US 20230285290A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2023/0285290 A1

Fedorchak et al.

43) Pub. Date: Sep. 14, 2023

(54)

(71)

(72)

@

(22)

(62)

(60)

ARTIFICIAL CELLS AND DELIVERY
DEVICES FOR USE IN TISSUE
ENGINEERING, AND RELATED METHODS

Applicant: University of Pittsburgh - Of the
Commonwealth System of Higher
Education, Pittsburgh, PA (US)

Inventors: Morgan Virginia Fedorchak, Mars, PA
(US); Jeffrey Krawiec, Levittown, PA
(US); Steven R. Little, Allison Park,
PA (US); Katherine Lorentz,
Pittsburgh, PA (US); David A. Vorp,
Pittsburgh, PA (US); Justin Sol
Weinbaum, Allison Park, PA (US)

Appl. No.: 18/316,001

Filed: May 11, 2023

Related U.S. Application Data

Division of application No. 16/308,889, filed on Dec.
11, 2018, now Pat. No. 11,684,574, filed as applica-
tion No. PCT/US17/39973 on Jun. 29, 2017.

Provisional application No. 62/356,754, filed on Jun.
30, 2016.

Publication Classification

(51) Int. CL
AGIK 9107 (2006.01)
AGIK 9/00 (2006.01)
AGIK 9/16 (2006.01)
AGIK 35/15 (2006.01)
AGIK 35/28 (2006.01)
AGIK 35/34 (2006.01)
AGIK 35/39 (2006.01)
AGIL 27/50 (2006.01)
AGIL 27/56 (2006.01)
AGIL 27/58 (2006.01)
CI2N 5/071 (2006.01)
(52) US.CL
CPC ... AGIK 9/1075 (2013.01); A6IK 9/0004
(2013.01); A61K 9/1647 (2013.01); A6IK
35/15 (2013.01); AGIK 35/28 (2013.01); A6IK
35/34 (2013.01); A6IK 35/39 (2013.01); A6IL
27/507 (2013.01); A6IL 27/56 (2013.01);
AGIL 27/58 (2013.01); CI2N 5/0691
(2013.01); A61L 2300/602 (2013.01); A61L
2300/62 (2013.01); CI2N 2533/40 (2013.01)
(57) ABSTRACT

Provided herein is a drug delivery device and composition,
such as a particle, comprising conditioned medium. Also
provided herein is a method of preparing polymeric particles
for release of conditioned medium. Further, a tissue growth
scaffold comprising particles for release of conditioned
medium is provided.
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ARTIFICIAL CELLS AND DELIVERY
DEVICES FOR USE IN TISSUE
ENGINEERING, AND RELATED METHODS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of U.S.
patent application Ser. No. 16/308,889 filed Dec. 11, 2018,
which is the United States national phase of International
Application No. PCT/US2017/039973 filed Jun. 29, 2017,
and claims the benefit of U.S. Provisional Patent Application
No. 62/356,754, filed Jun. 30, 2016, each of which is
incorporated herein by reference in its entirety.

[0002] Controlled-release devices, such as particles, are
provided, comprising conditioned media for use in tissue
engineering. Methods of making and using the devices or
particles are also provided.

[0003] Cardiovascular disease is the leading cause of
death within the US, and approximately 600,000 surgical
procedures that utilize revascularization techniques, such as
bypass grafting, are performed annually. The current clinical
standard conduit for small diameter (<6 mm) arterial bypass
grafting is the human saphenous vein, but these are often
unavailable or damaged. Also, 30% of patients who undergo
coronary artery bypass procedures with saphenous veins
need re-operation within 12 years due to occlusion of the
graft by neointimal hyperplasia or accelerated atherosclero-
sis. Unmodified and non-degradable synthetic grafts are
limited in their lack of growth and remodeling potential and
their preponderance to thrombotic complications. However,
biodegradable materials which act as a scaffold for regen-
eration of a “living” graft via replacement with host tissue
are often used in vascular tissue engineering applications.
These tissue engineered vascular grafts (TEVGs) have great
clinical promise as they may offer substantial benefit in
reducing intimal hyperplasia and thrombosis, and allow
tissue growth and remodeling.

[0004] In-vivo testing of stem cell-based small-diameter
tissue engineered vascular grafts (TEVGs) has shown that
they have great clinical promise. Grafts that are currently
used in cardiac and lower extremity revascularization pro-
cedures or as arteriovenous (AV) access grafts for dialysis
are not ideal and have significant failure rates.

[0005] There is therefore a need for effective tissue growth
scaffolds, both in vascular engineering and, more generally,
in tissue engineering for any application. There is also a need
for drug delivery devices that release encapsulated factors in
a therapeutically-effective manner, that is as a cell would.

SUMMARY

[0006] According to one aspect of the invention, a com-
position is provided comprising a first particle comprising
conditioned medium from a cell culture within the particle,
and having a first release profile of the conditioned medium,
optionally in blood, water, PBS or saline.

[0007] According to another aspect of the invention a
tissue growth scaffold comprising a porous material of a
biocompatible polymer and a composition comprising a first
particle comprising conditioned medium from a cell culture
within the particle, and having a first release profile of the
conditioned medium, optionally in blood, water, PBS or
saline.
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[0008] In another aspect of the invention, a blood vessel
growth scaffold is provided comprising a porous tube of a
biocompatible polymer and a composition comprising a first
particle comprising conditioned medium from a cell culture
within the particle, and having a first release profile of the
conditioned medium, optionally in blood, water, PBS or
saline.

[0009] According to a further aspect of the invention a
method of making a tissue growth scaffold is provided. The
method comprises distributing a composition comprising a
first particle comprising conditioned medium from a cell
culture within the particle, and having a first release profile
of the conditioned medium, optionally in blood, water, PBS
or saline in a biocompatible polymer.

[0010] According to yet another aspect of the invention, a
controlled release pharmaceutical device comprising condi-
tioned medium is provided.

[0011] In another aspect of the invention, a method of
preparing a controlled-release composition is provided,
comprising: culturing cells in cell culture medium, option-
ally for at least one hour, for example, from one hour to two
weeks, including increments therebetween, such as: 1, 2, 3,
6,8,12,18, or 24 hours, 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12,
13, or 14 days, and increments therebetween up to one week
and 1-5 days and increments therebetween, thereby produc-
ing conditioned medium; collecting the conditioned
medium; optionally concentrating the conditioned medium;
emulsifying, for example by sonicating, the medium in a
volatile solvent (e.g., an organic solvent having a boiling
point less than 100° C., for example pentane, cyclopentane,
hexane, cyclohexane, benzene, chloroform, diethyl ether, or
dichloromethane), comprising a polymer to produce a
micro-emulsion; and homogenizing the micro-emulsion in
an aqueous phase, so that particles precipitate as the solvent
evaporates.

[0012] In another aspect of the invention, a method of
producing tissue, such as blood vessel, in vitro or in a
patient, is provided, comprising implanting a tissue growth
scaffold comprising a porous material of a biocompatible
polymer and a composition comprising a first particle com-
prising conditioned medium from a cell culture within the
particle, and having a first release profile of the conditioned
medium, optionally in blood, water, PBS or saline, in a
patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 shows scanning electron microscopy of 20
pum non-porous particles. These were fabricated according to
the methods described.

[0014] FIG. 2 shows that lyophilized and reconstituted
media retains activity in SMC migration assay. Media con-
ditioned by MSC was lyophilized, reconstituted to the
original volume with ultrapure water, then used in a SMC
migration assay as described herein (mean+SD, n=3 per
group; *=p<0.05 vs. non-conditioned). Positive and nega-
tive controls were conditioned media that was not lyo-
philized and media that was not conditioned, respectively.

[0015] FIG. 3 is a scheme of particle fabrication. (Top) A
schematic of the double-emulsion process outlined herein.
Note that polymer molecular weight, polymer degradation
rate, sonication power, and homogenization speed are all
tailorable during fabrication. (Bottom) A table of the param-
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eters that can be tuned in the computational model, as well
as which factors are tailorable in the context of artMSC
fabrication.

[0016] FIG. 4 shows release profiles. PLGA particles were
fabricated using three different configurations (non-porous,
porous, and burst) as described herein. In all cases, MSC
conditioned media was encapsulated. Releasates were har-
vested daily and total protein content of each sample was
measured by the BCA assay. Cumulative protein release was
then plotted over the seven day period, to illustrate the three
different release profiles (mean+SD, n=3 per group).
[0017] FIG. 5 shows that vacuum seeding results in evenly
distributed cells. The Rotational Vacuum Seeding Device
functions by infusing a cell suspension through the lumen of
the PEUU scaffold upon which a vacuum and rotation are
applied to uniformly distribute the cells. This technique
offers a rapid (<5 min), highly efficient (>90%), uniform,
and repeatable bulk seeding process. Uniform seeding is
highlighted by the image on the right, which shows cellular
nuclei (blue) within a PEUU scaffold (borders marked with
dashed lines). Left image adapted from Soletti L, et al., A
seeding device for tissue engineered tubular structures.
Biomaterials 27, 2006.

[0018] FIG. 6 shows that particle release is unaffected by
seeding. Particles were vacuum-seeded into PEUU scaf-
folds, assayed by BCA as described, and compared to
release from particles alone (mean+SD, n=3 per group).
[0019] FIG. 7 illustrates TEVG recellularization is mini-
mal at 1 week and is complete after 8 weeks. PEUU
scaffolds seeded with MSC were implanted as described
herein and explanted after 1 week (n=2) for comparison to
8 week explants examined in previous and ongoing work
(He W, et al., Pericyte-based human tissue engineered vas-
cular grafts. Biomaterials 31, 2010; Nieponice A, et al., In
vivo assessment of a tissue-engineered vascular graft com-
bining a biodegradable elastomeric scaffold and muscle-
derived stem cells in a rat model. Tissue Engineering Part A
16, 2010; Krawiec J T, et al., Human diabetic adipose stem
cells display reduced fibrinolysis due to urokinase activity
attributing to their pro-thrombogenic phenotype Under
Review, 2015; Krawiec J T, et al., In vivo functional
evaluation of tissue engineered vascular grafts fabricated
using human adipose-derived stem cells. Under Review,
2015). After explantation, the vessels were analyzed by IFC
for the SMC marker smooth muscle alpha-actin (SMA) or
the EC marker von Willebrand Factor (VWF). Recellular-
ization is incomplete after 1 week of implantation, but
complete by 8 weeks. Note that the IFC data is representa-
tive of the explants at both timepoints.

[0020] FIG. 8 shows how matrix architecture can dictate
how much (if any) encapsulated drug will be released in an
“initial burst”. A) Matrix with no connection between drug-
loaded pockets and its surface yields no initial burst. B) A
network of pores connects a subdomain of the drug-loaded
pockets to the matrix surface, leading to a corresponding
initial burst (mean+SEM, n=3 per group in A and B). C)
Proposed release profile from multiple particles, each having
different release profiles as illustrated by the two different
particles of FIGS. 8A and 8B. In FIG. 8C, in reference to
FIG. 4, we expect a family of “burst-release” particles to
empty their payload by 2 days—six families are represented,
each with a different shade arc. The effective sustained
release is indicated with a horizontal dashed line. New
families of artMSC will be needed until the point when MSC
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are no longer present, SMC have moved in, and a full
endothelial layer has formed. In the hypothetical case
depicted in this image, the two right-most arcs would not be
needed, just the first four.

