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Description

TECHNICAL FIELD

[0001] Described herein are conditionedmedia for use
in amethod of treating or preventing disc degeneration in
an individual.

BACKGROUND

[0002] It is well known that the intervertebral discs are
made of highly organized matrices of collagen, water,
and proteoglycans. Proteoglycan production in the discs
is believed to occur by differentiated chondrocytes. Each
intervertebral disc comprises a central highly hydrated
and gelatinous nucleus pulposus (nucleus) surrounded
by an elastic and highly fibrous annulus fibrosus (annu-
lus). Cartilaginous endplates provide a connection to the
vertebrae inferiorly and superiorly to the intervertebral
disc. This cushioned arrangement within the interverteb-
ral discs allows the discs to facilitate movement and
flexibility within the spine while dissipating hydraulic
pressure through the spine.
[0003] During aging, mechanical stress, and/or as a
result of other environment and/or genetic changes, the
intervertebral disc may begin to degenerate. It is known
that with aging, the matrix of the disc undergoes sub-
stantial structural, molecular, and mechanical changes,
including a loss in the demarcation between the annulus
fibrosus (AF) and the nucleus pulposus (NP) [1, 2],
alterations in collagen content, and a decrease in pro-
teoglycan [3], resulting in loss of structural integrity, de-
creased hydration, and an inability to withstand load [4].
Because matrix changes largely reflect alterations in the
biology of the cells, it is not surprising to find that during
aging and degeneration, the cells of the NP exhibit al-
tered patterns of gene and protein expression for matrix
molecules, degrading enzymes, and catabolic cytokines
[5‑7].
[0004] In many cases, the degeneration of the disc is
associated with death of nucleus pulposus cells. For
example, in one study it was shown that with increasing
compressive stress on the disc, the inner and middle
annulus became progressively more disorganized, and
the percentage of cells undergoing apoptosis increased.
Stress also caused expression of Type II collagen to be
suppressed, whereas the expression of aggrecan de-
creased at the highest stress levels in apparent propor-
tion to the decreased nuclear cellularity. Compression for
one week did not affect the disc bending stiffness or
strength but did increase the neutral zone by 33%. As
suggested by the finite-element model, during sustained
compression, tension is maintained in the outer annulus
and lost in the inner andmiddle regions where the hydro-
static stress was predicted to increased nearly 10-fold.
Discs loaded at the lowest stress recovered annular
architecture but not cellularity after one month of recup-
eration.Discs loadedat the highest stress did not recover

annular architecture, displaying islands of cartilage cells
in the middle annulus at sites previously populated by
fibroblasts [8]. Another study investigated whether frac-
tures of the vertebrae induce apoptosis in the affected
disc tissue from patients (n = 17) undergoing open re-
duction and internal fixation of thoracolumbar spine frac-
tures. In contrast to healthy control disc tissues, samples
from traumatic thoracolumbar discs showed positive TU-
NEL staining and a significant increase of caspase‑3/7
activity. Interestingly, analyses of the initiator caspase‑8
and - 9 revealed significantly increased activation levels
compared to control values, suggesting the coexistent
activation of both the extrinsic (receptor-mediated) and
intrinsic (mitochondria-mediated) apoptosis pathway.
Accordingly, expression levels of theFas receptor (FasR)
mRNA were significantly increased. Although the TNF
receptor I (TNFR I) was only slightly upregulated, corre-
sponding TNF-alpha from trauma affected discs pre-
sented significantly increasedmRNA expression values.
Furthermore, traumatic disc cells demonstrated signifi-
cantly reduced expression of the mitochondria-bound
anti-apoptotic Bcl‑2, thereby maintaining baseline tran-
scriptional levels of the pro-apoptotic Bax protein when
compared to control disc cells [9]. Numerous studies
have shown death of nucleus pulposus cells to be asso-
ciatedwithprogressionofdiscdegeneration [10‑12].One
molecularmechanism identified to be implicated in death
of nucleuspulposus cells is thedeath receptorFasand its
cognate receptor Fas Ligand [13‑15]. Other molecules
have also been implicated including DR4 [16, 17], TNF-
alpha [18‑20], ADAMTS‑7 andADAMTS‑12 [21, 22], and
IL‑2 [23].
[0005] Intradiscal injections for prevention of nucleus
pulposus cell apoptosiswere previously performedusing
a variety of agents, including gene therapy, stem cell
therapy, and growth factors. However, the present dis-
closure provides additional or alternative means that
satisfy a long felt need in the art to regenerate injured
discs and/or to facilitate inhibition of nucleus pulposus
cell apoptosis.
[0006] Cheng et al., 2017 (Journal of Cellular and
Molecular Medicine, Vol. 22, No.1, 14 August 2017,
pages 261 ‑276) describes that mesenchymal stem cells
deliver exogenous miR‑21 via exosomes to inhibit nu-
cleus pulposus cell apoptosis and reduce intervertebral
disc degeneration. Lai et al., 2017 (Scientific Reports,
Vol. 7, No. 1, 17 March 2017, pages 1‑13) relates to
efficient generation of chemically induced mesenchymal
stem cells from human dermal fibroblasts. US
2007/184033 relates to methods and compositions for
repair of cartilage using an in vivo bioreactor. WO
2010/138517 relates to genetically intact induced plur-
ipotent cells or transdifferentiated cells and methods for
the production thereof. CN 104 011 201 relates to fibro-
blasts for treatment of degenerative disc disease. Kim et
al., 2002 (Journal of Bone & Joint Surgery, Vol. 83-V, No.
2, 1 January 2002, pages 289‑294) relates to repair of
cartilage defect in a rabbit with cultured mesenchymal
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stem cells frombonemarrow. US2016/220613 relates to
the use of exosomes in a method of promoting, restoring
or enhancing homeostasis in a biological environment.
US 2016/145575 relates to methods for generating cells
with multilineage potential. Huangfu et al., 2008 (Nature
Biotechnology, Vol.26, No. 7, 22 June 2008, pages
795‑797) relates to the induction of pluripotent stem cells
by defined factors being greatly improved by small mo-
lecule compounds.

SUMMARY OF THE INVENTION

[0007] The invention provides conditioned media from
a culture of de-differentiated fibroblasts for use in a
method of treating disc degeneration in an individual,
comprising the step of providing to the individual an
effective amount of the conditioned media, wherein said
de-differentiated fibroblasts are produced upon expo-
sure to hypoxia and valproic acid.

SUMMARY OF TECHNICAL TEACHINGS

[0008] The conditioned media may comprise exo-
somes. In particular cases, the exosomes express mar-
kers selected from the group consisting of a) CD63; b)
CD9; c) MHC I; d) CD56; and e) a combination thereof.
The exosomes may or may not have been tested for
expression of one or more markers prior to providing to
the individual. In specific cases, the method further com-
prises a step of de-differentiating the fibroblasts to pro-
duce de-differentiated fibroblasts, for example to pro-
duce de-differentiated fibroblasts in culture. In specific
embodiments, de-differentiated fibroblasts are produced
upon exposure to stem cells and/or cytoplasm from stem
cells. Examples of stem cells include at least pluripotent
stem cells selected from the group consisting of a)
parthenogenic stem cells; b) embryonic stem cells; c)
inducible pluripotent stem cells; d) somatic cell nuclear
transfer derived stem cells; e) Stimulus-triggered acqui-
sition of pluripotency (STAP); and f) a combination there-
of. In some cases, the de-differentiated fibroblasts are
produced upon exposure to one or more particular con-
ditions or compositions, such as one or more histone
deacetylase inhibitors; one or more DNAmethyltransfer-
ase inhibitors; and so forth. Examples of histone deace-
tylase inhibitors include those selected from the group
consisting of a) trichostatin A; b) phenylbutyrate; c) vor-
inostat; d) belinostat; e) LAQ824; f) panobinostat; g)
entinostat; h) CI994; i) mocetinostat; j) sulforaphane;
and k) a combination thereof. Examples of one or more
DNAmethyltransferase inhibitors include those selected
from the group consisting of a) decitabine; b) 5-azacyti-
dine; c) Zebularine; d) RG‑108; e) procaine hydrochlor-
ide; f) Procainamide hydrochloride; g) Hydralazine hy-
drochloride; h) Epigallocatechin gallate; i) Chlorogenic
acid; j) Caffeic acid; and h) a combination thereof.
[0009] In particular embodiments, thede-differentiated
fibroblasts are produced upon exposure to 2%‑8%,

2%‑7%, 2%‑6%, 2%‑5%, 2%‑4%, 2%‑3%, 3%‑8%,
3%‑7%, 3%‑6%, 3%‑5%, 3%‑4%, 4%‑8%, 4%‑7%,
4%‑6%, 4%‑5%, 5%‑8%, 5%‑7%, 5%‑6%, 6%‑8%,
6%‑7%, or 7%‑8% oxygen.
[0010] In particular embodiments, the exosomes are
obtained from de-differentiated fibroblasts, and the exo-
somes may or may not be purified from culture of the de-
differentiated fibroblasts using anion exchange chroma-
tography, high performance liquid chromatography
(HPLC), or both. In particular embodiments, the method
comprises administering to the individual one or more of
hyperbaric oxygen, adipose stem cell administration,
bone marrow mesenchymal stem cell administration,
fibroblast administration, and a combination thereof.

BRIEF DESCRIPTION OF THE FIGURES

[0011]

FIG. 1 shows that exosomes from fibroblasts inhib-
ited TNF-alpha induced apoptosis, whereas exo-
somes from dedifferentiated fibroblasts even more
potently inhibited suppressed apoptosis. Blue bars
are saline control, orange bars are from fibroblasts,
grey bars are from dedifferentiated fibroblasts (hy-
poxia and valproic acid) and dark yellow bars are
fetal calf serum exosomes.

FIG. 2 shows that exosomes from fibroblasts inhib-
ited stimulated NP cell proliferation, whereas exo-
somes from dedifferentiated fibroblasts even more
potently stimulatory. Blue bars are saline control,
orange bars are from fibroblasts, grey bars are from
dedifferentiated fibroblasts (hypoxia and valproic
acid) and dark yellow bars are fetal calf serum exo-
somes.

DETAILED DESCRIPTION

[0012] The invention is defined in the appended claims
Further aspects and preferred embodiments are defined
in the dependent claims. Any aspects, embodiments and
examples of the present disclosure which do not fall
under the scope of the appended claims do not form part
of the invention and are merely provided for illustrative
purposes.
[0013] References to the methods of treatment by
therapy or surgery or in vivo diagnosis methods in the
description are to be interpreted as references to com-
pounds, pharmaceutical compositionsandmedicaments
of the present disclosure for use in those methods.

I. Examples of Definitions

[0014] In keeping with long-standing patent law con-
vention, the words "a" and "an" when used in the present
specification in concert with the word comprising, includ-
ing theclaims, denote "oneormore."Someaspectsof the
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disclosure may consist of or consist essentially of one or
more elements, method steps, and/or methods of the
disclosure. It is contemplated that any method or com-
position described herein can be implemented with re-
spect to any other method or composition described
herein.
[0015] As used herein, the term "about" or "approxi-
mately" refers to a quantity, level, value, number, fre-
quency, percentage, dimension, size, amount, weight or
length that varies by asmuchas30, 25, 20, 25, 10, 9, 8, 7,
6, 5, 4, 3, 2 or 1 % to a reference quantity, level, value,
number, frequency, percentage, dimension, size,
amount, weight or length. In particular aspects, the terms
"about" or "approximately" when preceding a numerical
value indicates the value plus or minus a range of 15%,
10%, 5%, or 1%. With respect to biological systems or
processes, the term can mean within an order of magni-
tude, preferably within 5-fold, and more preferably within
2-fold, of a value. Unless otherwise stated, the term
’about’ means within an acceptable error range for the
particular value.
[0016] The term "administered" or "administering", as
used herein, refers to any method of providing a compo-
sition to an individual such that the composition has its
intended effect on the patient. For example, one method
of administering is by an indirect mechanism using a
medical device such as, but not limited to a catheter,
applicator gun, syringe etc. A second exemplary method
of administering is by a direct mechanism such as, local
tissue administration, oral ingestion, transdermal patch,
topical, inhalation, suppository etc.
[0017] As used herein, "allogeneic" refers to tissues or
cells or other material from another body that in a natural
setting are immunologically incompatible or capable of
being immunologically incompatible, although from one
or more individuals of the same species.
[0018] As used herein, the term "allotransplantation"
refers to the transplantation of organs, tissues, and/or
cells from a donor to a recipient, where the donor and
recipient are different individuals, but of the same spe-
cies. Tissue transplanted by such procedures is referred
to as an allograft or allotransplant.
[0019] As used herein, the terms "allostimulatory" and
"alloreactive" refer to stimulation and reaction of the
immune system in response to an allologous antigens,
or "alloantigens" or cells expressing a dissimilar HLA
haplotype.
[0020] Asusedherein, "autologous" refers to tissuesor
cells or othermaterial that are derived or transferred from
the same individual’s body (i.e., autologous blood dona-
tion; an autologous bone marrow transplant).
[0021] As used herein, the term "autotransplantation"
refers to the transplantation of organs, tissues, and/or
cells from one part of the body in an individual to another
part in the same individual, i.e., the donor and recipient
are the same individual. Tissue transplanted by such
"autologous" procedures is referred to as an autograft
or autotransplant.

