4
days, & days, 6 days, ¥ days, 10 days, 15 days, 20 days, rom.7 10 21 days, eic), weeks apart
{&8.g.. 1 week apart, 2 wesks apart, 3 weeks apart, 4 weeks apart, § weeks apart, sic ), months
apart {e.g. 1 month, 2 months, & months, sic), sl

{963} The celi-free compositions of the present invention are constructed towithstand short-term
andfor long-term storage, e.g., cryopreservation. Cryopraservation may refer (o a temperature of
S0°C to -186°C or -80°C {0 188°C. The abllily o cryopreserve the composition helps aliow for
stocking until use, as well as for transporting the compositions from one location to another.

jpacd] The cell-free compasitions may alsc be constructad to withstand certain lengths of fime at
roony:-tamperature (or g-tamperature below 37°C). Without wishing to limi the present invention
to any theory or mechanism, it is belisved that the ability to remain functional or usable al g
temperature below 37°C for ceriain lengths of time may be beneficial for instances when the
composition is out of the incubator prior to use, As an example, 8 composition may be exposed
o room temperaiure for & lengthy pericd of time when it is removed from the incubator, brought
to a room for administration, but is not administered immediately.

EXAMPLE 1

janca Example 1 describes data obiained from tissue cultures of fibroblast only cultures {Table
2} co-cultured cardiac grafls {cardiomyocyies and fibroblasis} {Talde 2. Table 3), and grafts
containing cardiac progentior cells and fibroblasts {Table 2). Various cylokines, proteins, growth
factors, efc. were given off by these cells, resulting in issue repair/associated functional benefit.
fd6es] Table 2 below shows gene expression of cardiac graft cullures of terminally differentiated

cardiomyocytes co-cultured with fibroblasis and of cardiac progenitor celis co-cultured with
fibroblasts {vascular endothelial growth factor (VEGF), stromal derived factor-1 (SDF-1a). insulin

(e
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like growth factor-1 {IgF-1)}, interleukin-6 {IL-8), 1L-8, and IL-10). N=2.

Table 2
Terminally differentiated
cardiomyocytes co- Cardiac progenitor cells co-
cultured with fibroblasts cultured with fibroblasts
Agent {fold expression) {foid expression)
VEGF 8 7
SLF-1 alpha 5 2
igF-1 8 7
iL-8 12 12
iL-8 9 10
10 8 8

jseT) Table 3 below shows growth facior and oytokine expression levels of fresh vs thawed
{previously cryopreserved) cardiac grafts (ferminally differentiated cardiomyocytes co-cuttured
with fibroblasts) as assessed through ELISA assay. Dala are maan+&E. * danotes statistical
difference {p<0.05). N = 3 for Frash, n = 3 for Thawed.

Table 3

Agent Fresh {pgfmi) Thawed (pglmi}
IGF1 0.16 87

VEGF 1300 800*

FGF 30 70

HGF 650 1200+

G-CSF 1200 1600

TGF-b 750 800

a8} Table 4 below shows cytoking, chemaokine and growth factor stimulation of angiogenic and
inflammatory markers in static {conirol} versus strained fibroblasts grafls in vivo for over 48hrs
{10% 1 Hz}. Expression is in pg oytoking / ug DNA, n=3. Adjusted for 2% fetal bovine serum in
medium. ¥ p<0.08.

ig
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Table 4. Cytokine Aclivation in Static {control} versus Strained Fibroblast Grafls

Angiogenic Agents Static Strained
Angiogenin 1322 £ 769 383 & 140
Angiopoientin-2 71 4 183 180 2 100

Basic Fibroblast Growth Factor 461 £ 200 38 + 50
Endothefial Growth Factor 15207 5+3
Heparin-Binding Endothalial Growth Factor 228 £ 188 172 £ 49
Hapatocyle Growth Factor (3725 & 4307 285 £ 5218

Leptin 152 2 3610 M58 + 1870
Platelet-Derived Growth Factor BB S p3cd
Placentatl Growth Factor 11z 4 27 + 14

Vascular Endothelial Growth Factor 324 £ 152 756 £ 392
inflammation Factors

interferon-gamma 3573 + 2568 2060 + 153*
interleukin-1a 57T £ 23 212 £ 6
interieukin-14 171227 36 & &

interteukin-4 101 ¢ 16 36 £ 7°

interdeukin-& 83 £ 33 36 + 19

ntedeukinr® 3937 x 2192 966 t 1517
interleukin-10 20 + 14 48 + 8
interieukin-13 77 £ 35 137 £ 34