[0021] FIG. 9 shows that 5 pm artMSC can be seeded into
PEUU scaffolds, and are retained after implantation. A)
PLGA particles (average diameter=20 um) were seeded into
a PEUU scaffold, imaged and characterized using the meth-
ods described. On average, the particles within the scaffold
(pseudocolored gray for clarity) were 5 um in diameter. B)
Scaffolds seeded with FITC-loaded particles were implanted
as described and explanted after 3 days (n=2). Upon sec-
tioning and imaging, FITC particles were noted throughout
the thickness (outer and inner borders of scaffold marked
with dashed lines).

[0022] FIG. 10 shows that media conditioned by mesen-
chymal stem cells (MSC), islet cells, and macrophages can
be encapsulated within particles and released in a controlled
manner. Data suggests that media conditioned by multiple
cell types can be released from our particle system and
therefore that this technology could serve as the foundation
of many types of “artificial cells”.

DETAILED DESCRIPTION

[0023] Other than in the operating examples, or where
otherwise indicated, the use of numerical values in the
various ranges specified in this application are stated as
approximations as though the minimum and maximum
values within the stated ranges are both preceded by the
word “about”. In this manner, slight variations above and
below the stated ranges can be used to achieve substantially
the same results as values within the ranges. Also, unless
indicated otherwise, the disclosure of ranges is intended as
a continuous range including every value between the mini-
mum and maximum values. As used herein “a” and “an”
refer to one or more.

[0024] As used herein, the term “comprising” is open-
ended and may be synonymous with “including”, “contain-
ing”, or “characterized by”. The term “consisting essentially
of” limits the scope of a claim to the specified materials or
steps and those that do not materially affect the basic and
novel characteristic(s) of the claimed invention. The term
“consisting of” excludes any element, step, or ingredient not
specified in the claim. As used herein, embodiments “com-
prising” one or more stated elements or steps also include,
but are not limited to embodiments “consisting essentially
of” and “consisting of” these stated elements or steps. For
definitions provided herein, those definitions refer to word
forms, cognates and grammatical variants of those words or
phrases.

[0025] As used herein, the term “polymer composition” is
a composition comprising one or more polymers. As a class,
“polymers” includes, without limitation, homopolymers,
heteropolymers, copolymers, block polymers, block co-
polymers and can be both natural and synthetic. Homopo-
lymers contain one type of building block, or monomer,
whereas copolymers contain more than one type of mono-
mer.

[0026] A polymer “comprises” or is “derived from” a
stated monomer if that monomer is incorporated into the
polymer. Thus, the incorporated monomer that the polymer
comprises is not the same as the monomer prior to incor-
poration into the polymer, in that at the very least, during
incorporation of the monomer, certain groups, e.g. terminal
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groups, that are modified during polymerization are
changed, removed, and/or relocated, and certain bonds may
be added, removed, and/or modified. An incorporated mono-
mer is referred to as a “residue” of that monomer. A polymer
is said to comprise a specific type of linkage if that linkage
is present in the polymer. Unless otherwise specified,
molecular weight for polymer compositions refers to weight
average molecular weight (Mw). A “moiety” is a portion of
a molecule, compound or composition, and includes a
residue or group of residues within a larger polymer.

[0027] A bioerodible polymer is a polymer that degrades
in vivo over a time period, which can be tailored to erode
over a time period ranging from days to months, and up to
two years, for example a polymeric structure, when placed
in vivo, will fully degrade within a time period of up to two
years. By “bioerodible,” it is meant that a polymer, once
implanted and placed in contact with bodily fluids and/or
tissues, will degrade either partially or completely through
chemical, biochemical and/or enzymatic processes. Non-
limiting examples of such chemical reactions include acid/
base reactions, hydrolysis reactions, and enzymatic cleav-
age. In certain non-limiting embodiments, the biodegradable
polymers may comprise homopolymers, copolymers, and/or
polymeric blends comprising, without limitation, one or
more of the following monomers: glycolide, lactide, capro-
lactone, dioxanone, and trimethylene carbonate. In other
non-limiting embodiments, the polymer(s) comprise labile
chemical moieties, non-limiting examples of which include
esters, anhydrides, or polyanhydrides, which can be useful
in, for example and without limitation, controlling the
degradation rate of the scaffold or particles and/or the release
rate of therapeutic agents, such as the conditioned medium,
from the scaffold or particles.

[0028] By “biocompatible,” it is meant that a polymer
composition and its normal degradation in vivo products are
cytocompatible and are substantially non-toxic and non-
carcinogenic in a patient within useful, practical and/or
acceptable tolerances. By “cytocompatible,” it is meant that
the polymer can sustain a population of cells and/or the
polymer composition, device, and degradation products
thereof are not cytotoxic and/or carcinogenic within useful,
practical and/or acceptable tolerances. For example, the
polymer when placed in a human epithelial cell culture does
not adversely affect the viability, growth, adhesion, and
number of cells. In one non-limiting embodiment, the com-
positions and/or devices are “biocompatible” to the extent
they are acceptable for use in a human or veterinary patient
according to applicable regulatory standards in a given
jurisdiction. In another example the biocompatible polymer,
when implanted in a patient, does not cause a substantial
adverse reaction or substantial harm to cells and tissues in
the body, for instance, the polymer composition or device
does not cause unacceptable inflammation, necrosis, or an
infection resulting in harm to tissues from the implanted
scaffold. A “patient” is a human or non-human animal.

[0029] Non-limiting examples of a bioreodible polymer
useful for tissue or vascular growth scaffolds or the
described particles described herein include: a polyester, a
polyester-containing copolymer, a polyanhydride, a polyan-
hydride-containing copolymer, a polyorthoester, and a poly-
orthoester-containing copolymer. In one aspect, the polyes-
ter or polyester-containing copolymer is a poly(lactic-co-
glycolic) acid (PLGA) copolymer. In another embodiment,
the bioerodible polymer is selected from the group consist-
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ing of poly(lactic acid) (PLA); poly(trimethylene carbonate)
(PTMC); poly(caprolactone) (PCL); poly(glycolic acid)
(PGA); poly(glycolide-co-trimethylenecarbonate)
(PGTMC); poly(L-lactide-co-glycolide) (PLGA); polyeth-
ylene-glycol (PEG-) containing block copolymers; and
polyphosphazenes. Additional bioerodible, biocompatible
polymers include: a poly(ester urethane) urea (PEUU);
poly(ether ester urethane)urea (PEEUU); poly(ester car-
bonate)urethane urea (PECUU); poly(carbonate)urethane
urea (PCUU); a polyurethane; a polyester; a polymer com-
prising monomers derived from alpha-hydroxy acids such
as: polylactide, poly(lactide-co-glycolide), poly(L-lactide-
co-caprolactone), polyglycolic acid, poly(dl-lactide-co-gly-
colide), and/or poly(l-lactide-co-dl-lactide); a polymer com-
prising monomers derived from esters including
polyhydroxybutyrate, polyhydroxyvalerate, polydioxanone,
and/or polyglactin; a polymer comprising monomers
derived from lactones including polycaprolactone; or a
polymer comprising monomers derived from carbonates
including polycarbonate, polyglyconate, poly(glycolide-co-
trimethylene carbonate), or poly(glycolide-co-trimethylene
carbonate-co-dioxanone).

[0030] Non-erodable polymers either do not erode sub-
stantially in vivo or erode over a time period of greater than
two years. Compositions such as, for example and without
limitation, PTFE, poly(ethylene-co-vinyl acetate), poly(n-
butylmethacrylate), poly(styrene-b-isobutylene-b-styrene)
and polyethylene terephthalate are considered to be non-
erodable polymers. Other suitable non-erodable polymer
compositions are broadly known in the art, for example in
stent coating and transdermal reservoir technologies. The
growth scaffolds described herein may comprise a non-
erodible polymer composition.

[0031] Methods of preparation of the polymeric compo-
sitions described herein are broadly-known. For example,
diamines and diols are useful building blocks for preparing
the described polymer compositions. Diamines as described
above have the structure H,N—R—NH, where “R” is an
aliphatic or aromatic hydrocarbon or a hydrocarbon com-
prising aromatic and aliphatic regions. The hydrocarbon
may be linear or branched. Examples of useful diamines are
putrescine (R=butylene) and cadaverine (R=pentylene).
Useful diols include polycaprolactone (e.g., Mw 1000-
5000), multi-block copolymers, such as polycaprolactone-
PEG copolymers, including polycaprolactone-b-polyethyl-
ene glycol-b-polycaprolactone triblock copolymers of
varying sizes. Other building blocks for useful diols include,
without limitation glycolides (e.g. polyglycolic acid (PGA)),
lactides, dioxanones, and trimethylene carbonates. Diiso-
cyanates have the general structure OCN—R—NCO, where
“R” is an aliphatic or aromatic hydrocarbon or a hydrocar-
bon comprising aromatic and aliphatic regions. The hydro-
carbon may be linear or branched.

[0032] As aclass, stem cells and progenitor cells are cells
that are capable of differentiation into another cell type, such
as another progenitor cell or a fully differentiated, mature
cell, for example and without limitation, a somatic cell, that
has characteristic morphology and specialized functions.
Stem cells are found in all multi-cellular organisms.
Through mitotic cell division, they have the capacity to
self-renew and can differentiate into a diverse range of
specialized cell types. Mammalian stem cells include as a
class: embryonic stem cells, adult stem cells, and cord blood
stem cells. Embryonic Stem cells are derived from the inner
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cell mass of pre-implantation embryos. Adult stem cells are
found in adult tissue. Cord blood stem cells are derived from
the umbilical cord, which is rich in hematopoietic stem
cells—stem cells that can differentiate to form all cellular
components of blood. Embryonic Stem cells are pluripotent.
They are able to differentiate into all of the somatic cell
types of the three primary germ layers: the ectoderm, the
mesoderm and the endoderm. Embryonic Stem cells differ-
entiate into the different cell types in the adult body. Absent
stimulation to differentiate, embryonic Stem cells can
expand indefinitely, maintaining pluripotency.

[0033] Adult stem cells also can self-renew indefinitely;
however, unlike embryonic stem cells, are not pluripotent.
They are multipotent in that they can differentiate into some,
but not all mature cell types that have characteristic mor-
phologies and specialized functions. Recent studies have
shown that adult stem cells have a degree of plasticity and
can be encouraged to differentiate into other cell lincages, a
process also known as transdifferentiation. A non-exhaustive
and non-limiting list of adult stem cells includes: mammary,
intestinal, mesenchymal, endothelial, neural, olfactory, neu-
ral crest and testicular stem cells (adult germline stem cells.
Exceptions to the lack of pluripotency of adult stem cells
include non-embryonic cell types known as “Blastomere
Like Stem Cells” (BLSCs) and “very small embryonic like”
(VSEL) stem cells, which, though dormant, exhibit pluripo-
tency (See, e.g., WO 2007100845).