[0022] The term "biologically active" refers to any mo-
lecule having structural, regulatory or biochemical func-
tions. For example, biological activity may be deter-
mined, for example, by restoration of wild-type growth
in cells lacking protein activity. Cells lacking protein ac-
tivity may be produced by many methods (i.e., for ex-
ample, point mutation and frame-shift mutation). Com-
plementation is achieved by transfecting cells that lack
protein activity with an expression vector that expresses
the protein, a derivative thereof, or a portion thereof. In
other cases, a fragment of a gene product (such as a
protein) may be considered biologically active (or it may
be referred to as functionally active) if it retains theactivity
of the full-length gene product, although it may be at a
reduced but detectable level of the activity of the full-
length gene product.
[0023] "Cell culture" is an artificial in vitro system con-
taining viable cells, whether quiescent, senescent or
(actively) dividing. In a cell culture, cells are grown and
maintained at an appropriate temperature, typically a
temperature of 37°C and under an atmosphere typically
containing oxygen and CO2, although in other cases
these are altered. Culture conditions may vary widely
for each cell type though, and variation of conditions for a
particular cell type can result in different phenotypes
being expressed. The most commonly varied factor in
culture systems is thegrowthmedium.Growthmedia can
vary in concentration of nutrients, growth factors, and the
presence of other components. The growth factors used
to supplement media are often derived from animal
blood, such as calf serum.
[0024] Throughout this specification, unless the con-
text requires otherwise, the words "comprise", "com-
prises" and "comprising" will be understood to imply
the inclusion of a stated step or element or group of steps
or elements but not the exclusion of any other step or
element or group of steps or elements. By "consisting of"
is meant including, and limited to, whatever follows the
phrase "consisting of." Thus, the phrase "consisting of"
indicates that the listed elements are required or man-
datory, and that no other elements may be present. By
"consisting essentially of" is meant including any ele-
ments listed after the phrase, and limited to other ele-
ments that donot interferewith or contribute to theactivity
or action specified in the disclosure for the listed ele-
ments. Thus, the phrase "consisting essentially of" in-
dicates that the listed elements are required or manda-
tory, but that no other elements are optional and may or
may not be present depending upon whether or not they
affect the activity or action of the listed elements.
[0025] The term"drug", "agent" or "compound"asused
herein, refers to any pharmacologically active substance
capable of being administered that achieves a desired
effect. Drugs or compounds can be synthetic or naturally
occurring, non-peptide, proteins or peptides, oligonu-
cleotides, or nucleotides (DNA and/or RNA), polysac-
charides or sugars.
[0026] The term "individual", as usedherein, refers to a
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human or animal that may or may not be housed in a
medical facility and may be treated as an outpatient of a
medical facility. The individual may be receiving one or
moremedical compositions via the internet. An individual
may comprise any age of a human or non-human animal
and therefore includes both adult and juveniles (i.e.,
children) and infants. It is not intended that the term
"individual" connote a need for medical treatment, there-
fore, an individual may voluntarily or involuntarily be part
of experimentation whether clinical or in support of basic
science studies. The term "subject" or "individual" refers
to any organism or animal subject that is an object of a
method or material, including mammals, e.g., humans,
laboratory animals (e.g., primates, rats, mice, rabbits),
livestock (e.g., cows, sheep, goats, pigs, turkeys, and
chickens), household pets (e.g., dogs, cats, and ro-
dents), horses, and transgenic non-human animals.
[0027] Reference throughout this specification to "one
embodiment," "an embodiment," "a particular embodi-
ment," "a related embodiment," "a certain embodiment,"
"anadditional embodiment," or "a further embodiment" or
combinations thereof means that a particular feature,
structure or characteristic described in connection with
theembodiment is included inat least oneembodiment of
the present disclosure. Thus, the appearances of the
foregoing phrases in various places throughout this spe-
cification are not necessarily all referring to the same
embodiment. Furthermore, the particular features, struc-
tures, or characteristicsmay be combined in any suitable
manner in one or more embodiments.
[0028] The term "pharmaceutically" or "pharmacologi-
cally acceptable", as used herein, refer to molecular
entities and compositions that do not produce adverse,
allergic, or other untoward reactions when administered
to an animal or a human.
[0029] The term, "pharmaceutically acceptable car-
rier", as used herein, includes any and all solvents, or
a dispersion medium including, but not limited to, water,
ethanol, polyol (for example, glycerol, propylene glycol,
and liquid polyethylene glycol, and the like), suitable
mixtures thereof, and vegetable oils, coatings, isotonic
and absorption delaying agents, liposome, commercially
available cleansers, and the like. Supplementary bioac-
tive ingredients also can be incorporated into such car-
riers.
[0030] The terms "reduce," "inhibit," "diminish," "sup-
press," "decrease," "prevent" and grammatical equiva-
lents (including "lower," "smaller," etc.) when in reference
to the expression of any symptom in an untreated subject
relative toa treatedsubject,mean that thequantity and/or
magnitudeof the symptoms in the treated subject is lower
than in the untreated subject by any amount that is
recognized as clinically relevant by anymedically trained
personnel. In one aspect, the quantity and/or magnitude
of the symptoms in the treated subject is at least 10%
lower than, at least 25% lower than, at least 50% lower
than, at least 75% lower than, and/or at least 90% lower
than the quantity and/or magnitude of the symptoms in

the untreated subject.
[0031] "Therapeutic agent" means to have "therapeu-
tic efficacy" in modulating angiogenesis and/or wound
healing and an amount of the therapeutic is said to be a
"angiogenicmodulatory amount", if administration of that
amount of the therapeutic is sufficient to cause a signifi-
cant modulation (i.e., increase or decrease) in angio-
genic activity when administered to a subject (e.g., an
animal model or human patient) needing modulation of
angiogenesis.
[0032] As used herein, the term "therapeutically effec-
tive amount" is synonymous with "effective amount",
"therapeutically effective dose", and/or "effective dose"
and refers to the amount of compound that will elicit the
biological, cosmetic or clinical response being sought by
the practitioner in an individual in need thereof. As one
example, an effective amount is the amount sufficient to
reduce immunogenicity of a group of cells. As a non-
limiting example, an effective amount is an amount suffi-
cient to promote formation of a blood supply sufficient to
support the transplanted tissue. As another non-limiting
example, an effective amount is an amount sufficient to
promote formation of new blood vessels and associated
vasculature (angiogenesis) and/or an amount sufficient
to promote repair or remodeling of existing blood vessels
and associated vasculature. The appropriate effective
amount to be administered for a particular application of
the disclosed methods can be determined by those
skilled in the art, using the guidance provided herein.
For example, an effective amount can be extrapolated
from in vitro and in vivo assays as described in the
present specification. One skilled in the art will recognize
that the condition of the individual can be monitored
throughout the course of therapy and that the effective
amount of a compound or composition disclosed herein
that is administered can be adjusted accordingly.
[0033] As used herein, the term "transplantation" re-
fers to the process of taking living tissue or cells and
implanting it in another part of the body or into another
body.
[0034] "Treatment," "treat," or "treating"meansameth-
od of reducing the effects of a disease or condition.
Treatment can also refer to a method of reducing the
disease or condition itself rather than just the symptoms.
The treatment can be any reduction from pre-treatment
levels and can be but is not limited to the complete
ablation of the disease, condition, or the symptoms of
the disease or condition. Therefore, in the disclosed
methods, treatment" can refer to a 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, or 100% reduction
in the severity of an established disease or the disease
progression, including reduction in the severity of at least
one symptom of the disease. For example, a disclosed
method for reducing the immunogenicity of cells is con-
sidered to be a treatment if there is a detectable reduction
in the immunogenicity of cells when compared to pre-
treatment levels in the same subject or control subjects.
Thus, the reduction canbea10, 20, 30, 40, 50, 60, 70, 80,
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90, 100%, or any amount of reduction in between as
compared to native or control levels. It is understood
and herein contemplated that "treatment" does not ne-
cessarily refer to a cure of the diseaseor condition, but an
improvement in the outlook of a disease or condition. In
specific aspects, treatment refers to the lessening in
severity or extent of at least one symptom and may
alternatively or in addition refer to a delay in the onset
of at least one symptom.

II. Media from De-Differentiated Fibroblasts and
Components Thereof

[0035] This disclosure relates to methods and compo-
sitions for treating or preventing pathological interverteb-
ral discs by delivering one or more compositions pro-
duced from, such as secreted by, fibroblasts in which the
fibroblasts have been de-differentiated and optionally
stimulated in vitro. Methods are provided in accordance
with the current disclosure concerning means of obtain-
ing a conditioned media possessing one or more agents
suitable for administration into an intervertebral disc,
including multifactorially-acting agents suitable for ad-
ministration into an intervertebral disc, including in a
manner to stimulate regeneration of the disc or disc
component(s). One aspect encompasses de-differen-
tiated fibroblasts that are re-differentiated into nucleus
pulposus (NP) cells, or NP-like cells, and the cells are
subsequently exposed to oneormore stressors, allowing
for release of one or more regenerative factors. One or
more of these factors, in specific cases in a medium, are
provided to an individual in need thereof.
[0036] Aspects of the disclosure encompass particular
conditioned media, including for therapeutic use. In spe-
cific aspects, the conditioned media is useful for stimula-
tion of disc regeneration in an individual, including one
suffering fromdiscdegenerativediseaseor at risk for disc
degenerativedisease (an individual at risk is an individual
over the age of about 40, 45, 50, 55, 60, 65, 70, 75, 80,
and so forth; an individual that is or was an athlete; an
individual with a vocation that requires physical activity;
an individualwithaspinal injury; or acombination thereof,
for example). Thus, in particular aspects disc degenera-
tion is prevented utilizing methods encompassed by the
disclosure or the disc degeneration may be delayed in
onset and/or reduced in severity.
[0037] In particular aspects, the conditioned media
may be generated by manipulation of fibroblast cells that
may be any kind of fibroblast cells. Such manipulation of
fibroblasts includes, in some aspects, (a) exposing fibro-
blast cells to cultureconditionsand/oroneormoreagents
capable of inducing de-differentiation of the fibroblasts;
(b) stimulating re-differentiation of the fibroblasts towards
a phenotype resembling nucleus pulposus (NP) cells; c)
exposing the re-differentiated NP cells to one or more
stressor conditions; d) extracting conditionedmedia gen-
erated by the re-differentiated NP cells in response to
their exposure to the stressor condition(s); and (e) ad-