Monoeyte Chemotactic Protein-1 14900 £ 5880 10830 £ 2847
Tumor Necrosis Factor o 2183 + 100 1277 £ 110°

jop69] The disclosures of the following U.S. Patents are incorporated in thelr entirety by
reference herein: U.S. Pat. App. No. 2018/0361028; U.S. Pat. No. 4,863 ,488; U.S. Pal. App. No.
USz008/0269316. WO2013151755; WO2011102891; U.B. Pal. App. No. 2014/0178450; U.S.
Pat. No. 8,802,144, WO2008102867; U.S. Pal. No. 8,118.831; WO2010042856; UL5. Pat. No,
2008/0075750. U.8. Patl. No. 9,687,222,

fasd
<
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aTe Various modifications of the invention, in addition to those described herein, will be
apparent to those skilled in the art from the foregoing description. Such modificgtions are alsc
intended o fall within the scope of the appended claims. Each reference cited in the present

application is incorporated herein by reference in ifs entirety.

a7 i Although there has been shown and described the preferred embodiment of the present
invantion, # wilt be readily apparent to those skilled in the ant that modifications may be made
thereto which do not sxceed the scope of the gppended claims. Therefore, the scope of the
fnvention is only to be limiled by the following claims. Reference numbers recited in the claims
are exempiary and for ease of review by the patent office only, and are not limiting in any way.
in some embodiments, the figures presented in this patent application are drawn io scale,
including the angles, ratios of dimensions, ete. in some embodiments, the figures are
representative only and the claims are nol limited by the dimensions of the figures. In some
embodiments, descriptions of the inventions described herein using the phrase "comprising”
includes smbodiments that could be described as “consisting of, and as such the written
description requirement for claiming one or more embodiments of the present invention using
the phrase “consisting of" is met.

jpa72} The reference numbers recited in the below claims are solely for ease of examination of
this patent application, and are sxemplary, and are not infended in any way o limit the scope of
the claims to the parlicular Teatures having the coresponding reference numbers in the
drawings.
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VWHAT I8 CLAIMED 18

1.

o3

o ;o W

A celi-frae composition comprising:
a. acarrier; and

B, at least one stimulating agent for activaling an endogenous pathway in a larget

Hssus;

wherein the celi-free composition, when administered o a subject, promotes repair of
the larget tissue; restorgtion of funclion of the farget tissue, or enhancement of
function of the target tissue.

The cell-free composition of claim 1, wheresin the stimulating agent is one. or 3
combination of RNA, DNA, protein, carbobvdrate, ov a lipid.

The cell-frea composition of claim 1, whetein the stimulating agent is a nudleis acid.

The cell-free composition of claim 3, wherein the nucleic acid is RNA.

The cell-free compaosition of claim 1, wherein the stimulating agent is a virus,

The celi-free composition of claim 1, wherein the stimulating agent is 8 composition for
in vivo gene editing.

The celi-free composition of claim 1, wherein the stimulating agent is one or a
combination of 8 growth facter, an angiogenesis modalating agent, 8 hommone, a drug, a
cell surface receptor, an enzyme, a nucleic acid.

The cell-free composition of dlaim 7. wherein the growth factor is one or 8 combination
of: vascular endothelial growth factor (VEGF), a fibroblast growth factor (FGF), epidermal
growth factor (EGF), platelet derived growth factor (PDGF), Transforming growth faciors-
beta (TGF-beta), fransforming growth factor-alpha {TGF-alpha), an insulin-like growth
factor, erythropoletin (Epo), tumor necrosis factor-alpha (TNF- alpha), Wwmor necrosis
factor-bety (TNF-betfa). interferon-gamma (INF-gamma}, or g colony stimulating factor
{CSFS).

The celi-free composition of claim 7, wherain the angiogenesis modulating agent is one
or more of angiopoeitin-1, epidermal growth factor (EGF), hepalocyte growth factor
{HGF), tumor necrosis factor (TNF-alphal, platelet derived endothelial cell growth factor
{PO-ECGF), platelet derived growth factor (PDGF}, insulin-like growth facior (IGF),
inferfeukin-8 {iL-8), growth hormone (GH), angiopoietin, vascular endothelial growth
factor (VEGF), a fibroblast growth factor (FGF), transforming growth faclor alpha (TGF-
alpha}, CYR €1, or platelet-derived growth factor (FDGF).
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10. The cell-free composition of any of claims 1-9, wherein the stimuiating agent promotes
production of a growth factor in the call

11. The cell-free composition of any of claims 1-10, wherain the stimulating agent modifies
DNA of cells in the target tissue.

12. The celi-free composition of any of claims 1-11, wherein the stimuialing agent causes
gene expression of celis in the farget tissue o be modified.

13. The cell-free composition of any of claims 1-12, wherein the composition promotes or
enhances cefl-cell communication.

14. The cell-free composition of any of caims 1413, wherein the composition incregses
vassst density in the farget tissue.

15. The celi-free composition of any of claims 1-14, wherein the composition promoles
alactrical signal transduction,

16, The cell-free composition of any of claims 1-15, wherein the composition causes
activation of lissue vempdeling.