[0034] Typically, stem cells generate an intermediate cell
type or types before they achieve their fully differentiated
state. The intermediate cell is called a precursor or progeni-
tor cell. Progenitor or precursor cells in fetal or adult tissues
are partly differentiated cells that divide and give rise to
differentiated cells. Such cells are usually regarded as “com-
mitted” to differentiating into one or more further differen-
tiated cell types along a particular cellular development
pathway, but there are exceptions. Although they can dif-
ferentiate into one or more cell types, unlike adult stem cells,
adult progenitor cells cannot renew indefinitely, though they
typically can retain their multipotency for several rounds of
cell division.

[0035] Mesenchymal stem cells (“MSCs”, also referred to
as bone marrow stromal stem cells, skeletal stem cells, or
mesenchymal stromal cells) are broadly-known, and make
up a small proportion of the stromal cell population in the
bone marrow. MSCs can generate bone, cartilage, and fat
cells that support the formation of blood and fibrous con-
nective tissue. They have been reported to be present in
many tissues. Those from bone marrow (bone marrow
stromal stem cells, skeletal stem cells) give rise to a variety
of cell types: bone cells (osteoblasts and osteocytes), carti-
lage cells (chondrocytes), fat cells (adipocytes), and stromal
cells that support blood formation. A variety of methods of
preparing MSCs are known to those of skill in the art, e.g.
as shown below.

[0036] For use in the methods, compositions and products
described herein, the cells cultured for use in the production
of conditioned are healthy, in that the cells are obtained from
a healthy, non-aged human (or in the case of veterinary uses,
from a healthy, non-aged animal), e.g., in the case of
humans, a non-diabetic, non-aged (e.g., under 45 years old)
person.

[0037] Cell growth media or medium is a solution used to
support growth and optionally expansion of a cell population
in vitro. A large variety of media are available commercially.
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Often serum, such as fetal bovine serum, is used to promote
cell growth. Additional factors, including buffers, co-factors,
antimicrobials, salts, cellular extracts and/or amino acids,
carbon source(s), among other factors, are included in
various media. For different mammalian cell types, different
ingredients are present in any given medium, which often is
optimized to promote growth and expansion of that given
cell type. The end-use of the cells also is taken into consid-
eration when formulating and optimizing a particular
medium. For example, to produce cells or conditioned
medium for use in human patients, “xeno free” (xenogeneic-
free) media may be used, which contains no natural prod-
ucts, e.g., proteins or other potentially antigenic substances,
obtained from non-human sources, such as fetal bovine
serum, or cell extracts. “Xeno-free” relates to the species in
which the conditioned media is to be used, and therefore if
the conditioned media is to be used in humans or for
propagating human cells, the media contains no non-human
products (e.g. proteins or serum), while if the conditioned
media is to be used for veterinary purposes, e.g. in dogs or
for propagating dog cells, the media contains no products
from a different species. A non-limiting example of a useful,
xeno-free, medium for expansion of human mesenchymal
stem cells is StemXVivo® Xeno-Free Human MSC Expan-
sion Media (R&D Systems). Other media for expansion of
mesenchymal stem cells are commercially available and/or
described in the literature.

[0038] As indicated above, despite their clear value in the
remodeling process and host acceptance of an implanted
graft, the mesenchymal stem cells (MSCs) of an MSC-based
TEVG are in fact a significant rate-limiting barrier to this
technology reaching its clinical promise.

[0039] First, approaches to date have utilized cells from
healthy humans or animals providing minimal relevance to
realistic clinical situations—to patients at high cardiovascu-
lar risk who would routinely need this therapy. Autologous
cell seeding of biodegradable scaffold materials is frequently
utilized for TEVGs in order to offer resistance to acute
thrombosis, to prevent stenosis, and to provide paracrine/
secreted factors to encourage substantial remodeling of the
graft in the form of host cell recruitment. Recent studies
have shown that these seeded cells are not retained in the
TEVGs long term but are needed acutely to provide these
benefits until the host environment can adequately take over.
Mesenchymal stem cells (MSCs) are a potent cell type
which can lead to a successful TEVG, as they secrete
pro-migratory, mitogenic, anti-thrombogenic, and immuno-
regulatory proteins. However, the function of autologous
cells is highly dependent on patient demographics. For
example, studies have shown that MSCs from patient popu-
lations who would be routinely targeted by a vascular graft,
including the elderly or diabetics, are functionally deficient,
providing reduced ability to maintain TEVG patency,
reduced anti-thrombotic activity, stunted differentiation, and
lack of pro-migratory secreted factors, all which are counter
to successful TEVG remodeling. As such, the promise of
autologous MSCs in tissue engineering approaches for vas-
cular replacement may not be tractable for those significant
patient populations in need. Thus, pathological conditions
that are present in high-risk patients, such as diabetics, have
been shown to decrease the functionality of both their stem
and vascular cells. TEVGs constructed with MSCs from
diabetic patients exhibit lower patency rates than with MSCs
from non-diabetic patients. This underscores the importance
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of finding alternative means to create effective TEVGs for
these and other high-risk populations.

[0040] Second, cell-based TEVG approaches are also lim-
ited due to their failure to address practical barriers such as
fabrication time and the need for in vitro or ex vivo cell or
tissue culture. An approach requiring in vitro or ex vivo
culture, for example, is clinically unrealistic due to exces-
sive prep/wait time and costs. Regulatory concerns also arise
with in vitro culture due to the potential for cellular trans-
formation or contamination, particularly when the cells are
exposed to animal-sourced media supplements (e.g., bovine
serum).

[0041] While microsphere particles have been utilized to
deliver distinct factors, the controlled delivery of MSC
conditioned media within a tissue engineering application
has yet to be achieved. Microspheres are commonly used as
a delivery vehicle and offer the ability to fine tune their
properties to achieve a variety of sizes (e.g., on the order of
1 um and 10 pm) and timed release rates (e.g., <1 week and
>1 month). Additionally, they have been extensively utilized
to release several compounds ranging from growth factors
(e.g., VEGF, FGF, PDGF, MCP-1, TGF-beta, EGF, BMP-2,
BMP-7, IGF-1, drugs, peptides, and siRNAs). Often times
these are delivered as single factors, but studies have begun
to show the delivery of two factors simultaneously through
encapsulation within either the same microsphere or using
two separate populations. However, achieving therapeuti-
cally relevant doses and appropriately timed releases with
microspheres has been difficult. Mixed results have been
seen when encapsulating two different factors within the
same formulation of particles either showing the same
release profile or drastically different ones. Most often,
investigators opt for approaches that utilize one microsphere
encapsulated factor with another positioned externally in a
separate medium or utilize different microsphere composi-
tions when attempting to fine-tune temporal release.

[0042] Polymer particles are tunable with regards to their
release of cargo, which can be used to mimic the action of,
e.g. MSCs in TEVG. Several parameters can be controllably
varied for this purpose, including polymer composition,
concentration and/or composition of encapsulated factors,
and particle porosity (pore diameter) (Rothstein S N, Little
S R. A “tool box” for rational design of degradable con-
trolled release formulations. J Mater Chem 21, 29, 2011).
Some of the fabrication methods that we use are highlighted
in FIG. 3 and are presented in more detail in several
publications (Rothstein S N, et al., A simple model frame-
work for the prediction of controlled release from bulk
eroding polymer matrices. ] Mater Chem 18, 1873, 2008;
Rothstein S N, et al., A unified mathematical model for the
prediction of controlled release from surface and bulk erod-
ing polymer matrices. Biomaterials 30, 1657, 2009; Roth-
stein S N, et al., A retrospective mathematical analysis of
controlled release design and experimentation. Mol. Pharm.
9,3003, 2012). A unique mathematical modeling techniques
and finite element analysis (COMSOL Multiphysics) has
been developed to directly translate desired release profiles
into several physically relevant fabrication “instructions.”
This model uses five parameters as opposed to past models
which require up to 19 ad hoc parameters, many of which
cannot be measured and instead must be mathematically
“fitted” for each system. The model’s five design parameters
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can be easily tuned using fabrication machinery housed in
our laboratories, including: 1) overall particle radius (Rp,
which is experimentally governed by homogenization speed
during a double emulsion fabrication process), 2) inner
occlusion or pore size (Rocc, controlled by sonication power
input during the double emulsion process), 3) polymer
molecular weight (Mwo, polymers of different Mwo’s are
commercially available), 4) molecular weight of the drug/
biomolecule (Mwd) and 5) the degradation rate constant for
PLGA (kCw, exhaustively studied in the literature (Roth-
stein S N, et al., A simple model framework for the predic-
tion of controlled release from bulk eroding polymer matri-
ces. ] Mater Chem 18, 1873, 2008; Rothstein S N, et al., A
unified mathematical model for the prediction of controlled
release from surface and bulk eroding polymer matrices.
Biomaterials 30, 1657, 2009) for various, FDA-approved,
PLGA copolymer residues) (FIG. 3). Together, these tunable
formulation properties can predictably dictate the release
behavior of a system and (in turn) the desired release profile
can inform the engineer as to exactly how a formulation
should be built in order to achieve that desired behavior. The
in silico release profile can inform us how to make our
particles without an extensive iterative experimental process
(Rothstein S N, et al., A simple model framework for the
prediction of controlled release from bulk eroding polymer
matrices. J Mater Chem 18, 1873, 2008; Rothstein S N, et
al.,, A unified mathematical model for the prediction of
controlled release from surface and bulk eroding polymer
matrices. Biomaterials 30, 1657, 2009; Rothstein S N, et al.,
A retrospective mathematical analysis of controlled release
design and experimentation. Mol. Pharm. 9, 3003, 2012).

[0043] A cell free TEVG technology using artificial stem
cells which do not possess the functional and practical
limitations of autologous cell is therefore provided. Among
the primary components of this system will be sets of novel,
finely tuned particles that are engineered to locally and
biomimetically release MSC secreted factors in a tissue
engineered construct.

[0044] In one aspect of the invention, a drug product,
device, drug dosage form, or, more generally a “product” is
provided. Provided is a formulation of particles as a system
for the controllable release of multiple bioactive factors
produced by specific cell types, such as mesenchymal stem
cells (MSCs). This is designed in such a way to mimic the
secretion performed by the cells themselves. In one aspect,
the formulation comprises particles or objects of any suit-
able degradable or non-degradable material, such as poly-
mer, ceramic, or osmotic release systems, that are porous or
non-porous, and conditioned media dispersed through the
particle or object. Conditioned media, as described herein,
may be delivered via any useful product, and in one aspect,
the product comprises a delivery matrix comprising the
conditioned media, for release of the conditioned media in
a controlled manner. The matrix can be any useful compo-
sition or physical structure, e.g., as are known in the phar-
maceutical arts. The matrix may have any suitable shape,
such as a particle, for example, as described herein, or as
fibers, sheets, capsules, or virtually any three-dimensional
shape, with the conditioned media incorporated into or
within (e.g., in pores, chambers, lumen, etc. within the
matrix) the matrix. In terms of composition, the matrix may
have any suitable composition and structure useful for
delivery of the constituents of consistent media. In one
aspect, the matrix is polymeric, e.g. as a porous and/or
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biodegradable matrix, ceramic, or lipid (e.g. as liposomes or
micellular), as are broadly known in the pharmaceutical arts.
As used herein, the term “ceramic composition” is a com-
position comprising ceramic, such as, without limitation:
calcium phosphates, silica, alumina, zirconia and titanium
dioxide, which are used for various medical applications due
to their positive interactions with human tissues. Ceramic
composites or compositions are characterized by high
mechanical strength, good body-response, and low or non-
existing biodegradability. Since degradability of ceramic
comprising compounds is slow, porosity may be introduced.
Ceramics may be combined with polymers, such as poly-
lactic acid-based polymers, etc. This combination may be
useful as it is combines the tailored degradability and high
release efficiencies of the polymer with the delayed/sus-
tained release characteristics of the ceramic material. In
another aspect, the matrix may form an osmotic release
system, wherein the drugs, growth factors, therapeutic
agents, etc. are controllably released by osmosis. In one
aspect, the conditioned media is lipid encapsulated, includ-
ing, e.g., triacylglycerides, phospholipids, waxes, or similar
materials.