ministering the conditioned media into an individual in
need of therapy.
[0038] In some cases, fibroblast cells are obtained
from a biopsy, and the donor providing the biopsy may
be either the individual to be treated (autologous), or the
donor may be different from the individual to be treated
(allogeneic). In cases wherein allogeneic fibroblast cells
areutilized for an individual, thefibroblast cellsmaycome
from one or a plurality of donors.
[0039] The fibroblasts may be obtained from a source
selected from the group consisting of: a) dermal fibro-
blasts; b) placental fibroblasts; c) adipose fibroblasts; d)
bone marrow fibroblasts; e) foreskin fibroblasts; f) umbi-
lical cord fibroblasts; g) hair follicle derived fibroblasts; h)
nail derivedfibroblasts; i) endometrial derivedfibroblasts;
j) keloid derived fibroblasts; and k) a combination thereof.
[0040] In particular aspects fibroblasts are induced to
de-differentiate, and the de-differentiated cells are ma-
nipulated toproducecertain factor(s). In specific aspects,
induction of de-differentiation of the fibroblasts is per-
formed by culture of the fibroblasts together with cyto-
plasm from a cell possessing a more undifferentiated
phenotype, as compared to original fibroblasts. In some
cases, de-differentiation of the fibroblasts is performed
by culture of the fibroblasts with cells possessing a more
undifferentiated phenotype. In specific cases, cells pos-
sessing a more undifferentiated phenotype may be any
kind of stem cell, for example, such as pluripotent stem
cells, including pluripotent stem cells selected from the
group of cells consisting of a) parthenogenic stem cells;
b) embryonic stem cells; c) inducible pluripotent stem
cells; d) somatic cell nuclear transfer derived stem cells;
e) Stimulus-triggered acquisition of pluripotency (STAP);
and f) a combination thereof. In particular aspects fibro-
blasts are induced to de-differentiate using one or more
de-differentiation agents that comprise cytoplasm(s) de-
rived from stem cells, including pluripotent stem cells. In
specific cases, cytoplasm derived from stem cells, in-
cluding pluripotent stem cells is transfected into fibro-
blasts. The cytoplasm-transfected de-differentiated fi-
broblasts may be cultured and the subsequent media
is provided in sufficient amounts to an individual, such as
at one or more discs in the individual.
[0041] According to the present disclosure, de-differ-
entiated fibroblasts are produced upon exposure to hy-
poxia and valproic acid (which is a histone deacetylase
inhibitor). In particular aspects, culture of fibroblasts with
undifferentiated cells (and/or cytoplasm from undifferen-
tiated cells) is performed under conditions of hypoxia,
such as culture in conditions of reduced oxygen as com-
pared to atmospheric oxygen. In specific cases, reduced
oxygen is between 0.2%‑5% oxygen, 0.2%‑4%,
0.2%‑3%, 0.2%‑2%, 0.2%‑1%, 0.2%‑0.75%,
0.2%‑0.5%, 0.5%‑5%, 0.5%‑4%, 0.5%‑3%, 0.5%‑2%,
0.5%‑1%, 0.5%‑0.75%, 0.75%‑5%, 0.75%‑4%,
0.75%‑3%, 0.75%‑2%, 0.75%‑1%, 1%‑5%, 1%‑4%,
1%‑3%, 1%‑2%, 2%‑5%, 2%‑4%, 2%‑3%, 3%‑5%,
3%‑4%, or 4%‑5%% oxygen, in specific aspects. The
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duration of exposure of the cells to hypoxic conditions,
including with (but not limited to) these representative
levels of oxygen, may be for a duration of 30 minutes
(min)‑3 days, 30 min‑2 days, 30 min‑1 day, 30 min‑12
hours (hrs), 30 min‑8 hrs, 30 min‑6 hrs, 30 min‑4 hrs, 30
min‑2 hrs, 30 min‑1 hour (hr), 1 hr‑3 days, 1hr‑2 days, 1
hr‑1day, 1‑12hrs, 1‑8hrs, 1‑6hrs, 1‑4hrs, 1‑2hrs, 2hrs‑3
days, 2hrs‑2 days, 2 hrs‑1 day, 2 hrs‑12 hrs, 2‑10hrs,
2‑8hrs, 2‑6 hrs, 2‑4 hrs, 2‑3 hrs, 6 hrs‑3 days, 6 hrs‑2
days, 6 hrs‑1 day, 6‑12 hrs, 6‑8 hrs, 8hrs‑3 days, 8 hrs‑2
days, 8 hrs‑1 day, 8‑16 hrs, 8‑12 hrs, 8‑10 hrs, 12hrs‑3
days, 12 hrs‑2 days, 12 hrs‑1 day, 12‑18hrs, 12‑14hrs,
1‑3 days, or 1‑2 days, as examples only.
[0042] In particular aspects, culture of fibroblasts with
undifferentiated cells (and/or cytoplasm from undifferen-
tiated cells) is performed under conditions including the
presence of one or more histone deacetylase inhibitors,
such as a histone deacetylase inhibitor selected from a
group consisting of: a) valproic acid; b) trichostatin A; c)
phenylbutyrate; d) vorinostat; e) belinostat; f) LAQ824; g)
panobinostat; h) entinostat; i) CI994; j) mocetinostat; k)
sulforaphane; and l) a combination thereof. In specific
cases exposure of the undifferentiated cells (and/or cy-
toplasm from undifferentiated cells) with one or more
histone deacetylase inhibitors enhances the ability of
the de-differentiated fibroblasts to cause regeneration
of one or more discs of an individual.
[0043] In particular aspects, culture of fibroblasts with
undifferentiated cells (and/or cytoplasm from undifferen-
tiated cells) is performed under conditions including the
presence of one or more DNA methyltransferase inhibi-
tors. The DNA methyltransferase inhibitor may be se-
lected from the group consisting of: a) decitabine; b) 5-
azacytidine; c) Zebularine; d) RG‑108; e) procaine hy-
drochloride; f) Procainamide hydrochloride; g) Hydrala-
zine hydrochloride; h) Epigallocatechin gallate; i) Chloro-
genicacid; j)Caffeicacid;andh)acombination thereof. In
specific cases exposure of the undifferentiated cells (an-
d/or cytoplasm from undifferentiated cells) with one or
more DNA methyltransferase inhibitors enhances the
ability of the de-differentiated fibroblasts to cause regen-
eration of one or more discs of an individual.
[0044] In particular cases,media allowing for de-differ-
entiated fibroblast proliferation comprises one or more
factors known to be mitogenic for dedifferentiated fibro-
blasts, such as one or more factors selected from the
group consisting of: a) FGF‑1; b) FGF‑2; c) FGF‑5; d)
EGF; e) CNTF; f) KGF‑1; g) PDGF; h) platelet rich plas-
ma; i) TGF-alpha; j)HGF‑1; and k) a combination thereof.
In specific cases, exposure of the undifferentiated cells
(and/or cytoplasm fromundifferentiated cells) with one or
more factors known to be mitogenic for dedifferentiated
fibroblasts (for example, in culture) enhances the ability
of the de-differentiated fibroblasts to cause regeneration
of one or more discs of an individual.
[0045] In specific aspects, fibroblasts subsequent to
de-differentiation are cultured to obtained a conditioned
media. In certain cases, the fibroblasts subsequent to de-

differentiationarecultured that results in theproductionof
exosomes from the de-differentiated cells, and exo-
somes are obtained from the conditioned media. In par-
ticular cases, the exosomes are collected from de-differ-
entiated fibroblasts while the fibroblasts are in a prolifer-
ating state. Exosomes may be collected from de-differ-
entiated fibroblastswhile the de-differentiated fibroblasts
are cultured in amedia comprisingnoproliferative factors
or largely reduced levels of proliferation-inducing growth
factors. Exosomes may be collected from de-differen-
tiated fibroblasts that have been cultured in media with
certain levels of oxygen for a certain duration of time. For
example, exosomes may be collected from de-differen-
tiated fibroblasts that have been cultured in media with
2%‑8%, 2%‑7%, 2%‑6%, 2%‑5%, 2%‑4%, 2%‑3%,
3%‑8%, 3%‑7%, 3%‑6%, 3%‑5%, 3%‑4%, 4%‑8%,
4%‑7%, 4%‑6%, 4%‑5%, 5%‑8%, 5%‑7%, 5%‑6%,
6%‑8%, 6%‑7%, or 7%‑8% oxygen, as examples. Exo-
somes may be collected from de-differentiated fibro-
blasts that have been cultured in media for a certain
duration of time, and this durationmay ormay not include
the above noted levels of oxygen. Exosomes may be
collected from de-differentiated fibroblasts that have
been cultured in media for at least 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14, or 15days. Thecellsmaybecultured
for 1‑15, 1‑14, 1‑13, 1‑12, 1‑11, 1‑10, 1‑9, 1‑8, 1‑7, 1‑6,
1‑5, 1‑4, 1‑3, 1‑2, 2‑15, 2‑14, 2‑13, 2‑12, 2‑11, 2‑10, 2‑9,
2‑8, 2‑7, 2‑6, 2‑5, 2‑4, 2‑3, 3‑15, 3‑14, 3‑13, 3‑12, 3‑11,
3‑10, 3‑9, 3‑8, 3‑7, 3‑6, 3‑5, 3‑4, 4‑15, 4‑14, 4‑13, 4‑12,
4‑11, 4‑10, 4‑9, 4‑8, 4‑7, 4‑6, 4‑5, 5‑15, 5‑14, 5‑13, 5‑12,
5‑11, 5‑10, 5‑9, 5‑8, 5‑7, 5‑6, 6‑15, 6‑14, 6‑13, 6‑12, 6‑11,
6‑10, 6‑9, 6‑8, 6‑7, 7‑15, 7‑14, 7‑13, 7‑12, 7‑11, 7‑10, 7‑9,
7‑8, 8‑15, 8‑14, 8‑13, 8‑12, 8‑11, 8‑10, 8‑9, 9‑15, 9‑14,
9‑13, 9‑12, 9‑11, 9‑10, 10‑15, 10‑14, 10‑13, 10‑12, 10‑11,
11‑15, 11‑14, 11‑13, 11‑12, 12‑15, 12‑14, 12‑13, 13‑15,
13‑14, or 14‑15 days, for example.
[0046] In some cases the de-differentiated fibroblasts
(or any cells in any method encompassed herein) are
passaged, for example for at least 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more passages.
[0047] Exosomes in the context of the present disclo-
sure may be present in a preparation. In specific cases
the exosomes are in a preparation that comprises less
than 5%, 4%, 3%, 2%, or 1% polyethylene glycol. The
exosomes may be purified using polyethylene glycol,
using ultrafiltration, or both, for example. In specific as-
pects, polyethyleneglycol is added to theexosomesafter
purification. Exosomes may express markers selected
from the group consisting of: a) CD63; b) CD9; c) MHC I;
d) CD56; and e) a combination thereof.
[0048] De-differentiated fibroblasts may be cultured in
any media, but in particular cases the media is selected
from the group consisting of: a) Roswell Park Memorial
Institute (RPMI‑1640); b) Dublecco’s Modified Essential
Media (DMEM), c) Eagle’s Modified Essential Media
(EMEM), d) Optimem, e) Iscove’s Media, and f) a combi-
nation thereof.
[0049] Thedisclosure encompassesmeans of treating
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degenerative disc disease in an individual by adminis-
tration to the individual of an effective amount of condi-
tioned media from de-differentiated fibroblasts, and/or
conditioned media from de-differentiated fibroblasts that
have subsequently been re-differentiated into notochord
or NP cells. The media may or may not further comprise
de-differentiated fibroblasts.
[0050] For the purpose of the disclosure, fibroblasts
may be treated with a variety of de-differentiated compo-
sitions that can endow increased pluripotency. In one
aspect of the disclosure, fibroblasts are treated with
cytoplasm from a more undifferentiated cell. Such cells,
such as pluripotent stem cells, are well known in the art,
and methods of derivation are also well known. Without
limitation, useful pluripotent cells of extraction of cyto-
plasm include parthenogenic stemcells [24‑38], embryo-
nic stem cells [39, 40], inducible pluripotent stem cells
[41‑45], stimulus-triggered acquisition of pluripotency
(STAP) [46], and somatic cell nuclear transfer derived
stem cells [47‑49].
[0051] Extraction of cytoplasmic matter may be per-
formed as described in the art. In one aspect, pluripotent
cells are made to enter the interphase stage of cell cycle
and are harvested using standard methods and washed
by centrifugation at 500xg for 10 minutes in a 10 ml
conical tube at 4° C. The supernatant is discarded, and
the cell pellet is re-suspended in a total volumeof 50ml of
cold PBS. The cells are centrifuged at 500xg for 10
minutes at 4° C. This washing step is repeated, and
the cell pellet is resuspended in approximately 20 vo-
lumes of ice-cold interphase cell lysis buffer (20 mM
Hepes, pH 8.2, 5 mM MgCl2, 1 mM DTT, 10 .mu.M
aprotinin, 10 .mu.M leupeptin, 10 .mu.M pepstatin A,
10 µM soybean trypsin inhibitor, 100 µM PMSF, and
preferably 20 µg/ml cytochalasin B). The cells are sedi-
mented by centrifugation at 800xg for 10 minutes at 4°C.
The supernatant is discarded, and the cell pellet is care-
fully resuspended in no more than one volume of inter-
phase cell lysis buffer. The cells are incubated on ice for
one hour to allow swelling of the cells. The cells are lysed
by either sonication using a tip sonicator or Dounce
homogenization using a glass mortar and pestle. Cell
lysis is performed until at least 90%of the cells and nuclei
are lysed, which may be assessed using phase contrast
microscopy. The sonication time required to lyse at least
90% of the cells and nuclei may vary depending on the
type of cell used to prepare the extract. The cell lysate is
placed in a 1.5-ml centrifuge tube and centrifuged at
10,000 to 15,000xg for 15 minutes at 4°C. using a table
top centrifuge. The tubes are removed from the centri-
fuge and immediately placed on ice. The supernatant is
carefully collected using a 200 µl pipette tip, and the
supernatant from several tubes is pooled and placed
on ice. This supernatant is the "interphase cytoplasmic"
or "IS15" extract. This cell extract may be aliquoted into
20 µl volumes of extract per tube on ice and immediately
flash-frozen on liquid nitrogen and stored at ‑80°C. until
use. Alternatively, the cell extract is placed in an ultra-

