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(57) Abstract: Provided in this disclosure is a method of cyclical production of fat cells. The method may include the steps of dedif-
ferentiation of adipocytes into dedifferentiated fat (DFAT) cells, permitting the DFAT cells to proliferate, and re-differentiating (differ-
entiating) the proliferated DFAT cells into adipocytes. Additionally, provided in this disclosure are methods of isolating DFAT cells
adipose from a range of species. Also provided in this disclosure are fat-producing cells and method of creating the same. Such cells
can be used for a variety of purposes and products, including imitation meat products.
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COMPOSITIONS AND METHODS RELATING TO ADIPOCYTE PRODUCTION

FIELD

[001] The present disclosure relates in part to the field of cellular agriculture. In particular
embodiments, the present disclosure relates to methods of cyclical production of fat cells. More
specifically, embodiments of the disclosure relate to cyclical dedifferentiation of adipocytes into
DFAT cells and subsequent re-differentiation of the DFAT cells. The systems and methods
disclosed herein can be particularly useful for the creation of palatable imitation meat products.
The present disclosure also relates to other commercially valuable areas including, but not limited
to, aromatics and flavorings, cell-therapy, cosmetics, drug discovery, industrial manufacturing,

regenerative medicine, renewable energy, and veterinary medicine.

BACKGROUND

[002] Over 50% of Americans aged 24-39 now describe themselves as flexitarians, such that
a large and growing body of consumers are seeking meat alternatives to support more sustainable,
environmentally friendly, and ethical diets. However, most consumers—flexitarian or otherwise—
have been unwilling to fully embrace meat alternatives, such as plant-based meat alternatives
(PBMAs), because, for example, the differences between conventional meat products and their
alternatives remain noticeable, and the long ingredients lists in highly processed meat alternatives

are a consumer deterrent.

[003] The perceived taste/texture, cost, health, and sustainability are key drivers of dietary
decision-making among PBMA customers. Importantly, while most PBMAs cater to a vegan
customer, vegans make up only 2% of such sales, with the remaining 98% being people who want
to consume fewer meat products but who may be unwilling to transition completely to a vegan

diet. As such, PBMAsS still make up a mere 1.5% of meat sales.

[004] Cultured meat, also referred to as in vitro or lab-grown meat, is a promising technology,
as it can reduce the greenhouse gas emissions, land use, and water use required for meat
production. This technology is still in its infancy, and while a number of companies have
demonstrated pilot products, cost and scale-up challenges represent barriers to commercialization.
In addition, today’s emerging cultured meat products rely on fetal bovine serum (FBS) as a growth

medium during production. Because FBS must be harvested directly from the fetus of a slaughtered
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cow, there are steep costs associated with the extensive quality control procedures and regulatory

oversight necessary to prevent contamination and ensure ethical compliance.

[005] Key flavor differences between conventional meat products and their alternatives are
driven by fat content. Plant-based meat companies, for example, have attempted to use complex
cocktails of ingredients to mimic fat; however, this approach falls short of authentically emulating
the desired texture/taste, and also contributes to extensive ingredients lists. Indeed, flavor additives
make up around 3-10% of PBMA products, and attempts to emulate fat tissue are often recognized

as the biggest challenge faced by PBMA formulators.

[006] Thus, there is a need for new methods of enhancing various properties of PBMAs and
other meat alternatives through the addition of improved alternatives to animal fat tissue. The
present disclosure satisfies this need by providing fat-producing cells from various animal species
that can be incorporated into alternative meat products to generate convincing high quality meat
alternatives with shorter ingredients lists and taste/texture profiles that are consistent with
traditional meat products. The present disclosure satisfies this need and provides other advantages

as well.

SUMMARY

[007] In one aspect, the present disclosure provides a method of cyclical production of fat
cells, the method comprising dedifferentiating a population of mature adipocytes to create a first
population of dedifferentiated fat cells (DFAT cells). In some embodiments, the method comprises
culturing the first population of DFAT cells in a growth media until reaching a first target biomass.
In certain embodiments, the first target biomass is then subcultured into one or more subculture
populations of DFAT cells. The one or more subculture populations can be re-differentiated, e.g.,
to form re-differentiated mature adipocytes. In some embodiments, the method comprises re-
differentiating one or more DAFT cells within the first target biomass into re-differentiated mature

adipocytes.

[008] The re-differentiated mature adipocytes can be separated into a first portion and a second
portion. In such embodiments, the method further comprises dedifferentiating the first portion of
re-differentiated mature adipocytes to create a second generation of DFAT cells and culturing the

second portion of the re-differentiated mature adipocytes in culture media to accumulate a target
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lipid mass. In particular embodiments, the target lipid accumulation is about 90% of the cell
volume. In particular embodiments, the target lipid accumulation will be as low as 20% of the cell
volume. Those skilled in the art will appreciate that target lipid accumulation depends on
accumulation time and concentration of feed reagents, with capacities of cells for lipid
accumulation of about 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 95%, or more of the cell volume with the specific value being determined by one skilled
in the art. In particular embodiments, the culture medium comprises glucose at a concentration of
from about 4% glucose (i.e., 4 g/L glucose) to about 20% glucose (i.e., 20 g/L glucose), or of from
about 4% to about 15% glucose, or of from about 4% to about 10% glucose, or of from about 4%
to about 8% glucose, or about 4%, 4.5%, 5%, 5.5%, 6%, 6.5%, 7%, 7.5%, 8%, 8.5%, 9%, 9.5%,
10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, or 19%, glucose (g/L). In some embodiments,

the culture medium comprises 4.5% glucose (g/L.).

[009] In certain embodiments, a re-differentiation medium is used. Re-differentiation media
can comprise, e.g., insulin, 3-isobutyl-1-methylxanthine, insulin-transferrin-selenium-X
supplement, indomethacin, dexamethasone, rosiglitazone, biotin, pantothenate, a PPARY agonist,

sodium oleate, wheat germ agglutinin, or any combination thereof.

[0010] In some embodiments, the method further comprises: i) dedifferentiating at least a
portion of the re-differentiated mature adipocytes to create a second generation of DFAT cells; ii)
culturing the second generation of DFAT cells in a growth medium until a second target biomass
is obtained; iii) subculturing the second target biomass into a second generation of sub-cultured
DFAT cells; and 1v) re-differentiating the second generation of sub-cultured DFAT cells into a

second generation of re-differentiated mature adipocytes.

[0011] The method can further comprise cyclically repeating the steps of one or more of
dedifferentiating, culturing, subculturing, and re-differentiating for a total of n cycles. In some
embodiments, the step of dedifferentiating in each cycle is performed on the re-differentiated
mature adipocytes that were re-differentiated in the immediately preceding cycle. In certain
embodiments, n is equal to the number of cycles during which the re-differentiated mature
adipocytes maintain the ability to proliferate and/or maintain the ability to synthesize and store fat.
In some embodiments, 7 is equal to the number of cycles during which the ability to proliferate

and/or maintain the ability to synthesize and store fat of the re-differentiated mature adipocytes
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has not declined by more than about, e.g., 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, or more as determined by one skilled in the art for their target

use case.

[0012] In particular embodiments, the population of mature adipocytes are obtained from
adipose cells or a tissue explant that comprises adipose tissue, i.e., by isolating the population of
mature adipocytes from the adipose cells or tissue explant. The step of isolating the population of
mature adipocytes can comprise adding the adipose cells or tissue explant to a digestion buffer in
a container (i.e. a cell culture container). In certain embodiments, the adipose cells or tissue
explants are incubated in the digestion buffer for, e.g., at least about 30 minutes. In some
embodiments, following the incubation, the adipose cells and digestion buffer are centrifuged to
create a first floating adipocyte layer (FAL) above the digestion buffer and a pelleted tissue at the
bottom of the container. In particular embodiments, the digestion buffer and pelleted tissue are
removed from the container, and the first FAL is suspended in growth media. The first FAL and
growth media can then be centrifuged to create a second FAL and a second pelleted tissue. In some
embodiments, the step of centrifuging is performed without filtration. In particular embodiments,
the digestion buffer and second pelleted tissue are removed from the container, and the second

FAL is suspended in growth media, wherein the second FAL comprises the mature adipocytes.

[0013] In particular embodiments, the adipose cells are added to the digestion buffer at a
concentration of about 1 gram of adipose cells or tissue explant per 3 ml of digestion buffer. In
some embodiments, the adipose cells are added to the digestion buffer at a concentration of about
0.1,0.5,1.5,2,2.5, 3, or more grams of adipose cells or tissue explant per 3 ml of digestion buffer.
In particular embodiments, the digestion buffer comprises a collagenase enzyme. In some
embodiments, the digestion buffer comprises 0.2%-1% collagenase, at least 0.2% collagenase, or
up to 1% collagenase. In particular embodiments, the digestion buffer comprises a collagenase
derived from microbial fermentation. The collagenase used in the digestion buffer can be selected
based on the species of the source cells to be digested. In some embodiments, the source cells are
mammalian cells and the collagenase used is collagenase I, II, or IV or a collagenase enzyme
having a similar activity level to that of collagenase IV. In some embodiments, the source cells
are avian cells and the collagenase used is collagenase IV or a collagenase enzyme having a similar
activity level to that of collagenase IV. Importantly, collagenase IV can be used in the digestion
buffer for digestion of mammalian cells and/or avian cells. In particular embodiments, the

4
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collagenase comprises collagenase IV (e.g., collagenase 1V from Clostridium histolyticum) and
variants thereof having similar enzymatic activity. In some embodiments, the digestion buffer
comprises at least 0.2% collagenase IV. In some embodiments, the digestion buffer comprises up

to 1% collagenase IV.

[0014] In particular embodiments, the tissue explant comprises subcutaneous fat extracted from
a subject. The subject can be, e.g., a mammal, a bird, a fish, a reptile, a crustacean, or an amphibian.
In some embodiments, the tissue explant comprises subcutaneous fat extracted from a plurality of
subjects. In some embodiments, the subjects are the same species. In some embodiments, the

subjects are different species.

[0015] In certain embodiments, the adipose cells comprise primary mammalian cells, primary
avian cells, primary fish cells, primary reptilian cells, primary crustacean cells, primary amphibian
cells, or a combination thereof. In some embodiments, the adipose cells do not comprise or are not
derived from any one or more of pluripotent stem cells, embryonic stem cells, or undifferentiated

stem cells.

[0016] In some embodiments, the step of dedifferentiating the adipose cells comprises: 1)
seeding the mature adipocytes in a dedifferentiation container with a volume of growth media
sufficient to completely fill the container; i1) closing the dedifferentiation container to create a
hypoxic environment; iii) inverting the dedifferentiation container; iv) incubating cells within the
inverted dedifferentiation container; v) permitting the mature adipocytes to adhere to the ceiling
surface of the dedifferentiation container; and vi) allowing the mature adipocytes to dedifferentiate
into DFAT cells. In some embodiments, the cells are incubated in the inverted dedifferentiation
container for about 10 days, or about 3, 4, 5, 6, 7, 8, 9, 11, 12, 13,14 or more days. One skilled in
the art will appreciate that the process efficiency near 10 days as here disclosed is most efficient
but modifications to environmental conditions such as incubation temperature, dissolved gasses,
etc. may allow incubation times at the extremes or possibly beyond those here listed to work. In
some embodiments, the cells are incubated in the inverted dedifferentiation container for a number
of days sufficient to observe a fibroblastic morphology accompanying loss of central lipid

accumulation.

[0017] In some embodiments, the step of re-differentiating a population of DFAT cells, e.g.,

re-differentiating one or more subculture populations of DFAT cells or a population of DFAT cells
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within a first target biomass, into mature adipocytes comprises contacting the one or more
subculture populations of DFAT cells or the DAFT cells within the first target biomass with an
adipocyte differentiating-promoting agent such as insulin, 3-isobutyl-1-methylxanthine, insulin-
transferrin-selenium-X supplement, indomethacin, dexamethasone, rosiglitazone, biotin,

pantothenate, a PPARY agonist, sodium oleate, wheat germ agglutinin, or any combination thereof.

[0018] In some embodiments, the step of re-differentiating the one or more subculture
populations of DFAT cells or the DFAT cells within a first target biomass can comprise
manipulating one or more parameters to preferentially encourage the formation of re-differentiated
mature adipocytes. Such parameters can comprise, e.g., the presence or nature of a coating to an
interior surface of the container (i.e. culture container) containing the cells, one or more
mechanical properties of a culture environment (i.e. the elasticity of the culture environment as
controllable with for example hydrogels), growth media density, growth media osmolarity, growth
media temperature, factors that encourage DFAT cell proliferation rather than lipid production,

and agents to control the differentiation of non-adipocyte cells.

[0019] In particular embodiments, the first target biomass is reached upon achieving at least
about 70% confluence of DFAT cells. In some embodiments, the first target biomass is reached
upon achieving at least about 50%, 60%, 65%, 75%, 80%, 85%, or more confluence of DFAT

cells.

[0020] In particular embodiments, the growth medium as used in various methods of this
disclosure comprises only food-safe components. In some embodiments, the growth media is
serum-free. In some embodiments, the growth media does not comprise fetal bovine serum or fetal
calf serum. In some embodiments, the growth medium is plant-based, e.g., a medium as described
in publications such as Yamanaka 2023, the entire disclosure of which is herein incorporated by
reference, where the growth medium is a formulation comprising canola oil and/or other growth
factors. In some embodiments, the animal-product free formulation is obtained from a commercial

supplier.

[0021] In some embodiments, the step of culturing a first population of DFAT cells and/or
subculturing a first target biomass comprises culturing the cells in a growth media until a first
target biomass or a second target biomass, respectively, is achieved (i.e. a desired level of

confluency in the culture container. In some embodiments, the step of culturing a first population
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of DFAT cells and/or subculturing a first target biomass comprises seeding the growth media with
a concentration of cells at least 5000-10,000 cells/cm? and incubating until the cells reach at least
70% confluence. In some embodiments, the growth medium is seeded with a concentration of at
least, e.g., 2,000; 3,000; 4,000; 5,000; 6,000, 7,000; 8,000; 9,000; 10,000; 11,000; 12,000,
cells/cm?, and/or the cells are incubated until they reach about 50%, 55%, 60%, 65%, 75%, 80%,
or more confluence. One skilled in the art will appreciate that theoretically greater or lower values
than those presented are technically possible but may be inefficient under standard monolayer cell
culture conditions. In some embodiments, 5000-10,000 cells/cm? are seeded. In some
embodiments, 1000-5000 cells/cm? are seeded. In some embodiments, 10,000-12,000 cells/cm?

are seeded.

[0022] In another aspect, the present disclosure provides a fat-producing cell line created by
any of the various methods disclosed herein. The fat-producing cell line can comprise, e.g., a total
lipid accumulation of at least 80% of an intracellular volume when the cell line is at least, e.g., 4
months old. In some embodiments, the fat-producing cell line comprises DFAT cells produced

using the de-differentiating methods provided in this disclosure.

[0023]  Additional aspects of the present disclosure include a cell line of re-differentiated fat-
producing cells created by any of the various methods disclosed herein, wherein the cell line is

configured to survive in a suspension culture.

[0024]  Another aspect includes an imitation meat product for consumption comprising fat cells
created by any of the methods disclosed herein, e.g., an effective amount of fat cells to produce a
desired flavor and/or texture profile, and an alternative meat source, e.g., an effective amount of
an alternative meat source. In some embodiments, the created fat cells represent up to about 5% of
the total volume or weight of imitation meat product (or up to about 1%, 2%, 3%, 4%, 6%, 7%,
8%, or more of the total volume or weight). In some embodiments, the alternative meat source
represents at least about 10 % of the total volume or weight of the meat product (or at least about
15%, 20%, 25%, 30%, 35%, 40%, 45% 50%, or more of the total volume or weight). In certain
embodiments, the alternative meat source comprises cultured meat, a plant-based meat alternative,

insect-derived proteins, fermentation-derived products, fungal proteins, or a combination thereof.

[0025] In yet another aspect, the present disclosure relates to a method of creating an imitation

meat product for consumption. In various embodiments, the method comprises 1) dedifferentiating
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a population of mature adipocytes to create a first population of DFAT cells; i1) culturing the first
population of DFAT cells in a growth media until reaching a first target biomass; 1i1) subculturing
the first target biomass into one or more subculture populations of DFAT cells; iv) re-
differentiating the one or more subculture populations of DFAT cells into re-differentiated mature
adipocytes; and v) combining the re-differentiated mature adipocytes with an effective amount of
an alternative meat source to create the imitation meat product. In some embodiments, the step of
dedifferentiating the population of mature adipocytes to create a first population of DFAT cells
comprises digesting the population of mature adipocytes with collagenase IV or a collagenase
having similar enzymatic activity thereto. In certain embodiments, the population of mature

adipocytes comprises at least one of mammalian or avian cells.

[0026] An additional aspect of the present disclosure includes an im7 vitro method of creating
fat-producing cell lines, wherein the fat-producing cell lines comprise DFAT cells. In some
embodiments, the method comprises dedifferentiating a population of mature adipocytes to create
a first population of DFAT cells, wherein this step comprises digesting the population of mature
adipocytes with collagenase IV or a collagenase having similar enzymatic activity thereto. The
method can further include culturing the first population of DFAT cells in a growth media until a
first target biomass is reached. In some embodiments, the growth media comprises only food-safe
components. In certain embodiments, the method comprises subculturing the first target biomass
into one or more subculture populations of DFAT cells. The method can further include re-
differentiating the one or more subculture populations of DFAT cells into re-differentiated mature
adipocytes. In certain embodiments, the population of mature adipocytes comprises at least one of

mammalian or avian cells.

[0027] In another aspect, the disclosure includes a transduction-free method of renewing
primary cells. In embodiments, the method includes 1) dedifferentiating a population of mature
adipocytes to create a first population of DFAT cells; i1) culturing the first population of DFAT
cells in a growth media until reaching a first target biomass; iii) subculturing the first target
biomass into one or more subculture populations of DFAT cells; and iv) re-differentiating the one
or more subculture populations of DFAT cells into re-differentiated mature adipocytes. In some
embodiments, the step of dedifferentiating the population of mature adipocytes to create a first

population of DFAT cells comprises digesting the population of mature adipocytes with
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collagenase IV or a collagenase having similar enzymatic activity thereto. In certain embodiments,

the population of mature adipocytes comprises at least one of mammalian or avian cells.

[0028]  One aspect of the present disclosure relates to a method of reducing senescence in a cell
line comprised of primary fat cells. In various embodiments, the method comprises: 1)
dedifferentiating a population of primary mature adipocytes to create a first population of DFAT
cells; ii) culturing the first population of DFAT cells in a growth media until reaching a first target
biomass; ii1) subculturing the first target biomass into one or more subculture populations of DFAT
cells; and i1v) re-differentiating the one or more subculture populations of DFAT cells into re-
differentiated mature adipocytes. In some embodiments, the step of dedifferentiating the
population of primary mature adipocytes to create a first population of DFAT cells comprises
digesting the population primary of mature adipocytes with collagenase IV or a collagenase having
similar enzymatic activity thereto. In certain embodiments, the population of primary mature

adipocytes comprises at least one of mammalian or avian cells.

[0029] An additional aspect of the present invention relates to a commercially scalable cell line
for producing consumable, cultured animal fat. The cell line can comprise re-differentiated fat-
producing cells created by any of the various methods disclosed herein. In some embodiments, the

consumable, cultured animal fat is produced using the cell line in a commercial-scale bioreactor.

[0030] An additional aspect includes a method of creating at least two populations of DFAT
cells. One skilled in the art will recognize that clonal populations of daughter cells can be readily
achieved, and these populations can be remixed to create a heterogenous population of DFAT cells
originating from a single biopsy. Alternatively, bulk or clonal DFAT populations from several
biopsies, either on a single animal or two or more animals, can be combined to create a
heterogenous population. In various embodiments, the method comprises obtaining adipose cells
or a tissue explant that comprises adipose tissue, and isolating a population of mature adipocytes
from the adipose cells or tissue explant. In some embodiments, the step of isolating the population
of mature adipocytes comprises: 1) adding the adipose cells or tissue explant to a digestion buffer
in a container, wherein the digestion buffer comprises a collagenase; ii) incubating the adipose
cells or tissue explant in the digestion buffer until homogenous digestion is achieved (for example,
for at least about 30 minutes); ii1) centrifuging the adipose cells and digestion buffer to create a

FAL above the digestion buffer and a pelleted tissue at the bottom of the container, wherein this
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step of centrifuging does not comprise filtration; iv) removing the digestion buffer and pelleted
tissue from the container; v) suspending the first FAL in growth media; vi) centrifuging the first
FAL and growth media to create a second FAL and a second pelleted tissue; vii) removing the
digestion buffer and the second pelleted tissue from the container; and viii) suspending the second

FAL in growth media, wherein the second FAL comprises the mature adipocytes.