[0045] By “slow” release, “delayed” release, “extended”
release, “modified”-release, it is meant that the constituents
of the conditioned media are released from the matrix over
time, and not immediately as a bolus, for example, and
without limitation, over 1, 2, 3,4, 5, 6,7, 8, 9, 10, 11, 12,
18, or 24 hours, or over 1, 2, 3, 4, 5, 6, 7, 14, or 21 days, or
even over weeks or months.

[0046] According to further aspects of the invention, par-
ticles, e.g. polymer particles are used as a matrix for
pharmaceutically-acceptable delivery conditioned media.
Particles can be of any useful size, typically ranging from
nanometer to micrometer scale (that is from 1 nm up to 1
mm average diameter), though larger or smaller particles are
possible. In one aspect, the particle or object comprises a
polymer. The polymer can be any pharmaceutically-accept-
able material, such as a polymer, such as a poly(lactic-co-
glycolic acid) copolymer, that encapsulates MSC-condi-
tioned media. In one aspect, particles are prepared by a
unique fabrication scheme described herein that allows for
secretion of multiple bioactive factors over an extended time
course. Such particles are referred to herein as “artificial
cells”, “artificial stem cells” (relating specifically to stem
cells) or “artificial MSCs” (relating specifically to MSCs).
MSCs are exemplary, and the compositions, methods, and
devices described herein are equally applicable to other cell
types.

[0047] As used herein “particles” do not imply a size,
though in one aspect the particles have a longest measure-
ment of less than 1 mm, and in another, less than 100 pM.
In one aspect the particles can pass through a mesh having
the stated pore size. For example, a particle having a longest
measurement of 100 uM can pass through a mesh having a
pore size of 100 uM, but not a mesh having a smaller pore
size. The particles may be any shape, such as spherical,
oblong, irregular, etc., and therefore can be microspheres or
nanospheres. The combination of delivered factors and the
way in which they are delivered are unique features of the
compositions, structures and devices provided herein. The
method of delivery can be tuned to release individual factors
for alternative applications. Under traditional fabrication
methods for extended release particles, particles are created
in non-porous or porous formulations. While this cumula-
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tively achieves a sustained release, the diameter variation of
different loaded factors may cause differences in release
time due to size-exclusion and entrapment within the walls
of these particles. To overcome this limitation according to
one aspect of the invention, “artificial cells” or, e.g., “arti-
ficial MSCs” are fabricated utilizing highly-porous particles
which perform an immediate bulk release of their cargo and
achieve simultaneous release of multiple factors. For deliv-
ery over an extended time course, a population of “artificial
cells” is provided comprising multiple subpopulations of
particles—each tuned to release on a time-delay. Utilized
together, this allows for a consistent stream of bolus releases
which cumulatively achieving a sustained release over time.
Achieving consistent release of multiple factors over an
extended time course is a significant challenge in the field of
drug delivery. Artificial cells, such as MSCs (e.g.), as
described herein overcome this by their unique ability to
deliver a multitude of factors simultaneously and do so
consistently over time.

[0048] Additionally, as this acts to mimic the secretion of
factors by cells, progenitor cells, stem cells, or MSCs,
artificial cells can be utilized as an alternative to live cells to
achieve the same benefits of real cells. This is beneficial in
situations where there are immunological concerns (as in the
case of allogeneic or xenogenic cell use) as particles will not
be attacked by the immune system, or when functional
efficacy of a patient’s own cells, such as MSCs, are degraded
or lost, such as in diseased or aged populations, and thus are
non-viable for certain cell therapies.

[0049] Due to the tunable nature of the described particles,
artificial cells, e.g., artificial MSCs, can be utilized in any
application in which controlled release of factors produced
by cells, such as MSCs is required. This can include but is
not limited to cell therapy, tissue engineering, immuno-
therapy, treatment of inflammatory disorders or disorders
involving bone loss, etc.

[0050] In one aspect, cellular (e.g. MSC) secreted factors
are first obtained by administering fresh culture media to a
near confluent flask of cells, such as MSCs, and returning the
cells to an incubator to undergo additional culture. During
this time, cells, e.g. MSCs, secrete potent factors and thereby
“condition” their media. After several days, the now condi-
tioned media is collected and utilized for subsequent encap-
sulation within polymeric, e.g. poly(lactic-coglycolic acid),
particles. In one aspect, to achieve a desirable release pattern
(e.g., (1) the release of a complete set of factors and (2) the
continued release of those factors over an established time
course), several particle sub-populations are fabricated
which constitute the entirety of artificial cells (e.g., MSCs).
These consist of particles produced in a highly-porous
formulation designed to achieve an immediate release of all
factors but each sub-population of particles is tailored to a
time delay to achieve a cumulative sustained release. This
simultaneous release can also be achieved using less-porous
formulations.

[0051] According to another aspect is the application of
artificial cells, e.g., artificial MSCs, for vascular tissue
engineering, namely, their use as a replacement for the
autologous cells that would traditionally be utilized. Accord-
ing to one aspect, artificial cells, e.g., artificial MSCs, are
produced and incorporated within a synthetic, biodegrad-
able, elastomeric, polymer scaffold. The combination of
artificial cells, e.g., artificial MSCs, plus scaffold is utilized
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in one aspect as a vascular replacement/graft to replace
damaged or diseased vascular segments with healthy ones.
[0052] In addition to the aforementioned benefits that
artificial cells, e.g. MSCs, provide (lack of immunological
concerns, consistent functionality irrespective of patient
demographics), this combination product is superior in
terms of practicality and cost when compared to many
current tissue engineered vascular grafts. In particular, as
autologous cells are no longer required, additional proce-
dures do not need to be performed on patients as a means to
isolate cells or suitable vascular segments. In addition,
artificial cells, e.g., MSCs, can be created in substantial
quantity in advance and subsequently stored allowing them
to be applied in emergency situations. This is superior as
compared cellular approaches which could require weeks of
cell culture to obtain appropriate quantities. As such, the
artificial cells are amenable to large-scale commercial prepa-
ration, distribution, and can be highly-standardized.

[0053] In one aspect, artificial MSCs are vacuum-seeded
from the lumen outward into a porous elastic polymer tube.
The seeded tube could then be stored or directly implanted.
In one aspect, a porous polymer tube is prepared from a
suitable biodegradable polymer composition by any method,
e.g., by electrospinning or TIPS, and may comprise one or
more concentric layers with one layer having a first com-
position and/or physical structure, and a second layer having
a second composition and/or a second physical structure.
For example, a first layer may be produced by a TIPS
method, and a second layer may be electrodeposited about
(e.g. concentrically around) the first layer. To “seed” the
construct with the artificial cells described herein, a vacuum
is applied to first side of the layers and the artificial cells are
deposited on the opposite side of the layers, such that the
artificial cells are sucked into the matrix of the layers.
Likewise, increased pressure on one side of the layers would
force artificial cells placed on the same side of the layers into
the matrix.

[0054] According to one aspect of the invention, a method
of preparing a controlled-release composition is provided
comprising: culturing cells in cell culture medium, option-
ally for at least one hour, for example, from one hour to two
weeks, including increments therebetween, such as: 1, 2, 3,
6,8, 12, 18, or 24 hours, 1, 2,3, 4, 5,6,7,8, 9, 10, 11, 12,
13, or 14 days, and increments therebetween, e.g., from 1 to
4, or from 1 to 5 days, and increments therebetween, thereby
producing conditioned medium. Next, collecting the condi-
tioned medium. Optionally concentrating the conditioned
medium, for example and without limitation by freezing and
lyophilizing the medium and reconstituting the medium in a
volume smaller than the original volume of medium col-
lected from the cell culture, to produce a medium concen-
trate, that is, for example, 2x, 3x, 4x, 5x, 10x, or 20x.

[0055] In one aspect, particles containing the conditioned
medium that are capable of burst-release or sustained release
of active agents are broadly-known and have any pharma-
ceutically-acceptable composition or structure. Such par-
ticles can be prepared by any useful method, as are broadly-
known by those of ordinary skill in the art. In one aspect, the
particles are prepared by cross-linking (e.g. spontaneous
cross-linking with, for example and without limitation,
alginate). In another aspect, the compositions are prepared
by emulsification. An emulsion can be prepared, for
example, by microfluidics, membrane emulsification, soni-
cation, homogenization, or any useful emulsification
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method, such as the method described below. In one aspect
an emulsion is formed by sonicating the conditioned
medium in a volatile solvent (for example and without
limitation, an organic solvent having a boiling point of less
than 100° C., for example pentane, cyclopentane, hexane,
cyclohexane, benzene, chloroform, diethyl ether, or dichlo-
romethane), comprising a polymer to produce a micro-
emulsion, followed by homogenizing the micro-emulsion in
an aqueous phase, so that particles precipitate as the solvent
evaporates. In one aspect, the conditioned medium is
medium from culture of a stem cell, a progenitor cell, an
immune cell, a secretory cell, or an islet cell. In another
aspect, the conditioned medium is medium from culture of
a mesenchymal stem cell, a macrophage or an islet cell. In
one aspect, the polymer is a polyester or polyester-contain-
ing copolymer, such as a poly(lactic-co-glycolic) acid
(PLGA); a poly(lactic acid) (PLA); a poly(trimethylene
carbonate) (PTMC); poly(caprolactone) (PCL); a poly(gly-
colic acid) (PGA); or a poly(glycolide-co-trimethylenecar-
bonate) (PGTMC).

[0056] Inanother aspect of the invention, a composition is
provided comprising a first particle, e.g. having a first
diameter, average pore size, and/or porosity, and comprising
a first composition, e.g. a polymer composition, comprising
conditioned medium from a mesenchymal stem cell culture,
and having a first release profile of the conditioned medium,
e.g, in blood, water, PBS or saline. In one aspect, the
composition further comprises a second particle different
from the first particle, e.g., having a second diameter,
average pore size, and/or porosity, and comprising a com-
position, e.g. a polymer composition, that is the same or
different from the composition of the first particle, and
comprising conditioned medium from a cell culture and has
a second release profile of the conditioned medium, e.g., in
blood, water, PBS or saline different from the first release
profile, thereby producing an extended release profile,
releasing effective amounts of conditioned medium beyond
the first release profile. The composition also may optionally
comprise one or more additional particles comprising con-
ditioned medium from a cell culture and having a release
profile of the conditioned medium, e.g., in blood, water, PBS
or saline different from the first and second release profile,
thereby further extending release of effective amounts of
conditioned medium beyond the first and second release
profile. Conditioned medium may be full strength (1x),
diluted (<1x) or concentrated (>1x). In one aspect, the
conditioned medium is concentrated. In another aspect, the
conditioned medium is medium from culture of a stem cell,
a progenitor cell, an immune cell, a secretory cell, or an islet
cell for example, wherein the conditioned medium is
medium from culture of a mesenchymal stem cell, a mac-
rophage or an islet cell. In one aspect, the first polymer, and
optionally the second and/or additional polymer is a poly-
ester or polyester-containing copolymer, such as a poly
(lactic-co-glycolic) acid (PLGA); a poly(lactic acid) (PLA);
a poly(trimethylene carbonate) (PTMC); poly(caprolactone)
(PCL); a poly(glycolic acid) (PGA); or a poly(glycolide-co-
trimethylenecarbonate) (PGTMC). In one aspect, the con-
ditioned media of the second and/or one or more additional
particles is medium from culture of a stem cell, a progenitor
cell, an immune cell, a secretory cell, or an islet cell. For
example, wherein the conditioned medium of the first,



US 2023/0285290 Al

second, and/or one or more additional particles is medium
from culture of a mesenchymal stem cell, a macrophage or
an islet cell.