centrifuge tube on ice (e.g., fitted for an SW55 Ti rotor;
Beckman). If necessary, the tube is overlayedwithminer-
al oil to the top. Theextract is centrifugedat 200,000xg for
three hours at 4°C to sediment membrane vesicles con-
tained in the IS15 extract. At the end of centrifugation, the
oil is discarded. The supernatant is carefully collected,
pooled if necessary, and placed in a cold 1.5 ml tube on
ice. This supernatant is referred to as "IS200" or "inter-
phase cytosolic" extract. The extract is aliquoted and
frozen as described for the IS 15 extract. If desired, the
extract can be enriched with additional nuclear factors.
For example, nuclei can be purified from cells of the cell
type fromwhich the reprogrammingextract isderivedand
lysed by sonication as described above. The nuclear
factors are extracted by a 10‑60 minute incubation in
nuclear buffer containing NaCl or KCl at a concentration
of 0.15‑800mMunder agitation. The lysate is centrifuged
to sediment unextractable components. The supernatant
containing the extracted factors of interest is dialyzed to
eliminate theNaCl or KCl. The dialyzed nuclear extract is
aliquotedandstored frozen.Thisnuclear extract is added
at various concentrations to the whole cell extract de-
scribed above prior to adding the nuclei for reprogram-
ming. As an alternative to a cell extract, a reprogramming
media can also be formed by adding one or more natu-
rally-occurring or recombinant factors (e.g., nucleic acids
or proteins such as T-cell receptors or other signaling
surface molecules, DNA methyltransferases, histone
deacetylases, histones, nuclear lamins, transcription fac-
tors, activators, repressors, growth factors, hormones, or
cytokines) to a solution, such as a buffer. Preferably, one
or more of the factors are specific for the cell type one
wishes the donor cell to become.
[0052] The extract can be used for reprogramming of
fibroblasts by culture. In one aspect, fibroblasts grown on
coverslips are reversibly permeabilizedwith the bacterial
toxin Streptolysin O, exposed to extracts of pluripotent
stem cells and resealed with 2mMCaCl2, and expanded
in culture. In one aspect, fibroblasts are grown on 16-mm
poly-L-lysine-coated coverslips in RPMI1640 to 100,000
cells/coverslip in 12-well plates. Cells are permeabilized
in 200 ng/ml streptolysin O in Ca2+-free Hanks Balanced
Salt Solution (Gibco-BRL) for 50 minutes at 37°C. in
regular atmosphere. Over 80% of fibroblasts cells are
permeabilized under these conditions, as judged by pro-
pidium iodide uptake. Streptolysin O is aspirated; cover-
slips overlaid with 80 µl of either pluripotent stem cell
extract; and incubated for one hour at 37°C. in CO2
atmosphere. Each extract contained the ATP generating
system and 1 mM each of ATP, CTP, GTP and UTP.
Extracts from pluripotent stem cells are prepared as
described above. To reseal plasma membranes,
RPMI1640 containing 2 mM CaCl2 (added from a 1 M
stock in H2O) is added to the wells, and the cells are
incubated for twohours at 37°C. This procedure resealed
about 100% of the permeabilized cells. Ca2+-containing
RPMIwas replaced byRPMI, and the cells are expanded
for several weeks.
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[0053] Several descriptionsof cytoplasmic transferring
have been published [50‑52]. Once de-differentiated fi-
broblasts are obtained, conditioned media, and/or exo-
somes from the conditioned media, are administered to
an individual in need thereof. The conditioned media,
and/or exosomes from the conditioned media, may be
concentrated and used therapeutically, for example by
intradiscal administration.
[0054] In some aspects, de-differentiated fibroblasts
are re-differentiated into notochord cells and conditioned
media is extracted fromnotochord cells for use directly or
as a therapeutic source of exosomes.
[0055] In one aspect, notochord cells are generated
from de-differentiated fibroblasts by dissociation into
single cells by incubating with Accutase (Millipore, Bill-
erica, MA) for ~10 min at 37°C and gently pipetting. The
dissociated cells are spun down and re-suspended in the
fresh maintenance medium supplemented with 10 µM
Y27632 for plating. Approximately 150,000 cells sus-
pending in 2 ml medium are plated in each well of 6-well
culture plates. Pulverized nucleus pulposus tissue is
added at a suitable amount. The nucleus pulposus tissue
is added either directly into each well (contact culture
mode), or placed in an insert (70 um cell strainer; BD
Bioscience) which is press-fitted in the culture wells;
sufficient culturemediumwas added to thewells to cover
the tissue in the insert (non-contact culture mode). After
24 hours, the culture medium is supplemented with an
equal volume of differentiation medium. Two media may
be used tested: Medium 1 contained alpha-minimum
essential medium (α-MEM), 10% fetal bovine serum
(FBS), 100 U/ml penicillin and 100 µg/ml streptomycin
(all from Life Technologies, NY), while Medium 2 is com-
mercially available EGM‑2-MV BulletKit (Lonza, Walk-
ersville, MD) that contained 5% FBS and supplements of
a cocktail of growth factors (FGF,EGF,VEGFand IGF‑1).
Medium2 is routinely used to derivemesodermal lineage
cells. Since the notochord has a mesoderm origin, this
Medium2promotes notochordal differentiation. The two-
step procedure of changingmedium is helpful to promote
cell survival. Then, after two days, the medium is chan-
ged completely to the differentiation medium and replen-
ished every two or three days thereafter. When changing
the medium, care is taken to avoid to withdraw the NP
tissue out of the medium. Other means of inducing ded-
ifferentiated fibroblasts into notochord differentiation are
known [53‑55].
[0056] In particular aspects, media is at least part of a
therapeutic product of the disclosure. In one aspect,
notochord and/or notochord-like cells are used as a
source of conditioned media and/or exosomes. In some
aspects, the disclosure provides means of stimulating
regeneration of degenerated discs using exosomes de-
rived from de-differentiated fibroblast tissue cultures. In
one aspect, the disclosure encompasses the extraction
of exosomes from cultures of de-differentiated fibro-
blasts, concentration of the exosomes, and administra-
tion of the exosomes for the purpose of stimulating re-

generation of the discs; in some aspects, administration
of the exosomes additionally or alternatively provides
protection fromapoptosis and/or stimulation of endogen-
ous chondrocytes. In other aspects, a combination of
exosomes from de-differentiated fibroblasts is provided
to the individual with regenerative exogenous stem cells.
Without being restricted to mechanism, exosomes pro-
duced by tissue culture may stimulate regeneration
through directly acting as mitogens for chondrocytes/no-
tochord cells and/or may stimulate regeneration by indu-
cing production of pro-regenerative cytokines in cells of
the disc, for example; in another aspect, stimulation of
proteoglycan production is achieved.
[0057] In one aspect, de-differentiated fibroblasts are
cultured using means known in the art for preserving
viability and proliferative ability of cells such as pluripo-
tent cells, or fibroblasts. The disclosed methods and
compositions may be applied both for individualized
autologous exosome preparations and for exosome pre-
parations obtained from established cell lines, for experi-
mental or biological use, and/or fromoneormore donors.

III. Preparation of Disc Regenerative Membrane Ve-
sicles

[0058] In one aspect, this disclosure encompasses the
use of chromatography separation methods (as one ex-
ample) for preparing disc regenerative membrane vesi-
cles, particularly to separate themembranevesicles from
potential biological contaminants, wherein the microve-
sicles are exosomes, and cells utilized for generating the
exosomes are de-differentiated fibroblast cells.
[0059] Membrane vesicles, including exosomes, could
bepurified, andpossess ability to stimulate angiogenesis
in at least some cases. In one aspect, a strong or weak
anion exchange may be performed as part of the purifi-
cation. In addition, in a specific aspect, the chromatogra-
phy is performed under pressure. Thus, more specifi-
cally, it may comprise high performance liquid chromato-
graphy (HPLC). Different types of supports may be used
to perform the anion exchange chromatography. In par-
ticular, these may include cellulose, poly(styrenedivinyl-
benzene), agarose, dextran, acrylamide, silica, ethylene
glycol-methacrylate co-polymer, or mixtures thereof, e.
g., agarose-dextran mixtures. To illustrate this, one can
utilize the different chromatography equipment com-
prised of supports as mentioned above, particularly the
followinggels:POROS®,SEPHAROSE®,SEPHADEX®,
TRISACRYL®, TSK-GEL SW or PW®, SUPER-
DEX®TOYOPEARL HW and SEPHACRYL®, for exam-
ple, which are suitable for use with methods of the dis-
closure. Therefore, in a specific aspect, this disclosure
relates to a method of preparing membrane vesicles,
particularly exosomes, from a biological sample such
as a tissue culture comprising de-differentiated fibro-
blasts, comprising at least one step during which the
biological sample is treated by anion exchange chroma-
tography on a support selected from cellulose, poly(styr-
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ene-divinylbenzene), silica, acrylamide, agarose, dex-
tran, andethyleneglycol-methacrylate co-polymer, alone
or in mixtures, optionally functionalized.
[0060] In some aspects, one can utilize supports in
bead form. In at least some cases, these beads have a
homogeneous and calibrated diameter, with a sufficiently
high porosity to enable the penetration of the objects
under chromatography (i.e., the exosomes). In this
way, given the diameter of exosomes (generally between
50 and 100 nm), to apply to methods encompassed
herein, one can use high porosity gels, particularly be-
tween10nmand5µm, including betweenapproximately
20 nmand approximately 2µm, including between about
100 nm and about 1 µm. For the anion exchange chro-
matography, the support used must be functionalized
using a group capable of interacting with an anionic
molecule. Generally, this group is composed of an amine
that may be ternary or quaternary, which defines a weak
or stronganionexchanger, respectively.Within the scope
of this disclosure, one can use a strong anion exchanger.
In this way, according to the disclosure, a chromatogra-
phy support as described above, functionalized with
quaternary amines, is used. Therefore, according to a
more specific aspect of the disclosure, the anion ex-
change chromatography is performed on a support func-
tionalized with a quaternary amine. In certain cases, this
support shouldbeselected frompoly(styrene-divinylben-
zene), acrylamide, agarose, dextran and silica, alone or
in mixtures, and functionalized with a quaternary amine.
Examples of supports functionalized with a quaternary
amine include the gels SOURCEQ. MONO Q, Q SE-
PHAROSE®,POROS®HQandPOROS®QE,FRACTO-
GEL®TMAE type gels and TOYOPEARL SUPER®Q
gels.
[0061] In a certain aspect, one can perform the anion
exchange chromatography that comprises poly(styrene-
divinylbenzene). An example of this type of gel that may
be used is SOURCE Q gel, including SOURCE 15 Q
(Pharmacia). This support offers the advantage of very
large internal pores, thus offering low resistance to the
circulation of liquid through the gel, while enabling rapid
diffusion of the exosomes to the functional groups, which
are particularly important parameters for exosomes gi-
ven their size. The biological compounds retained on the
columnmaybeeluted in differentways, particularly using
the passage of a saline solution gradient of increasing
concentration, e.g. from 0 to 2 M. A sodium chloride
solutionmayparticularly be used, in concentrations vary-
ing from 0 to 2 M, for example. The different fractions
purified in this way are detected by measuring their
optical density (OD) at the column outlet using a contin-
uous spectro-photometric reading. As an indication, un-
der the conditions used in the examples, the fractions
comprising the membrane vesicles were eluted at an
ionic strength comprised between approximately 350
and 700 mM, depending on the type of vesicles.
[0062] Different types of columns may be used to per-
form this chromatographic step, according to require-

ments and the volumes to be treated. For example,
depending on the preparations, it is possible to use a
column from approximately 100 µl up to 10ml or greater.
In this way, the supports available have a capacity that
may reach 25 mg of proteins/ml, for example. For this
reason, a 100 µl column has a capacity of approximately
2.5 mg of proteins which, given the samples in question,
allows the treatment of culture supernatants of approxi-
mately 2 l (which, after concentration by a factor of 10 to
20, for example, represent volumes of 100 to 200 ml per
preparation). It is understood that higher volumes may
also be treated, by increasing the volume of the column,
for example. In addition, to perform this disclosure, it is
also possible to combine the anion exchange chromato-
graphy step with a gel permeation chromatography step.
In this way, according to a specific aspect of the disclo-
sure, a gel permeation chromatography step is added to
the anion exchange step, either before or after the anion
exchange chromatography step. In this aspect, the per-
meation chromatography step takes placeafter the anion
exchange step. In addition, in a specific variant, the anion
exchange chromatography step is replaced by the gel
permeation chromatography step. The present applica-
tion demonstrates that membrane vesicles may also be
purified using gel permeation liquid chromatography,
particularly when this step is combined with an anion
exchange chromatography or other treatment steps of
the biological sample, as described in detail below.
[0063] To perform the gel permeation chromatography
step, a support selected fromsilica, acrylamide, agarose,
dextran, ethylene glycol-methacrylate co-polymer or
mixtures thereof, e.g., agarose-dextran mixtures, may
be used. As an illustration, for gel permeation chromato-
graphy, a support such as SUPERDEX®200HR (Phar-
macia), TSK G6000 (TosoHaas) or SEPHACRYL® S
(Pharmacia) may be used. The process according to
the disclosure may be applied to different biological
samples. In particular, these may comprise a biological
fluid froma subject (bonemarrow, peripheral blood, etc.),
a culture supernatant, a cell lysate, a pre-purified solution
oranyother compositioncomprisingmembranevesicles.
[0064] In this respect, in a specific aspect of the dis-
closure, the biological sample is a culture supernatant of
membrane vesicle-producing dedifferentiated fibroblast
cells.
[0065] In addition, according to a particular aspect of
the disclosure, the biological sample is treated, prior to
the chromatography step, to be enrichedwithmembrane
vesicles (enrichment stage). In this way, in a specific
aspect, this disclosure relates to a method of preparing
membrane vesicles from a biological sample, character-
ized in that it comprises at least: b) an enrichment step, to
prepare a sample enrichedwithmembrane vesicles, and
c) a step during which the sample is treated by anion
exchange chromatography and/or gel permeation chro-
matography.
[0066] In one aspect, the biological sample is a culture
supernatant treated so as to be enriched with membrane
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vesicles. In particular, the biological sample may com-
prise a pre-purified solution obtained from a culture
supernatant of a population of membrane vesicle-produ-
cing cells or from a biological fluid, by treatments such as
centrifugation, clarification, ultrafiltration, nanofiltration
and/or affinity chromatography, particularly with clarifica-
tion and/or ultrafiltration and/or affinity chromatography.
Therefore, a particular method of preparing membrane
vesicles according to the disclosure comprises the fol-
lowing steps: a) culturing a population of membrane
vesicle (e.g. exosome) producing cells under conditions
enabling the release of vesicles, b) a step of enrichment
of the sample in membrane vesicles, and c) an anion
exchange chromatography and/or gel permeation chro-
matography treatment of the sample.
[0067] As indicated above, the sample (e.g., super-
natant) enrichment step may comprise one or more of
centrifugation, clarification, ultrafiltration, nanofiltration
and/or affinity chromatography steps on the supernatant.
In a first specific aspect, the enrichment step comprises
(i) the elimination of cells and/or cell debris (clarification),
possibly followed by (ii) a concentration and/or affinity
chromatography step. In another specific aspect, the
enrichment step comprises an affinity chromatography
step, optionally preceded by a step of elimination of cells
and/or cell debris (clarification). A particular enrichment
step according to this disclosure comprises (i) the elim-
ination of cells and/or cell debris (clarification), (ii) a
concentration and (iii) an affinity chromatography. The
cells and/or cell debris may be eliminated by centrifuga-
tion of the sample, for example, at a low speed, such as
below 1000 g, between 100 and 700 g, for example.
Preferred centrifugation conditions during this step are
approximately 300 g or 600 g for a period between 1 and
15 minutes, for example.
[0068] The cells and/or cell debris may also be elimi-
nated by filtration of the sample, possibly combined with
the centrifugation described above. The filtration may
particularlybeperformedwithsuccessivefiltrationsusing
filters with a decreasing porosity. For this purpose, filters
with a porosity above 0.2 µm, e.g. between 0.2 and 10
µm, are preferentially used. It is particularly possible to
use a succession of filters with a porosity of 10µm, 1µm,
0.5 µm followed by 0.22 µm.
[0069] A concentration stepmay also be performed, in
order to reduce the volumes of sample to be treated
during the chromatography stages. In this way, the con-
centration may be obtained by centrifugation of the sam-
ple at high speeds, e.g. between 10,000 and 100,000 g,
to cause the sedimentation of the membrane vesicles.
Thismay consist of a series of differential centrifugations,
with the last centrifugation performed at approximately
70,000 g. The membrane vesicles in the pellet obtained
may be taken up with a smaller volume and in a suitable
buffer for the subsequent steps of the process. The
concentration step may also be performed by ultrafiltra-
tion. In fact, this ultrafiltration allows one both to concen-
trate the supernatant and perform an initial purification of