[0031] In some embodiments, the method further comprises: ix) seeding the mature adipocytes
in a dedifferentiation container with a volume of growth media sufficient to completely fill the
container; x) closing the dedifferentiation container to create a hypoxic environment; xi) inverting
the dedifferentiation container; xii) incubating the inverted dedifferentiation container for about
10 days; xiii) permitting the mature adipocytes to adhere to a celling surface of the
dedifferentiation container; and xiv) allowing the mature adipocytes to dedifferentiate into the at

least two heterogenous populations of DFAT cells.

[0032] Other objects and advantages of this invention will become readily apparent from the

ensuing description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] These figures are intended to be illustrative, not limiting. Although the Examples of the
disclosure are generally described in the context of these figures, it should be understood that it is

not intended to limit the scope of the disclosure to these particular Examples.

[0034] FIG. 1 provides a schematic of a protocol for dedifferentiation of mature fat cells into
DFAT cells under one embodiment of the present disclosure, followed by cycling of the DFAT
cells to mature adipocytes and back. Cycling can, but does not have to, include an accumulation
phase following the re-differentiation of DFAT cells. Likewise, proliferation of biomass by
techniques such as passaging and expanding can, but do not need to, be performed during a given
cycle round. Finally, while the schematic demonstrates only a single petri-dish-like vessel at any

step, any suitable cell culture system as used by those skilled in the art are equally appropriate.

[0035] FIG. 2 shows an exemplary historical model developed by Sugihara et al. (1986)
demonstrating how TAG-filled vesicles are transferred from mother to daughter cells, and the

relationship between the differentiation and TAG accumulating phenotypic stages.
[0036] FIGS. 3A-3B are micrograph images of chicken adipose tissue following digestion
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with collagenase I or IT. These micrograph images show that the solution contains only lysed cells,
including in some cases large TAG aggregations, demonstrating that traditional DFAT isolation
methods developed using mammalian cells do not allow the successful isolation of avian DFAT
cells. FIG. 3A provides a representative light microscopy photograph showing unsuccessful
isolation of adipocytes from chicken fat tissue when collagenase I was utilized in the digestion
buffer and filtration was employed with centrifugation. FIG. 3B provides a representative light
microscopy photograph showing unsuccessful isolation of adipocytes from chicken fat tissue when
collagenase II was utilized, and centrifugation was performed without filtration. Scale bar in FIG.
3A image represents 100 um and is applicable to the image in FIG. 3B as well (same

magnification).

[0037] FIGS. 4A-4F present pictorial micrographs showing avian adipocytes and DFAT cells
derived using the methods according to certain aspects and embodiments of this disclosure. FIG.
4A) Dissociated adipocytes viewed in floating suspension under brightfield illumination. FIG. 4B)
DFAT cells derived from the mature adipocytes in FIG. 4A stained with the lipid dye Nile Red.
FIG. 4C) Enlarged view of Nile Red stained DFAT cell from FIGS. 4B wherein Nile Red staining
highlights fibroblastic pseudopodia and ‘loculus-dividing’ lipid droplets and dividing nucleus..
4D) Brightfield illumination of DFAT cells derived from the mature adipocytes in FIG. 4A, the
same imaging region as FIG. 4B. FIG. 4E) Derived DFAT cells from the mature adipocytes in
FIG. 4A stained with the nucleic acid dye Hoechst 33432. FIG. 4F) Enlarged view of a single
DFAT cell undergoing mitosis, wherein Hoechst 33432 nuclear staining highlighting mitosis as
nuclear material shuttling into splitting nuclei, indicating this cell is in anaphase or telophase of

mitosis. Scale bars in images represent 50 um (FIGS. 4A-4B, 4D-4E) and 5 um (FIGS. 4C, 4F).

[0038] FIGS. SA-5C provide a sequential series of pictorial micrographs showing a timelapse
of DFAT re-differentiation according to certain aspects and embodiments of this disclosure. FIG.
SA) Two days after the introduction of differentiation media. FIG. SB) Five days after the
introduction of differentiation media. FIG. SC) Two weeks after the introduction of differentiation

media. Scale bars in images represent 100 um.

[0039] FIGS. 6A-6D show pictorial micrographs that demonstrate a timelapse of the DFAT
cycling process according to certain aspects and embodiments of this disclosure. FIG. 6A) Two

days after the introduction of differentiation media. Black arrow indicates a large lipid droplet.
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Differentiation media is then removed. FIG. 6B) Two days after the removal of differentiation
media. Cells are then passaged. FIG. 6C) One day after passage and the re-introduction of
differentiation media. FIG. 6D) Two days after the re-introduction of differentiation media. Lipid

accumulation observed, as indicated by black arrow. Scale bars in images represent 100 um.

[0040] FIGS. 7A-7D provide sequential images of pictorial micrographs to demonstrate the re-
differentiation of DFAT and the subsequent induced return to multi-potent morphology according
to certain aspects and embodiments of this disclosure. FIG. 7A) One day after seeding.
Differentiation media is then introduced. FIG. 7B) Five days after the introduction of
differentiation media. Arrow indicates a large lipid droplet. Cells are then passaged. FIG. 7C) One
day after passage. Cells remain in growth media. FIG. 7D) Ten days after passage. Scale bars in

images represent 100 um.

[0041] FIG. 8 provide a cladogram and images of DFAT cells derived from various species, as
observed on the ceiling of the de-differentiation container according to certain aspects and
embodiments of this disclosure. FIG. 8 illustrates the substantial evolutionary space upon which
the methods disclosed herein have been reduced to practice without modification. From top to
bottom, as indicated, pictorial micrographs show Turkey derived DFAT, Chicken derived DFAT,
Duck derived DFAT, Pigeon derived DFAT, Rabbit derived DFAT. Molecular relationships
quantified in the cladogram were computed based on alignment of published 18s rRNA sequences.
Conversion of molecular relationship to molecular clock time, in millions of years (MY), was
based on a conservative coefficient, and these values are indicated above their respective branches.

Scale bars in micrograph images represent 100 pum.

DETAILED DESCRIPTION
Abbreviations and Definitions

[0042] The following description recites various aspects and embodiments of the present
methods and compositions. It is to be understood that the present invention may be embodied in
various forms. No particular embodiment is intended to define the scope of the methods and
compositions. Rather, the embodiments merely provide non-limiting examples of various methods
and compositions that are at least included within the scope of the disclosed methods and

compositions. Therefore, specific details disclosed herein are not to be interpreted as limiting, but
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rather as a basis for the claims and as a representative basis for teaching one skilled in the art to
employ the present invention in any appropriate manner. The description is to be read from the
perspective of one of ordinary skill in the art; therefore, information well known to the skilled

artisan is not necessarily included.

[0043] The singular forms “a”, “an” and “the” include plural reference unless the context
clearly dictates otherwise. The use of the word “a” or “an” when used in conjunction with the term
“comprising” in the claims or the specification may mean “one,” but it is also consistent with the

I

meaning of “one or more,” “at least one,” and “one or more than one.”

[0044]  Use herein of the word “or” is intended to cover inclusive and exclusive OR conditions.
In other words, A or B or C includes any or all of the following alternative combinations as
appropriate for a particular usage: A alone; B alone; C alone; A and B only; A and C only; B and
C only; and A and B and C. As used herein, “and/or” refers to and encompasses any and all possible
combinations of one or more of the associated listed items, as well as the lack of combinations

where interpreted in the alternative (“or”).

29 <

[0045] Wherever any of the phrases “for example,” “such as,” “including” and the like are used

herein, the phrase “and without limitation” is understood to follow unless explicitly stated

2«

otherwise. Similarly, “an example,” “exemplary” and the like are understood to be nonlimiting.

[0046] The term “substantially” allows for deviations from the descriptor that do not negatively
impact the intended purpose. Descriptive terms are understood to be modified by the term
“substantially” even if the word “substantially” is not explicitly recited. Therefore, for example,
the phrase “wherein the lever extends vertically” means “wherein the lever extends substantially
vertically” so long as a precise vertical arrangement is not necessary for the lever to perform its

function.

[0047]  The terms “comprising” and “including” and “having” and “involving” (and similarly
“comprises”, “includes,” “has,” and “involves”) and the like are used interchangeably and have
the same meaning. Specifically, each of the terms is defined consistent with the common United
States patent law definition of “comprising” and is therefore interpreted to be an open term
meaning “at least the following,” and is also interpreted not to exclude additional features,
limitations, aspects, etc. Thus, for example, “a process involving steps a, b, and ¢” means that the

process includes at least steps a, b, and c.
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[0048]  As used herein, the transitional phrase “consisting essentially of” (and grammatical
variants) is to be interpreted as encompassing the recited materials or steps “and those that do not
materially affect the basic and novel characteristic(s)” of the claimed invention. See, /n re Herz,
537 F.2d 549, 551-52, 190 U.SP.Q. 461, 463 (CCPA 1976) (emphasis in the original); see also
MPEP §2111.03. Thus, the term “consisting essentially of” as used herein should not be interpreted

as equivalent to “comprising.”

[0049]  Asused herein the term “about” is used herein to mean approximately, roughly, around,
or in the region of. When the term “about” is used in conjunction with a numerical range, it
modifies that range by extending the boundaries above and below the numerical values set forth.
In general, the term “about” 1s used herein to modify a numerical value above and below the stated
value by a variance of up to 20 percent up or down (higher or lower), e.g., a value + 1%, + 2%,
+ 3%, £ 4%, £ 5%, £ 6%, £ 7%, 8%, £9%, = 10%, + 11%, + 12%, + 13%, + 14%, + 15%,
+ 16%, + 17%, + 18%, + 19% or + 20% of the stated value.

[0050] Recitation of ranges of values herein are merely intended to serve as a shorthand method
of referring individually to each separate value falling within the range, unless otherwise-Indicated
herein, and each separate value is incorporated into the specification as if it were individually
recited herein. For example, if a concentration range is stated as 1% to 50%, it is intended that
values such as 2% to 40%, 10% to 30%, or 1% to 3%, etc., are expressly enumerated in this
specification. These are only examples of what is specifically intended, and all possible
combinations of numerical values between and including the lowest value and the highest value

enumerated are to be considered to be expressly stated in this disclosure.

[0051] Asused herein, the term “isolated” when used in reference to certain cells or adipocytes
refers to cells that have been removed or disassociated from an organism, organ, tissue, or culture
in which they were originally found or with which they were previously associated. In some
embodiments, isolated cells or adipocytes are cells or adipocytes in suspension. In some
embodiments, isolated cells or adipocytes are cells or adipocytes in a cell culture flask. In some
embodiments, isolated cells or adipocytes are cultured cells or adipocytes. In some embodiments,
isolated cells or adipocytes are a component of a larger mixture of cells including a tissue sample
or a suspension with non-adipocyte cells. In some embodiments, cells or adipocytes are considered

“isolated” when they are removed from the animal from which they are derived, such as in the
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case of a tissue explant. In some embodiments, the isolated cells or adipocytes can comprise at
least one or a plurality of cells that are from a species capable of producing adipocytes and/or that
natively comprises adipose tissue, e.g., one or more species chosen from mammals, birds, fish,
reptiles, crustaceans, or amphibians. In some embodiments, the isolated cells or adipocytes
comprise sheep cells, goat cells, horse cells, cow cells, human cells, monkey cells, mouse cells, rat
cells, rabbit cells, canine cells, feline cells, porcine cells, chicken cells, turkey cells, duck cells,
pigeon cells, guinea fowl cells, ostrich cells, or cells from another non-human animal. In non-food
embodiments, the isolated cells or adipocytes may be at least one of human cells or non-human

primate cells.

[0052] In some embodiments, adipose cells (also referred to as adipocytes or fat cells in this
disclosure) are derived from a subject. The subject can comprise any vertebrate or invertebrate
animal. In some embodiments, a subject comprises a mammal, a bird, a fish, a reptile, a crustacean,
or an amphibian. In non-food embodiments, the subject may be human or non-human primate. In
some embodiment, the adipocytes or adipose tissue comprises white, brown, or beige adipocytes,
or a combination thereof In some embodiment, the adipocytes or adipose tissue comprises

visceral fat, subcutaneous fat, or a combination thereof.

[0053] As used herein, “growth medium” (also referred to in this disclosure as cell culture
medium, culture medium, basal medium, and a basal culture medium) is a liquid designed to
support the growth of cells. Cell culture media generally comprise an appropriate source of energy
and compounds that regulate the cell cycle. A typical culture medium is composed of a
complement of amino acids, vitamins, and inorganic salts. It may also contain one or more of
glucose, serum as a source of growth factors, hormones, and attachment factors (e.g., fibronectin).
In addition to nutrients, the medium also contains components that help maintain pH and
osmolality. In some instances, growth medium may contain indicators such as phenol red, which
can be used to monitor the state of the culture system. In some embodiments, growth medium may
contain anti-biotic or anti-microbial agents. Growth medium may also contain specific ions related
to other physical additives in the culture system, such as alginates or collagen fibrils used in 3-D
culture systems. Growth medium may contain carrier particles in the case a suspension culture is

performed.
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[0054] The term “target biomass” as used in this disclosure refers to a desired amount of cells
obtained through culturing methods, for example, using the methods provided in this disclosure to

achieve a degree of confluency (cell number) within a container (i.e. cell culture container).

[0055]  As used herein, the phrase “resultant fat-producing cell line(s)” refers to one or more
cell lines produced using any one or more of the methods disclosed herein. In some embodiments,
the resultant fat-producing cell line comprises one or more mature adipocytes that have been re-

differentiated according to any of the various embodiments disclosed herein.

[0056] The phrase “alternative meat source” as described herein can comprise any source of a
food protein product that does not comprise animal flesh obtained by livestock. The terms
“alternate meat” and “alternative meat” can refer to food proteins that are suitable for animal
consumption, human consumption, or a combination thereof. Exemplary alternative meat sources
include cell-based proteins, plant-based proteins, insect-derived proteins, fermentation-derived
proteins, fungal proteins, or a combination thereof. The phrase “alternative meat product,”
“alternative meat,” and the like can be used interchangeably to refer to any product obtained from
an alternative meat source. Exemplary alternative meat products include a cultured meat, a plant-
based meat alternative (PBMA), insect-derived proteins, fermentation-derived products, fungal
proteins, dairy-derived meat alternatives, egg-derived meat alternatives, gelatin-derived meat
alternatives, keratin-derived meat alternatives, meat alternatives placed on or within a plant-based

scaffolding, or a combination thereof.

DFAT Cells

[0057]  Aspects of the present disclosure are directed to the generation and culturing of
dedifferentiated fat (DFAT) cells as well as to the production of adipocytes therefrom. In some
aspects of the disclosure, DFAT cells are re-differentiated into mature adipocyte cells to create a
resultant fat-producing cell line. In various embodiments, the present disclosure relates to resultant
fat-producing cell lines, methods of producing the same, and methods of using such cell lines to
produce adipocytes. Certain embodiments relate to use of a cell line, e.g., an avian cell line, or a

primary culture to produce DFAT cells, adipocytes, and/or commercially viable animal fat.

[0058] The present disclosure provides methods for producing DFAT cells starting from

adipose cells, or tissues comprising adipose cells. Adipose tissue or adipocytes from any of the
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source species described in this disclosure can be used as a source for the production of DFAT
cells and to produce fat-producing cell lines therefrom. In particular embodiments, the cell lines

are obtained from an avian species.

[0059] The DFAT cells produced using the methods provided in this disclosure can be used in
any of a number of ways. For example, under specific conditions, DFAT cells can be induced to
re-differentiate into any of a variety of cell types, including adipocytes, osteoblasts, cardiac muscle
cells, pericytes, and/or other cell types important for tissue engineering. In therapeutic or
veterinary contexts, DFAT cells may be injected into a human or animal patient with or without

further in vitro differentiation (e.g., for cell therapy, as discussed below in this disclosure).

[0060] The fat-producing cell lines can be incorporated into a variety of products, e.g., into
meat alternatives. The resultant fat-producing cell lines can be utilized in the production of an
alternative meat product that comprises adipocytes from the fat-producing cells. In some
embodiments, DFAT cells, or the fat-producing adipocytes derived therefrom using the methods
provided in this disclosure, can be used to enhance the taste of alternative meat products and/or
reduce the ingredient lists of such products. In some embodiments, DFAT cells, or the fat-
producing adipocytes derived therefrom using the herein-disclosed methods, can be used for other
commercially valuable pursuits including, but not limited to, those related to aromatics and
flavorings, cell-therapy, cosmetics, drug discovery, industrial manufacturing, regenerative

medicine, renewable energy, and veterinary medicine.

[0061] Certain aspects of the present disclosure are based in part of the innovation by the
inventors that cycles of dedifferentiation and re-differentiation or trans-differentiation of
adipocytes into DFAT cells into adipocytes or other cells could be used to continuously produce
adipocytes or other cells in culture for extended periods of time without genetic manipulation of
any of the cells. A benefit of DFAT cells is that they can be readily cultured for extended periods
of time (i.e. passages). This stands in contrast with standard methods for producing induced
pluripotent stem cells, which by definition require one to manipulate genetic factors in a terminally
differentiated cell, such as a fibroblast, to achieve a stem-cell like phenotype. It also stands in
contrast with methods of immortalizing primary cells, similarly by means of genetic manipulation,
as can be done with myoblasts to expand the amount of biomass derivable from a given tissue

sample.
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[0062] DFAT cells have a number of properties that can be used to aid in their identification.
For example, various molecular markers of multipotency are commonly upregulated in DFAT
cells. Accordingly, in some embodiments, DFAT cells display statistically significance increases
in, e.g., telomerase protein, telomerase transcripts, and/or telomerase enzymatic activity. In some
embodiments, DFAT cells present one or more similarities, e.g., express similar molecular
markers, to Stromal Vascular Cells (also known as Adipose-Derived Stem cells, ADSCs), the
resident stem cells that give rise to adipocytes in vivo. In some embodiments, telomerase activity
is greater in DFAT cells than in ADSCs. Without being bound by the following theory, it is
believed that the elevated telomerase activity seen in DFAT cells renders the cells more resistant
to senescence than other commonly pursued cell types. DFAT cells can also be identified in part
by certain typical morphological properties, e.g., having a fibroblastic morphology, or having lost
accumulated tri-acetyl glyceride (TAG).

[0063] Additionally, certain aspects of the present disclosure are based in part on the surprising
discovery that traditional methods of producing DFAT cells from mammalian adipose cells or
tissues, e.g., traditional methods involving collagenase I or collagenase II as described, e.g., in
Yagi 2004, Wei 2013, Watson 2014, Jumabay 2015, Shah 2016, Pu 2017, Lu 2018, Cui 2018,
Zang 2020, Alexanderson 2020, Rogal 2020, Schopow 2020, Cho 2020, Panella 2021, and
Hendaway 2021; are not effective at producing avian DFAT cells.

[0064] In contrast, the methods described herein for producing DFAT cells, e.g., involving
collagenase I'V or other collagenase enzymes characterized by low tryptic activity, are effective at

producing DFAT cells from avian sources as well as other sources, including mammalian cells.

Isolation and Dedifferentiation of Adipocytes into DFAT Cells

[0065] In particular embodiments, mature, isolated adipocytes are dedifferentiated in vitro into
DFAT cells. In various embodiments, the mature adipocytes can be isolated in a basal, hypoxic
cell culture environment (see FIG. 1). As shown in FIG. 2, when so isolated, the mature adipocytes
can expel their accumulated tri-acetyl glyceride (TAG) and adopt a DFAT phenotype, e.g., adopt
a fibroblastic morphology.