[0057] In another aspect, a controlled release pharmaceu-
tical device, such as a controlled release implant, comprising
conditioned media is provided. In a further aspect, the
device comprises a polymer in which the conditioned media
is distributed or otherwise contained. By “distributed”, it is
not implied that the conditioned media is evenly or uni-
formly distributed throughout the polymer. Controlled-re-
lease devices are broadly-known and range from composi-
tions in which an active agent (e.g., the conditioned media
described herein) is evenly-distributed, mixed with,
absorbed into, adsorbed to, encapsulated within, layered
within, or any other physical arrangement as are known in
the pharmaceutical arts. Controlled release devices may
include suitable carriers—that is “excipients”, as are
broadly-known. An excipient is an inactive substance used
as a carrier for the active ingredients of a medication.
Although “inactive,” excipients may facilitate and aid in
increasing or otherwise controlling or affecting the delivery
or bioavailability of an active ingredient in a drug product.
Non-limiting examples of useful excipients include: antiad-
herents, binders, rheology modifiers, coatings, disintegrants,
emulsifiers, oils, buffers, salts, acids, bases, fillers, diluents,
solvents, flavors, colorants, glidants, lubricants, preserva-
tives, antioxidants, sorbents, vitamins, sweeteners, etc., as
are available in the pharmaceutical/compounding arts.
[0058] In another aspect of the invention, a device, e.g. a
tissue growth scaffold, is provided comprising a porous,
biocompatible polymer, and a first particle, e.g. having a first
diameter, average pore size, and/or porosity, and comprising
a first composition, e.g. a polymer composition, comprising
conditioned medium from a cell culture, such as a mesen-
chymal stem cell culture, and having a first release profile of
the conditioned medium, e.g. in blood, water, PBS or saline.
In one aspect, the composition further comprises a second
particle different from the first particle, e.g., having a second
diameter, average pore size, and/or porosity, and comprising
a composition, e.g. a polymer composition, that is the same
or different from the composition of the first particle, and
comprising conditioned medium from a cell culture and has
a second release profile of the conditioned medium, e.g. in
blood, water, PBS or saline different from the first release
profile, thereby producing an extended release profile,
releasing effective amounts of conditioned medium beyond
the first release profile. The composition also may optionally
comprise one or more additional particles comprising con-
ditioned medium from a cell culture and having a release
profile of the conditioned medium, e.g. in blood, water, PBS
or saline different from the first and second release profile,
thereby further extending release of effective amounts of
conditioned medium beyond the first and second release
profile.

[0059] In another aspect, the conditioned medium accord-
ing to any aspect of the invention described herein is
medium from culture of a stem cell, a progenitor cell, an
immune cell, a secretory cell, or an islet cell for example,
wherein the conditioned medium is medium from culture of
a mesenchymal stem cell, a macrophage or an islet cell.
[0060] In one aspect, the tissue growth scaffold is a tube
or tubular having a uniform or non-uniform cross-section,
for example mimicking the shape of a tubular tissue, such as
a vein, artery, esophagus, intestine, or other tubular ana-
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tomical structure. In another, it is a sheet. In yet another
aspect, the tissue growth scaffold has a shape of an ana-
tomical feature, such as a heart valve, muscle, cartilage,
bone, etc.

[0061] In one example, a blood vessel growth scaffold is
provided comprising a porous tube of a biocompatible
polymer and a first particle, e.g. having a first diameter,
average pore size, and/or porosity, and comprising a first
composition, e.g. a polymer composition, comprising con-
ditioned medium from a mesenchymal stem cell culture, and
having a first release profile of the conditioned medium in,
e.g., blood, water, PBS or saline. In one aspect, the compo-
sition further comprises a second particle different from the
first particle, e.g., having a second diameter, average pore
size, and/or porosity, and comprising a composition, e.g. a
polymer composition, that is the same or different from the
composition of the first particle, and comprising conditioned
medium from a cell culture and has a second release profile
of the conditioned medium in, e.g., blood, water, PBS or
saline different from the first release profile, thereby pro-
ducing an extended release profile, releasing effective
amounts of conditioned medium beyond the first release
profile. The composition also may optionally comprise one
or more additional particles comprising conditioned medium
from a cell culture and having a release profile of the
conditioned medium in, e.g., blood, water, PBS or saline
different from the first and second release profile, thereby
further extending release of effective amounts of condi-
tioned medium beyond the first and second release profile.
In another aspect, the biocompatible polymer of the porous
tube is bioerodible.

[0062] In use, the described tissue or blood vessel growth
scaffold is implanted in a patient at a site of tissue to be
replaced or anastomosed to a blood vessel or other tubular
tissue. Thus provided according to one aspect of the inven-
tion is a method of producing tissue, such as blood vessel,
in a patient, comprising implanting a tissue growth scaffold,
or a blood vessel growth scaffold according to any aspect
described herein in a patient.

[0063] Inaddition to the conditioned medium, other active
agents may be incorporated into the particles, controlled-
release devices, and/or tissue growth scaffold into which the
particles are distributed, e.g. by mixing into the conditioned
medium prior to incorporation into the particles, or by
adsorption to or absorbance into the particles. As indicated
above, the active agents may be growth factors, cytokines
chemoattractants, and/or inflammation regulators, used to
supplement the conditioned medium to tailor the cellular
response, deposition, growth and other aspects of the tissue
remodeling process as it occurs on the artificial growth
scaffolds described herein. Specific examples of active
agents, include: a growth factor, a small molecule, a cyto-
kine, drug, a biologic, a protein or polypeptide, a chemoat-
tractant, a binding reagent, an antibody or antibody frag-
ment, a receptor or a receptor fragment, a ligand, or an
antigen and/or an epitope. Specific examples of active
agents include interleukins (IL), such as IL-2 and IL-12
(e.g., IL-12 p70), and interferons (IFN), such as IFN-y.
[0064] Additional active agents that may be incorporated
into the particles and/or growth scaffold include, without
limitation, anti-inflammatories, such as, without limitation,
NSAIDs (non-steroidal anti-inflammatory drugs) such as
salicylic acid, indomethacin, sodium indomethacin trihy-
drate, salicylamide, naproxen, colchicine, fenoprofen, sulin-
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dac, diflunisal, diclofenac, indoprofen sodium salicylamide,
anti-inflammatory cytokines, and anti-inflammatory proteins
or steroidal anti-inflammatory agents); antibiotics; anticlot-
ting factors such as heparin, Pebac, enoxaparin, aspirin,
hirudin, plavix, bivalirudin, prasugrel, idraparinux, warfarin,
coumadin, clopidogrel, PPACK, GGACK, tissue plasmino-
gen activator, urokinase, and streptokinase; growth factors.
Other active agents include, without limitation: (1) immu-
nosuppressants; glucocorticoids such as hydrocortisone,
betamethasone, dexamethasone, flumethasone, isoflupre-
done, methylprednisolone, prednisone, prednisolone, and
triamcinolone acetonide; (2) antiangiogenics such as fluo-
rouracil, paclitaxel, doxorubicin, cisplatin, methotrexate,
cyclophosphamide, etoposide, pegaptanib, lucentis, trypto-
phanyl-tRNA synthetase, retaane, CA4P, AAPEDF, VEGF-
TRAP-EYE, AG-103958, Avastin, JSM6427, TG100801,
ATG3, OT-551, endostatin, thalidomide, bevacizumab, neo-
vastat; (3) anti-proliferatives such as sirolimus, paclitaxel,
perillyl alcohol, farnesyl transferase inhibitors, FPTIII,
1744, anti-proliferative factor, Van 10/4, doxorubicin, 5-FU,
Daunomycin, Mitomycin, dexamethasone, azathioprine,
chlorambucil, cyclophosphamide, methotrexate, mofetil,
vasoactive intestinal polypeptide, and PACAP; (4) antibod-
ies; drugs acting on immunophilins, such as cyclosporine,
zotarolimus, everolimus, tacrolimus and sirolimus (rapamy-
cin), interferons, TNF binding proteins; (5) taxanes, such as
paclitaxel and docetaxel; statins, such as atorvastatin, lov-
astatin, simvastatin, pravastatin, fluvastatin and rosuvasta-
tin; (6) nitric oxide donors or precursors, such as, without
limitation, Angeli’s Salt, L-Arginine, Free Base, nitrates,
nitrites, Diethylamine NONOate, Diethylamine NONOate/
AM, Glyco-SNAP-1, Glyco-SNAP-2, S-Nitroso-N-acetyl-
penicillamine, S-Nitrosoglutathione, NOC-5, NOC-7, NOC-
9, NOC-12, NOC-18, NOR-1, NOR-3, SIN-I,
Hydrochloride, Sodium Nitroprusside, Dihydrate, Spermine
NONOate, Streptozotocin; and (7) antibiotics, such as, with-
out limitation: acyclovir, ofloxacin, ampicillin, amphotericin
B, atovaquone, azithromycin, ciprofloxacin, clarithromycin,
clindamycin, clofazimine, dapsone, diclazuril, doxycycline,
erythromycin, ethambutol, fluconazole, fluoroquinolones,
foscarnet, ganciclovir, gentamicin, itraconazole, isoniazid,
ketoconazole, levofloxacin, lincomycin, miconazole, neo-
mycin, norfloxacin, ofloxacin, paromomycin, penicillin,
pentamidine, polymyxin B, pyrazinamide, pyrimethamine,
rifabutin, rifampin, sparfloxacin, streptomycin, sulfadiazine,
tetracycline, tobramycin, trifluorouridine, trimethoprim sul-
fate, Zn-pyrithione, and silver salts such as chloride, bro-
mide, iodide and periodate.

[0065] Further examples of additional active agents
include: basic fibroblast growth factor (bFGF or FGF-2),
acidic fibroblast growth factor (aFGF), nerve growth factor
(NGF), vascular endothelial growth factor (VEGF), hepato-
cyte growth factor (HGF), transforming growth factor-beta
pleiotrophin protein, midkine protein, platelet-derived
growth factor (PDGF) and angiopoietin-1 (Ang-1). Active
agents are included in the delivery system described herein,
and are administered in amounts effective to achieve a
desired end-point, such as angiogenesis, tissue growth,
inhibition of tissue growth, or any other desirable end-point.