17. The cell-free composition of any of claims 1-16, wherein the composition promotes cell
profiferation.

18. The cell-free composition of any of claims 1-17. wherein the composition promotes cel
differentiation.

18. The celi-free composition of any of claims 1-18, whersin the composition promotes cell
survival,

20. The celi-free composition of any of claims 1-18, wherein the composition promoles
energy production.

21, The celi-free composition of any of claims 1-20, wherein the composition activates celf
rapair pathways.

22.The cell-free composition of any of claims 1-21, wherein the composition promotes
secration of secretory factors.

23. The celi-free composition of any of claime 1-22, wherein the carrier aliows for time-
release of one or more therapeutic components.

24. The cell-free composition of any of claims 1.23, wherein the carier is a film.

28. The cell-free composition of any of claims 1-23, wherein the carrier is a8 patch.

28. The cell-free composition of any of claims 1-23, wherein the carier is a capsule.

27. The cell-free composition of any of claims 1-23, wherein the camier is g sponge.

28. The cell-free composition of any of claims 1-23, wherein the carrier is a foam.

28. The cell-free composition of any of claims 1-23, whereln the carrier is a gel.

30, The celi-free composition of any of claims 1-28, wherein the carier comprises a
biclogical matriz, @ synthelic matrix, of a combingtion thereof.

[
(7]
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31. The cell-free composition of any of daims 1-30, whersin the carder comprises a collagen
matrix, gelatin, or a combination thereof,

32. The cell-free composition of any of claims 1-31, wherein the carier is & bulking agent.

38, The cefidfree composition of any of claims 1-32, wharein the carrigr comprises proteins,
gals, or & combination thereof.

34. The celi-free composition of any of claims 1-33, wherein the carrier targels the cell-free
compaosition to the target tissue.

38, The cell-free composition of any of claims 1-34, wherein the carrier helps attach the cell-
free composition to the target tissue,

38. The celi-free composilion of any of claims 1-35, wherein the carrier helps conlain the
celi-free composition in the target tissue.

37. The cell-free composition of any of daims 1-36, wherein the larget tissue is muscle,
bone, carfilage, central nervous system fissue, eye tissue, epithelial tissus,
gastrointestingl tissue, auditory tissue, genital tissue, oral cavily tissue, or connective

fissye.

38. The cell-fres composition of clgim 37, whereln the larget tissue s skalstal muscle,

38. The cell-free composition of ¢laim 37, wherein the target tissue is heart muscle.

40. The cell-ree composition of any of claims 1-38, wherein the composition comprises two
or more stimulating agents.

41. The celi-free composition of any of claims 1-33, wherein the composition comprises
three or more stimulating agents.

42, The celi-free compeosition of any of claims 1-39, wharein the composition comprises four
of more stimulating agents.

43. The cell-free composition of any of claims 1-39, wherein the composition comprises five
of more stimulating agents.

44, A method of promoting repair, restoration of funclion, or enhancement of function in a
target tissue of a subject in need thereof, said method comprising: introducing io the
target fissue a celi-free composition comprising according to any of Claims 1-43, wherein
the celi-free composition promotes repair, restoration of function, or enhancement of
function of the target tissue.

45. The method of claim 44, wherein the target tissue {s damaged dus fo frauma.

I
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47.

48,

48.

&0,

The method of claim 44, wherein the target issue is healthy tssue,

The method of any of claims 44-47, wherein the subject in need thereof is identifisd by &
SCreening process.

The method of any of claims 44-48, wherein administaning the cell-frag composition to
the target lissue comprises injecting a first adminisiration of the celi-free composition.

The method of any of claims 44-49, whearain the method further comprises administering
at least one subsequent administration of a celli-free composition according fo any of
claims 1-43.

51. A method of promoting repair, restorgtion of function, or enhancement of funclion in

§2.

&3.

&4.

55,

56.

gastrointestinal tissue of a subject in need thereof, said method comprising: introducing
{o the target lissue a cell-free composition comprising according to any of Claims 143,
wherein the cell-free composition promoles repair, resioration of funclion, or
enhancemeant of function of the gastrointastinal tissue.

The method of claim 51, wherein the cell-free composition causes the gastroitestinal
flasug o increass production of enzymes,

The method of claim 81, wherein the celi-free composition causes the gastrointestinal
fissue to increase motility.

A method of promoting repair, restoration of function, or enhancement of function in
gardiac ssue of g subject in need thereof, sald method comprising: introducing to the
target tissue a celi-free composition comprising according to any of Claims 1-43, wherein
the celi-free composition promotes repair, restoration of function, or enhancement of
function of the liver lissue.

The method of claim 54, wherein the cell-ires composition causes the cardiae tissue fo
resiore binod flow,

The method of claimy 84, wherein the cellires composiiion causss an incresse in
slectrical funclion of cardiac tissue,
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