[0066] FIG. 1 represents a simplified dedifferentiation procedural protocol generated by
Sugihara et al. (1986), with the addition of the cycling methodology disclosed herein.
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Embodiments of the present disclosure include methods, systems, and platforms for the isolation
of multipotent cells from various species that are capable of differentiation into fat-producing cells.

In particular embodiments, the species are avian species.

[0067] In some embodiments, adipose tissue is biopsied from a subject. In some embodiments,
the subject is a mammalian or avian species. In some embodiments, the avian species is a chicken.

Adipocytes can be isolated from the biopsied tissue using standard methods known in the art.

[0068] In one embodiment, isolation occurs by mincing and enclosing in a vessel containing a
digestion buffer. Briefly, fat tissue (such as a tissue explant) obtained from a subject can be minced
(such as through homogenization or by means of other mechanical or chemical techniques) and
digested in a digestion buffer solution. In some embodiments, digestion buffer solution is at a
minimum a neutral saline solution, which can contain but limited to anti-microbials, growth
factors, glucose. In one embodiment, the mass to volume ratio of the tissue to digestion buffer is
about 3 to 1. In some embodiments, the mass to volume ratio is less than 3 to 1. In some

embodiments, the mass to volume ratio is greater than 3 to 1.

[0069] During the adipocyte isolation process, an incubation period can be included in which
the digestion buffer and minced tissue are incubated for sufficient time to achieve homogeneous
digestion, as reflected by a homogenous, smooth consistency (e.g., without lumps). The tissue and
buffer may be agitated during the incubation period (e.g., on a rotating tube rack). In some
embodiments, the digestion buffer and minced tissue can be incubated at a temperature above
ambient room temperature, for example, at about 37 °C, in order to increase the rate of digestion.
When the tissue + digestion buffer solution is homogenous, the tissue + digestion buffer solution
can be centrifuged until observance of a floating adipose layer (FAL) comprising unilocular fat
cells on top of the digestion buffer. In some embodiments, the time required to achieve a
homogenous tissue + digestion buffer solution is about 30-45 minutes (e.g., about 30 minutes).
One skilled in the art will appreciate that incubation time may be modified by the ratio of enzyme
to tissue mass being digested as well as the temperature at which the digestion is conducted. In
some embodiments, the specific time of digestion is proportional to the tissue weight and can be
modulated by the temperature or other environmental factors such as osmolarity or pH. In some

embodiments, the digestion is allowed to continue until a homogeneous solution is observed.
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Centrifugation at a low rotational speed (e.g., 1500-2000 RPM) can be used to separate isolated
adipocytes from the remaining stromal vascular fraction. In some embodiments, centrifugation
results in a floating adipocyte layer above the buffer and the stromal vascular fraction (SVF,
pelleted) in the container. The tissue + digestion buffer solution can be centrifuged (e.g., approx.
300 x g) for a few minutes (e.g., about 5 min). In particular embodiments, centrifugation is
performed without filtration. Following centrifugation, the digestion buffer solution and pelleted
SVF from below the FAL can then be removed. In some embodiments, at least 90% of the
digestion buffer solution and pelleted SVF are removed from the container. For example, at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of the digestion buffer solution and
pelleted SVF are removed from the container. In certain embodiments, the FAL is resuspended in
a cell culture medium, centrifuged as described above at least one additional time to achieve the
FAL, and the media and any remaining pelleted tissue below the FAL are removed. In some
embodiments, at least 90% of the cell culture medium used for washing the FAL is removed from
the container. For example, at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of
the cell culture medium is removed from the container. The remaining, isolated adipocytes can be
washed several times (e.g., 2, 3, 4, or more times) with cell culture media. In certain embodiments,
removal of the digestion buffer and the SVF (and/or the cell culture medium used for washing) is

accomplished using a hypodermic needle and syringe.

[0070] The isolated mature adipocytes can then be exposed to dedifferentiation conditions. In
one embodiment, exposure to dedifferentiation conditions comprises removing the isolated mature
adipocytes and transferring the cells to a dedifferentiation container (i.e. a cell culture container
such as a culture flask). In certain embodiments, cell culture medium is added to the
dedifferentiation container. For example, in some embodiments the FAL is re-suspended in cell
culture medium, wherein the flasks or containers containing the fat cells from the FAL are
completely filled to the brim with the cell culture medium to create a hypoxic environment. By
way of example, in particular embodiments, after placing the isolated mature adipocytes in the
dedifferentiation container, the container is filled with cell culture media such that the entire
volume of the dedifferentiation container is filled with the isolated mature adipocytes and cell
culture media. In some instances, the culturing is performed under hypoxic conditions. For
example, the container can then be sealed to prevent gas exchange, e.g., by placing a solid cap or

lid on the dedifferentiation container.
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[0071] The dedifferentiation container can then be incubated for a period sufficient to
accumulate a desired population of dedifferentiated fat cells on the ceiling of the container. The
incubation may be performed at a standard temperature for culturing animal cells, e.g., about
37 °C. In certain embodiments, the dedifferentiation container (culture flask) can be inverted
(turned upside down) after being filled and sealed and incubated for a suitable dedifferentiation
period to permit certain cells to float through the media and adhere to the top surface of the
container or flask (also referred to as the “ceiling” or “ceiling surface”), thereby forming a ceiling
culture of DFAT cells. In some embodiments, the dedifferentiation container is undisturbed during

the incubation period, thereby promoting adherence of the cells to the ceiling.

[0072] In some embodiments, the step of dedifferentiation occurs in the inverted state. In some
embodiments, dedifferentiation occurs when there is a solid substrate in contact with mature
adipocytes. In some embodiments, during step of dedifferentiation, the adipocytes are co-cultured
adipocytes with non-adipocyte cells, such as, for example, one or more of endothelial, epithelial
or fibroblast cells. In some embodiments, the non-adipocyte cells are highly proliferative and
immortalized. Exemplary non-adipocyte cell lines include, but are not limited to, HEK293,
HEK293T, CHO, HELA, 3T3, Jurkat, and Vero.

[0073] Dedifferentiation can occur for a period of between 1 day and about 30 days. In some
embodiments, the incubation period can last for up to about three weeks. In some embodiments,
the period of dedifferentiation is between about 5 and 15 days. The period of dedifferentiation can
be about 5, about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 13, about 14,
about 15 about 16, about 17, about 18, about 19, about 20 days, or about 21 days. In some
embodiments, the incubation period ranges from about three days to about three weeks, three days
to about two weeks, three days to one week, five days to about three weeks, five days to about two
weeks, five days to one week, one week to three weeks, or one week to two weeks, or any
intermediate periods of times within any of these ranges. In some embodiments, the incubation

period is about five days to about two weeks.

[0074] In some embodiments, dedifferentiation is performed with a serum-containing medium
(e.g., fetal bovine serum or fetal calf serum-containing medium). In other embodiments, a
dedifferentiation and/or growth medium is used that is free from animal products (e.g., does not

contain serum). The growth medium or dedifferentiation medium can be serum-free, e.g., free from
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FBS or fetal calf serum. In certain embodiments, the dedifferentiation media comprises additives
that can encourage dedifferentiation of one or more adipose cells. In some such embodiments, the
additives comprise oxygen-scavenging molecules. In some embodiments, the additives comprise
citric acid, glucose oxidase, catalase, or a combination thereof. An exemplary cell culture medium
can comprise equal volumes of Ham F12 and Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal bovine serum (FBS) or fetal calf serum (FCS) (pH of about 7.2-7.4). The growth
media can further comprise additional agents, such as an antibiotic composition, an anti-fungal
composition, or a combination thereof. In some embodiments, the growth media can further
comprise one or more antibiotics or antimicrobial agents (e.g., about 1% penicillin-streptomycin,

about 1% amphotericin b, 1% AntiAnti) or combinations thereof.

[0075]  In particular embodiments of the present disclosure, de-differentiation is obtained of one
or more mature adipocyte cells into DFAT cells. In certain embodiments, the one or more mature
adipocyte cells comprise cells obtained from avian species. In particular embodiments, the one or

more mature adipocytes comprises chicken adipocytes.

[0076] In some embodiments, adipose cells are added to the digestion buffer at a concentration
of about 10 grams of adipose cells or tissue explant per about 1 ml of digestion buffer. In some
embodiments, the concentration of adipose cells to digestion buffer is about 5 g of cells to about 2
ml of digestion buffer. In some embodiments, the concentration of adipose cells to digestion buffer
is about 5 g of cells to about 1 ml of digestion buffer. In some embodiments, the concentration of
adipose cells to digestion buffer is about 1 g to about 3 ml. The concentration can be about 1 g of
adipose cells to about 1 ml, about 1.5 ml, about 2 ml, about 2.5 ml, about 3 ml, about 3.5 ml, about
4 ml, about 4.5 ml, about 5 ml, about 5.5 ml, about 6 ml, about 6.5 ml, about 7 ml, about 7.5 ml,
about 8 ml, about 8.5 ml, about 9 ml, or about 10 ml of digestion buffer. One skilled in the art will
appreciate that incubation time may be modified by the ratio of enzyme to tissue mass being

digested as well as the temperature at which the digestion is conducted.

Collagenase

[0077] In some embodiments, the digestion buffer comprises a mixture of enzymes. In
particular embodiments, the digestion buffer comprises collagenase. The collagenase used in
various embodiments can comprise a collagenase that was not derived from an animal. In particular

embodiments, the collagenase in the digestion buffer is derived from microbial fermentation.
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[0078] In some embodiments, the collagenase is an engineered collagenase. In some
embodiments, the concentration of collagenase within the digestion buffer can be up to 5% of the
total volume of digestion buffer. In embodiments the collagenase concentration is as low as 0.01%
of the total volume of digestion buffer. The collagenase concentration can be up to about 0.5%,
about 1%, about 1.5%, about 2%, about 2.5%, or about 3%. The concentration of collagenase can
be between about 0.1% and 0.3% of the total volume of digestion buffer. In some embodiments,
the concentration of collagenase is about 0.2%. The concentration of collagenase can be about
0.10%, about 0.11%, about 0.12%, about 0.13%, about 0.14%, about 0.15%, 0.16%, 0.17%,
0.18%, 0.19%, 0.20%, 0.21%, 0.22%, 0.23%, 0.24%, or 0.25% of the total digestion buffer. In
some embodiments, the concentration of collagenase is inversely proportional to the time of
digestion, i.e., a lower concentration of collagenase requires a longer time of digestion, and a

higher concentration of collagenase decreases the time of digestion.

[0079] In some embodiments, the adipose cells are mammalian cells and the collagenase can

comprise collagenase type I, type I, or type IV.

[0080] In other embodiments, the adipose cells are avian cells and the collagenase can be
collagenase IV as shown, for example, in FIGS. 3A-3B. In some embodiments, the collagenase is
a collagenase with a level of tryptic activity that is similar to collagenase IV and less than that of
wild-type collagenase I or II. For example, variants of collagenase I or II that contain mutations

reducing tryptic activity to a level similar to that of collagenase IV may be used.

Culturing DFAT Cells

[0081] DFAT cells, such as those generated according to the methods disclosed herein, can be
removed from the ceiling of the dedifferentiation container by disrupting the adhesion of the
cellular body to the container surface. This can be performed by tryptic digestion, scraping, or
other routine methods. In certain embodiments, after removal from the container, the suspended
cells are filtered through a strainer to remove unwanted particulate matter remaining from the
tissue digestion. In some embodiments, the strainer can have a pore size of about 10 micrometers
to 1 millimeter, such as approx. 50-500 micrometers, or 50-100 micrometers. Cells can then be
propagated according to standard practices of cell culture. In certain embodiments, such standard
practices of cell culture include two-dimensional adhesive culture, three-dimensional culture

within a hydrogel, various methods of floating culture, or any combination thereof. Cells can then
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be passaged to a first target biomass. In some embodiments, the first target biomass is equal to a
desired level of confluency. In one example, cultured DFAT cells are produced and cultured as

shown in FIGS. 4A-4F.

[0082] In certain embodiments, DFAT cells are grown in growth media until a first target
biomass is attained. In some embodiments, the target biomass is up to about 90% confluence of
DFAT cells. In some embodiments, the target biomass is up to about 99% confluence of DFAT
cells. In some embodiments, the target biomass is at least about 20% confluence of DFAT cells.
The target biomass can be at least about 30% DFAT cell confluence. In certain embodiments, the
target biomass is achieved at a DFAT cell confluence of about 30%, about 35%, about 40%, about
45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, or about
90%. In one embodiment, the first target biomass is reached upon achieving at least 70%
confluence of DFAT cells. In some embodiments, the first target biomass is reached upon

achieving at least about 50%, 60%, 65%, 75%, 80%, or more confluence.

Distinct Populations of DFAT Cells

[0083] In certain embodiments, distinct populations of DFAT cells can be generated using the
methods disclosed herein, i.e., a plurality of populations of cells (e.g., cell lines) with distinct
properties, including multiple distinct populations of DFAT cells originating from a single tissue
explant that originated from a single subject or multiple subjects. In some embodiments, multiple,
distinct populations of DFAT cells having different properties can be derived from a single
population of mature adipocytes from a single subject. In some embodiments, multiple, distinct
populations of DFAT cells with different properties can be derived from a homogenous suspension

of mature adipocytes.

[0084] The distinct populations of DFAT cells can show differences in any of a number of
properties, including, but not limited to, growth rate, cell differentiation, conversion of DFAT into
fat cells, and/or various morphologic features. For example, in some embodiments the distinct
populations comprise cell lines with rapid cell proliferation, while in others the populations
comprise fat cells with diverse morphological features. Exemplary properties that can show
potential differences between distinct populations include, e.g., doubling time, morphologic
features (such as the quantity and quality of lipid beads, distribution of cell diameters, and

pseudopodia), telomerase level/activity, viability in culture, ability to re-differentiate, ability and
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rate of lipid production following re-differentiation, and similarly propensities to differentiate into
non-fat cell types (i.e. pericytes, osteoblasts, cardiac muscle cells, etc.), number of insulin

receptors, the number silenced genes, epigenetic changes, and others.

[0085]  Systems and methods for creating or providing multiple distinct populations of DFAT
cells with differing properties, e.g., one or more cell lines that can be used in a variety of
applications, are further disclosed herein. As such, an aspect of the present disclosure provides
isolating or generating at least two cell lines obtained from DFAT cells derived from a single
population of mature adipocytes, wherein the at least two cell lines exhibit phenotypic,
morphological, genetic, or epigenetic differences relative to one another. In some embodiments,
the different cell populations are created using any of the various de-differentiation methods or

protocols described herein.

[0086] In some embodiments, the distinct populations of DFAT cells are generated by creating
a plurality of cell lines derived from DFAT cells obtained from the same source and assessing one
or more properties of the cell lines to identify those displaying a phenotypic profile of interest.
Without being bound by the following theory, it is believed that the differences observed in the
distinct cell lines reflect heritable variations existing within populations of DFAT cells generated
using the present methods (e.g., reflecting genetic mutations or epigenetic changes occurring by
chance during dedifferentiation or prior to tissue extraction, leading to genetic or epigenetic

differences between the individual cells used to establish the distinct cell lines).

[0087] In some embodiments, distinct populations of DFAT cells obtained from the same
source (e.g., cell lines originating from the same subject and/or from the same suspension of mature
adipocytes) but displaying different properties are isolated under different conditions, e.g., by
following dedifferentiation protocols differing in one or more aspect or condition (e.g., differing
with respect to one or more reagents, reagent concentrations, temperature, container, etc.). In other
embodiments, distinct populations of DFAT cells obtained from the same source (e.g., cell lines
originating from the same subject and/or from the same suspension of mature adipocytes) but
displaying different properties are generated using the same dedifferentiation protocol, but are
isolated at a different time point in the protocol (e.g., following a different number of hours or days

of dedifferentiation).
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[0088] The multiple distinct cell populations generated using the methods disclosed herein can
be confirmed and characterized in any manner known by one of skill in the art, e.g., via epigenetic
analysis, RNA sequencing, microscopy, or other methods of characterizing and phenotyping
populations of cells. In particular embodiments, the distinct populations are derived from avian
cells, e.g., chicken cells, turkey cells, duck cells, pigeon cells, or others. In other embodiments, the

multiple distinct cell populations are derived from mammalian cells.

[0089]  Also disclosed herein are methods of creating at least two distinct populations of mature
adipocytes, wherein the different populations are derived from re-differentiated mature adipocytes

as described herein.

Re-Differentiation of DFAT Cells

[0090] In some embodiments, one or more subculture DFAT populations created according the
methods described herein are re-differentiated into mature adipocytes. Generally, re-
differentiation of the one or more subculture populations of DFAT cells comprises contacting the
cells with a differentiation medium that comprises one or more re-differentiation inducers. Such a
differentiation medium can be used to induce changes to the morphology of the dedifferentiated
cell. In particular embodiments, a differentiation medium induces the differentiation of the DFAT
cells into another cell type. For example, as described herein, the introduction of a differentiation
medium into the cellular environment can induce a process of lipid production and accumulation
within the cells. Cells that have been seeded at a density appropriate for such induction into lipid-
producing cells can be exposed to a differentiation medium for a time period that is sufficient to
result in the development of a morphology and lipid content that is similar to that of mature

adipocytes.

[0091] Re-differentiation of the adipose cells can be detected in any of a number of was. For
example, re-differentiation can be detected via a notable increase in the accumulation of lipid
droplets, and/or by the development of adipocyte morphology by the cells, e.g., a more rounded
morphology. In some embodiments, re-differentiation can be assessed as described in FIGS. SA-

SC.

[0092] In exemplary embodiments, the differentiation medium comprises at least one

redifferentiation inducer. The at least one re-differentiation inducer can be configured to re-
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differentiate DFAT cells into adipocytes that comprise triacylglycerol (TAG) vesicles that are

morphologically similar to those of naturally occurring mature adipocytes.

[0093] In particular embodiments, the redifferentiation inducer is insulin. In some
embodiments, the redifferentiation media comprises any one or more of insulin, 3-isobutyl-1-
methylxanthine, insulin-transferrin-selenium-X supplement, indomethacin, dexamethasone,
rosiglitazone, biotin, pantothenate, a PPARYy agonist, sodium oleate, or wheat germ agglutinin. For
example, in various embodiments, the redifferentiation media can comprise about 1-10 pg/ml
insulin, about 0.45-0.55 mM 3-isobutyl-1-methylxanthine, about 0.2-1 uM insulin-transferrin-
selenium-X supplement, about 100-500 uM indomethacin, about 0.25 uM-1 mM dexamethasone,
a millimolar concentration of rosiglitazone, about 10-50 uM of biotin, about 10-30 mM
pantothenate, a millimolar concentration of at least one PPARy agonist, about 100-200 uM sodium
oleate, a millimolar concentration of wheat germ agglutinin, or any combination of any one or

more of these redifferentiation inducers at any of the indicated exemplary concentrations.

[0094] In some embodiments, re-differentiation is induced using a re-differentiation coating,
For example, re-differentiation can comprise manipulating a mechanical property of the culture
environment. In some embodiments, carrier particles are added to the culture environment. In some
embodiments, any of one or more features such as growth media density, growth media osmolarity,
and growth media temperature can be manipulated to encourage re-differentiation of DFAT cells.
In some embodiments, certain factors can be added to encourage redifferentiation. One such
exemplary factor is a mitogen. In some embodiments, agents are introduced during re-
differentiation that are known to control or limit the formation of non-adipocyte cells. One example

of such an agent is trypsin.

DFAT and Redifferentiation Cycling

[0095]  The present disclosure is also based in part on the surprising discovery that DFAT cells
produced using the herein-described methods can be cycled, e.g., taken through repeated rounds
of dedifferentiation and re-differentiation. For example, in particular embodiments, cells are
repeatedly cycled between the proliferative DFAT state and the mature adipocyte phenotype. Cells

can be cyclically switched between these states without the aid of direct genetic manipulation.
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[0096] By way of example, in particular embodiments mature adipocytes generated as
described herein are dedifferentiated to regenerate DFAT cells. In some embodiments, the process
for dedifferentiation of the generated mature adipocytes comprises any of the dedifferentiation
methods described in the present disclosure. A subpopulation of the resulting DFAT cells (or the
“resultant DFAT cells”) can then be re-differentiated, e.g., using any of the redifferentiation
methods described herein. As such, in certain embodiments, repeated rounds of alternating
dedifferentiation and redifferentiation of the cells amounts to a method for cycling the cells, e.g.,

cycling with respect to their differentiation state, morphology, and function.