[0066] In one aspect, a tissue growth scaffold is provided,
such as a tubular structure suitable for replacement of a
blood vessel, esophagus, intestine, or any other tubular
anatomical structure. In another aspect, the tissue growth
scaffold is formed as a sheet. In yet another aspect, the tissue
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growth scaffold is formed in a three-dimensional sheet. A
variety of methods are available to form such structures,
such as Thermally Induced Phase Separation (TIPS) meth-
ods and Non-solvent Induced Phase Separation (NIPS),
which is useful for production of porous polymer structures.
Additionally, high-resolution 3D printing technologies can
deposit materials with microscale resolution, permitting
highly-organized structures.

[0067] One useful method for producing the tissue struc-
tures and/or controlled-release devices is electrodeposition.
The polymeric scaffold can be electrospun, e.g., on a man-
drel in the case of a tubular tissue scaffold, e.g. a vascular
tissue. The particles can be added to the tissue scaffold by
concurrent electrospraying, or by vacuum, as described
elsewhere herein. Electrospinning permits fabrication of
scaffolds that resemble the scale and fibrous nature of the
native extracellular matrix (ECM). The ECM is composed of
fibers, pores, and other surface features at the sub-micron
and nanometer size scale. Such features directly impact
cellular interactions with synthetic materials such as migra-
tion and orientation. Electrospinning also permits fabrica-
tion of oriented fibers to result in anisotropic scaffolds.
These aligned scaffolds can influence cellular growth, mor-
phology and ECM production. For example, Xu et al. found
smooth muscle cell (SMC) alignment with poly(L-lactide-
co-g-caprolactone) fibers (Xu C. Y., et al. “Aligned biode-
gradable nanofibrous structure: a potential for blood vessel
engineering”, Biomaterials 2004 (25) 877-86.) and Lee et al.
submitted aligned non-biodegradable polyurethane to
mechanical stimulation and found cells cultured on aligned
scaffolds produced more ECM than those on randomly
organized scaffolds (Lee C. H., Shin H. J., Cho 1. H., Kang
Y. M. Kim 1. A, Park K. D., Shin, J. W., “Nanofiber
alignment and direction of mechanical strain affect the ECM
production of human ACL fibroblast”, Biomaterials 2005
(26) 1261-1270).

[0068] Generally, the process of electrospinning involves
placing a polymer-containing fluid (e.g, a polymer solution,
a polymer suspension, or a polymer melt) in a reservoir
equipped with a small orifice, such as a needle or pipette tip
and a metering pump. One electrode of a high voltage source
is also placed in electrical contact with the polymer-con-
taining fluid or orifice, while the other electrode is placed in
electrical contact with a target (typically a collector screen
or rotating mandrel). During electrospinning, the polymer-
containing fluid is charged by the application of high voltage
to the solution or orifice (e.g., about 3-15 kV) and then
forced through the small orifice by the metering pump that
provides steady flow. While the polymer-containing fluid at
the orifice normally would have a hemispherical shape due
to surface tension, the application of the high voltage causes
the otherwise hemispherically shaped polymer-containing
fluid at the orifice to elongate to form a conical shape known
as a Taylor cone. With sufficiently high voltage applied to
the polymer-containing fluid and/or orifice, the repulsive
electrostatic force of the charged polymer-containing fluid
overcomes the surface tension and a charged jet of fluid is
ejected from the tip of the Taylor cone and accelerated
towards the target, which typically is biased between -2 to
-10 kV. Optionally, a focusing ring with an applied bias
(e.g., 1-10 kV) can be used to direct the trajectory of the
charged jet of polymer-containing fluid. As the charged jet
of fluid travels towards the biased target, it undergoes a
complicated whipping and bending motion. If the fluid is a
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polymer solution or suspension, the solvent typically evapo-
rates during mid-flight, leaving behind a polymer fiber on
the biased target. If the fluid is a polymer melt, the molten
polymer cools and solidifies in mid-flight and is collected as
a polymer fiber on the biased target. As the polymer fibers
accumulate on the biased target, a non-woven, porous mesh
(matrix) is formed on the biased target.

[0069] The properties of the electrospun elastomeric
matrices can be tailored by varying the electrospinning
conditions. For example, when the biased target is relatively
close to the orifice, the resulting electrospun mesh tends to
contain unevenly thick fibers, such that some areas of the
fiber have a “bead-like” appearance. However, as the biased
target is moved further away from the orifice, the fibers of
the non-woven mesh tend to be more uniform in thickness.
Moreover, the biased target can be moved relative to the
orifice. In certain embodiments, the biased target is moved
back and forth in a regular, periodic fashion, such that fibers
of the non-woven mesh are substantially parallel to each
other. When this is the case, the resulting non-woven mesh
may be anisotropic, e.g., having a higher resistance to strain
in the direction parallel to the fibers, compared to the
direction perpendicular to the fibers. In other embodiments,
the biased target is moved randomly relative to the orifice,
so that the resistance to strain in the plane of the non-woven
mesh is isotropic. The target can also be a rotating mandrel.
In this case, the properties of the non-woven mesh may be
changed by varying the speed of rotation. The properties of
the electrospun elastomeric scaffold may also be varied by
changing the magnitude of the voltages applied to the
electrospinning system.

[0070] Electrospinning may be performed using two or
more nozzles, wherein each nozzle is a source of a different
polymer solution. The nozzles may be biased with different
biases or the same bias in order to tailor the physical and
chemical properties of the resulting non-woven polymeric
mesh. Additionally, many different targets may be used. In
addition to a flat, plate-like target, a mandrel may be used as
a target.

[0071] When the electrospinning is to be performed using
a polymer suspension, the concentration of the polymeric
component in the suspension can also be varied to modify
the physical properties of the elastomeric scaffold. For
example, when the polymeric component is present at rela-
tively low concentration, the resulting fibers of the electro-
spun non-woven mesh have a smaller diameter than when
the polymeric component is present at relatively high con-
centration. Without any intention to be limited by this theory,
it is believed that lower concentration solutions have a lower
viscosity, leading to faster flow through the orifice to pro-
duce thinner fibers. One skilled in the art can adjust polymer
concentrations to obtain fibers of desired characteristics.
Useful ranges of concentrations for the polymer component
include from about 1% wt. to about 15% wt., from about 4%
wt. to about 10% wt. and from about 6% wt. to about 8% wt.

[0072] Thickness of the matrix can be controlled by either
adjusting the viscosity of the polymer composition to be
deposited and/or adjusting duration of the electrospinning.
Use of more viscous polymer composition may result in
thicker fibers, requiring less time to deposit a matrix of a
desired thickness. Use of a less viscous polymer composi-
tion may result in thinner fibers, requiring increased depo-
sition time to deposit a matrix of a desired thickness. The
thickness of the matrix and fibers within the matrix affects
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the speed of bioerosion of the matrix. These parameters are
optimized, depending on the end-use of the matrix, to
achieve a desired or optimal physiological effect.

[0073] TIPS can be combined with electrospinning. For
example, a tubular vascular scaffold can be manufactured by
first producing a tubular inner layer using TIPS, and then
electrospinning a second layer about the circumference of
the inner layer to provide improved structural strength. In
such a structure, it may be desirable to disperse the particles
into the scaffold by vacuum (e.g., by RVSD) as described
below.

[0074] Polymeric particles comprising conditioned media,
that is, the artificial cells described herein, may be distrib-
uted in or on a scaffold structure by any method, such as by
spraying, electrospraying, vacuum deposition, pressure
deposition, absorption, adsorption, etc. In one aspect, the
artificial cells are co-deposited by spraying concurrently
with electrodeposition of the scaffolding. In another aspect,
the artificial cells are distributed into the scaffolding by
applying a vacuum or pressure differential to the scaffold
that forces a solution containing the artificial cells to enter
the scaffold.

[0075] The cells that are used to provide conditioned
media for use in the particles described herein include,
without limitation, stem cells, progenitor (precursor) cells,
smooth muscle cells, skeletal myoblasts, myocardial cells,
endothelial cells, endothelial progenitor cells, bone-marrow
derived mesenchymal cells, neural cells, glial cells, and
neuronal and glial progenitor cells, chondrocytes and pro-
genitors thereof, osteogenic cells (e.g., osteoclasts) and
progenitors thereof, and genetically modified cells. In cer-
tain embodiments of the genetically-modified cells, the
genetically modified cells are capable of expressing a thera-
peutic substance, such as a growth factor. Examples of
suitable growth factors include angiogenic or neurotrophic
factor, which optionally may be obtained using recombinant
techniques. Non-limiting examples of growth factors
include basic fibroblast growth factor (bFGF), acidic fibro-
blast growth factor (aFGF), vascular endothelial growth
factor (VEGF), hepatocyte growth factor (HGF), insulin-
like growth factors (IGF), transforming growth factor-beta
pleiotrophin protein, midkine protein. A large variety of
genetically modified cells that might be used to produce
conditioned media, and the methods of making and using
those cells are known or can be developed readily by an
ordinary artisan.

EXAMPLES

Example 1

[0076] Vascular grafts that are currently used in small-
diameter arterial bypass or in AV access for dialysis are not
ideal and have significant failure rates. Tissue-engineered
vascular grafts (TEVGs) using autologous mesenchymal
stem cells (MSCs) show promise, but have two main limi-
tations that may prevent their clinical translation. First,
patients at high risk for cardiovascular disease—such as the
elderly and diabetics—have dystunctional MSCs which may
not be able to yield a viable TEVG. Second, the use of any
cell type that requires extended culture expansion—includ-
ing MSCs—opens the door to the risk of cellular contami-
nation or transformation, as well as high costs and a sub-
stantial waiting time before a TEVG can be fabricated. The
overall goal of the work is to develop a novel, clinically-



US 2023/0285290 Al

viable, rapidly-fabricated, cell-free TEVG. Secreted factors
from human MSCs can be harvested, packaged, and deliv-
ered by compositions, such as the “artificial MSCs”
(artMSCs) described herein, that can then replace the para-
crine activity of the MSCs in our TEVG.

[0077] A therapy based on secreted factors from standard-
ized human MSC cell lines (i.e., from healthy patients)
offers a uniform treatment strategy from patient to patient
than an inherently variable autologous cell-based strategy.
The cell-free nature of this approach is more easily trans-
latable to the clinic, and the cost and time spent harvesting
cells from individual patients would be eliminated.

[0078] The artMSCs are designed to encourage four pro-
cesses: 1) prevention of acute thrombosis; ii) chemotaxis of
active host cells into the TEVG; iii) proliferation and spread-
ing of vascular cells, and iv) synthesis of extracellular
matrix. By combining these aspects—the design, optimiza-
tion and fabrication of artMSCs—with TEVG methods,
including rotational vacuum seeding device (RVSD) (Soletti
L, et al., A seeding device for tissue engineered tubular
structures. Biomaterials 27, 2006) and elastomeric poly
(ester urethane)urea (PEUU) scaffold (Nieponice A, et al., In
vivo assessment of a tissue-engineered vascular graft com-
bining a biodegradable elastomeric scaffold and muscle-
derived stem cells in a rat model. Tissue Engineering Part A
16, 2010; Soletti L, et al., A seeding device for tissue
engineered tubular structures. Biomaterials 27, 2006; Nie-
ponice A, et al., Development of a tissue-engineered vascu-
lar graft combining a biodegradable scaffold, muscle-de-
rived stem cells and a rotational vacuum seeding technique.
Biomaterials 29, 2008; Soletti L, et al., A bilayered elasto-
meric scaffold for tissue engineering of small diameter
vascular grafts. Acta Biomater. 6, 110, 2010)—a clinically-
translatable, “off-the-shelf” TEVG for use in arterial bypass
and replacement becomes achievable. The methods, devices
and compositions provided herein address critical barriers to
clinical translation such as the cellular transformation and
cost associated with in vitro expansion, and the difficulty of
providing a uniform TEVG for all patients, especially those
at high risk of cardiovascular disease.