the vesicles. According to a particular aspect, the biolo-
gical sample (e.g., the supernatant) is subjected to an
ultrafiltration, such as a tangential ultrafiltration. Tangen-
tial ultrafiltration comprises concentrating and fractionat-
ing a solution between two compartments (filtrate and
retentate), separated by membranes of determined cut-
off thresholds. The separation is carried out by applying a
flow in the retentate compartment and a transmembrane
pressure between this compartment and the filtrate com-
partment. Different systems may be used to perform the
ultrafiltration, such as spiral membranes (Millipore, Ami-
con), flat membranes or hollow fibers (Amicon, Millipore,
Sartorius, Pall, GF, Sepracor). Within the scope of the
disclosure, the use ofmembraneswith a cut-off threshold
below 1000 kDa, such as between 300 kDa and 1000
kDa, or even between 300 kDa and 500 kDa, may be
utilized.
[0070] The affinity chromatography step can be per-
formed in various ways, using different chromatographic
support andmaterial. It is advantageously a non-specific
affinity chromatography, aimed at retaining (i.e., binding)
certain contaminants present within the solution, without
retaining the objects of interest (i.e., the exosomes). It is
therefore a negative selection. In particular cases, an
affinity chromatography on a dye is used, allowing the
elimination (i.e., the retention) of contaminants such as
proteins and enzymes, for instance albumin, kinases,
deshydrogenases, clotting factors, interferons, lipopro-
teins, or also co-factors, etc. In specific cases, the sup-
port used for this chromatography step is a support as
used for the ion exchange chromatography, functiona-
lized with a dye. As specific example, the dye may be
selected from Blue SEPHAROSE®(Pharmacia), YEL-
LOW 86, GREEN 5 and BROWN 10 (Sigma). The sup-
port is more preferably agarose. It should be understood
that any other support and/or dye or reactive group
allowing the retention (binding) of contaminants from
the treated biological sample can be used in the instant
disclosure.
[0071] In one aspect, there is a membrane vesicle
preparation process within the scope of this disclosure
that comprises the following steps: a) the culture of a
population of membrane vesicle (e.g. exosome) produ-
cing cells (for example, fibroblasts and/or de-differen-
tiated fibroblasts) under conditions enabling the release
of vesicles, b) the treatment of the culture supernatant
with at least one ultrafiltration or affinity chromatography
step, to produce a biological sample enriched with mem-
brane vesicles (e.g. with exosomes), and c) an anion
exchange chromatography and/or gel permeation chro-
matography treatment of the biological sample. In a
particular aspect, step b) above comprises a filtration
of the culture supernatant, followed by an ultrafiltration,
preferably tangential. In another preferredaspect, stepb)
above comprises a clarification of the culture superna-
tant, followed by an affinity chromatography on dye,
preferably on Blue SEPHAROSE®.
[0072] In addition, after step c), the material harvested
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may, if applicable, be subjected to one ormore additional
treatment and/or filtration stages d), particularly for ster-
ilization purposes. For this filtration treatment stage,
filters with a diameter less than or equal to 0.3 µm are
preferentially used, or evenmore preferentially, less than
or equal to 0.25 µm. Such filters have a diameter of 0.22
µm, for example.
[0073] After step d), the material obtained is, for ex-
ample, distributed into suitable devices such as bottles,
tubes, bags, syringes, etc., in a suitable storagemedium.
The purified vesicles obtained in this way may be stored
cold, frozen or used extemporaneously. Therefore, a
specific preparation process within the scope of the dis-
closurecomprisesat least the followingsteps: c) ananion
exchange chromatography and/or gel permeation chro-
matography treatment of the biological sample, and d) a
filtration step, particularly sterilizing filtration, of the ma-
terial harvested after stage c). In a first variant, the
process according to the disclosure comprises: c) an
anion exchange chromatography treatment of the biolo-
gical sample, and d) a filtration step, particularly steriliz-
ing filtration, on the material harvested after step c).
[0074] In another variant, the process according to the
disclosure comprises: c) a gel permeation chromatogra-
phy treatment of the biological sample, and d) a filtration
step, particularly sterilizing filtration, on the material har-
vested after step c). According to a third variant, the
process according to the disclosure comprises: c) an
anionic exchange treatment of the biological sample
followedorprecededbygelpermeationchromatography,
and d) a filtration step, particularly sterilizing filtration, on
the material harvested after step c).
[0075] Further aspects include a method of optimizing
regeneration stimulating therapeutic factor production
from de-differentiated fibroblast cultures through the
use of filters that separate compositions based on elec-
trical charge, size or ability to elute from an adsorbent.
Numerous techniquesare known in theart for purification
of therapeutic factors and concentration of agents. For
some particular uses the de-differentiated fibroblast de-
rived compounds will be sufficient for use as culture
supernatantsof thecells inmedia.Currentlymediauseful
for this purpose include Roswell Park Memorial Institute
(RPMI‑1640), Dublecco’s Modified Essential Media
(DMEM), Eagle’s Modified Essential Media (EMEM),
Optimem, and Iscove’s Media.
[0076] In one aspect, therapeutic factors for stimulat-
ing regeneration are derived from tissue culture that may
contain exosomes, or may not contain exosomes but
contain factors capable of stimulating de-differentiation.
In such an aspect, culture conditioned media may be
concentrated by filtering/desalting means known in the
art including use of Amicon filters with specific molecular
weight cut-offs, and the cut-offs may select for molecular
weights higher than 1 kDa to 50 kDa. Supernatant may
alternatively be concentrated using means known in the
art such as solid phase extraction using C18 cartridges
(Mini-Spe-ed C18‑14%, S.P.E. Limited, Concord ON).

The cartridges are prepared by washing with methanol
followed by deionized-distilled water. Up to 100 ml of de-
differentiated fibroblast conditioned media supernatant
may be passed through each of these specific cartridges
before elution, and it is understood of one of skill in the art
that larger cartridges may be used. After washing the
cartridges material adsorbed is eluted with 3 ml metha-
nol, evaporated under a stream of nitrogen, re-dissolved
in a small volume of methanol, and stored at 4° C. Before
testing the eluate for activity in vitro, the methanol is
evaporated under nitrogen and replaced by culture med-
ium. C18 cartridges may be used to adsorb small hydro-
phobic molecules from said dedifferentiated fibroblast
conditioned supernatant, and allows for the elimination
of salts and other polar contaminants. It may, however be
desired to use other adsorption means in order to purify
certain compounds from the supernatant. The concen-
trated supernatant may be assessed directly for biologi-
cal activities useful for the practice of this disclosure, or
may be further purified. Further purification may be per-
formed using, for example, gel filtration using a Bio-Gel
P‑2 column with a nominal exclusion limit of 1800 Da
(Bio-Rad,RichmondCalif.). Said columnmaybewashed
andpre-swelled in 20mMTris-HCl buffer, pH7.2 (Sigma)
and degassed by gentle swirling under vacuum. Bio-Gel
P‑2 material be packed into a 1.5x54 cm glass column
and equilibrated with 3 column volumes of the same
buffer. Dedifferentiated fibroblast cell supernatant con-
centrates extracted byC18 cartridgemay be dissolved in
0.5 ml of 20 mM Tris buffer, pH 7.2 and run through the
column. Fractionsmay be collected from the column and
analyzed for biological activity. Other purification, fractio-
nation, and identification means are known to one skilled
in the art and include anionic exchange chromatography,
gas chromatography, high performance liquid chromato-
graphy, nuclear magnetic resonance, andmass spectro-
metry. Administration of supernatant active fractionsmay
be performed locally or systemically.
[0077] In particular aspects, methods for treating disc
degeneration include administration of conditionedmed-
ia (or components therefrom) using processing methods
as described herein.

IV. Examples of Methods of Use

[0078] Aspects of the disclosure include methods of
delivering to an individual in need thereof an effective
amount of conditioned media from culture of de-differ-
entiated fibroblasts or one or more components there-
from.
[0079] In some aspects, one or more agents known to
inhibit apoptosis of nucleus pulposus cells are adminis-
tered together with conditioned media, such agents in-
clude one ormore of BMP‑7 [56], bcl‑2gene therapy [57],
platelet rich plasma [58], reseveratrol [59, 60], IGF‑1 [61],
SIRT‑1 [62‑67], transfection ofMiR‑27a [68], transfection
of MiR‑93 [69], transfection of MiR‑494 [70], transfection
of HIF‑1 alpha [71], Pyrroloquinoline quinone [72], car-
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boxymethylated chitosan [73], transfection of caveolin‑1
[74], estradiol [75, 76], paeoniflorin [77], hepatocyte
growth factor [78], vitamin C [79], transfection of survivin
[80‑82], transfection with RASS7 [83], PDGF-BB [84],
metformin [85], hydrogen sulfide [86], angiopoietin [87],
and/or gallic acid [88].
[0080] In some aspects the disclosure, de-differen-
tiated fibroblast conditioned media is utilized in conjunc-
tion with one or more therapeutic interventions known to
inhibit apoptosis of nucleus pulposus cells, and such
therapeutic interventions include hyperbaric oxygen
[89, 90], adipose stem cell administration [91], bone
marrow mesenchymal stem cell administration [92], fi-
broblast administration [93], and a combination thereof.
[0081] To administer the active ingredients of the com-
position of the disclosure by other than parenteral admin-
istration, for example, it may be necessary to coat the
composition with, or co-administer the composition with,
a material to prevent its inactivation. Enzyme inhibitors
may be utilized and include pancreatic trypsin inhibitor,
diisopropylfluorophosphate (DEP) and trasylol. Lipo-
somes include water-in oil-in-water emulsions as well
as conventional liposomes (Strejan et al., (1984) J. Neu-
roimmunol 7:27). The active compounds may also be
administered parenterally or intraperitoneally. Disper-
sions can also be prepared in glycerol, liquid polyethy-
lene glycols, and mixtures thereof and in oils. Under
ordinary conditions of storage and use, these prepara-
tions may contain a preservative to prevent the growth of
microorganisms.
[0082] The de-differentiated fibroblast media may be
used for the basis of a pharmaceutical composition. The
pharmaceutical composition(s) suitable for injectable
use include sterile aqueous solutions (where water so-
luble) or dispersions and sterile powders for the extem-
poraneous preparation of sterile injectable solutions or
dispersion. In all cases, the composition is sterile and is
fluid to the extent that easy syringeability exists. It is
stable under the conditions of manufacture and storage
and must be preserved against the contaminating action
of microorganisms such as bacteria and fungi. The phar-
maceutically acceptable carrier can be a solvent or dis-
persion medium containing, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), and suitable mixtures
thereof. The proper fluidity can be maintained, for exam-
ple, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of
dispersion and by the use of surfactants. Prevention of
the action ofmicroorganisms can be achieved by various
antibacterial and antifungal agents, for example, para-
bens, chlorobutanol, phenol, asorbic acid, thimerosal,
and the like. In many cases, it is useful to include isotonic
agents, for example, sugars, polyalcohols such as man-
nitol, sorbitol, sodium chloride in the composition. Pro-
longed absorption of the injectable compositions can be
brought about by including in the composition an agent
that delays absorption, for example, aluminum mono-

stearate and gelatin. Sterile injectable solutions for ad-
ministration into the disc can be prepared by incorporat-
ing active compounds (for example, disc regenerative
factors) in the required amount in an appropriate solvent
with one or a combination of ingredients enumerated
above, as required, followed by filtered sterilization.Gen-
erally, dispersions are prepared by incorporating the
active compounds into a sterile vehicle which contains
a basic dispersion medium and the required other ingre-
dients from those enumerated above. In the case of
sterile powders for the preparation of sterile injectable
solutions, the methods of preparation are vacuum drying
and freeze-drying that yields a powder of the active
ingredient(s) plus any additional desired ingredient from
a previously sterile-filtered solution thereof. When the
active compounds (e.g., de-differentiated fibroblast con-
ditioned media) are suitably protected, as described
above, the composition may be orally administered, for
example, with an inert diluent or an assimilable edible
carrier.
[0083] Pharmaceutically acceptable carrier includes
any and all solvents, dispersion media, coatings, anti-
bacterial and antifungal agents, isotonic and absorption
delaying agents, and the like. The use of suchmedia and
agents for pharmaceutically active substances is well
known in the art. Except insofar as any conventional
media or agent is incompatible with the active com-
pound(s), use thereof in the therapeutic compositions
is contemplated. Supplementary active compounds can
also be incorporated into the compositions.
[0084] It is useful in particular aspects to formulate
compositions in dosage unit form for ease of administra-
tion and uniformity of dosage. Dosage unit form as used
herein refers to physically discrete units suited as unitary
dosages for the mammalian subjects to be treated; each
unit containing a predetermined quantity of active com-
pounds calculated to produce the desired therapeutic
effect in association with the required pharmaceutical
carrier. The specification for the dosage unit forms of
the disclosure are dictated by and directly dependent on
(a) the unique characteristics of the active compounds
and the particular therapeutic effect to be achieved, and
(b) the limitations inherent in the art of compounding such
active compounds for the therapeutic treatment of indi-
viduals. Conventional procedures and ingredients for the
selection and preparation of suitable formulations are
described, for example, in Remington’s Pharmaceutical
Sciences (1990‑18th edition) and in The United States
Pharmacopeia The National Formulary (USP 24 NF19)
published in 1999.