[0097] In some embodiments, following the initial dedifferentiation of isolated mature
adipocytes and their subsequent re-differentiation as described above, the step of dedifferentiating
in each subsequent cycle is performed on a population of the re-differentiated mature adipocytes

that were re-differentiated in the immediately preceding cycle.

[0098] In some embodiments, the cycling process can comprise the steps of culturing,
subculturing, or a combination thereof during each cycle. For instance, a population of DFAT cells
can be created in accordance with any of the methods described herein, and then cultured to reach
a target biomass. The DFAT cells within the target biomass can then be re-differentiated into
mature adipocytes. Alternatively, the DFAT cells within the target biomass can be subcultured into
one or more subculture populations of DFAT cells, wherein at least one of the subculture
populations of DAFT cells is re-differentiated into mature adipocytes, and at least one of the

subculture populations of DFAT cells is permitted to proliferate to a second target biomass.

[0099] Forexample, in one embodiment, DFAT cells are induced to differentiate by introducing
differentiation media to the cellular environment. Differentiation of the DFAT cells into adipocytes
can be detected, e.g., by observing large lipid droplets within one or more of the re-differentiated
cells. The differentiation medium can then be removed, leading to a loss of lipid accumulation
among the cells and the adoption of a more elongated morphology characteristic of pluripotent
cells. The cells can then be passaged, and differentiation media reintroduced, leading once again
to lipid accumulation in the cells. In some embodiments, DFAT differentiation can be performed

as described for FIGS. 6A-6D and/or FIGS. 7A-7D.

[00100] In some embodiments, the re-differentiated mature adipocytes can be divided into two

portions, e.g., a first portion and a second portion. For example, the first portion can comprise a
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de-differentiation population, and the second portion can comprise a harvest population. In some
embodiments, the dedifferentiation population is subjected to any of the various dedifferentiation
methods described herein, and the harvest population is collected as resultant fat-producing cells.
For example, the harvest population can be collected as a lipid-containing or lipid-producing
product for use in any of the variety of applications disclosed herein. In some embodiments, the
harvest population is separated from the dedifferentiation population by permitting cells of the
harvest population to accumulate lipids and float in a suspension environment. In some such
embodiments, the harvest population comprises one or more cells that float in a suspension. In one
aspect, the present disclosure provides a harvest population of lipid-producing cells derived from
DFAT cells as described herein. In some embodiments, the dedifferentiation population comprises

one or more adipocytes that do not float in a suspension.

[00101] The cycling of DFAT cells as described herein can be performed for a given number of
cycles, or can be performed indefinitely. In some embodiments, the cycling occurs without a pre-
defined end-point, but rather continues until the viability of the resultant cells is substantially
decreased. In certain embodiments, the cells undergo at least two cycles of creating DFAT cells
from previously re-differentiated mature adipocytes. In some embodiments, the cells undergo up
to 100 cycles. By way of non-limiting example, cycling can be performed for at least 1, 2, 3, 4, 5,
10, 15, 20, 25, 30, 35, 40, 45, 50, or 100 cycles. Such cycling can be performed up to 50 times, up
to 100 times, up to 200 times, up to 300 times, up to 400 times, up to 500 times, up to 600 times,
up to 1,000 times, up to 10,000 times, or up to 50,000 times. In some embodiments, such cycling
can be performed for an indefinite number of cycles such that an immortal cell line is created. In
some embodiments, the cycling is performed until the re-differentiated mature adipocytes show a
detectable decrease (e.g., decrease of 5%, 10%, 15%, 20%, 30%, 40%, or more) in their ability to
dedifferentiate and then proliferate, and/or to synthesize and store fat. In some embodiments, the
number of cycle repetitions can vary based upon the particular primary DFAT cells that are
isolated. For example, the number of cycle repetitions can vary based on the site from which the
mature adipocytes were obtained, the age of the subject, the species or genus of the subject, the
health status of the subject, or a combination thereof. In some embodiments, the number of cycles

can vary between different distinct DFAT cell populations as described elsewhere herein.

[00102] As described in various embodiments disclosed herein, cycling can be promoted using
various agents such as mitogens and/or differentiation factors. Cycling of DFAT cells using the
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present methods can be used, e.g., to provide a source of lab-grown fat cells such as the resultant

fat-producing cell lines disclosed herein.

Generation of DFAT cells from various species.

[00103] The methods described herein can be utilized with subjects of any species. For example,
the present methods can be applied to cells obtained from any species that comprises adipocytes
or adipose tissue. For example, the method can be applied to cells from mammals, birds, fish,
reptiles, or any combination thereof. Isolated cells or adipocytes can comprise sheep cells, goat
cells, horse cells, cow cells, human cells, monkey cells, mouse cells, rat cells, rabbit cells, canine
cells, feline cells, porcine cells, chicken cells, turkey cells, duck cells, pigeon cells, guinea fowl

cells, ostrich cells, or cells from other non-human animals.

[00104] By way of example, FIG. 8 provides images of DFAT cells derived from various species
as observed on the ceilings of de-differentiation containers when following the herein disclosed
methods. The species are arranged on a cladogram according to their molecular relationships, to
demonstrate the substantial evolutionary space within which the present methods can be applied.
The evolutionary relationships are reported in the length of each branch segment in millions of
years (MY). The specific values were computed by aligning published 18s rRNA sequences and
applying a conservative molecular clock coefficient to adjust the units. From top to bottom, the
pictorial micrographs show DFAT cells derived from turkey, chicken, duck, pigeon, and rabbit.
This broad evolutionary cross section illustrates that the present methods can be applied to all
branches of avian species routinely raised for human consumption, as well as to mammals. The
methods can also be used in other adipose-containing vertebrates, including reptiles, amphibians,

and fish.

Fat-Producing Cell Lines

[00105] In some embodiments of the present disclosure, fat-producing cell lines are provided
that can survive or grow in vifro under conditions appropriate for human consumption, as are
methods of making the same. Such cell lines can be created according to any one or more of the

various method embodiments disclosed herein. Such fat-producing cell lines can be referred to
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herein as “resultant fat-producing cell line,” “resultant cell line,” “resultant cells,” “resultant

mature adipocytes,” and the like. The present disclosure provides fat-producing, cells, cell lines,
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populations or pluralities of cells produced according to any one or more of the present methods,
e.g., cells or cell lines generated or maintained using any of the cyclical culture methods disclosed
herein. The present disclosure also provides methods of making and using the cells and cell lines,

e.g., for the production or enhancement of an alternative meat product.

[00106] In some embodiments, the fat-producing cell lines described herein can grow in vifro
under food safe conditions. Certain fat-producing cell lines created according to the present
methods maintain the ability for cyclical dedifferentiation, proliferation, and re-difterentiation for
an extended period of time. The present fat-producing cell lines can be configured, e.g., to
synthesize and store fat for an extended period of time. In some embodiments, the extended period
of time comprises at least one week. In some embodiments, the extend period of time comprises
at least one year. In some embodiments, the extended period of time comprises at least about one
month, about two months, about three months, about four months, about five months, about six
months, about seven months, about eight months, about nine months, about ten months, about
eleven months, or about twelve months. In some embodiments the resultant fat-producing cell lines

are immortal.

[00107] In some embodiments, the present fat-producing cell lines, or any population of DFAT
cells derived using the methods disclosed herein, can exhibit a population doubling over a 24- to
48-hour passage period with <10% senescence over a period of at least six months, at least 12
months, at least 18 months, or at least 24 months. In some embodiments, the resultant fat-
producing cell lines comprise inducible cycling of pluripotency over at least a four-month period.
The present fat-producing cell lines can show an inducible lipid accumulation of, e.g., at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or more of the intracellular volume over at
least a four-month period, at least a six month period, at least a 12 month period, at least an 18
month period, or at least a 24 month period. In some embodiments, the fat-producing cell lines
substantially retain lipid production ability over time when cycled as described in this disclosure.
In some embodiments, a fat-producing cell line can retain the ability to produce a total lipid
accumulation of at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% of an intracellular
volume after 6 months, 12 months, or 18 months of culturing as compared to the total lipid
accumulation produced by the fat-producing cell line at its first passage. In one example, a fat-
producing cell line that produces an internal volume of lipid accumulation on average of 90% at
its first passage may produce an of lipid accumulation on average of 81% after 12 months of
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continuous cycling. In some embodiments, the present fat-producing cell lines can survive a
suspension culture for at least 13 passages (or, e.g., at least 10, 11, 12, 14, 15, 16, 17, 18, 19, 20,
or more passages). In certain embodiments, the present fat-producing cell lines are adaptable to

commercial scale bioreactors.

[00108] In some embodiments, inducible cycling of pluripotency is assessed via indices such as
telomerase activity and/or the presence of canonical stem-cell markers. In some such
embodiments, telomerase activity is measured via the standard telomeric repeat amplification
protocol (TRAP. Canonical stem cell markers can be evaluated, e.g., in bulk RNA-seq experiments

or using any other pertinent method of measuring enzymatic activity.

[00109] The extent of inducible lipid accumulation in resultant fat-producing cells can be used
as a direct, representative measure of the commercially valuable animal fat that can be generated
from the cells. In some embodiments, inducible lipid accumulation is measured using fluorescence
microscopy. In some such embodiments, lipids can be visually distinguished by one skilled in the
art, or can be stained with, e.g., triacylglycerol (TAG)-targeting Nile Red dye for visualization and

quantification, or can be quantified using any other pertinent method for measuring lipid content.

[00110] In some embodiments, the resultant fat-producing cell line comprises a commercially

scalable cell line as understood by one skilled in the art.

Uses of the re-differentiated adipose cells (i.e., resultant fat-producing cells)

[00111] Further aspects of the present invention include methods of using one or more of the re-
differentiated adipose cells created through any of the various methods disclosed herein. In certain
embodiments, non-limiting, exemplary uses of the re-differentiated adipose cells comprise use in
perfume, meat alternatives, cosmetics, soaps, moisturizers, wood working or furnisher finishes,
flavor-discovery platforms, commercial lubricants, birdseed feeders, fuel, or any combination
thereof. Thus, an aspect of this disclosure are such products comprising re-differentiated adipose

cells made according to the herein-described methods.
1. Cosmetics

[00112] In certain embodiments, the present cyclical adipocyte production methods and
compositions can be used in cosmetics where lipids are used. In some embodiments, cells produced

according to the present methods can be used in lipofilling injections for regenerative medicine
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purposes. Such embodiments can be utilized, e.g., for cosmetic surgery, including for lipofilling
to create additional volume in certain body parts of a subject or patient. By way of non-limiting
example, cells generated according to the present disclosure can be utilized for lipofilling of a

subject’s face, hands, neck, breasts, buttocks, arms, legs, feet, or any combination thereof.

[00113] In some such embodiments, in a clinical setting a biopsy can be obtained, wherein the
biopsy comprises adipocyte tissue from a subject and, using the herein-disclosed methods, the
adipocyte tissue can be used to cyclically produce DFAT cells or one or more populations of
mature adipocytes, e.g., autologous DFAT cells or mature adipocytes, for use in a lipofilling
injection. In some embodiments, the DFAT cells and/or mature adipocytes produced according to
the present methods are kept, e.g., in cold storage. As used herein, cold storage indicates any
temperature below freezing, e.g., using a storage container or freezer that is at least as cool as about

-20 degrees C, or at least as cool as about -80 degrees C.

[00114] Insome embodiments, the mature adipocytes, the DFAT cells, or both that are produced
according to the presently disclosed embodiments can be cyclically produced such that another
biopsy is not required in the future. As such, the. Present methods can be used to reduce the amount

of primary tissue needed to provide treatment in perpetuity through the use of a single biopsy.

[00115] In particular embodiments, the injections are: (1) produced by blending one or more
primary tissues or cell types such as adipocyte tissue, connective tissue, SVF, or ADSCs, with the
cyclically produced DFAT cells or the resultant mature adipocytes, or (2) produced entirely by
culturing DFAT cells or the resultant mature adipocytes. In any such embodiments, these
components can be combined with other standard ancillary components, such as saline solution to

maintain equilibrium at the injection site.

[00116] Insome embodiments, cells produced according to the methods described herein can be
utilized for formulas or preparations that assist with or promote skin moisturization, skin hydration,
or a combination thereof. Exemplary formulations include, but are not limited to moisturizers,

creams, and lotions.

[00117] In some embodiments, cells produced according to the present methods can be used in
emollients, which help make the skin soft and smooth by filling in gaps between skin cells. By

way of non-limiting example, such products can include creams, lotions, and lip balms.
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[00118] In various embodiments, cells produced according to the methods described herein can
be utilized for methods and products related to, e.g., skin repair and protection, skin cleansing and
makeup removal, soaps, hair care, lip care, sunscreen, fragrance delivery, or any combinations
thereof. In certain embodiments, cells produced according to the methods described herein can be
used in cosmetic formulations to enhance or improve the texture or consistency of products such
as creams and lotions. In some embodiments, cells produced in accordance with the methods
described herein can be utilized in formulations to improve the stability or shelf life of cosmetic
products, such as by acting as antioxidants or preservatives, preventing the oxidation and

degradation of other ingredients.

[00119] In some embodiments, the present methods and compositions can be used in the context
of cosmetic surgery, where ADSCs and adipocytes are used interchangeably with cyclically
produced DFAT and adipocytes. For instance, the cells produced according to the present
disclosure can be used in tissue regeneration and/or volume enhancement. Without being bound
by the following theory, it is believed that DFAT cells created according to the present disclosure
exhibit regenerative properties and can promote tissue repair and regeneration. As such, when
injected into the target area, it is believed that such cells can, e.g., enhance blood supply, improve
tissue quality, and/or stimulate the growth of new fat cells. In addition, cells produced according
to the present methods can be used in fat grafting procedures, including breast augmentation, facial
rejuvenation, buttocks augmentation, hand rejuvenation, for the correction of deformities or

irregularities resulting from previous surgeries or trauma, or any combination thereof.

[00120] A particular advantage of utilizing autologous DFAT cells derived according to the
presently disclosed methods is that, when used as the initial adipocyte tissue, there is a reduced
risk of allergic reactions, graft rejection, or foreign body reactions compared to synthetic fillers or
implants. In some embodiments, however, the present methods can also be performed using

allogeneic DFAT cells.
2. Perfumery or fragrance design

[00121] The methods and compositions disclosed herein can also be used for perfumery or
fragrance design where lipids are used. By way of non-limiting example, cells produced according

to the methods disclosed herein can be utilized in the production of carrier oils that can be used to
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dilute and extend fragrance oils, solid perfume formulations, encapsulation of fragrance molecules,

stability and preservation of fragrance components, or any combination thereof.
3. Flavor and Taste Design

[00122] In some embodiments, cells produced using the herein-described methods can be
utilized in methods and products related to flavor and taste design where lipids are traditionally

used.

[00123] By way of non-limiting example, cells derived according the presently disclosed
methods can be utilized to assist with flavor solubility and dispersion, flavor enhancement (such
as by improving the release and transport of aromatic molecules to taste buds), improving the
mouthfeel and texture of food products, for flavor protection (such as by preventing or reducing
the effects of oxidation or exposure to air and light), encapsulation of flavor compounds, flavor
retention (such as through use of the cells in lipid-based marinades or cooking oils), flavor pairing,

aroma and flavor development, lipid-based flavor delivery systems, or any combination thereof.
4. Lubrication

[00124] The methods and compositions disclosed herein can also be utilized in methods and
products related to lubrication in, e.g, industrial, equipment, automotive, medical, and
pharmaceutical fields where lipids are traditionally used. By way of non-limiting example, cells
derived according to the presently disclosed methods can be utilized as base oils and esters,
lubricating oils (such as engine oils) to reduce friction and wear between moving parts, as extreme
pressure additives to enhance a lubricant’s film strength and load-carrying capacity, as lipid-based
friction modifiers to reduce friction and improve fuel efficiency in engines, as biodegradable
lubricants, for boundary lubrication, as automotive and industrial greases, as biocompatible

lubricants for use in medical and pharmaceutical applications, or any combination thereof.
5. Drug Discovery in Human and Non-Human Science

[00125] In some embodiments, cells produced according to the present methods can be used in
methods and products related to drug discovery, e.g., in human and non-human medical and
pharmaceutical fields where lipids and adipocytes are traditionally used. By way of non-limiting
example, cells produced according to the methods disclosed herein can be utilized in creating lipid

targets for pharmaceutical preparations (e.g., cholesterols, fatty acids, sphingolipids,
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prostaglandins, leukotrienes). In certain embodiments, cells produced according to the methods
herein can be utilized for in the analysis of lipid species in biological samples. Cells produced as
described herein can also be useful in identifying lipid biomarkers associated with diseases or drug

responses, or for understanding lipid metabolism and its role in health and disease.

[00126] In some embodiments, cells produced according to the methods disclosed herein can be
useful in drug formulation and delivery (e.g. in lipid-based drug delivery systems, lipid
nanoparticles, liposomes, lipid-based emulsions to improve a drug’s solubility and bioavailability,
and lipid-based drug carriers to target specific tissues or cells), drug screening assays (e.g.
incorporation of the cells into microfluidic devices to study drug effects on cell membrane
behavior, or lipid-based assays to screen compounds for their lipid-binding properties), or the

validation of lipid-related drug targets.

[00127] In additional embodiments, adipocytes generated using the methods disclosed herein
can be utilized in studying drug effects and developing treatments. By way of non-liming example,
such resultant adipocytes can be utilized for obesity and metabolic disease research (e.g., the
culturing of adipocytes to investigate how they respond to various factors, such as hormones,
nutrients, and drug compounds), screening for anti-obesity drugs, in models for the validation of
drug targets, to study the inflammatory responses of adipose tissues and for screening drugs that
may modulate these responses, in studies on lipid metabolism and lipidomics, for drug formulation
and delivery, pharmacological and toxicological studies, and drug safety testing (e.g. researching
the potential deleterious effects that a given drug or compound may have on adipocyte function or

lipid metabolism).

[00128] An additional use of the fat-producing cells derived according to the presently disclosed
methods is in personalized medicine. For instance, cells generated from autologous adipocytes can
be used in personalized medicine approaches. By way of example, cyclical dedifferentiation and
redifferentiation and culturing of resultant adipocytes from individual patients, can permit
researchers to test drug responses and design treatment plans tailored to a patient’s specific

metabolic profile.
6. Pet Food Production

[00129] In some embodiments, cells produced using the herein-described methods can also be

used in methods and products related to food production of pet food where lipids and adipocytes
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are traditionally used. By way of example, cells derived according to the methods of the present
disclosure can be utilized in pet food as an energy source, as essential fatty acids, to improve the
palatability and flavor of pet food, to improve texture and mouthfeel, to assist with nutrient

absorption, preservatives, or any combination thereof.
7. Blends with Used Cooking Oil

[00130] The present methods and compositions can also be used in products and methods related
to applications involving leftover or used cooking oil. By way of example, cells produced
according to the methods disclosed herein can be blended with a used cooking oil to create a
proprietary blend that can be more useful than the used cooking oil alone. Potential products or
industries where such an blend can be useful include: biodiesel production, animal feed, industrial
and agricultural uses (such as use as an industrial lubricant or as an ingredient in the manufacturing
of various industrial products, such as soaps, detergents, paints, and bio-based plastics, a
component in agricultural pesticides or herbicides to enhance their performance and effectiveness),
composting and soil amendment, energy generation (e.g. as a source of energy through combustion

or conversion into biogas), or any combination thereof.
8. Biofuels

[00131] The present methods and compositions can also be utilized in products and methods
related to applications involving biofuel. For instance, cells produced according to the methods
disclosed herein can be used in hydrotreated renewable jet fuel (HRJ), which is a sustainable
aviation fuel that is traditionally derived from various renewable feedstocks, including, as an

example, chicken or pork fat.