[0079] Here, conditioned media from human MSCs from
a healthy population (i.e. non-diabetic, non-elderly) is har-
vested and encapsulated within PLGA particles (FIG. 1).
[0080] Harvest of conditioned media from human MSCs
Adult human MSCs are purchased from a commercial
vendor (RoosterBio, Frederick, MD), with the restriction
that source donors must be adults under 45 years old (to
avoid the potential for deficits in MSC from elderly patients
(Krawiec J T, et al., A cautionary tale for autologous vascular
tissue engineering: Impact of human demographics on the
ability of adipose-derived mesenchymal stem cells to recruit
and differentiate into smooth muscle cells. Tissue Engineer-
ing Part A, 2014; Madonna R, et al., Age-dependent impair-
ment of number and angiogenic potential of adipose tissue-
derived progenitor cells. European journal of clinical
investigation 41, 2011; Zhu M, et al., The effect of age on
osteogenic, adipogenic and proliferative potential of female
adipose-derived stem cells. Journal of tissue engineering and
regenerative medicine 3, 2009; Schipper B M, et al,
Regional anatomic and age effects on cell function of human
adipose-derived stem cells. Annals of plastic surgery 60,
2008) and non-diabetic. To harvest conditioned media,
flasks of nearly confluent (~80%) MSCs between passages
4 and 7 are given fresh media, and allowed to condition it for
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48 hours, after which it is harvested. Media is snap frozen to
fully preserve biologically active factors and stored at —80°
C.

[0081] Scratch wound assay for SMC and EC migration
Media conditioned by MSC from healthy donors promotes
migration of SMC—an essential function for in-vivo remod-
eling of TEVGs—in a scratch wound healing assay
(Krawiec J T, et al., A cautionary tale for autologous vascular
tissue engineering: Impact of human demographics on the
ability of adipose-derived mesenchymal stem cells to recruit
and differentiate into smooth muscle cells. Tissue Engineer-
ing Part A, 2014). We utilize the same assay here. In short,
human aortic SMCs (ATCC), or in separate experiments
human aortic ECs (LLonza), are plated and grown to conflu-
ence on glass chamber slides (Lab-Tek). After removing the
culture media the monolayer is disrupted by a single stroke
scrape with a 404 pipette tip. Scraped monolayers are
washed in 1xHBSS and incubated with media containing 1
pL/mL of Cell Tracker Red (Invitrogen, #C34552) to load
the cells for fluorescent visualization. Non-conditioned
MSC media is used as a control for unstimulated migration.
Images are collected to assess the relative wound area every
2 hours using a Live Cell fluorescent microscopic system
(Nikon ECLIPSE Ti, Photometrics CoolSNAP HQ2, Plan
Apo 20x DIC M N2, NIS Elements 4.0) over a total of 24
hours. Cells remain under typical cell culture conditions for
this duration (20% O,/5% CO,/37° C.). Migration rate is
determined based on relative area of wound closure.

[0082] Human MSC conditioned media can promote the
migration of SMCs, and can identify differences between
MSC donor groups (e.g., diabetic vs non-diabetic, aged vs
young, etc.). This assay is used to validate the chemotactic
activity of conditioned media from the commercial MSC
(FIG. 2).

[0083] Concentration of MSC conditioned media to con-
trol dosage In order to achieve equivalent biological activity
to a batch of conditioned media, the particles forming the
artMSCs preferably encapsulates a relatively concentrated
solution of secreted factors. This is because the volume of
encapsulated media within particles is only a fraction com-
pared to the total volume of their surrounding solution, yet
they must release a high enough concentration of factors to
achieve a functionally relevant dose. To concentrate the
media, it is frozen and lyophilized, followed by resuspension
in sterile ultrapure water. Determining the correct ratio of
resuspension volume to particle volume is an iterative
process—a range of ratios is evaluated for particle release
assays and the ratio that best replicates the concentration of
factors and biological activity of conditioned media is
selected.

[0084] To verify that we can concentrate conditioned
media from humans, and retain its biological activity, we
performed the following experiment. Three different
samples of conditioned media were lyophilized, and each
was reconstituted into a smaller volume to gain a 13-fold
concentration with reliable repeatability (original concen-
tration 647+4 ng/ml., lyophilized/reconstituted concentra-
tion: 8639+129 pg/ml, n=3). The lyophilized media
samples were then re-diluted to their original concentrations,
and then used in a SMC migration assay. We determined
from the results of this assay that the conditioned media
retained its pro-migratory effect on SMCs even after lyo-
philization (FIG. 2).
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[0085] Encapsulating MSC conditioned media in particles
Particles are fabricated using an established double emulsion
procedure from an organic solution of PLGA (a readily-
translatable, biocompatible, and biodegradable polymer
which is FDA approved for drug delivery) in dichlorometh-
ane (DCM). In this technique, the aqueous phase, consisting
of conditioned media, either in its original or reconstituted
form after concentrating, is micro-emulsified in the organic
phase via sonication (FIG. 3). The second emulsion occurs
using homogenization in a larger aqueous phase. As the
solvent evaporates, the solid polymer precipitate forms
spherical particles, which are then lyophilized and stored at
-20° C. until use. Particle size and morphology are deter-
mined using volume impedance measurements and scanning
electron microscopy, respectively.

[0086] The process above has been known to (under
certain circumstances) reduce the biological activity of
proteins. However, the above procedure was used success-
fully in the experiment described below, where conditioned
media from MSC was encapsulated in PLGA particles, using
porous and non-porous configurations to ensure that the
artMSCs can be tuned to effectively release encapsulated
contents while maintaining biological activity.

Release of Conditioned Media

[0087] After MSC conditioned media is encapsulated
within particles, the particles are allowed to release their
cargo in ultrapure water (100 pl water per ul of particles) in
an incubator at 37° C. Control particles are fabricated using
either saline or non-conditioned media. At a given time
point, the particle suspension is mixed and centrifuged
before withdrawing a 10 ulL sample of the supernatant. An
additional 10 plL of water is added back to the suspension
before returning it to the incubator to preserve the total
volume. Samples are withdrawn, e.g., over the course of two
weeks (1, 3, 5,7, 10, 12, 14 days). In addition to the assays
described below for MSC secreted factor quantification and
biological activity, the total protein content of each sample
is measured using the bicinchoninic acid (BCA) assay
(Walker J M. The bicinchoninic acid (BCA) assay for
protein quantitation. The protein protocols handbook.
Springer; 2009:11-15.

[0088] Data demonstrates that we are capable of develop-
ing distinct release profiles utilizing MSC-conditioned-me-
dia-loaded particles fabricated with non-porous and increas-
ingly porous configurations using a double emulsion
procedure. As can be seen in FIG. 4, release is tunable by an
order of magnitude as well as by as little as 2-fold by simply
varying the porosity of the particles. It is also possible to
tune the ratio of the amount delivered within the first two
days compared to the amount delivered over the first week
of release. The most appealing release is the “burst” con-
figuration, by which all molecules can be released in con-
cert. Alternative systems that do not fully deliver their cargo
can often exclude certain factors based on size, resulting in
drastically different functional effects. Utilizing the “burst”
configuration allows delivery of the entire combination of
secreted factors, fully imparting the beneficial effects of
MSCs.

Analysis of Representative Biologically Relevant MSC
Factors in Releasates

[0089] ELISAs are performed on samples withdrawn from
media conditioned by healthy MSCs and particle releasates
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according to the manufacturer instructions. Representative
factors to be investigated are VEGF, MCP-1, BDNF, and
uPA. These factors were chosen since all four are known to
be among the secretory products of MSCs in vitro which are
involved with aspects or mechanisms of TEVG remodeling
(e.g., smooth muscle cell (SMC) migration, monocyte
recruitment, angiogenesis, anti-thrombogenicity, etc.).
[0090] To demonstrate the ability to generate and release
relevant bioactive factors produced by MSCs, releasates
from particles encapsulated with conditioned media (con-
centrated, “burst formulation”) were analyzed. VEGF and
uPA, which regulate host cell migration into the TEVG and
anti-thrombogenicity, respectively, were released at 712 pg
VEGF/mL and 8 pg uPA/mL., respectively. This concentra-
tion of VEGF (~1 ng/mL) has been shown in vitro to be able
to stimulate SMC migration.

[0091] Biological validation of media activity: SMC/EC
migration and proliferation To ensure that the conditioned
media maintains its activity after encapsulation (i.e. similar
to the retained activity after lyophilization, FIG. 2), the
samples obtained above are taken and two biological activity
assays: a scratch wound assay to look at effects on SMC and
EC migration, and an immunostaining assay to look at SMC
and EC proliferation (details below) are performed. In either
case, the activity of the releasates is compared to the same
volume of conditioned media, and potent release will be
defined as equivalent activity to the media control. Releas-
ates from particles loaded with saline or non-conditioned
media also are analyzed.

[0092] Short term-controlled proliferation is desirable and
necessary to repopulate and remodel our TEVG. To this end,
SMC and EC are cultured for 1, 4, and 7 days in the presence
of particle releasates (or media conditioned by MSC as
controls) and their proliferative state is investigated by
immunofluorescent staining. An antibody to Ki67 (Abcam),
a well-established marker for proliferating human cells, is
used to determine if proliferation is increased beyond non-
conditioned media controls. It is noted that extended pro-
liferation of vascular cells—particularly SMCs— could be
detrimental to graft success and lead to neointimal hyper-
plasia. To this point, it is noted that we have performed
explants of MSC-based TEVGs at 1, 2, 4, 8, 12, and 52
weeks and never encountered intimal hyperplasia.

[0093] While PLGA is typically considered a biocompat-
ible material (Athanasiou K A, Niederaver G G, Agrawal C
M. Sterilization, toxicity, biocompatibility and -clinical
applications of polylactic acid/polyglycolic acid copoly-
mers. Biomaterials 17, 1996), a small amount of acid is
produced as a byproduct of PLGA particle degradation, and
this could either detrimentally affect the activity of the MSC
factors or be toxic to cells in the microenvironment. A
“check” for this is built into the experimental approach—in
the former case a decrease in SMC migration would be seen,
relative to MSC conditioned media alone, and in the latter
we would observe that releasates from saline-loaded par-
ticles have a negative impact on EC/SMC proliferation.
Methods of troubleshooting polymer formulations for par-
ticles are available. Among such techniques is the addition
of'a carrier protein such as BSA or PEGylation to protect the
activity of the therapeutic cargo (Diwan M, Park T G.
Pegylation enhances protein stability during encapsulation
in plga microspheres. J. Control. Release 73, 2001). Fabri-
cation methods also can be adapted for use of PLGA
copolymers with hydrophilic materials such as alginate or
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the inclusion of antacid excipients (Schwendeman S P.
Recent advances in the stabilization of proteins encapsulated
in injectable plga delivery systems. Critical Reviews™ in
Therapeutic Drug Carrier Systems 19, 2002). Similarly,
insufficient loading can be addressed by making modifica-
tions to the fabrication process, such as increasing the
drug-to-polymer ratio or reducing the stirring rate.