V. General Aspects

[0085] Methods and compositions related to prepara-
tion and/or use of fibroblasts cells as delivery agentsmay
or may not have general elements as follows.
[0086] The amount of any types of cells for adminis-
tration to an individualmaydependon the type of disease
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to be treated, of the severity and stage of the disease,
and/or of the type of cells to be injected for the treatment.
The cells may be prepared for administration in a phar-
maceutically acceptable carrier, for example a sterile
saline isotonic solution. In some aspects, the pharma-
ceutically acceptable carrier may comprise one or more
additional agents, such as FAS ligand, IL‑2R, IL‑1 Ra,
IL‑2, IL‑4, IL‑8, IL‑10, IL‑20, IL‑35, HLA-G, PD-L1, I‑309,
IDO, iNOS, CD200, Galectin 3, sCR1, arginase, PGE‑2,
aspirin, atorvastatin, fluvastatin, lovastatin, pravastatin,
rosuvastatin, simvastatin, pitavastatin, n-acetylcysteine,
rapamycin, IVIG, naltrexone, TGF-beta, VEGF, PDGF,
CTLA‑4, anti-CD45RB antibody, hydroxychloroquine, le-
flunomide, auranofin, dicyanogold, sulfasalazine, meth-
otrexate, glucocorticoids, etanercept, adalimumab, aba-
tacept, anakinra, certolizumab,Etanercept-szzs, golimu-
mab, infliximab, rituximab, tocilizumab, cyclosporine,
IFN-gamma, everolimus, rapamycin, VEGF, FGF‑1,
FGF‑2, angiopoietin, HIF‑1-alpha, or a combination
thereof.
[0087] In one aspect of the disclosure, fibroblasts are
administered to a subject by any suitable route, including
by injection, including in hypoxic areas. In other aspects,
given the ability of fibroblasts to home to cancer cells, the
modified fibroblast cells may be provided systemically to
an individual. Suitable routes include intramuscular, in-
travenous, subcutaneous, intrathecal, oral, intrarectal,
intrathecal, intra-omental, intraventricular, intrahepatic,
topical, and intrarenal.
[0088] In certain aspects, fibroblasts may be derived
from tissues comprising skin, heart, blood vessels, bone
marrow, skeletal muscle, liver, pancreas, brain, adipose
tissue, foreskin, placental, and/or umbilical cord, for ex-
ample. In specific aspects, the fibroblasts are placental,
fetal, neonatal or adult or mixtures thereof.
[0089] The number of administrations of material to an
individual will depend upon the factors described herein
at least in part and may be optimized using routine
methods in the art. In specific aspects, a single admin-
istration is required. In other aspects, a plurality of admin-
istration of cells is required. It should be appreciated that
the system is subject to variables, such as the particular
need of the individual, which may vary with time and
circumstances, the rate of loss of the cellular activity
as a result of loss of cells or activity of individual cells,
and the like. Therefore, it is expected that each individual
could be monitored for the proper dosage, and such
practices ofmonitoring an individual are routine in the art.
[0090] In some aspects, the cells are subjected to one
or more media compositions that comprises, consists of,
or consists essentially of Roswell ParkMemorial Institute
(RPMI‑1640), Dublecco’s Modified Essential Media
(DMEM), Eagle’s Modified Essential Media (EMEM),
Optimem, Iscove’s Media, or a combination thereof.
[0091] In one aspect of the disclosure, the fibroblast
cells are culturedex vivousingmeans known in the art for
preserving viability and proliferative ability of the cells. In
specificaspects for fibroblasts, theremaybemodification

of known culture techniques to achieve one or more
desired effects for the cells, such as to enhance homing
capabilities, decreasevisibility of fibroblasts to a recipient
immune system, and so forth. In one aspect, fibroblast
cells are cultured in conditions that lack one or more
xenogeneic components, such as fetal calf serum. In
specific aspects, the disclosure encompasses the sub-
stitution of fetal calf serum with human platelet rich plas-
ma, platelet lysate, umbilical cord blood serum, autolo-
gous serum, and/or defined cytokine mixes as an addi-
tional feature, for example to reduce the immunogenicity
of the fibroblast cells.
[0092] In some aspects, fibroblasts (whether dediffer-
entiatedor not) and/or compositions comprising themed-
ia and/or compositions comprising the exosomes are
frozen and/or obtained from storage before use. In one
example, protocols for freezing are used as described in
the art, for example, freezing solutions include 5%
DMSO, 30% FBS in alpha-MEM medium (Gibco-BRL,
other solutions include human albumin 4.5% solution
(ZENALB4.5, BioProducts Laboratory) containing either
no DMSO (D0) or increasing concentrations of DMSO
(CryoSure-DMSO, WAK-Chemie Medical) from 0.5% to
20% (D0.5-D20, respectively). Prior to freezing, cells are
harvested and washed with 1 × phosphate-buffered
saline; then, cell pellets directly resuspended in 1 mL
of freezing solution at concentrations of 1× 106 cells/mL,
5 × 106 cells/mL or 10 × 106 cells/mL, transferred into
cryovials followed by placing the cryovials in an isopro-
panol freezing box (Nalgene cryo 1°C/min freezing con-
tainer, Nalgene) for overnight freezing in a ‑80°C freezer
(New Brunswick Scientific), and then stored in liquid
nitrogen vapor (Taylor-Wharton) for at least 1 week
and up to 3 weeks. Before use, the cells may be thawed
by rapidly immersing the cryovials in a 37°C water bath
with gentle shaking for 2min, followedby transfering cells
into 9 mL of warmed α-MEM for wash and cells pelleted
by centrifugation at 1100 rpm for 5min. The pelleted cells
are then assessed for viability before administration. In
some aspects, migration ability and/or functionality of
cells is tested.
[0093] In cases wherein recombination technology is
employed, one or more types of the fibroblast cells
(whether or not they are dedifferentiated) are manipu-
lated to harbor one or more expression vectors that each
encode one or more gene products of interest. A recom-
binant expression vector(s) can be introduced as one or
more DNA molecules or constructs, where there may be
at least one marker that will allow for selection of host
cells that contain the vector(s). The vector(s) can be
prepared in conventional ways, wherein the genes and
regulatory regions may be isolated, as appropriate, li-
gated, cloned in an appropriate cloning host, and ana-
lyzed by sequencing or other convenient means. Parti-
cularly, using PCR, individual fragments including all or
portions of a functional unit may be isolated, where in
some cases one or more mutations may be introduced
using "primer repair", ligation, in vitro mutagenesis, etc.
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as appropriate. The vector(s) once completed and de-
monstrated to have the appropriate sequencesmay then
be introduced into thehost cell by any convenientmeans.
The constructs may be integrated and packaged into
non-replicating, defective viral genomes like lentivirus,
Adenovirus, Adeno-associated virus (AAV), Herpes sim-
plex virus (HSV), or others, including retroviral vectors,
for infection or transduction into cells. The vector(s) may
include viral sequences for transfection, if desired. Alter-
natively, the construct may be introduced by fusion,
electroporation, biolistics, transfection, lipofection, or
the like. The host cells may be grown and expanded in
culture before introduction of the vector(s), followed by
the appropriate treatment for introduction of the vector(s)
and integration of the vector(s). The cells are then ex-
panded and screened by virtue of amarker present in the
construct. Various markers that may be used success-
fully includehprt, neomycin resistance, thymidinekinase,
hygromycin resistance, etc.
[0094] Any of the genes or gene products described
herein, or active portions thereof, may be cloned into
mammalian expression constructs comprising one or
more promoter sequences enabling expression in cells
such as the CMV promoter [Artuc et al., Exp. Dermatol.
1995, 4:317‑21]. Examples of suitable constructs in-
clude, but are not limited to pcDNA3, pcDNA3.1 (+/‑),
pGL3, PzeoSV2 (+/‑), pDisplay, pEF/myc/cyto,
pCMV/myc/cyto each of which is commercially available,
or the pSH expression vector which enables a regulated
polynucleotide expression in human foreskin cells [Ven-
tura and Villa, 1993, Biochem. Biophys. Commun. 192:
867‑9]. Examples of retroviral vector and packaging sys-
tems are those sold by Clontech, SanDiego, Calif., USA,
including Retro-X vectors pLNCX and pLXSN, which
permit cloning into multiple cloning sites and the trans-
gene is transcribed fromCMV promoter. Vectors derived
from Mo-MuLV are also included such as pBabe, where
the transgene will be transcribed from the 5’LTR promo-
ter. After completing plasmid transfection fibroblasts are
harvested by a means allowing for detachment from
tissue culture plates, for example, by trypsinization and
transferred to either a 6-well (Nunc, Denmark) or a 24-
well plate (Nunc) for proliferation. Approximately 3 days
post-transfection, the cell media is changed to media
allow for proliferation and expansion of modified fibro-
blasts. One example is Neurobasal A (NBA) proliferation
medium comprising Neurobasal-A (Invitrogen), 1% D-
glucose (Sigma Aldrich), 1% Penicillin/Streptomycin/-
Glutamine (Invitrogen), 2% B27 supplement with Reti-
noic acid (Invitrogen), 0.2% EGF (Peprotech, USA),
0.08%FGF‑2 (Peprotech), 0.2%Heparin (SigmaAldrich,
USA) and Valproic acid (Sigma-Aldrich) to a concentra-
tion of 1 µM. The media is then subsequently changed
thrice weekly, and cells are re-plated regularly (for ex-
ample, 2‑8 times up to a maximum of weekly re-plating,
becoming more regular as colonies began to develop) to
remove non-reprogrammed cells until widespread col-
ony formation is achieved.