[00132] The present methods and compositions can also be utilized in products and methods
related to applications involving petroleum blends. For instance, cells produced according to the
methods disclosed herein can be blended with a fuel such as gasoline as a potential strategy to

reduce greenhouse gas emissions and enhance the sustainability of the transportation sector.
9. Biologic Pharmaceuticals

[00133] Insome embodiments, the present methods and compositions can be utilized in products
and methods related to biologic pharmaceuticals. For example, cells produced according to the

methods disclosed herein can be used in several ways in the development and delivery of such
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pharmaceuticals. By way of non-limiting examples, cells produced according to the present
methods can be used to stabilize and protect biologic drugs, as lipid-based carriers to encapsulate
and protect a biologic drug, to improve the oral delivery of biologics by protecting them from
degradation in the gastrointestinal tract and facilitating their absorption into the bloodstream, for
topical and transdermal delivery of biologics, as adjuvants in certain vaccine formulations to
enhance the immune response to biologic antigens, as a source of energy and essential fatty acids
for cell culture media, as lipid nanoparticles to deliver genetic material, such as viral vectors

carrying therapeutic genes, into target cells, or any combinations thereof.
10. Leather Production

[00134] In yet another exemplary embodiment, the present methods and compositions can be
used in methods and products related the field of leather production. Briefly, and by way of non-
limiting embodiments, cells produced according to the methods disclosed herein can be utilized in
the tanning process (e.g., interacting with the collagen fibers in an animal hide to making the
leather more rigid and less susceptible to decomposition), in the fatliquoring process (e.g. the cells
can be applied to the surface of leather to increase the leather’s pliability), the finishing process
(e.g., adding waxes, oils, and other substances containing the cells to enhance the leather’s
appearance, feel, and durability), the polishing process (e.g. creams or waxes containing the cells
to provide a smooth surface finish), in leather care products (e.g. cleaners, conditions, etc.), or any

combinations thereof.
11. Regenerative Medicine

[00135] In another exemplary embodiment, the present methods and compositions can be used
to create a large quantity of DFAT cells which can be used in place of ADSCs for stem-cell
injections. Such injections show promise, e.g., by allowing the injected stem cells to differentiate
to a terminal state by natural processes in the body, or through the release of mitogenic factors by
the DFAT cells that can aid in the treatment of, e.g., age-related disorders and/or cancers. By way
of non-limiting example, patient adipose tissue could be biopsied, and the methods disclosed
herein used to dedifferentiate and then iteratively cycle the cells until a target biomass is achieved.
The target biomass of DFAT cells could then be reinjected into the patient, €.g., using a protocol

analogous to current protocols for ADSC injections or other stem-cell injections.
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12. Growth Media

[00136] In some embodiments, one or more of the various media disclosed herein can comprise
only food-safe components. As used herein, the phrase “food-safe components” can refer to
ingredients that are deemed suitable for human consumption by a governmental agency. “Food-
safe components” can refer, for example, to any ingredient that is deemed suitable for consumption

by the U.S. Food and Drug Administration or the U.S. Department of Agriculture.

[00137] In some embodiments, serum-free cell cultures are prepared, e.g., based on methods
described in Messmer et al. (2022), the entire disclosure of which is herein incorporated by
reference. In some embodiments, wells are seeded at 10° cells/cm2 cells per well and allowed to
adhere under normal FBS-containing media. At time point 0, three wells can be trypsinized and
frozen, and the remaining twelve wells can be washed and exposed to FBS-free media. Such
embodiments comprise cells that have been starved of animal serum. At 0.5, 1, 2, and 24 hours,
sets of three replicates can be washed and frozen. In some embodiments, these cells can then
undergo RNA-seq analysis, e.g. and differential gene expression studies performed on the RNA-
seq data to identify starvation-related genes. Data from the starved cells can then be compared,
e.g., to data from cells that were not exposed to animal-free serum, e.g., to assess the impact of the
media used on gene expression/surface protein receptor up- or down-regulation during serum
starvation, e.g., for ligant receptors and transporter proteins. Using these differentially expressed
genes, the components that the cells are lacking can be predicted. In exemplary embodiments, gene
expression indicative of surface receptor upregulation is used to identify corresponding media

components most sought after by the cells.

Exemplary Embodiments

[00138] As used below, any reference to a series of embodiments is to be understood as a
reference to each of those embodiments disjunctively (e.g., "Embodiments 1-4" is to be understood

as "Embodiments 1, 2, 3, or 4").

[00139] Embodiment 1. A method of cyclical production of fat cells, the method comprising;
providing a plurality of mature adipocytes; incubating the plurality of mature adipocytes under
conditions such that at least a portion of the plurality of mature adipocytes dedifferentiates, thereby

generating a plurality of dedifferentiated fat cells (DFAT cells); culturing the plurality of DFAT
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cells in a growth medium until a first target biomass is obtained; subculturing the first target
biomass in one or more subculture populations of DFAT cells; and incubating the one or more
subculture populations of DFAT cells under conditions such that at least a portion of the one or
more subculture populations re-differentiates into one or more populations of re-differentiated

mature adipocytes.

[00140] Embodiment 2. The method of embodiment 1, further comprising: dividing at least one
of the one or more populations of re-differentiated mature adipocytes into a first and a second
subpopulation; incubating the first subpopulation of re-differentiated mature adipocytes under
conditions such that at least a portion of the first subpopulation of re-differentiated mature
adipocytes dedifferentiates, thereby generating a plurality of second generation DFAT cells; and
culturing the second subpopulation of re-differentiated mature adipocytes under conditions such
that at least a portion of the second subpopulation of re-differentiated mature adipocytes

accumulate a target lipid mass.

[00141] Embodiment 3. The method of embodiment 1 or 2, wherein the target lipid mass is
about 20-90% of the cell volume.

[00142] Embodiment 4. The method of embodiment 2 or 3, wherein the second subpopulation
of re-differentiated mature adipocytes is cultured in a culture medium comprising glucose at a

concentration of at least 4 g/L, optionally, 4 g/L-15 g/L, or 4 g/L-10 g/L, or 4 g/L-8 g/L.

[00143] Embodiment 5. The method of any one of embodiments 1-4, wherein the one or more
subculture populations of DFAT cells are cultured in step v) in a re-differentiation medium
comprising one or more components selected from the group consisting of insulin, 3-isobutyl-1-
methylxanthine, insulin-transferrin-selenium-X supplement, indomethacin, dexamethasone,

rosiglitazone, biotin, pantothenate, a PPARy agonist, sodium oleate, and wheat germ agglutinin.

[00144] Embodiment 6. The method of any one or more of embodiments 2-5, further
comprising: culturing the second generation of DFAT cells in a growth medium until a second
target biomass is obtained; subculturing the second target biomass into a second generation of
subcultured DFAT cells; and incubating the second generation of subcultured DFAT cells under
conditions such that at least a portion of the second generation of subcultured DFAT cells re-

differentiates into a second generation of re-differentiated mature adipocytes.
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[00145] Embodiment 7. The method of any one or more of embodiments 1-6, further
comprising cyclically repeating one or more of steps ii), iit), iv), or v) for a total of n cycles,
wherein the step ii) for each cycle is performed on the re-differentiated mature adipocytes that
were re-differentiated in step v) of the immediately preceding cycle, wherein n is equal to the
number of cycles during which the re-differentiated mature adipocytes maintain the ability to

proliferate and/or maintain the ability to synthesize and store fat.

[00146] Embodiment 8. The method of any one or more of embodiments 1-7, wherein the
plurality of mature adipocytes is isolated from adipose cells or from a tissue explant comprising

adipose tissue.

[00147] Embodiment 9. The method of embodiment 8, wherein the plurality of mature
adipocytes is isolated by: adding the adipose cells or tissue explant to a digestion buffer in a
container;, incubating the adipose cells or tissue explant in the digestion buffer for at least about 30
minutes; centrifuging the adipose cells and digestion buffer to create a first floating adipocyte layer
(FAL) above the digestion buffer and a pelleted tissue at the bottom of the container; removing the
digestion buffer and pelleted tissue from the container; suspending the first FAL in growth media;
centrifuging the first FAL and growth media to create a second FAL and a second pelleted tissue;
removing the digestion buffer and the second pelleted tissue from the container; and suspending

the second FAL in growth medium, wherein the second FAL comprises the mature adipocytes.

[00148] Embodiment 10. The method of embodiment 9, wherein the adipose cells are added to
the digestion buffer at a concentration of about 1 gram of adipose cells or tissue explant per 3 ml

of digestion buffer.

[00149] Embodiment 11. The method of embodiment 9 or 10, wherein the digestion buffer

comprises a collagenase.

[00150] Embodiment 12. The method of embodiment 11, wherein the collagenase is derived

from microbial fermentation.

[00151] Embodiment 13. The method of embodiment 11 or 12, wherein the collagenase is

collagenase V.

[00152] Embodiment 14. The method of any one or more of embodiments 9-13, wherein the

digestion buffer comprises between 0.2% and 1% collagenase [V.
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[00153] Embodiment 15. The method of embodiment 13 or 14, wherein the collagenase 1V is

trom Clostridium histolyticum.

[00154] Embodiment 16. The method of any one or more of embodiments 8-15, wherein the

tissue explant comprises subcutaneous fat extracted from a subject.

[00155] Embodiment 17. The method of embodiment 16, wherein the subject is a mammal, a

bird, a fish, a reptile, a crustacean, or an amphibian.

[00156] Embodiment 18. The method of any one or more of embodiments 8-17, wherein the
adipose cells do not comprise or were not derived from pluripotent stem cells, embryonic stem

cells, or undifferentiated stem cells.

[00157] Embodiment 19. The method of any one or more of embodiments 8-18, wherein the
adipose cells comprise primary mammalian cells, primary avian cells, primary fish cells, primary

reptilian cells, primary crustacean cells, primary amphibian cells, or a combination thereof.

[00158] Embodiment 20. The method of any one or more of embodiments 9-19, wherein the

centrifuging step is performed without filtration.

[00159] Embodiment 21. The method of any one or more of embodiments 1-20, wherein step
i) comprises: seeding the mature adipocytes in a dedifferentiation container with a volume of
growth media sufficient to completely fill the container; closing the dedifferentiation container to
create a hypoxic environment; inverting the dedifferentiation container; incubating the inverted
dedifferentiation container for a period of time sufficient for the mature adipocytes to adhere to
the ceiling surface of the dedifferentiation container; and allowing the mature adipocytes to

dedifferentiate into DFAT cells.

[00160] Embodiment 22. The method of embodiment 21, wherein the inverted dedifferentiation

container is incubated for a period of about 10 days.

[00161] Embodiment 23. The method of any one or more of embodiments 1-22, wherein the
one or more subculture populations of DFAT cells are cultured in step v) under conditions
involving the manipulation of one or more parameters to preferentially encourage formation of the
re-differentiated mature adipocytes, wherein the one or more parameters comprise: a coating to an
interior surface of the container, one or more mechanical properties of a culture environment,

growth media density, growth media osmolarity, growth media temperature, factors that encourage
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DFAT division rather than lipid production, and agents to control formation of non-adipocyte cells.

[00162] Embodiment 24. The method of any one or more of embodiments 1-23, wherein the

first target biomass is reached upon achieving at least 70% confluence of DFAT cells.

[00163] Embodiment 25. The method of any one or more of embodiments 1-24, wherein the

growth medium comprises only food-safe components.

[00164] Embodiment 26. The method of any one or more of embodiments 1-25, wherein the

growth medium is serum-free.

[00165] Embodiment 27. The method of embodiment 26, wherein the growth medium does not

comprise fetal bovine serum or fetal calf serum.

[00166] Embodiment 28. The method of any one or more of embodiments 1-27, wherein the
culturing of step iii) and/or subculturing of step iv) comprises seeding growth medium with a
concentration of at least 2000 cells/cm? and incubating until the cells reach at least 70%

confluence.

[00167] Embodiment 29. The method of embodiment 28, wherein the subculturing of step iv)
comprises seeding growth medium with a concentration of between about 5,000 cells/cm? to about

10,000 cells/cm?, and incubating until the cells reach at least 75% confluence.

[00168] Embodiment 30. A fat-producing cell line created using the methods of any one or more

of embodiments 1 to 29.

[00169] Embodiment 31. The fat-producing cell line of embodiment 30, wherein the fat-
producing cell line comprises a total lipid accumulation of at least 80% of an intracellular volume

when the cell line is at least 4 months old.

[00170] Embodiment 32. A cell line of re-differentiated fat-producing cells created using the
methods of any one or more of embodiments 1 to 29, wherein the cell line is configured to survive

in a suspension culture.

[00171] Embodiment 33. An imitation meat product for consumption comprising fat cells
created using the methods of any one or more of embodiments 1 to 29, and an effective amount of

an alternative meat source.

[00172] Embodiment 34. The imitation meat product of embodiment 33, wherein the fat cells
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represent up to about 5% of the imitation meat product.

[00173] Embodiment 35. The imitation meat product of embodiment 33 or 34, wherein the
alternative meat source comprises cultured meat, a plant-based meat alternative, insect-derived

proteins, fermentation-derived products, fungal proteins, or a combination thereof.

[00174] Embodiment 36. A method of creating an imitation meat product for consumption
comprising: providing a plurality of mature adipocytes, incubating the plurality of mature
adipocytes under conditions such that at least a portion of the plurality of mature adipocytes
dedifferentiates, thereby generating a plurality of dedifferentiated fat cells (DFAT cells); culturing
the plurality of DFAT cells in a growth medium until a first target biomass is obtained,
subculturing the first target biomass in one or more subculture populations of DFAT cells;
incubating the one or more subculture populations of DFAT cells under conditions such that at
least a portion of the one or more subculture populations re-differentiates into one or more
populations of re-differentiated mature adipocytes; and combining the one or more populations of
re-differentiated mature adipocytes with an effective amount of an alternative meat source to create

the imitation meat product.

[00175] Embodiment 37. The method of embodiment 36, wherein the alternative meat source
comprises cultured meat, a plant-based meat alternative, insect-derived proteins, fermentation-

derived products, fungal proteins, or a combination thereof.

[00176] Embodiment 38. A commercially scalable cell line for producing consumable animal
fat, the cell line comprising re-differentiated fat-producing cells created by the methods of any one

or more of embodiment 1-29, wherein the cell line is produced in a commercial-scale bioreactor.

[00177] Embodiment 39. A method of creating at least two distinct populations of
dedifferentiated fat (DFAT) cells, the method comprising: obtaining adipose cells or a tissue
explant that comprises adipose tissue; isolating a population of mature adipocytes from the adipose
cells or tissue explant, wherein isolating the population of mature adipocytes comprises: adding
the adipose cells or tissue explant to a digestion buffer in a container, wherein the digestion buffer
comprises a collagenase; incubating the adipose cells or tissue explant in the digestion buffer until
homogeneous digestion is achieved, optionally, at least about 30 minutes; centrifuging the adipose
cells and digestion buffer to create a first floating adipocyte layer (FAL) above the digestion buffer

and a pelleted tissue at the bottom of the container, wherein this step of centrifuging does not
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comprise filtration; removing the digestion buffer and pelleted tissue from the container;
suspending the first FAL in growth media; centrifuging the first FAL and growth media to create
a second FAL and a second pelleted tissue; removing the digestion buffer and the second pelleted
tissue from the container; and suspending the second FAL in growth media, wherein the second
FAL comprises the mature adipocytes; seeding the mature adipocytes in a dedifferentiation
container with a volume of growth medium sufficient to completely fill the container; closing the
dedifferentiation container to create a hypoxic environment; inverting the dedifferentiation
container; incubating the inverted dedifferentiation container for a period of time sufficient for the
mature adipocytes to adhere to a celling surface of the dedifferentiation container; allowing the
mature adipocytes to dedifferentiate into DFAT cells; and establishing cell lines derived from two

or more of the DFAT cells generated in step vii).

[00178] Embodiment 40. The method of embodiment 39, wherein the period of time for which

the dedifferentiation container is incubated is about 10 hours.

[00179] Embodiment 41. The method of embodiment 39 or 40, wherein the collagenase is

derived from microbial fermentation.

[00180] Embodiment 42. The method of any one or more of embodiments 39-41, wherein the

collagenase comprises collagenase IV.

[00181] Embodiment 43. The method of any one or more of embodiments 39-42, wherein the

digestion buffer comprises between 0.2% and 1% collagenase IV.

[00182] Embodiment 44. The method of embodiment 42 or 43, wherein the collagenase 1V is

from Clostridium histolyticum.

[00183] Embodiment 45. The method of any one or more of embodiments 39-44, wherein the

tissue explant comprises subcutaneous fat extracted from a subject.

[00184] Embodiment 46. The method of embodiment 45, wherein the subject comprises a

mammal, a bird, a fish, a reptile, a crustacean, or an amphibian.

[00185] Embodiment 47. The method of any one or more of embodiments 39- 46, wherein the
adipose cells do not comprise or were not derived from pluripotent stem cells, embryonic stem

cells, or undifferentiated stem cells.

[00186] Embodiment 48. The method of any one or more of embodiments 39-47, wherein the
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adipose cells comprise primary mammalian cells, primary avian cells, primary fish cells, primary

reptilian cells, primary crustacean cells, primary amphibian cells, or a combination thereof.

[00187] Embodiment 49. A method of obtaining avian dedifferentiated fat (DFAT) cells, the
method comprising: 1) providing adipose cells or a tissue explant comprising adipose tissue from
an avian source; ii) introducing the adipose cells or tissue explant to a digestion buffer in a
container, wherein the digestion buffer comprises collagenase IV; iii) incubating the adipose cells
or tissue explant in the digestion buffer for at least about 30 minutes; iv) centrifuging the adipose
cells and digestion buffer to create a first floating adipocyte layer (FAL) above the digestion buffer
and a pelleted tissue at the bottom of the container; v) removing the digestion buffer and pelleted
tissue from the container; vi) suspending the first FAL in growth media; vii) centrifuging the first
FAL and growth media to create a second FAL and a second pelleted tissue; viii) removing the
digestion buffer and the second pelleted tissue from the container; ix) suspending the second FAL
in growth medium, wherein the second FAL comprises the mature adipocytes; x) seeding the
mature adipocytes in a dedifferentiation container with a volume of growth medium sufficient to
completely fill the container; xi) closing the dedifferentiation container to create a hypoxic
environment; xii) inverting the dedifferentiation container; xiii) incubating the inverted
dedifferentiation container for a period of time sufficient for the mature adipocytes to adhere to
the ceiling surface of the dedifferentiation container; and xiv) allowing the mature adipocytes to

dedifferentiate into DFAT cells.

[00188] Embodiment 50. The method of embodiment 49, wherein the adipose cells or tissue
explant are added to the digestion buffer at a concentration of about 1 gram of adipose cells or

tissue explant per 3 ml of digestion buffer.

[00189] Embodiment 51. The method of embodiment 49 or 50, wherein the collagenase 1V is

derived from microbial fermentation.

[00190] Embodiment 52. The method of any one or more of embodiments 49-51, wherein the

digestion buffer comprises between about 0.2% and about 1% collagenase IV.

[00191] Embodiment 53. The method any one or more of embodiments 49-52, wherein the

collagenase 1V is from Clostridium histolyticum.

[00192] Embodiment 54. The method of any one or more of embodiments 49-53, wherein the

46



WO 2024/086370 PCT/US2023/035711

avian source is a chicken, turkey, duck, pigeon, guinea fowl, or ostrich.

[00193] Embodiment 55. The method of any one or more of embodiments 49-54, wherein the
adipose cells do not comprise or were not derived from pluripotent stem cells, embryonic stem

cells, or undifferentiated stem cells.

[00194] Embodiment 56. The method of any one or more of embodiments 49-55, wherein the

adipose cells comprise primary avian cells.

[00195] Embodiment 57. The method of any one or more of embodiments 49-56, wherein the

centrifuging step is performed without filtration.

[00196] Embodiment 58. The method of any one or more of embodiments 49-57, wherein the
period of time sufficient for the mature adipocytes to adhere to the ceiling surface of the

dedifferentiation container is about 10 days.

[00197] Embodiment 59. The method of any one or more of embodiments 49-58, wherein the

digestion buffer does not comprise collagenase I or collagenase I1.

EXAMPLES

[00198] Examples are provided below to facilitate a more complete understanding of the
invention. The following examples illustrate the exemplary modes of making and practicing the
invention. However, the scope of the invention is not limited to specific embodiments disclosed in
these Examples, which are for purposes of illustration only, since alternative methods can be
utilized to obtain similar results.

Example 1. Isolation and Dedifferentiation of Mature Adipocytes into DFAT Cells —
Exemplary Method

[00199] Adipose tissue is biopsied from an animal such as a mammalian or avian species, €.g.,
chicken. Adipocytes are isolated from the biopsied tissue, e.g., by mincing and enclosing in a tube
containing a digestion buffer at a mass to volume ratio of, e.g., nearing or at 3 to 1. This ratio can
be larger or smaller, potentially adjusting incubation time and temperature to achieve sufficient
effect). During the adipocyte isolation process, an incubation period is typically included in which
the tissue and digestion buffer are agitated at, e.g., a temperature of about 37 °C until the digestion
is fully homogeneous (e.g., for approx. 30-45 mins). The temperature and duration of the
incubation time may be varied relative to each other to shorten or extend the digestion period.
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Centrifugation at a low rotational speed, e.g., 1500-2000 RPM, is used to separate isolated
adipocytes from the remaining stromal vascular fraction, and the buffer and the stromal vascular
fraction (pelleted) are then removed from below the floating adipocyte layer (FAL) using, e.g., a
hypodermic needle and syringe. The remaining, isolated adipocytes may be washed several times

with cell culture media (e.g., resuspended in growth media and centrifuged).

[00200] The isolated mature adipocytes are transferred to a dedifferentiation container (e.g., a
cell culture flask). Cell culture medium is added to the container, e.g., completely filling the
container and occupying all of the remaining volume. The container can then be sealed to prevent
gas exchange. The filled container is then incubated in a cell culture incubator at standard cell
culture temperature (approx. 37 °C) and incubator conditions until a desired number of
dedifferentiated fat (DFAT) cells have accumulated on the ceiling of the container, e.g., for 7 or

more days.

[00201] At this point, the container may be inverted and the cells therein cultured conventionally
(for example, to expand cell number). The DFAT cells can be removed from the culturing
container and resuspended in culture medium. In some embodiments, the suspended cells are
filtered through a strainer (e.g., pore size of approximately 50 micrometers to 1 millimeter) for the
purpose of removing any remaining tissue particulates. Cells are propagated according to standard
cell culture practices, e.g., involving two-dimensional adhesive culture, three-dimensional culture
within a hydrogel, and/or various methods of floating culture. Cells are then passaged to a desired
level of confluency. Culturing can include multiple passages of the DFAT cells to accumulate cell

mass (e.g., at least 10, 15, 20, or 25 cell passages).

[00202] An exemplary cell culture medium for use in the steps of this example is 50% Ham’s
F12, 50% Dulbecco’s Modified Eagle Medium, 10% Fetal Bovine Serum (FBS), and 1% PenStrep
(penicillin-streptomycin). However, other basal culture media used for culturing of mammalian
and avian cells can be used, including serum-free media. The digestion buffer can be 0.5%
collagenase (5 mg/ml) in cell culture medium (though other concentrations may also be used,
potentially adjusting incubation time and temperature to achieve sufficient effect). For mammalian
adipose tissue, any of collagenase I, I, or IV can be used. For avian adipose tissue, collagenase
IV or a collagenase having comparable enzymatic activity as described above in this disclosure

should be used.

48



WO 2024/086370 PCT/US2023/035711

Example 2. Culturing DFAT Cells to Produce Mature Adipocytes (Re-Differentiation) —
Exemplary Method

[00203] DFAT cells (produced, for example, as described in the previous example) can be re-
differentiated back to adipocyte cells. A differentiation medium of interest may then be used to
induce changes to the morphology of the cells and generate a desired type of differentiated cells.
For example, the introduction of a differentiation medium into the cellular environment can be
used to induce a process of lipid production and accumulation within the cells, e.g., once they have
been seeded at an appropriate density, and after exposure to the medium for a time period of, e.g.,
from 24 hours to 3 weeks. The accumulation media can contain the same reagents as the

differentiation media or may contain additional agents as are known in the art for adipocyte

differentiation (e.g., intralipid).

Example 3. Cycling Dedifferentiated Fat Cells — Exemplary Method

[00204] Mature adipocytes generated, e.g., as described in Example 2, may be dedifferentiated,
e.g., using the method described in Example 1, to regenerate dedifferentiated fat cells. The
resulting dedifferentiated fat cells can then be redifferentiated, e.g., again using the method of
Example 2. As such, the repeated rounds of alternating dedifferentiation and redifferentiation of
the cells amounts to a method for cycling the cells, e.g., with respect to their differentiation state,
morphology, and function. Such cycling can be performed for a substantial number of cycles, e.g.,
at least 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 cycles, or for an indefinite number of

cycles.

Example 4. Historical methods for isolating mammalian adipocytes are not effective with
avian species

[00205] Various published protocols for isolating mammalian adipocytes were attempted on fat
tissue from avian species — specifically chicken fat tissue. Two previously published protocols on
chicken fat tissue were also tested. The tested protocols included those described in Yagi 2004,
Wei 2013, Watson 2014, Jumabay 2015, Shah 2016, Pu 2017, Lu 2018, Cui 2018, Zang 2020,
Alexanderson 2020, Rogal 2020, Schopow 2020, Cho 2020, Panella 2021, and Hendaway 2021,
the entire disclosures of each of which are herein incorporated by reference. Summaries of these
protocols are provided below. The protocols were replicated with as much accuracy as possible,

with minor variations in experimental execution (e.g., marginal variation in cell seeding density,
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reagent sources, and reagent concentration), with the exception of the protocols were performed

using chicken fat tissue. Each protocol was tested multiple times.

[00206] Each of these protocols employs the use of a digestion buffer comprising collagenase I
and/or II and employs filtration with centrifugation. Following digestion, ceiling culturing was
performed. In no instances, were any viable adipocytes discovered on the ceiling of the cultures
from these experiments. After digestion but prior to culturing, an aliquot of the digestion buffer /
tissue mixture was observed by light microscopy. In each instance, digestion with collagenase I or
IT resulted in only lysed cells and, in some instances, triacylglycerol (TAG) aggregations (see
representative micrograph images in FIGS. 3A-3B, respectively). To account for the possibility
that our reagents were at fault, positive control experiments were performed using our reagents,
including the collagenase I and II enzymes, on porcine tissue, which resulted in the expected

successful isolation of viable cells.

[00207] After unsuccessfully replicating any of these published protocols with chicken fat tissue,
we performed additional experiments aimed at creating a new protocol that would allow for the
isolation of chicken derived DFAT cells. These experiments systematically investigated the
concentrations of enzymes, digestion time of enzymes, potency of enzymes, and specific type of
enzyme employed. Briefly, one series of experiments focused on the concentration gradients of
Collagenase I and II. These working concentration gradients included many separate experiments
such as gradients with 0.5%, 1.0%, 2%, and 4% enzyme, or gradients with 0.01%, 0.05%, 0.10%,
0.50%, and 1.00%. Similarly, experiments were performed assessing digestion time with
observations and inoculations of ceiling flask with digest reacted for 20-100 minutes. These series
of experiments resulted in either incomplete digestions at particularly low concentrations and/or

reaction times, or cell lysis as was observed with published protocols that were tested.

[00208] It was hypothesized that collagenase I and II were digesting an off-target protein that
induced chicken cell lysis. With this in mind, experiments were next performed with protease
inhibitors of various concentrations added to the collagenase solutions to reduce hypothesized off-
target effects of the collagenase I and II enzymes on avian cells. These experiments similarly failed
toyield viable cells. Finally, experiments were performed with other enzymes, for example trypsin,
in place of collagenase I or II. These modifications to existing protocols similarly failed to extract

mature chicken adipocytes.
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[00209] Thus, known dedifferentiation techniques, and obvious variations thereof, were not

successful when employed on chicken fat tissue.
1. Yagi2004
[00210] Goal of Paper: Establishment of DFAT line

[00211] Culture Protocol Excerpts / Summary: Cell culture. Isolation of primary mouse
adipocytes was performed using a modified method as described by Sugihara et al. Ten-week-old
male ddY mice were used to obtain inguinal fat pads. The fat tissues were minced and digested
using 0.1% (w/v) collagenase at 37°C for 1 hour. After filtration and centrifugation (135 x g, for
3 min) of the digestion fluid, the floating primary adipocytes at the top layer and the SVF cells at
the bottom of the tube were collected separately and washed. The adipose cells were then placed
in a culture flask (SUMIRON FLASK 50, Sumitomo Bakelite) filled with Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum (FBS). The flask of the
mature adipocytes was brimmed with the medium, providing the adipocytes with an air-free
environment, and turned upside down, then incubated in a humiditied 5% CO, atmosphere. The
cells floated up in the medium and adhered to the top inner ceiling surface of the flask. When the
cells became firmly attached and fibroblast-like shaped with no visible fat droplets after about a
week, the flask was turned upside-down so that the cells were on the bottom. The medium was
changed every 4 days until the cells were used for experiments. 3T3-L1 preadipocytes were

cultured as previously described.

[00212] Both the preadipocytes derived from floating adipocytes and the 3T3-L1 cells were
grown to semi-confluence for differentiations. Differentiation was then induced by changing the
medium to DMEM supplemented with 10% FBS, 0.5 mM 3-isobutyl-1-methylxanthine (MIX),
0.25 uM dexamethasone (DEX), and insulin-transferrin-selenium-X supplement containing 51g/ml
insulin (Invitrogen). After 48 hours, the differentiation medium was replaced with DMEM
supplemented with 10% FBS. The activity of glycerol-3-phosphate dehydrogenase (GPDH,
EC1.1.1.8), a specific marker of terminal differentiation, was measured from the cell extracts as
described previously. The amount of total protein of the cell extracts was also measured using the

Lowry method.
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Yagi 2004 Protocol details
DFAT Media Recipe: DMEM + 10% FBS

Collagenase Concentration: 0.10%
Filters used for Adipocytes: 100 um
Centrifuge Step: 135 x g for 3 min
Ceiling Culture: Yes

Adipocyte Media Recipe: DMEM supplemented with 10% FBS, 0.5 mM 3-isobutyl-1-
methylxanthine (MIX), 0.25 uM dexamethasone (DEX), and insulin-transferrin-selenium-X
supplement containing S pg/ml insulin (Invitrogen).

Insulin Concentration: 5 pg/ml

2. Wei2013
[00213] Goal of Paper: Bovine DFAT isolation

[00214] Culture Protocol Excerpts / Summary: Subcutaneous fat samples from an Angus steer
were washed with PBS several times before being placed into an appropriate culture hood. About
15 grams fat tissue was collected from trimmed samples into a 100 mm dish. Five grams of fine
cut fat (about 3 mm) fragments were transferred into each fresh sterile 50 ml centrifuge tube (n =
3). To this, pre-warmed collagenase type [ (Gibco) was added. The tissue-collagenase mixture was
incubated in a continuously shaking 37 °C water bath for 1 hour. Following collagenase digestion,
contents of the tubes were filtered through a 1000 um sterile plastic mesh into fresh sterile 50 ml
centrifuge tubes. Centrifugation at 186 x g for 10 min was performed to separate the collagenase
digested tissue into three layers; the supernatant (top layer) containing adipocytes; the infranatant
(middle layer) containing the collagenase; and the pellet at the bottom formed from the stromal
vascular fraction. The top layers were subsequently transferred into 3 fresh sterile 50 ml centrifuge
tubes each containing 20 ml DMEM/F12 + 10% HS. Centrifugation at 186 x g for 10 min was
performed, followed by two repeated washing steps. After filtration, centrifugation and washing,
the floating top layers containing adipocytes were collected and used in the first trial plate ceiling
culture (Fig. 6). Two combinations (three 35 mm x 10 mm dishes [ceiling; Falcon] + one 100 mm
x 20 mm dish [container; Nunc] and one 100 mm x 10 mm lid [ceiling; Nunc] + one 150 mm x
20 mm dish [container; Nunc]) were chosen to initiate plate ceiling culture; one T-12.5 cm?” flask
(Falcon) ceiling culture served as control (Fig. 6). An inverted phase contrast microscope with 4X
and 10X objectives was available in the hood to mark lipid containing cells/remove contaminating
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cells. Adipocytes were transferred into the previously mentioned cell culture plates and flask.
Culture medium was then carefully added. The inverted small dishes and the lid were placed into
the bigger dishes, while the medium-filled flask was tightly closed and inverted. On days 3, 4, and
5 of cell isolation the three small dishes were re-inverted and small amount of basal media
(DMEM/F12 + 10% FBS) was added to check the mature adipocyte attaching efficiency. The big
lid and the flask were re-inverted on day 5. Mature adipocyte attaching efficiency was measured

in three methods (dish ceiling culture, lid ceiling culture and flask ceiling culture).

Wei 2013 Protocol details
DFAT Media Recipe: DMEM/F12 + 10% FBS

Fat Starter: 5 grams
Collagenase Type: I (Gibco)
Filters used for Adipocyte: 1000 pm

Centrifuge Step: 186 x g for 10 min in 37°C collagenase solution followed by aspiration of top
layer of supernatant and then 186 x g for 10 min in 37°C in DMEM

Ceiling Culture: Yes

Adipocyte Media Recipe: Adipocyte DM-2 contained DMEM/Ham’s F-12 (1:1, v/v), HEPES
pH 7.4, FBS, biotin, pantothenate, human insulin, dexamethasone, isbutylmethylxanthine,
PPARg agonist, penicillin, streptomycin, and amphotericin B

Days required for attachment: 1-7 days

3. Watson 2014
[00215] Goal of Paper: ADSC and DFAT comparison

[00216] Culture Protocol Excerpts / Summary: Adipocytes, obtained by the top layer of cells
following centrifugation of the digested fat tissue, were placed in 75-mm culture flasks filled with
the a-MEM with 10% FBS and a modified ceiling culture method was used to isolate adhered
adipocytes at the end of 2 weeks followed by another 2-3 weeks in bottom culture (or longer) in

hypoxia to improve the dedifferentiation process

Watson 2014 Protocol details
DFAT Media Recipe: alpha-MEM with 10% FBS

Collagenase Type: I (Worthington)
Collagenase Concentration: 0.075% in modified PBS
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Filters used for Adipocyte: 100-um cell strainer (BD Falcon), second round: 70 um cell strainer
(BD Falcon)

Centrifuge Step: Mature adipocytes were collected by centrifugation in a 50-mL conical tube
(400 x g, ambient temperature, 5 min) and removed as the supernatant, second round: 300-500 x
g, S minutes

Ceiling Culture: Yes

Adipocyte Media Recipe: Adipocyte DM-2 contained DMEM/Ham’s F-12 (1:1, v/v), HEPES
pH7.4, FBS, biotin, pantothenate, human insulin, dexamethasone, isbutylmethylxanthine,
PPARg agonist, penicillin, streptomycin, and amphotericin B.

Days required for attachment: a modified ceiling culture method was used to isolate adhered
adipocytes at the end of 2 weeks followed by another 2-3 weeks in bottom culture

4. Jumabay 2015
[00217] Goal of Paper: DFAT review

[00218] Culture Protocol Excerpts / Summary: Adipocytes intended for DFAT cell generation
are floated on top of medium in culture dishes or plastic tubes to let remaining non-adipocytes
detach and sink to the bottom and be discarded after centrifugation. Adipocytes from the top
creamy layer (30-50 uL) are subsequently transferred to 6-well plates fitted with 70 um-filters and
incubated for 5 days in culture medium. DFAT cells derived from the adipocytes sink through the
filters and attach to the bottom of the dishes. The filters with remains of the adipocytes are removed

after 5 days.

Jumabay 2015 Protocol details

DFAT Media Recipe: DMEM supplemented with 20% fetal bovine serum
Fat Starter: 1 gram

Collagenase Type: Type |

Filters used for Adipocytes: 70 um

Centrifuge Step: 135 x g for 3 min

Ceiling Culture: No

S. Shah 2016

[00219] Goal of Paper: DFAT review
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[00220] Culture Protocol Excerpts / Summary: Adipose tissues were minced and then
underwent enzymatic digestion with collagenase type II. After centrifugation, the resulting pellet
containing the SVF was cultured as ASCs and the floating adipocytes were collected, washed, and
transferred to an inverted cell culture flask filled with cell culture medium. The cells floated in the
media and adhered to the ceiling of the flask. After the cells were firmly attached and fibroblast—

like cells were observed, the flask was re-inverted to culture the attached cells as DFAT cells.

Shah 2016 Protocol details

DFAT Media Recipe: high—glucose DMEM, 2 mM L-glutamine, 50 mg/ml gentamycin, and
10% FBS

Collagenase Type: 11

Ceiling Culture: Multiple methods stated

Days required for attachment: 7

6. Pu2017
[00221] Goal of Paper: PPARy agonist for DFAT

[00222] Culture Protocol Excerpts / Summary: Isolated by rinsing a 1-2 gram of adipose
tissue with pre-warmed Dulbecco’s phosphate-buffered saline (DPBS) with antibiotic-antimycotic
(Invitrogen), removing any visible blood clots and connective tissue using sterile forceps and then
minced into small pieces. Collagenase-1 (C0130, Sigma, 1 mg/ml) was used to digest tissue for 40
min in a 37 °C water bath. The mixture was filtered through a mesh filter (250 pm, U-CMYBK-
250, Component Supply Company, Fort Meade, USA) and centrifuged at 1,200 RPM for 5 min.
The cell pellet was washed with fresh omental preadipocyte medium and seeded into 6-well plates.
After six days of culture, cells were frozen (Preadipocyte Cryopreservation Medium, FM-1-100,

Zen-Bio) and stored in liquid nitrogen until further use.

Pu 2017 Protocol details

Fat Starter: Sheep, 1-2 grams

Collagenase Type: 1 (C0130, Sigma, 1 mg/ml)

Filters used for Adipocyte: 250 um, U-CMYBK-250, Component Supply Company
Centrifuge Step: 1,200 RPM for 5 min.

Ceiling Culture: Yes
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Adipocyte Media Recipe: basal medium supplemented with biotin (33 uM), pantothenate, (17
mM), insulin (1 pg/ml), dexamethasone (1 uM) and 3-isobutyl-1-methylxanthine, (IBMX, 0.5
mM)

Insulin Concentration: insulin (1 pg/ml), and increased to 10 pg/ml

7. Lu2018
[00223] Goal of Paper: ADSC extraction and differentiation from chicken

[00224] Culture Protocol Excerpts / Summary: Isolation and culture of ADSCs. Adipose
tissue samples were collected from 20-day-old broiler embryos under aseptic conditions. The
adipose pads were washed with PBS supplemented with 100 IU/ml penicillin and 100 pg/ml
streptomycin to remove any other cells, including hemocytes and endothelial cells. The adipose
pats were fully chopped into small pieces and subsequently incubated with 0.2% (m/v) collagenase
Iin PBS at 37 C for 40 min. The enzymatic activity was neutralized by adding an equal volume of
DMEM/F12 containing 5% (v/v) FBS. The cell suspension was filtered through a 74-mm-mesh
sieve and then centrifuged at 200 x g for 8 min at room temperature. The precipitate was
resuspended in complete growth medium composed of DMEM/F12, 10% (v/v) FBS, 2 mM
L-glutamine, 100 IU/ml penicillin, 100 pg/ml streptomycin and 10 ng/ml bFGF. Cells were seeded
into petri dishes at a density of 1.0x10°/ml, and cultured at 37°C with 5% CO». After 24 hours, the
dishes were washed with PBS to clean out any non-adherent cells, including pericytes, blood cells,
endothelial cells and preadipocytes . The cells were referred to as ‘passage 0’ (PO) when their
confluence reached 80%. Subsequently, the cells were sub-cultured at the ratio of 1:2 after standard
trypsin digestion. This generation was referred to as P1. The cells became purified with increasing

passages, and were then harvested for other relevant trials.