[0095] In some instances, one or more agents may be
introduced into the cells as anRNAmolecule for transient
expression. RNA can be delivered to any cells, including
any modified cells, of the disclosure by various means
including microinjection, electroporation, and lipid-
mediated transfection, for example. In particular aspects,
introduction of vector(s) into cells may occur via transpo-
sons. An example of a synthetic transposon for use is the
Sleeping Beauty transposon that comprises an expres-
sion cassette including the angiogenic agent gene there-
of. Alternatively, one may have a target site for homo-
logous recombination, where it is desired that vector(s)
be integrated at a particular locus using materials and
methods as are known in the art for homologous recom-
bination. For homologous recombination, one may use
either OMEGA or O-vectors. See, for example, Thomas
andCapecchi, 1987;Mansour,etal.,1988;andJoyner,et
al., 1989.
[0096] The vector(s) may be introduced as a single
DNAmoleculeencodingat least oneagent (includingone
or more tumor inhibitory agents or functional fragments
thereof) and optionally another polynucleotide (such as
genes), or different DNA molecules having one or more
polynucleotides (such as genes). The vector(s) may be
introduced simultaneously or consecutively, each with
the same or different markers. In an illustrative example,
one vector would contain one or more agents (such as
angiogenic agent(s)) under the control of particular reg-
ulatory sequences.
[0097] Vector(s) comprising useful elements such as
bacterial or yeast origins of replication, selectable and/or
amplifiable markers, promoter/enhancer elements for
expression in prokaryotes or eukaryotes, etc. that may
beused toprepare stocksof vectorDNAsand for carrying
out transfections are well known in the art, and many are
commercially available.
[0098] In certain aspects, it is contemplated that RNAs
or proteinaceous sequences may be co-expressed with
other selected RNAs or proteinaceous sequences in the
same host cell. Co-expression may be achieved by co-
transfecting the host cell with two or more distinct re-
combinant vectors. Alternatively, a single recombinant
vector may be constructed to include multiple distinct
coding regions for RNAs, which could then be expressed
in host cells transfected with the single vector.
[0099] In some situations, it may be desirable to kill the
modified cells, suchaswhen theobject is to terminate the
treatment, the cells become neoplastic, in research
where the absence of the cells after their presence is
of interest, and/or another event. For this purpose one
canprovide for the expression of certain geneproducts in
which one can kill the modified cells under controlled
conditions, such as a suicide gene. Suicide genes are
known in the art, e.g. the iCaspase9 system in which a
modified form of caspase 9 is dimerizable with a small
molecule, e.g. AP1903. See, e.g., Straathof et al., Blood
105:4247‑4254 (2005).
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VI. Kits of the Disclosure

[0100] Any of the cellular and/or non-cellular composi-
tions described herein or similar thereto may be com-
prised in a kit. In a non-limiting example, one or more
reagents for use inmethods for preparing fibroblastsmay
be comprised in a kit. Such reagents may include cells,
vectors, one or more growth factors, vector(s) one or
more costimulatory factors, media, enzymes, buffers,
nucleotides, salts, primers, and so forth. The kit compo-
nents are provided in suitable container means.
[0101] Some components of the kitsmay be packaged
either in aqueous media or in lyophilized form. The con-
tainer means of the kits will generally include at least one
vial, test tube, flask, bottle, syringe or other container
means, into which a component may be placed, and
preferably, suitably aliquoted.Where there aremore than
onecomponent in thekit, thekit alsowill generally contain
asecond, thirdorotheradditional container intowhich the
additional components may be separately placed. How-
ever, various combinations of components may be com-
prised in a vial. The kits of the present disclosure also will
typically include a means for containing the components
in close confinement for commercial sale. Such contain-
ers may include injection or blowmolded plastic contain-
ers into which the desired vials are retained.
[0102] When the components of the kit are provided in
one and/or more liquid solutions, the liquid solution is an
aqueous solution, with a sterile aqueous solution being
particularly useful. In some cases, the container means
may itself be a syringe, pipette, and/or other such like
apparatus, or may be a substrate with multiple compart-
ments for a desired reaction.
[0103] Somecomponents of the kitmaybeprovidedas
dried powder(s). When reagents and/or components are
provided as a dry powder, the powder can be reconsti-
tuted by the addition of a suitable solvent. It is envisioned
that the solvent may also be provided in another contain-
ermeans.Thekitsmayalso compriseasecondcontainer
means for containing a sterile acceptable buffer and/or
other diluent.
[0104] In specific aspects, reagents and materials in-
clude primers for amplifying desired sequences, nucleo-
tides, suitable buffers or buffer reagents, salt, and so
forth, and in some cases the reagents include apparatus
or reagents for isolation of a particular desired cell(s).
[0105] In particular aspects, there are one or more
apparatuses in the kit suitable for extracting one or more
samples from an individual. The apparatus may be a
syringe, fine needles, scalpel, and so forth.

EXAMPLES

[0106] The following examples are included to demon-
strate particular aspects of the disclosure. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples that follow represent techni-
ques discovered by the inventor to function well in the

practice of themethodsof the disclosure, and thus canbe
considered to constitute particular modes for its practice.

EXAMPLE 1

AN EXAMPLE OF GENERATION OF DEDIFFEREN-
TIATED FIBROBLASTS

Donor sample acquisition and cell extraction

[0107] Donors skin biopsy tissue is extracted under
aseptic conditions. Fibroblasts are liberated from the skin
biopsy by an enzymatic digestion process. All proce-
dures requiring open manipulation are performed in
Class 100 Laminar Flow Biosafety Cabinets (LFBSCs);
all subsequent procedures are performed in a well main-
tainedClass10,000suite. Thebiopsy transport container
(hypothermosol bottle) is removed from the shipping
container and wiped with 70% ETOH before being
brought into the LFBSC. The biopsy is transferred into
aPetri dish. Extraneousnon-skin tissue is dissected from
the biopsy and the biopsy weight is obtained. The skin
biopsy is aseptically minced using scalpels and/or scis-
sors until all of the tissue is approximately 1 mm3 in size.
The minced tissue is then transferred into 50 ml conical
tubes containing pre-formulated enzymatic digestion so-
lution consisting of a mixture of collagenase in HBSS
(Vitacyte Inc, catalogue #005‑1190). The conical tubes
are capped and placed at approximately 37°C in a dry
bath. The digestion is allowed to proceed for up to 120
minutes, with manual swirling of the tubes approximately
every 10‑15 minutes. While the digestion is proceeding
the LFBSC is cleared of the biopsy preparationmaterials
and prepared for subsequent processing.

Expansion of fibroblasts

[0108] On completion of the digestion period, the tis-
sue and enzyme containing conical tubes are removed
from the bath andwipedwith 70%ETOHprior to entering
the LFBSC. The digested tissue is gravity filtered through
sterile nylon filters placed on top of conical tubes to
remove undigested tissue. The digested tissue is con-
centrated via centrifugation and the cellular debris and
the digestive enzymes are removed in the supernatant.
The resulting isolated fibroblasts are then seeded into a
Cell Factory by sterile welding in culture media supple-
mented with irradiated FBS. Sterile welding is performed
per standard operating procedures utilizing validated
equipment. The cell factory is labeled with the patient
specific lot number and placed into an incubator at ap-
proximately 37°C. Fibroblasts lots utilize physical segre-
gation and line clearance procedures to prevent cross
contamination between lots. Cultures are fed with the
media every 3‑4days. Theoldmedia is drainedbygravity
through tubing sets into a waste collection bag. A new
bag of media is welded onto the factory and allowed to
drain into the factory by gravity. The confluence of the
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culture is monitored routinely. The culture is passaged,
harvested, washed, and replated when the confluence is
estimated to be between 60% and 100% of the culture
surface.

Cell Passaging

[0109] Passaging is accomplished by first washing the
factories with HBSS to remove culture media. Then a
non-animal derived trypsin-like solution (TrypLE Select -
Invitrogen) is applied to the culture and the cells are
observed bymicroscope for detachment from the culture
surface. The cell factory is trypsinized for approximately
15 minutes. The cell factory is then rinsed with media
utilizing tubing sets andbags to removeall detachedcells
and the cells are washed via centrifugation in a bag. The
system remains closed during centrifugation and resus-
pension by utilizing sterile welding of bags and tubing
sets. Following re-suspension in culture media a sample
is removed via sterile welding with a sampling syringe
and thecellsarecounted.The resultsof thecell countand
viability determination are documented in the batch re-
cord.
[0110] The cells are then replated into 10-layer Cell
Factories (10LCF). Typical cell yields lead to seeding the
10LCF at densities between 1000 and 9000 cells per
cm2. The cultures are processed as described above.
Again, individual fibroblast lots are subjected to physical
segregation and line clearance procedures are per-
formed between individual lot processing activities.
[0111] In particular aspects, substantial numbers of
fibroblasts are required for therapeutic implantation.
The initial isolation produces a relatively small amount
of fibroblasts that must be expanded. The expansion to
potential therapeutic doses requires 30 - 60 days of
culturing and multiple passages (up to 7) of the cell
culture. The fibroblast culture system is comprised of
1LCF (632 cm2 of culture surface area) at the initial
stages and transitions to 10LCF (6320 cm2 of culture
surface area) as the expansion continues. Antibiotics are
removed early in the process (day 5‑6 of a 30 - 60 day
process), allowing several media changes and several
passages in antibiotic free media.
[0112] Cells are cultured in 5% (hypoxia) O2 in the
presence of 0.5 mMVPA. A cell culture medium is Media
106 growth medium, which is a sterile liquid culture
medium containing essential and non-essential amino
acids, vitamins, other organic compounds, trace miner-
als, and inorganic salts, for the growth of normal human
fibroblast cells. The medium is bicarbonate buffered and
has a pH of 7.4+/- 0.2. It is used in a 5% CO2 humidified
environment. Themedia is provided byThermoFisher as
amembrane filtered aseptically processed product pack-
aged in sterile containers. The minimum sterility assur-
ance level ("SAL") is 10‑3, based on the number of media
vials filled and the observed lack of microbial growth as
described in FDA’s "Guideline on Sterile Drug Products
Produced by Aseptic Processing."

Determination of Dedifferentiation Status

[0113] In some aspects, passaged cells are defined as
"dedifferentiated" if expressionofOCT‑4 is detected. The
quantification of OCT‑4 is performed using fix-and-perm
intracellular staining purchased from R&D Systems. As-
sessment of expression is performed using flow cytome-
try. There is consistent induction of OCT‑4 expression by
culture in the combination of hypoxia and valproic acid,
such as when fibroblasts are cultured under these con-
ditions for more than 4 days.

EXAMPLE 2

CONCENTRATION OF THERAPEUTIC FRACTION
FROM CONDITIONED MEDIA

[0114] Culture media is obtained prior to passaging of
cells and cellular debris is removed by centrifugation at
400 g for 20 minutes. Supernatant extracted after this
centrifugation step is subsequently spun at 70,000 g for 8
hours in order to pellet exosomes and other microvesi-
cles. Purified particles are subsequently diluted in cell
culturemedia and protein quantification is performed in a
representative aliquot using the Bradfort Assay.

EXAMPLE 3

MODIFICATIONOF NUCLEUS PULPOSUS CELLS BY
CONDITIONED MEDIA

[0115] Nucleus pulposus (NP) tissue samples were
obtained from patients undergoing spine surgery be-
cause of burst thoracolumbar fracture. The experimental
protocol was approved by the institutional review board
with informed consent from the patients. The NP tissues
were treated with 0.25% pronase (Sigma-Aldrich, Louis,
MO, USA) for 30 min. and 0.2% collagenase type II
(Invitrogen, Carlsbad, CA, USA) for 4 hrs at 37°C. The
digest was filtered through a 70-µm pore size mesh and
then cultured in Dulbecco’s modified Eagle’s medium
(DMEM; Gibco, Grand Island, NY, USA) with 10% fetal
bovine serum (FBS; Invitrogen), 1%penicillin-streptomy-
cin (Sigma-Aldrich), 2mMglutamine (Sigma-Aldrich)and
50µg/mLL-ascorbic acid (Sigma-Aldrich) inT25flasksat
37°C in 5% CO2. When grown to confluence, the cells
were digested by 0.25% trypsin/1 mMEDTA and passed
into bigger flasks for expansion. The nucleus pulposus
cells (NPCs) from passage 4 or 5 were plated into ex-
perimental plates for all of the experiments.
[0116] NPCswere plated into 6-well plates at a density
of 1 × 105 cells per well. To test the apoptosis-inducing
effect of TNF-α on cells, NPCs were treated with 0, 5, 10
or 30 ng/ml TNF-α (Sigma-Aldrich) for 12 hrs. To assess
theanti-apoptotic effect of dedifferentiated fibroblast exo-
somes, conventional fibroblast exosomes, and control
fetal calf serum exosomes.
[0117] Following treatment, NPC apoptosis rates were
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evaluated by flowcytometry using anAnnexinV/PI apop-
tosis detection kit (BD Biosciences, Franklin Lakes, NJ,
USA). NPCs were washed twice with PBS, resuspended
in binding buffer and incubated with 5µl FITC-Annexin V
and5µl PI for 15min. at room temperature. Staining cells
were analyzed using the FACScan flow cytometry sys-
tem (Becton Dickinson, San Diego, CA, USA).
[0118] As seen in FIG. 1, exosomes from fibroblasts
inhibited TNF-alpha induced apoptosis, whereas exo-
somes from dedifferentiated fibroblasts even more po-
tently inhibited suppressed apoptosis. For each of the
four groups of bars, the far left bar is "blue", the second to
the left is "orange", thesecond from the right is "gray", and
the right is "dark yellow." Blue bars are saline control,
orange bars are from fibroblasts, grey bars are from
dedifferentiated fibroblasts (hypoxia and valproic acid)
and dark yellow bars are fetal calf serum exosomes.
[0119] Nucleus pulposus cells where cultured as de-
scribedand treatedwith IGF‑1asamitogen.Proliferation
after 48 hours of culture was assessed by thymidine
incorporation by pulsing with 1 microCurie per ml of
tritiated thymidine. As seen in FIG. 2, exosomes from
fibroblasts inhibited stimulated NP cell proliferation,
whereas exosomes from dedifferentiated fibroblasts
even more potently stimulatory. For each of the four
groups of bars, the far left bar is "blue", the second to
the left is "orange", thesecond from the right is "gray", and
the right is "dark yellow." Blue bars are saline control,
orange bars are from fibroblasts, grey bars are from
dedifferentiated fibroblasts (hypoxia and valproic acid)
and dark yellow bars are fetal calf serum exosomes.
Stimulation of proliferation was enhanced by addition
of IGF‑1 to the culture.
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Claims

1. Conditionedmedia fromacultureofde-differentiated
fibroblasts for use in amethod of treating or prevent-
ingdiscdegeneration inan individual, comprising the
stepof providing to the individual aneffectiveamount
of the conditioned media, wherein said de-differen-
tiated fibroblasts are produced upon exposure to
hypoxia and valproic acid.

2. The conditioned media for use according to claim 1,
wherein the conditioned media comprises exo-
somes.

3. The conditioned media for use according to claim 2,
wherein the exosomes express markers selected
from the group consisting of a) CD63; b) CD9; c)
MHC I; d) CD56; and e) a combination thereof.