[00225] Adipogenic differentiation of ADSCs. ADSCs were divided into a control group and an
induction group. When the confluence of cells reached 70-80%, the experimental group was
treated with adipogenic medium consisting of DMEM/F12 containing 10% FBS, 200 uM
indomethacin, 1 mM dexamethasone, 10 pM insulin transferrin and 0.5 mM IBMX. The control
group was cultured in complete growth medium without the factors mentioned above. The medium
was replaced every 2 days. After 1 week, the two groups were evaluated for accumulation of
intracellular lipid using oil red O staining for 40 min at room temperature and expression of

adipogenic cell-specific genes by RT-PCR.
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Lu 2018 Protocol details

Collagenase Type: Type 1
Collagenase Concentration: 0.20%

Adipocyte Media Recipe: DMEM/F12 containing 10% FBS, 200 uM indomethacin, 1 mM
dexamethasone, 10 uM insulin transferrin and 0.5 mM IBMX.

Insulin Concentration: 10 yM

8. Cui2018
[00226] Goal of Paper: Co-culture system with myocytes and adipocytes

[00227] Culture Protocol Excerpts / Summary: The main protocol was as follows: The
pectoralis major was washed 2 times with phosphate-buffered saline (PBS) containing 1%
penicillin—streptomycin. After the blood vessels and connective tissue were removed, the sample
was finely minced to 1 mm? with the use of a pair of scissors. The samples were then digested in
Dulbecco’s Moditied Eagle’s Medium (DMEM)/ F12(1:1) containing 0.1% Type I collagenase in
a water bath, with continuous shaking at 37°C for 60 min. After digestion was terminated, the cell
suspension was filtered and centrifuged with 600 x g for 15 min. The rock-bottom cell precipitation
was re-suspended with DMEM/F12(1:1) medium containing 10% FBS and then seeded in a 100-
mm dish. After cells were incubated with a 5% CO2 at 37°C for 2 hours, the medium containing
unattached cells was transferred to a new dish, and purified muscle satellite cells (MSC) were
obtained. The top mature adipocytes were collected and placed into a 25 cm? cell culture flask,
and the flask was completely filled with DMEM/F12(1:1) medium containing 10% FBS and
inverted to keep the floating mature adipocytes adhering the bottom of the flask in a 37 °C
incubator with 5% COa. After 3 to 5 days, the mature intramuscular adipocytes (MIA) gradually
released lipid by exocytosis, and then the medium was replaced and the flask was re-inverted to

allow the proliferation of preadipocytes.

Cui 2018 Protocol details
Fat Starter: Chicken

Collagenase Type: Type 1

Collagenase Concentration: 0.1%

Centrifuge Step: 600 x g for 15 min
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Adipocyte Media Recipe: DMEM/F12(1:1) medium containing 10% FBS

9. Zang 2020
[00228] Goal of Paper: Insulin regulation

[00229] Culture Protocol Excerpts / Summary: Mice epididymal white adipose tissues were
removed and digested in 0.1% (v/v) type I collagenase solution (containing 0.4% BSA, v/v)in a
37°C water bath with shanking at 100 RPM for 35 min. After adding cell growth medium
(DMEM/F12 containing 10% FBS (v/v), 100 U/ml penicillin and 100 ng/ml streptomycin) was
used to stop the digestion. The suspension was centrifuged at 200 x g for 10 min, and then the cell
pellet was resuspended in a cell growth medium, was filtered through a 100-um strainer, and was
seeded in 25-cm? flasks. Mesenchymal stromal cells do not easily to attach to the bottom of a petri
dish after seeding when compared to fibroblasts, but they are more sensitive to trypsin when
passage digestion takes place, and they are easy to de-attach from dish. Therefore, we use
differential adherence and incomplete digestion methods to improve the purity of mesenchymal
stromal cells until they were at passage 4 (P4) to be sub-cultured into 12-well plates. These

preadipocytes were then used for further experiments.

Zang 2020 Protocol details

DFAT Media Recipe: DMEM/f12 containing 10% FBS, 100 U/ml penicillin and 100 pg/ml
streptomycin

Collagenase Type: Type I (containing .4% BSA)
Filters used for Adipocytes: 100um
Centrifuge Step: 200 x g for 10 min

Insulin Concentration: 17 nM

10. Alexanderson 2020
[00230] Goal of Paper: Mature adipocyte isolation from tissue

[00231] Culture Protocol Excerpts / Summary: Place the human adipose tissue in a 15 cm
diameter petri dish and add a small volume of Medium 199 to keep it moisturized during the

dissection. Working with pieces of adipose approximately the size of a golf ball, grasp large
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fibrotic vessels with tweezers and gently release the adipocytes by scraping the adipose with the

back of closed scissors. Discard the large pieces of fibrotic tissue. Weigh the trimmed fat.

[00232] Collagenase Treatment: Add collagenase to the digestion buffer at a concentration of 1
mg/mL. Sterile filter the solution using a 0.22 pm sterile filter. Three mL of digestion buffer per
gram of fat is recommended). Move approximately 10 grams of adipose tissue to a 15 cm diameter
petri dish and mince the fat carefully using a pair of curved scissors until it becomes a smooth
homogenous mixture and there are no large pieces of adipose left. Repeat the process until all of
the fat has been processed. The adipose pieces should be small enough so that they can be pipetted
using a wide-bore pipette tip. If the pieces are too large, digestion times can be extended, which
can compromise cell viability. Digest the tissue at 37 °C in a shaking incubator with constant
agitation at 150 RPM for 30—45 min. After 30 min, check on the process every 5 min to avoid
over-digestion. The digestion is complete when the adipose solution is homogenous without any

large pieces and has an apricot color.

Alexanderson 2020 Protocol details

Fat Starter: 100 grams
Collagenase Type: Type I

Collagenase Concentration: concentration of 1 mg/ml and 3 to 1 ml of digestion solution to
grams of fat + 500 mL of collagenase buffer containing 1x HBSS + CaCl; + MgClz, 2% BSA,
and 450 mL of water

Filters used for Adipocytes: 250 pum mesh filter inside the funnel
Ceiling Culture: Membrane seeded inverted culture using well plate

Adipocyte Media Recipe: Dulbecco’s modified Eagle’s medium/Ham’s nutrient mixture F12
(DMEM/F12), 10% fetal bovine serum (FBS), 1% penicillin-streptomycin (penn/strep) and 20
nM insulin

Insulin Concentration: 20 nm

11. Rogal 2020
[00233] Goal of Paper: WAT-on-a-chip

[00234] Culture Protocol Excerpts / Summary: Adipose tissue was rinsed twice with
Dulbecco’s phosphate buffered saline with MgCl, and CaCl, (PBS+; Sigma-Aldrich Chemie

GmbH), and visible blood vessels, as well as connective-tissue structures, were thoroughly

3

removed. The remaining adipose tissue was cut into fine pieces of approximately 1 cm”’, and
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digested with a collagenase solution [(0.13 U/ml collagenase type NB4 (Serva Electrophoresis
GmbH, Heidelberg, Germany) in Dulbecco’s Modified Eagle Medium (DMEM/Ham’s-F12;
Thermo Fisher Scientific, Waltham, USA), with 1% bovine serum albumin (BSA; Sigma-Aldrich
Chemie GmbH)] for 60 min at 37 °C on a rocking shaker (50 cycles/minute; Polymax 1040,
Heidolph Instruments GmbH & CO. KG, Schwabach, Germany). Next, the digested tissue was
passed through cell strainers (mesh size: 500 um), and subsequently washed three times with
DMEM/Ham’s-F12. For each washing step, adipocytes and medium were mixed, and left to rest
for 10 min to allow separation of the buoyant adipocytes and the medium; this was followed by

aspiration of the liquid media from underneath the packed layer of adipocytes.

Rogal 2020 Protocol details

Fat Starter: Human

Collagenase Type: collagenase type NB4 (Serva Electrophoresis GmbH, (contains I and II)
Collagenase Concentration: 0.13 U/ml

Filters used for Adipocyte: 500 um

Adipocyte Media Recipe: subcutaneous Adipocyte Maintenance Medium (AM-1; BioCat
GmbH)

12. Schopow 2020
[00235] Goal of Paper: Tissue slice culture

[00236] Culture Protocol Excerpts / Summary: Adipose tissue slices were transferred onto
cell culture inserts with a pore size of 0.4 um (Millipore, Merck, Darmstadt, Germany) placed in
six-well plates (Corning, New York, USA), and cultivated on a liquid-air-interface in a humidified
incubator at 35°C and 5% CO» (Fig 1). Each well contained 1 ml culture medium under the

membrane inserts supplying the tissue via diffusion.

Schopow 2020 Protocol details

Fat Starter: 5 x 5 x 10 mm pieces, 350, 500, and 750 um thick slices

Adipocyte Media Recipe: DMEM, insulin-transferrin-selenium mixture (1:100, ITS, Sigma
Aldrich, Saint Louis, USA), and Penicillin/Streptomycin (1:100, PenStrep, Gibco). Fetal bovine
serum (1:10FBS, Gibco) or human tumor necrosis factor alpha (50 ng/ml, TNFa, Pepro Tech)

Insulin Concentration: 1 to 100
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13. Cho 2020
[00237] Goal of Paper: Fat disassociation

[00238] Culture Protocol Excerpts / Summary: Incubate the epididymal fat pad in five
milliliters of HBSS supplemented with 3% BSA in a 50 milliliter conical tube for 15 minutes.
After the incubation, centrifuge the tube at 150 x g for seven minutes at four degrees Celsius.
Remove the floating epididymal fat pad from the conical tube and finely mince it with clean
scissors. Add 200 milliliters of 2% collagenase solution to 3.8 milliliters of HBSS in a 13 milliliter
culture tube. Then add the minced tissue and incubate it in a rotating incubator at five RPM for
one hour at 37 degrees Celsius. Transfer the entire contents into a 50 milliliter conical tube and
add 10 milliliters of neutralization medium. Mix gently by inverting the tube two to three times.
Prepare another 50 milliliter conical tube fitted with a 70 micrometer cell strainer and filtered the
digested tissue into the new tube. Transfer the flow through to a 15 milliliter tube and centrifuges
at 350 x g per 10 minutes at four degrees Celsius. Carefully remove the supernatant and resuspend
the cell pellet with five milliliters of DPBS. Then centrifuge the tube for another 10 minutes.

Carefully remove the supernatant.

Cho 2020 Protocol details

Fat Starter: Mouse, unknown quantity
Collagenase Type: Unknown

Collagenase Concentration: 200 mL of 2% collagenase solution to 3.8 milliliters of HBSS

Filters Used for Adipocyte: 70 micrometer cell strainer

Centrifuge Step: 350 x g per 10 minutes at four degrees Celsius

14. Panella 2021
[00239] Goal of Paper: Serum Free cell culture

[00240] Culture Protocol Excerpts / Summary: Adipose tissue was washed with DPBS with
Ca?™ and Mg”™ (Bioconcept, Allschwil, Switzerland) in a Gosselin sterile container (Corning, New
York, USA), cut into smaller pieces, and homogenized with an immersion blender. The fat was
dissociated by digestion with collagenase type B, animal origin free (Worthington, Biochemical
Corp., Lakewood, NJ), at a final concentration of 0.28 Wiinsch U/mL for 45 min at 37 °C under

constant, but gentle agitation. The dissociated cells were subsequently filtered through a 100 um
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and then through a 40 um sieve cell strainer (Becton Dickinson, Franklin Lakes, NJ). All
centrifugation steps were completed at 600 x g for 10 min at room temperature. At the end of the
extraction procedure, the cellular pellet was resuspended in PBS without Ca** and Mg?* (Biowest,
Nuaille, Frace) with 1% injectable human albumin (CLS Behring, Bern, Switzerland) or in the cell
culture medium. Cells were seeded at a density of approximately 30,000 ASCs/cm? in Fibronectin
coated vessels (Corning, New York, USA) and kept in a humidified incubator at 37°C and 5%
COs. This initial passage of the primary cell culture was referred to as passage 0 (PO). Details can
be found in the Supplementary Information (S2: Characterization of the cells of the SVF from
adipose tissue, S3: Initial plating of cells of the SVF for expansion, and Figure S4). Cells were
maintained in culture until they achieved 75-90% confluence. They were then either collected and
cryopreserved or replated in new Fibronectin coated tissue culture vessels at a density of 5000—
10,000 ASCs/cm?. The medium was changed every 2-3 days, always keeping 20-50% of the
conditioned medium, until the cells reached confluency between 75 and 90%. Cells were detached
with TrypLEe Select (Life Technologies, Thermo Fisher Scientific, Waltham, USA) for 2 min at
37°C, then washed with PBS supplemented with 1% injectable human albumin and pelleted by

centrifugation at 400 x g for S min

Panella 2021 Protocol details

Fat Starter: Human
Collagenase Type: collagenase type B, animal origin free (Worthington)

Collagenase Concentration: 0.28 Wiinsch U/mL for 45 min at 37°C under constant, but gentle
agitation

Filters used for Adipocyte: 100 um and then through a 40 um sieve cell strainer (Becton
Dickinson

Centrifuge Step: 600 c g for 10 minutes at room temperature

Adipocyte Media Recipe: proprietary defined serum- and xeno-free cell culture medium,
“UrSuppe”. The medium contains only defined molecules, some recombinant human growth
factors, and injectable human albumin in the pg range

15. Hendaway 2021
[00241] Goal of Paper: Effect of anatomical site

[00242] Culture Protocol Excerpts / Summary: Minced adipose tissue was placed in a shaking
bath for 1 hour at 37°C in Hank’s balanced salt solution (HBSS) containing 0.1% (w/v) collagenase
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type 1 (1 mg/mL; Gibco by Life Technologies, Waltham, MA, USA). Cold HBSS was added to
neutralize the collagenase enzyme activity. Following centrifugation (800 x g, 10 min), we
obtained a high-density cell pellet. Solid aggregates were removed via filtration through a 100 um
filter (BD Falcon, Bedford, MA, USA). A 1 mL lysis buffer (Promega, Mannheim, Germany) was
used to resuspend the pellet and lyse RBCs. Finally, the cell pellet was resuspended in Dulbecco’s
Modified Eagle Medium (DMEM), containing 4500 mg/L D-glucose, 110 mg/L Sodium Pyruvate,
4 mM L-Glutamine, 10% Fetal Bovine Serum (FBS), 1% non-essential amino acids, and 1%
Penicillin-Streptomycin (P/S), as a basal culture medium. Unless otherwise specified, we

purchased all chemicals from Sigma-Aldrich.

Hendaway 2021 Protocol details

Culture Protocol Excerpts / Summary:

Fat Starter: Rat

Collagenase Type: Type I (Gibco)
Collagenase Concentration: 1 mg/mL
Filters used for Adipocytes: 100um
Centrifuge Step: 200 x g for 10 min
Adipocyte Media Recipe: DMEM +10% FBS

Example 5. Isolation and Dedifferentiation of Avian and Mammalian Adipose Tissue-
Derived Stem Cells to Produce DFAT Cells

[00243] In view of the results obtained in the prior example, we developed a methodology for
the isolation and dedifferentiation of adipose tissue-derived stem cells to DFAT cells from
livestock sources that could be used in particular for avian sources. The method is described in
detail for chicken adipose but was also tested across multiple avian sources as well as a mammalian

source, as described below.

[00244] To begin this process, we isolated subcutaneous adipose tissue, adhering to stringent
sterile protocols and utilizing the appropriate personal protective equipment. We excised adipose
tissue from recently sacrificed livestock, ensuring the tissue was as soon as possible post-sacrifice.
With precision, a gram of this adipose tissue was weighed and minced. Minced adipose tissue (1

gram) was placed into a Falcon™ tube containing 3 ml of the digestion buffer. The digestion buffer
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contained 5 mg/ml collagenase type IV in a basal culture medium. The basal culture medium used
was 50% Ham’s F12, 50% Dulbecco’s Modified Eagle Medium, 10% Fetal Bovine Serum (FBS),
and 1-5% antibiotics. The Falcon™ tubes were placed in an incubator set at 37 °C, gently rotating

on a tube rack for a duration of from 30 to 45 minutes.

[00245] Post-incubation, the Falcon™ tubes were centrifuged (5 min, 300 x g) to separate the
isolated floating adipocyte layer (FAL) from the digestion buffer and the pelleted stromal vascular
fraction (SVF). In a biosafety cabinet, the digestion buffer and SVF were carefully removed from
beneath the FAL using a hypodermic needle and syringe. The FAL was then resuspended in several
milliliters of basal media. The tubes were once again subjected to centrifugation at the same
rotational speed, facilitating the extraction of the basal media used for resuspension. This washing
procedure was repeated to ensure removal of less buoyant contaminant cells (e.g., adipose derived

stem cells (ADSCys)).

[00246] To dedifferentiate the cells, the remaining FAL was transterred to T25 flasks. The flasks
were completely filled with basal media. We determined that it was important to keep the cells in
hypoxic conditions, thus the flasks were sealed with filterless caps. The filled flasks were then
consigned to a 37 °C incubator, and left undisturbed for a period ranging from 5 to 14 days until

the desired fibroblastic morphology was observed on cells adherent to the ceiling.

[00247] Upon conclusion of the incubation period, the flasks were carefully opened, and the
media gently drained. The flasks were inverted, and the surface that had initially served as the
ceiling was thoroughly washed with phosphate-buffered saline (PBS). Subsequently, the surface
was exposed to trypsin and subjected to pipetting, effectively removing any dedifferentiated fat
cells that had adhered to the flask ceiling during the incubation period. In some instances, the

protocol could be modified to use a cell scraper or other well-known means to de-adhere the cells.

[00248] The trypsin was inactivated by mixing a ratio of S ml of FBS containing media per 2 ml
of trypsin-cell solution. This solution was next filtered through a 70-micron pore cell strainer.
Following centrifugation (300 x gravity, 5 min), the dedifferentiated fat (DFAT) cells were
delicately resuspended in basal media and transferred to a designated cell culture vessel for further
analysis and experimentation. In some instances, the protocol could be modified to skip this

inactivation step and the cells could be pelleted directly and then resuspended in media.
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Example 6. Confirmation of Lipid Accumulation Identity

[00249] Lipid accumulation is a marker of DFAT cells as compared to mature adipocytes. Lipid
accumulations are most conveniently and reliably determined by light microscopic assessment by
one skilled in the art. Thus, to confirm that the subcellular objects observed by light microscopy
in the DFAT cells obtained from the previous example corresponded to lipid accumulation, Nile
Red and Oil Red-O staining were performed (as described by the manufacturer and in published
protocols). Oil Red-O staining was performed on fixed cells both on slides and in extracts
measured on an optical Tecan plate reader. Nile Red staining was performed in conjunction with
the nuclear stain Hoescht 3342 on live cells, with both dyes applied to cells following the
manufacturer’s instructions after basal media was washed and replaced with PBS in the 6-well
plate well in which cells were actively growing. Images provided were taken with a Nikon

epiflourescent microscope at room temperature.

[00250] Avian adipocytes and DFAT cells obtained using these methods are shown in the
pictorial micrographs of FIGS. 4A-4F with relevant molecular dyes to validate what bright-field
visible structures are. Briefly, FIG. 4A shows healthy, dissociated adipocytes viewed in floating
suspension under brightfield illumination. FIG. 4B shows DFAT cells derived from the mature
adipocytes of FIG. 4A stained with the lipid dye Nile Red. FIG. 4C Shows an enlarged view of
these same Nile Red stained DFAT cell from FIGS. 4B wherein Nile Red staining highlights
fibroblastic pseudopodia and ‘loculus-dividing’ lipid droplets and dividing nucleus. Fig 4D Shows
the brightfield illuminated view of the DFAT cells derived from the mature adipocytes in FIG.
4A, at the same imaging region as FIG. 4B. FIG. 4E shows derived DFAT cells from the mature
adipocytes in FIG. 4A additionally stained with the nucleic acid dye Hoechst 33432. FIG. 4F
Shows an enlarged view of a single DFAT cell undergoing mitosis, wherein Hoechst 33432 nuclear
staining highlighting mitosis as nuclear material shuttling into splitting nuclei, indicating this cell

is in anaphase or telophase of mitosis.

[00251] Thus, unlike all other previously disclosed methodologies, which work only on
mammalian species, the above method can be used to dedifferentiate DFAT cells from chicken

adipose cells.
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Example 7. Isolation and Dedifferentiation of DFAT Cells from Diverse Species

[00252] To test if the above protocol is species agnostic, butchered livestock samples from
chicken, turkey, duck, pigeon, and rabbit were subjected to the protocol described in Examples 1
and 5 without modification and found to be effective in all tested species (see FIG. 8). The
cladogram computed by sequence alignment of 18S rRNA establishes the specific divergence from
a last common ancestor for each of these species in units of millions of years. These species
represent a large cross section of evolutionary space with examples of all common avian livestock
groups and a representative mammal. Thus, in contrast to current methodologies, this method is

widely applicable to both mammalian and avian cells.

Example 8. Differentiation of the DFAT Cells

[00253] To perform cycling, DFAT cells at a passage level ranging from 1 to 7 were cultivated
until they reached a confluence level of 70-90% as assessed by light microscope. These cells were
then carefully disadhered from the culture vessel using trypsin, washed, and subsequently
resuspended in Adipocyte Differentiation Media (a basal culture medium containing high glucose,

dexamethasone, 3-isobutyl-1-methylxanthine, rosiglitazone, and insulin).

[00254] The cell suspension was then introduced into a culture vessel containing the Adipocyte
Differentiation Media, with cells being seeded at a density of approximately 7,000 to 15,000 cells
per square centimeter (the cell density could also be lower or higher). Throughout the experimental
procedure, the Differentiation Media was refreshed every 48 hours (though media changes could

be made more frequently or, in some instance, less frequently).

[00255] FIGS. SA-5C provide a sequential series of pictorial micrographs showing a timelapse
of DFAT re-differentiation in these cells using the disclosed method for re-differentiating DFAT
cells into adipocytes by means of a differentiation media. FIG. SA shows DFAT cells following
two days of exposure to differentiation media. FIG. 5B shows a population of DFAT cells after
five days of exposure to differentiation media. A notable increase in accumulation of lipid droplets
was observed, and the cells were developing adipocyte morphology. Finally, FIG. 5C is a pictorial
micrograph taken at two weeks after the introduction of differentiation media. As can be seen, at
this two-week time point, the cells contained large lipid droplets that are similar in size to those of

mature adipocytes, and the cells assumed a more rounded morphology, which is characteristic of
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mature adipocytes. In some cases, the lipid droplet size in certain cells at two weeks following

introduction of differentiation media exceeded that traditionally observed in mature adipocytes.

Example 9. Cycling

[00256] Once the detection of a sufficiently substantial lipid accumulation, typically reaching
around 20 microns in size and occurring over a period of approximately 5 to 25 days, the cells
were considered to have differentiated into adipocytes. Subsequently, these differentiated cells
were passaged and re-seeded in basal media. This process induced a reduction in the size and
number of lipid droplets, ultimately leading to the cells reverting to a dedifferentiated morphology.
In this manner, the cells were subjected to a cyclical process, enabling the systematic examination

of their differentiation and dedifferentiation.

[00257] To demonstrate that cells are able to repeatedly transition from a proliferative,
fibroblastic, DFAT state to the lipid accumulating adipocyte state this cyclical culturing of cells in
either basal or differentiation media, as here described, was conducted. FIGS. 6A-6D show
pictorial micrographs that demonstrate a timelapse of the DFAT cycling process. FIG. 6A provides
micrographs at two days following the introduction of differentiation media to the cellular
environment. The gray arrow indicates a large lipid droplet that has formed within one of the cells.
After obtaining the micrograph of FIG. 6A, the differentiation medium was removed, and FIG.
6B shows a pictorial micrograph of cells two days later. As shown, after removal of the
differentiation medium, the cells in FIG. 6B exhibit less lipid accumulation and assume a more
elongated morphology that is characteristic of pluripotent cells. The cells were then passaged and
differentiation media reintroduced. FIG. 6C shows a pictorial micrograph of the cells one day after
passage and the re-introduction of differentiation media. As seen in FIG. 6D, lipid accumulation
was observed (as indicated by the gray arrow) after only two days following the re-introduction of

the differentiation medium.

[00258] To demonstrate cycled DFAT cells were not only capable of re-acquiring the lipid
accumulating state, but could also still become proliferative, cells were repeatedly grown to
confluence in basal media and passaged as is typical for cell expansion. To demonstrate these
cycled DFAT cells could reliably be re-differentiated into mature adipocytes, the above protocol
involving seeding 7,000 to 15,000 cells per square centimeter in continually refreshed

differentiation media was performed.
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[00259] FIGS. 7A-7D provide sequential pictorial micrographs to demonstrate the cycling of re-
differentiated DFAT cells into adipocytes, followed by de-differentiation again to a the multi-
potent morphology under one embodiment of the present disclosure. FIG. 7A provides a
photograph of the DFAT cells one day after seeding. Differentiation media was then introduced,
and, as seen in FIG. 7B, lipid droplets (as indicated by the gray arrow) accumulated within the
cells and the cells neared adiopogeneic maturity after only five days following the introduction of
differentiation media. Cells were then passaged. As shown in FIG. 7C, nearly all of the lipid
accumulation was lost after one day of the passage phase. Cells then remained in growth media,

and ten days after passage (FIG. 7D), the cells assumed an elongated, fibroblastic morphology.
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[00261] The foregoing description of some examples has been presented only for the purpose of
illustration and description and is not intended to be exhaustive or to limit the disclosure to the
precise forms disclosed. Numerous modifications and adaptations thereof will be apparent to those

skilled in the art without departing from the spirit and scope of the disclosure.

[00262] Reference herein to an example or implementation means that a particular feature,
structure, operation, or other characteristic described in connection with the example may be
included in at least one implementation of the disclosure. The disclosure is not restricted to the

particular examples or implementations described as such. The appearance of the phrases “in one

2 < 2 <ey

example,” “in an example,” “in one implementation,” or “in an implementation,” or variations of
the same in various places in the specification does not necessarily refer to the same example or
implementation. Any particular feature, structure, operation, or other characteristic described in

this specification in relation to one example or implementation may be combined with other
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features, structures, operations, or other characteristics described in respect of any other example

or implementation.

[00263] All patents, patent applications and publications cited herein are hereby incorporated by
reference in their entirety. Those skilled in the art will recognize, or be able to ascertain, using no
more than routine experimentation, numerous equivalents to the specific substances and
procedures described herein. Such equivalents are considered to be within the scope of this

invention and are covered by the following claims.
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WHAT IS CLAIMED:

1. A method of cyclical production of fat cells, the method comprising:

(1) providing a plurality of mature adipocytes;

(i1) incubating the plurality of mature adipocytes under conditions such that at least a
portion of the plurality of mature adipocytes dedifferentiates, thereby generating a
plurality of dedifferentiated fat cells (DFAT cells);

(iit)culturing the plurality of DFAT cells in a growth medium until a first target
biomass is obtained;

(iv)subculturing the first target biomass in one or more subculture populations of
DFAT cells; and

(v) incubating the one or more subculture populations of DFAT cells under conditions
such that at least a portion of the one or more subculture populations re-

differentiates into one or more populations of re-differentiated mature adipocytes.

2. The method of claim 1, further comprising:

(vi) dividing at least one of the one or more populations of re-differentiated mature
adipocytes into a first and a second subpopulation;

(vil) incubating the first subpopulation of re-differentiated mature adipocytes under
conditions such that at least a portion of the first subpopulation of re-differentiated
mature adipocytes dedifferentiates, thereby generating a plurality of second
generation DFAT cells; and

(viil) culturing the second subpopulation of re-differentiated mature adipocytes under
conditions such that at least a portion of the second subpopulation of re-

differentiated mature adipocytes accumulate a target lipid mass.
3. The method of claim 2, wherein the target lipid mass is about 20-90% of the cell volume.

4. The method of claim 2, wherein the second subpopulation of re-differentiated mature
adipocytes is cultured in a culture medium comprising glucose at a concentration of at

least 4 g/L, optionally, 4 g/L.-15 g/L, or 4 g/L-10 g/L, or 4 g/L-8 g/L.

5. The method of claim 1, wherein the one or more subculture populations of DFAT cells
are cultured in step v) in a re-differentiation medium comprising one or more components

selected from the group consisting of insulin, 3-isobutyl-1-methylxanthine, insulin-
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transferrin-selenium-X supplement, indomethacin, dexamethasone, rosiglitazone, biotin,

pantothenate, a PPAR : agonist, sodium oleate, and wheat germ agglutinin.

6. The method of claim 2, further comprising:
culturing the second generation of DFAT cells in a growth medium until a second
target biomass is obtained,
subculturing the second target biomass into a second generation of subcultured
DFAT cells; and
incubating the second generation of subcultured DFAT cells under conditions
such that at least a portion of the second generation of subcultured DFAT cells re-

differentiates into a second generation of re-differentiated mature adipocytes.

7. The method of claim 1, further comprising cyclically repeating one or more of steps ii),
ii1), iv), or v) for a total of 77 cycles, wherein the step ii) for each cycle is performed on
the re-differentiated mature adipocytes that were re-differentiated in step v) of the
immediately preceding cycle,

wherein n is equal to the number of cycles during which the re-differentiated
mature adipocytes maintain the ability to proliferate and/or maintain the ability to

synthesize and store fat.

8. The method of claim 1, wherein the plurality of mature adipocytes is isolated from

adipose cells or from a tissue explant comprising adipose tissue.

9. The method of claim 8, wherein the plurality of mature adipocytes is isolated by:

adding the adipose cells or tissue explant to a digestion buffer in a container;

incubating the adipose cells or tissue explant in the digestion buffer for at least
about 30 minutes,;

centrifuging the adipose cells and digestion buffer to create a first floating
adipocyte layer (FAL) above the digestion buffer and a pelleted tissue at the bottom of
the container;

removing the digestion buffer and pelleted tissue from the container;

suspending the first FAL in growth media;

centrifuging the first FAL and growth media to create a second FAL and a second

pelleted tissue;
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

removing the digestion buffer and the second pelleted tissue from the container;
and
suspending the second FAL in growth medium, wherein the second FAL

comprises the mature adipocytes.

The method of claim 9, wherein the adipose cells are added to the digestion buffer at a
concentration of about 1 gram of adipose cells or tissue explant per 3 ml of digestion

bufter.

The method of claim 9, wherein the digestion buffer comprises a collagenase.

The method of claim 11, wherein the collagenase is derived from microbial fermentation.
The method of claim 11, wherein the collagenase is collagenase I'V.

The method of claim 13, wherein the digestion buffer comprises between 0.2% and 1%

collagenase IV.
The method of claim 13, wherein the collagenase IV is from Clostridium histolyticum.

The method of claim 8, wherein the tissue explant comprises subcutaneous fat extracted

from a subject.

The method of claim 16, wherein the subject is a mammal, a bird, a fish, a reptile, a

crustacean, or an amphibian.

The method of claim 8, wherein the adipose cells do not comprise or were not derived

from pluripotent stem cells, embryonic stem cells, or undifferentiated stem cells.

The method of claim 8, wherein the adipose cells comprise primary mammalian cells,
primary avian cells, primary fish cells, primary reptilian cells, primary crustacean cells,

primary ampbhibian cells, or a combination thereof.
The method of claim 9, wherein the centrifuging step is performed without filtration.

The method of claim 1, wherein step i1) comprises:

seeding the mature adipocytes in a dedifferentiation container with a volume of
growth media sufficient to completely fill the container;

closing the dedifferentiation container to create a hypoxic environment;

inverting the dedifferentiation container;,
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22.

23.

24.

25.

26.

27.

28.

29.

30.

incubating the inverted dedifferentiation container for a period of time sufficient
for the mature adipocytes to adhere to the ceiling surface of the dedifferentiation
container; and

allowing the mature adipocytes to dedifferentiate into DFAT cells.

The method of claim 21, wherein the inverted dedifferentiation container is incubated for

a period of about 10 days.

The method of claim 1, wherein the one or more subculture populations of DFAT cells
are cultured in step v) under conditions involving the manipulation of one or more
parameters to preferentially encourage formation of the re-differentiated mature
adipocytes, wherein the one or more parameters comprise: a coating to an interior surface
of the container, one or more mechanical properties of a culture environment, growth
media density, growth media osmolarity, growth media temperature, factors that
encourage DFAT division rather than lipid production, and agents to control formation of

non-adipocyte cells.

The method of claim 1, wherein the first target biomass is reached upon achieving at least

70% confluence of DFAT cells.

The method of claim 1, wherein the growth medium comprises only food-safe

components.
The method of claim 1, wherein the growth medium is serum-free.

The method of claim 26, wherein the growth medium does not comprise fetal bovine

serum or fetal calf serum.

The method of claim 1, wherein the culturing of step iii) and/or subculturing of step iv)
comprises seeding growth medium with a concentration of at least 2000 cells/cm?, and

incubating until the cells reach at least 70% confluence.

The method of claim 28, wherein the subculturing of step iv) comprises seeding growth
medium with a concentration of between about 5,000 cells/cm? to about 10,000 cells/cm?,

and incubating until the cells reach at least 75% confluence.

A fat-producing cell line created using the methods of any one or more of claims 1 to 29.
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31

34.

The fat-producing cell line of claim 30, wherein the fat-producing cell line comprises a
total lipid accumulation of at least 80% of an intracellular volume when the cell line is at

least 4 months old.

. A cell line of re-differentiated fat-producing cells created using the methods of any one or

more of claims 1 to 29, wherein the cell line is configured to survive in a suspension

culture.

. An imitation meat product for consumption comprising fat cells created using the

methods of any one or more of claims 1 to 29, and an effective amount of an alternative

meat source.

The imitation meat product of claim 33, wherein the fat cells represent up to about 5% of

the imitation meat product.

. The imitation meat product of claim 33, wherein the alternative meat source comprises

cultured meat, a plant-based meat alternative, insect-derived proteins, fermentation-

derived products, fungal proteins, or a combination thereof.

. A method of creating an imitation meat product for consumption comprising:

(1) providing a plurality of mature adipocytes;

(11) incubating the plurality of mature adipocytes under conditions such that at least a
portion of the plurality of mature adipocytes dedifferentiates, thereby generating a
plurality of dedifferentiated fat cells (DFAT cells);

(ii1)culturing the plurality of DFAT cells in a growth medium until a first target
biomass is obtained;

(iv)subculturing the first target biomass in one or more subculture populations of
DFAT cells;

(v) incubating the one or more subculture populations of DFAT cells under conditions
such that at least a portion of the one or more subculture populations re-
differentiates into one or more populations of re-differentiated mature adipocytes;
and

(vi) combining the one or more populations of re-differentiated mature adipocytes with
an effective amount of an alternative meat source to create the imitation meat

product.
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37. The method of claim 36, wherein the alternative meat source comprises cultured meat, a

plant-based meat alternative, insect-derived proteins, fermentation-derived products,

fungal proteins, or a combination thereof.

38. A commercially scalable cell line for producing consumable animal fat, the cell line

comprising re-differentiated fat-producing cells created by the methods of any one or

more of claims 1-29, wherein the cell line is produced in a commercial-scale bioreactor.

39. A method of creating at least two distinct populations of dedifferentiated fat (DFAT)

cells, the method comprising:

(1) obtaining adipose cells or a tissue explant that comprises adipose tissue;

(i1) 1solating a population of mature adipocytes from the adipose cells or tissue explant,

wherein isolating the population of mature adipocytes comprises:

a)

b)

d)

g)

h)

adding the adipose cells or tissue explant to a digestion buffer in a container,
wherein the digestion buffer comprises a collagenase;

incubating the adipose cells or tissue explant in the digestion buffer until
homogeneous digestion is achieved, optionally, at least about 30 minutes;
centrifuging the adipose cells and digestion buffer to create a first floating
adipocyte layer (FAL) above the digestion buffer and a pelleted tissue at the
bottom of the container, wherein this step of centrifuging does not comprise
filtration;

removing the digestion buffer and pelleted tissue from the container;
suspending the first FAL in growth media;

centrifuging the first FAL and growth media to create a second FAL and a
second pelleted tissue;

removing the digestion buffer and the second pelleted tissue from the
container; and

suspending the second FAL in growth media, wherein the second FAL

comprises the mature adipocytes;

(111) seeding the mature adipocytes in a dedifferentiation container with a volume of

growth medium sufficient to completely fill the container;

(1v) closing the dedifferentiation container to create a hypoxic environment;

(v) inverting the dedifferentiation container;

80



WO 2024/086370 PCT/US2023/035711

40.

41.

42.

44,

45.

46.

47.

48.

49.

(vi) incubating the inverted dedifferentiation container for a period of time sufficient
for the mature adipocytes to adhere to a celling surface of the dedifferentiation
container;

(vii) allowing the mature adipocytes to dedifferentiate into DFAT cells; and

(viil) establishing cell lines derived from two or more of the DFAT cells generated in

step vii).

The method of claim 39, wherein the period of time for which the dedifferentiation

container 1s incubated is about 10 hours.
The method of claim 39, wherein the collagenase is derived from microbial fermentation.

The method of claim 39, wherein the collagenase comprises collagenase V.

. The method of claim 39, wherein the digestion buffer comprises between 0.2% and 1%

collagenase IV.
The method of claim 42, wherein the collagenase 1V is tfrom Clostridium histolyticum.

The method of claim 39, wherein the tissue explant comprises subcutaneous fat extracted

from a subject.

The method of claim 45, wherein the subject comprises a mammal, a bird, a fish, a

reptile, a crustacean, or an amphibian.

The method of claim 45, wherein the adipose cells do not comprise or were not derived

from pluripotent stem cells, embryonic stem cells, or undifferentiated stem cells.

The method of claim 45, wherein the adipose cells comprise primary mammalian cells,
primary avian cells, primary fish cells, primary reptilian cells, primary crustacean cells,

primary amphibian cells, or a combination thereof.

A method of obtaining avian dedifferentiated fat (DFAT) cells, the method comprising:
1) providing adipose cells or a tissue explant comprising adipose tissue from an
avian source;
i1) introducing the adipose cells or tissue explant to a digestion buffer in a

container, wherein the digestion buffer comprises collagenase IV,
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50.

51.

52.

53.

111) incubating the adipose cells or tissue explant in the digestion buffer for at least
about 30 minutes;

iv) centrifuging the adipose cells and digestion buffer to create a first floating
adipocyte layer (FAL) above the digestion buffer and a pelleted tissue at the bottom of
the container;

v) removing the digestion bufter and pelleted tissue from the container;

vi) suspending the first FAL in growth media;

vii) centrifuging the first FAL and growth media to create a second FAL and a
second pelleted tissue;

viii) removing the digestion buffer and the second pelleted tissue from the
container;

ix) suspending the second FAL in growth medium, wherein the second FAL
comprises the mature adipocytes;

x) seeding the mature adipocytes in a dedifferentiation container with a volume of
growth medium sufficient to completely fill the container;

xi) closing the dedifferentiation container to create a hypoxic environment;

xii) inverting the dedifferentiation container;

xiii) incubating the inverted dedifferentiation container for a period of time
sufficient for the mature adipocytes to adhere to the ceiling surface of the
dedifferentiation container; and

xiv) allowing the mature adipocytes to dedifferentiate into DFAT cells.

The method of claim 49, wherein the adipose cells or tissue explant are added to the
digestion buffer at a concentration of about 1 gram of adipose cells or tissue explant per 3

ml of digestion buffer.

The method of claim 49, wherein the collagenase IV is derived from microbial

fermentation.

The method of claim 49, wherein the digestion buffer comprises between about 0.2% and

about 1% collagenase IV.

The method of claim 49, wherein the collagenase IV is from Clostridium histolyticum.
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54. The method of claim 49, wherein the avian source is a chicken, turkey, duck, pigeon,

guinea fowl, or ostrich.

55. The method of claim 49, wherein the adipose cells do not comprise or were not derived

from pluripotent stem cells, embryonic stem cells, or undifferentiated stem cells.
56. The method of claim 49, wherein the adipose cells comprise primary avian cells.
57. The method of claim 49, wherein the centrifuging step is performed without filtration.

58. The method of claim 49, wherein the period of time sufficient for the mature adipocytes

to adhere to the ceiling surface of the dedifferentiation container is about 10 days.

59. The method of claim 49, wherein the digestion buffer does not comprise collagenase I or

collagenase II.
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