4. The conditioned media for use according to any one
of claims 1‑3, themethod further comprising the step
of de-differentiating the fibroblasts to produce de-

differentiated fibroblasts, optionally wherein the step
of de-differentiating the fibroblasts to produce de-
differentiated fibroblasts occurs in culture.

5. The conditioned media for use according to claim 4,
wherein the de-differentiated fibroblasts are pro-
duceduponexposure to stemcells and/or cytoplasm
fromstemcells, optionally wherein the stemcells are
pluripotent stem cells selected from the group con-
sisting of a) parthenogenic stem cells; b) embryonic
stem cells; c) inducible pluripotent stem cells; d)
somatic cell nuclear transfer derived stem cells; e)
Stimulus-triggered acquisition of pluripotency
(STAP); and f) a combination thereof.

6. The conditioned media for use according to any one
of claims 1‑5, wherein the de-differentiated fibro-
blasts are produced upon further exposure to one
or more histone deacetylase inhibitors.

7. The conditioned media for use according to claim 6,
wherein the histone deacetylase inhibitor is selected
from the group consisting of a) trichostatin A; b)
phenylbutyrate; c) vorinostat; d) belinostat; e)
LAQ824; f) panobinostat; g) entinostat; h) CI994; i)
mocetinostat; j) sulforaphane; and k) a combination
thereof.

8. The conditioned media for use according to any one
of claims 4‑7, wherein the de-differentiated fibro-
blasts are produced upon exposure to one or more
DNA methyltransferase inhibitors.

9. The conditioned media for use according to claim 8,
wherein the DNA methyltransferase inhibitor is se-
lected from the group consisting of a) decitabine; b)
5-azacytidine; c) Zebularine; d) RG‑108; e) procaine
hydrochloride; f) Procainamidehydrochloride; g)Hy-
dralazine hydrochloride; h) Epigallocatechin gallate;
i) Chlorogenic acid; j) Caffeic acid; and h) a combina-
tion thereof.

10. The conditioned media for use according to any one
of claims 4‑9, wherein the de-differentiated fibro-
blasts are produced upon exposure to 2%‑8%,
2%‑7%, 2%‑6%, 2%‑5%, 2%‑4%, 2%‑3%, 3%‑8%,
3%‑7%, 3%‑6%, 3%‑5%, 3%‑4%, 4%‑8%, 4%‑7%,
4%‑6%, 4%‑5%, 5%‑8%, 5%‑7%, 5%‑6%, 6%‑8%,
6%‑7%, or 7%‑8% oxygen.

11. The conditioned media for use according to any one
of claims 2‑10, wherein exosomes are obtained from
de-differentiated fibroblasts.

12. The conditionedmedia for use according to claim11,
wherein the exosomes are purified from culture of
the de-differentiated fibroblasts using anion ex-
change chromatography, high performance liquid
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chromatography (HPLC), or both.

13. The conditioned media for use according to any one
of claims 1‑12, themethod comprising administering
to the individual one or more of hyperbaric oxygen,
adipose stem cell administration, bone marrow me-
senchymal stem cell administration, fibroblast ad-
ministration, and a combination thereof.

Patentansprüche

1. Konditionierte Medien aus einer Kultur von dediffe-
renziertenFibroblasten für die Verwendung in einem
Verfahren zum Behandeln oder Vorbeugen von
Bandscheibendegeneration bei einem Individuum,
umfassend den Schritt des Verabreichens einer
wirksamen Menge der konditionierten Medien an
das Individuum, wobei die dedifferenzierten Fibrob-
lasten durch Aussetzung an Hypoxie und Valproin-
säure produziert werden.

2. Konditionierte Medien für die Verwendung nach An-
spruch 1, wobei die konditionierten Medien Exoso-
men umfassen.

3. Konditionierte Medien für die Verwendung nach An-
spruch 2, wobei die Exosomen Marker exprimieren,
die aus der Gruppe ausgewählt sind, bestehend aus
a) CD63; b) CD9; c) MHC I; d) CD56; und e) einer
Kombination davon.

4. Konditionierte Medien für die Verwendung nach ei-
nem der Ansprüche 1‑3, wobei das Verfahren ferner
den Schritt des Dedifferenzierens der Fibroblasten
umfasst, um dedifferenzierte Fibroblasten zu produ-
zieren, wobei optional der Schritt des Dedifferen-
zierens der Fibroblasten, um dedifferenzierte Fib-
roblasten zu produzieren, in Kultur erfolgt.

5. Konditionierte Medien für die Verwendung nach An-
spruch 4, wobei die dedifferenzierten Fibroblasten
durch Aussetzung an Stammzellen und/oder Zyto-
plasma aus Stammzellen produziert werden, wobei
optional die Stammzellen pluripotente Stammzellen
sind, ausgewählt aus der Gruppe, bestehend aus a)
parthenogenetischenStammzellen; b) embryonalen
Stammzellen; c) induzierbaren pluripotenten
Stammzellen; d) aus dem Kern-Transfer somati-
scher Zellen abgeleiteten Stammzellen; e) durch
Stimulus ausgelöstem Erwerb von Pluripotenz (Sti-
mulus-triggered Acquisition of Pluripotency, STAP);
und f) einer Kombination davon.

6. Konditionierte Medien für die Verwendung nach ei-
nem der Ansprüche 1‑5, wobei die dedifferenzierten
Fibroblasten bei weiterer Aussetzung an einen oder
mehrere Histon-Deacetylase-Inhibitoren produziert

werden.

7. Konditionierte Medien für die Verwendung nach An-
spruch 6, wobei der Histon-Deacetylase-Inhibitor
aus der Gruppe ausgewählt ist, bestehend aus a)
Trichostatin A; b) Phenylbutyrat; c) Vorinostat; d)
Belinostat; e) LAQ824; f) Panobinostat; g) Entinos-
tat; h) CI994; i) Mocetinostat; j) Sulforaphan und k)
einer Kombination davon.

8. Konditionierte Medien für die Verwendung nach ei-
nem der Ansprüche 4‑7, wobei die dedifferenzierten
Fibroblasten durch Aussetzung an einen oder meh-
rere DNA-Methyltransferase-Inhibitoren produziert
werden.

9. Konditionierte Medien für die Verwendung nach An-
spruch 8, wobei der DNA-Methyltransferase-Inhibi-
tor aus derGruppe ausgewählt ist, bestehend aus a)
Decitabin; b) 5-Azacytidin; c) Zebularin; d) RG‑108;
e) Procainhydrochlorid; f) Procainamidhydrochlorid;
g) Hydralazinhydrochlorid; h) Epigallocatechingal-
lat; i) Chlorogensäure; j) Kaffeesäure; und h) einer
Kombination davon.

10. Konditionierte Medien für die Verwendung nach ei-
nem der Ansprüche 4‑9, wobei die dedifferenzierten
Fibroblasten durch Aussetzung an 2 %‑8 %, 2 %‑7
%, 2%‑6%, 2%‑5%, 2%‑4%, 2%‑3%, 3%‑8%, 3
%‑7 %, 3 %‑6%, 3%‑5 %, 3 %‑4%, 4%‑8 %, 4 %‑7
%, 4%‑6%, 4%‑5%, 5%‑8%, 5%‑7%, 5%‑6%, 6
%‑8%, 6 %‑7% oder 7 %‑8 % Sauerstoff produziert
werden.

11. Konditionierte Medien für die Verwendung nach ei-
nem der Ansprüche 2 bis 10, wobei die Exosomen
aus dedifferenzierten Fibroblasten erhalten werden.

12. Konditionierte Medien für die Verwendung nach An-
spruch 11, wobei die Exosomen aus der Kultur der
dedifferenzierten Fibroblasten unter Verwendung
von Anionenaustauschchromatographie, Hochleis-
tungsflüssigkeitschromatographie (HPLC) oder bei-
dem gereinigt werden.

13. Konditionierte Medien für die Verwendung nach ei-
nem der Ansprüche 1‑12, wobei das Verfahren das
Verabreichen an das Individuum eines oder mehre-
ren von hyperbarer Sauerstofftherapie, Verabrei-
chungvonFettstammzellen, Verabreichung vonme-
senchymalen Stammzellen aus dem Knochenmark,
Verabreichung von Fibroblasten und einer Kombi-
nation davon umfasst.

Revendications

1. Milieux conditionnés issus d’une culture de fibro-
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blastes dédifférenciés pour une utilisation dans un
procédé de traitement ou de prévention de la dégé-
nérescence discale chez un individu, comprenant
l’étape consistant à fournir à l’individu une quantité
efficace de milieux conditionnés dans lesquels les-
dits fibroblastes dédifférenciés sont produits par ex-
position à l’hypoxie et à l’acide valproïque.

2. Milieux conditionnés pour une utilisation selon la
revendication 1, dans lesquels les milieux condition-
nés comprennent des exosomes.

3. Milieux conditionnés pour une utilisation selon la
revendication 2, dans lesquels les exosomes expri-
ment des marqueurs sélectionnés dans le groupe
constituédea)CD63 ; b)CD9 ; c)CMH I ; d)CD56 ; et
e) une combinaison de ceux-ci.

4. Milieux conditionnés pour une utilisation selon l’une
quelconque des revendications 1 à 3, le procédé
comprenant en outre l’étape consistant à dédifféren-
cier les fibroblastes pour produire des fibroblastes
dédifférenciés, éventuellement dans lesquels l’é-
tape consistant à dédifférencier les fibroblastes pour
produire des fibroblastes dédifférenciés se déroule
en culture.

5. Milieux conditionnés pour une utilisation selon la
revendication 4, dans lesquels les fibroblastes dé-
différenciés sont produits lors d’une exposition à des
cellules souches et/ou un cytoplasme issu de cellu-
les souches, éventuellement dans lesquels les cel-
lules souches sont des cellules souches pluripoten-
tes sélectionnées dans le groupe constitué de a)
cellules souches parthénogénétiques ; b) cellules
souches embryonnaires ; c) cellules souches pluri-
potentes inductibles ; d) cellules souches dérivées
du transfert nucléaire de cellules somatiques ; e)
acquisition de pluripotence déclenchée par stimulus
(STAP) ; f) une combinaison de celles-ci.

6. Milieux conditionnés pour une utilisation selon l’une
quelconque des revendications 1 à 5, dans lesquels
les fibroblastes dédifférenciés sont produits lors
d’une exposition à un ou plusieurs inhibiteurs d’his-
tone désacétylase.

7. Milieux conditionnés pour une utilisation selon la
revendication 6, dans lesquels l’inhibiteur d’histone
désacétylase est sélectionné dans le groupe consti-
tuédea) la trichostatineA ; b) le butyrate dephényle ;
c) le vorinostat ; d) le bélinostat ; e) LAQ824 ; f) le
panobinostat ; g) l’entinostat ; h) CI994 ; i) le mocé-
tinostat ; j) le sulforaphane ; et k) unecombinaisonde
ceux-ci.

8. Milieux conditionnés pour une utilisation selon l’une
quelconque des revendications 4 à 7, dans lesquels

les fibroblastes dédifférenciés sont produits lors
d’une exposition à un ou plusieurs inhibiteurs d’ADN
méthyltransférase.

9. Milieux conditionnés pour une utilisation selon la
revendication 8, dans lesquels l’inhibiteur d’ADN
méthyltransférase est sélectionné dans le groupe
constitué de a) la décitabine ; b) la 5-azaxitidine ;
c) la zébularine ; d) RG‑108 ; e) le chlorhydrate de
procaïne ; f) le chlorhydrate de procaïnamide ; g) le
chlorhydrate d’hydralazine ; h) le gallate d’épigallo-
catéchine ; i) l’acide chlorogénique ; j) l’acide ca-
féique ; et h) une combinaison de ceux-ci.

10. Milieux conditionnés pour une utilisation selon l’une
quelconque des revendications 4 à 9, dans lesquels
les fibroblastes dédifférenciés sont produits lors
d’une exposition à de l’oxygène à 2 % à 8 %, 2 %
à7%, 2%à6%, 2%à5%, 2%à4%, 2%à3%, 3%
à8%, 3%à7%, 3%à6%, 3%à5%, 3%à4%, 4%
à8%, 4%à7%, 4%à6%, 4%à5%, 5%à8%, 5%
à 7%, 5%à 6%, 6%à 8%, 6%à 7%, ou 7%à 8%.

11. Milieux conditionnés pour une utilisation selon l’une
quelconque des revendications 2 à 10, dans les-
quels des exosomes sont obtenus à partir de fibro-
blastes dédifférenciés.

12. Milieux conditionnés pour une utilisation selon la
revendication 11, dans lesquels les exosomes sont
purifiés à partir de la culture des fibroblastes dédif-
férenciés à l’aide d’une chromatographie par
échange d’anions, d’une chromatographie liquide
à haute performance (HPLC), ou des deux.

13. Milieux conditionnés pour une utilisation selon l’une
quelconque des revendications 1 à 12, le procédé
comprenant l’administration à l’individu d’un ou de
plusieurs parmi l’oxygénothérapie hyperbare, l’ad-
ministration de cellules souches adipeuses, l’admi-
nistration de cellules souches mésenchymateuses
de moelle osseuse, l’administration de fibroblastes,
et une combinaison de celles-ci.
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