[0094] TEVG remodeling is a dynamic process, whether
the implanted graft is fully synthetic, fully biological, or a
hybrid of the two. Because remodeling occurs within the
host, the process is something of a “black box”. In the case
of our MSC-based TEVGs, the cells seeded into the scaffold
prior to implantation are gone by 8 weeks, and whether they
have migrated from the graft or simply died is unknown.
Since the intent of the artMSC concept is to deliver inductive
factors produced by the MSC, it will be helpful to first learn
when the MSC are present during the remodeling process
(and thus delivering factors) and how soon vascular cells are
recruited from the host. Therefore, we—A) determine the
time course of the TEVG remodeling for an MSC seeded
construct, and B) fine-tune families of particles to release
MSC derived factors over the entire time that MSC are
present. Iterative optimizations beyond the initial formula-
tion are tuned to achieve the appropriate in vivo release
kinetics, which may not necessarily correlate to in vitro
release behavior. In silico design methods should produce a
first attempt that closely approximates the desired input, and
the dynamic measurement of levels of VEGF, MCP-1,
BDNF, and uPA will guide the fine-tuning to achieve a rapid
optimization.

[0095] Seeding of PEUU scaffolds Rat sized tubular, bio-
degradable, elastomeric scaffolds (1.3 mm ID, 10 mm
length, ~390 um TIPS thickness, ~70 um ES thickness) are
seeded with MSCs. The material used for the scaffold is
poly(ester urethane)urea (PEUU), a polymer which has been
developed and extensively characterized, and which offers
substantial customizability with respect to pore size, poros-
ity, and mechanical properties. PEUU is fabricated into a
tubular geometry. In short, PEUU scaffolds are fabricated by
using thermal-induced phase separation (TIPS) to create an
inner, porous layer to facilitate cell seeding and integration,
and by finishing with an electrospun (ES) outer layer to
provide mechanical stability. The mechanical properties of
ES-TIPS PEUU scaffolds are very attractive: a burst pres-
sure similar to the human saphenous vein and a suture
retention force greater than the porcine internal mammary
artery (Soletti L, et al., A bilayered elastomeric scaffold for
tissue engineering of small diameter vascular grafts. Acta
Biomater. 6, 110, 2010). Additionally, TEVGs constructed
with this scaffold have shown minimal inflammation and no
signs of mechanical failure or dilation after a year of
implantation in a rat model (unpublished preliminary data).

[0096] MSCs are seeded into PEUU scaffolds utilizing a
Rotational Vacuum Seeding Device (RVSD) (FIG. 5) (So-
letti L, et al., A seeding device for tissue engineered tubular
structures. Biomaterials 27, 2006; Nieponice A, et al.,
Development of a tissue-engineered vascular graft combin-
ing a biodegradable scaffold, muscle-derived stem cells and
a rotational vacuum seeding technique. Biomaterials 29,
2008). Based on preclinical data in utilizing these tech-
niques, a scaffold seeded with 3 million MSC, cultured for
2 days in a spinner flask (15 rpm) to achieve even cell
attachment and spreading, then implanted in a rat model
regenerated into a TEVG of native-like tissue after 8 weeks
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(Nieponice A, et al., In vivo assessment of a tissue-engi-
neered vascular graft combining a biodegradable elasto-
meric scaffold and muscle-derived stem cells in a rat model.
Tissue Engineering Part A 16, 2010).

[0097] The total protein release profiles from batches of
artMSCs and from PEUU scaffolds seeded with equal
amounts of the same artMSCs was measured, and were
found to be indistinguishable (FIG. 6).

[0098] In vivo implantation in a rat model Scaffolds
seeded with 3 million human MSC (n=4 per group) and
prepared as described above are implanted as abdominal
aortic interposition grafts in Lewis rats—an inbred strain
with minimal immune rejection of implanted human cells.
Utilizing this model with human cells immunological com-
plications were not encountered; at both 1 and 8 weeks,
explants show no signs of lymphocyte activity, and at 52
weeks there were no signs of gross inflammation. Implan-
tation follows established and previously-described proto-
cols (He W, et al., Pericyte-based human tissue engineered
vascular grafts. Biomaterials 31, 2010; Hibino N, et al., A
critical role for macrophages in neovessel formation and the
development of stenosis in tissue-engineered vascular grafts.
The FASEB Journal 25, 2011; Nieponice A, et al., In vivo
assessment of a tissue-engineered vascular graft combining
a biodegradable elastomeric scaffold and muscle-derived
stem cells in a rat model. Tissue Engineering Part A 16,
2010; Soletti L, et al., In vivo performance of a phospho-
lipid-coated bioerodable elastomeric graft for small-diam-
eter vascular applications. Journal of Biomedical Materials
Research Part A 96, 2011) (see Vertebrate Animals section).
The longest implantation time point is 8 weeks, since at that
time point we already know from extensive preliminary data
that there is full recellularization with host cells and no sign
of the seeded cells. The strategy is to narrow down the
relevant window where MSCs are actively participating in
the remodeling process. Implantations are first employed at
the middle time point (4 weeks), then establish the next time
points based on those results. Four events to be detected are
1) the disappearance of MSC, 2) the appearance of SMC, 3)
the appearance of EC, and 4) the appearance of vascular
ECM.

[0099] 120 seeded scaffolds have been implanted in rats,
using a variety of cell types: rat smooth muscle cells, rat
muscle derived stem cells (MDSCs), human pericytes, and
human MSCs from healthy, diabetic, and elderly donors.
Consistently, substantial EC and SMC recruitment as well as
collagen and elastin content is present at the 8 week time-
point. It should be noted that non-cell seeded grafts display
very poor patency.

[0100] Explant characterization To examine the composi-
tion of the explanted TEVGs, immuno-fluorescent chemistry
(IFC) is used following previously established protocols (He
W, et al., Pericyte-based human tissue engineered vascular
grafts. Biomaterials 31, 2010; Nieponice A, et al., In vivo
assessment of a tissue-engineered vascular graft combining
a biodegradable elastomeric scaffold and muscle-derived
stem cells in a rat model. Tissue Engineering Part A 16,
2010) and morphometric measurements such as number of
cells expressing a protein, or area covered by the expressing
cells, are measured. IFC is performed investigating the
presence of smooth muscle alpha actin, calponin, and myo-
sin heavy chain to assess for SMCs. von Willebrand Factor
and CD31 is used to determine the presence of ECs. To
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assess the ECM components, antibodies against collagen
type 1, collagen type 11, and elastin are used.

[0101] Inflammation, which was previously thought to
solely be a negative effect, is actually important in physi-
ologic vascular remodeling. To investigate the type of
inflammation present in TEVGs and to ensure no gross
inflammation exists that could compromise them, IFC is
performed utilizing antibodies for the total number of mac-
rophages (CD68) and to classify the type of inflammation
(M1: CCR7; M2: CD163). To detect an innate immune
response (B-cells and T-cells) CD54RA (AbD Serotec,
#MCA340G) antibody is used.

[0102] The presence of residual human MSCs is moni-
tored in order to define the necessary timeframe for our
artMSCs. An anti-human nuclear antibody (Millipore,
#MAB1281) is used to visualize the cells via IFC.

[0103] Human MSC-based explant data at 1 week shows
the initial recruitment of SMC, but not EC. In contrast, there
is significant recellularization by both SMC and EC at 8
weeks (FIG. 7).

[0104] Modification of artMSCs to mimic the in vivo
activity of implanted MSCs A particle system capable of
releasing conditioned media (e.g., all secreted factors) from
human MSCs is described herein. The particles are engi-
neered such that the timing of their “burst-release” (wherein
all factors from conditioned media will be delivered) is
tunable. The method for tuning such a delayed burst is
illustrated in FIG. 9 along with preliminary data. A single
“burst” would not last long enough to cover the entire
duration that MSC are present. Instead populations of dif-
ferently-tuned particles that will each release after a pro-
grammed delay were fabricated to cover the time of MSC
presence.

[0105] Based on the success of preliminary studies to date,
the primary parameter that is varied to achieve temporally
distinct burst releases is porosity, which preliminary studies
suggest allows for a wide range of release behavior within
the appropriate levels. Other influencing factors, such as
polymer molecular weight (which correlates to degradation
rate of the particles) and inner occlusion size (which can be
controlled independent of surface porosity to program a
delayed burst, as seen in FIG. 4), also is accounted for when
generating these well-defined families. Ultimately, the opti-
mized combination of these different families and numbers
of particles per family are chosen such that they reflect the
activity seen in vivo. As an example, if the number of MSCs
is high in our early implant times and then decreases over
time, a higher number of particles from the earlier releasing
families and less of the late releasing families are incorpo-
rated in our mixture.

[0106] ELISA to verify factors in releasates from artMSC
families Releasates are obtained from the desired mix of
delayed-release artMSCs families as above, and are
screened as above to determine if the release of secreted
factors is indeed prolonged. Successful families of artMSC
will maintain a high level of release of factors up to the point
determined above (e.g., the vertical line in FIG. 8C), after
which the factors will cease.

[0107] It is noted that certain factors may be added to the
concentrated conditioned medium if it is later found that
additional amounts of the specific factor is needed when
using the described composition in a real-world setting. The
amounts of the additional specific factor effective to accom-
modate this can be determined empirically.

Sep. 14, 2023

[0108] Verification of seeding of multiple families of
artMSC The PEUU scaffold for the TEVG has a porous
inner layer with an average pore size of 50 um; which
supports infiltration by host cells and allows graft remodel-
ing. To mimic the seeding of MSC, the artMSC are blk-
seeded at the same density—3 million particles per scaf-
fold—using RVSD (pilot studies were performed to
determine what size particles to use as artMSCs, wherein a
range of sizes were tested to assess optimal retention in the
scaffold; see below). Seeded constructs are sectioned and
analyzed via microscopy to determine seeding density, with
the goal being that seen with a gold standard MSC-based
TEVG.

[0109] In order to validate that families of artMSC (with
different programmed delayed-payload-release) seed
equally well, pairs of particle families having different
tuning configurations are loaded with contrasting fluoro-
phores, FITC and Rhodamine. Seeded scaffolds are sec-
tioned and imaged under fluorescent microscopy, determin-
ing the quantity and distribution of each color particle per
scaffold. We expect that the various families will all seed in
a similar fashion.

[0110] To determine the diameter of particles that will
enter a PEUU scaffold and remain embedded there, a
preparation of porous PLGA particles with multiple sizes
(average diameter=20 pum) was used. Some particles in the
mixture were able to both infiltrate the scaffold and remain
within the pores despite several washes in preparative buffer.
The size of the particles within the porous structure of the
scaffold was found to be, on average, 5 um, while particles
on the order of 10 um or more remained excluded from the
porous layer (FIG. 9). After noting that particles were not
dislodged from scaffolds upon subjection to physiologic
flow conditions in vitro, implantation of FITC particle
seeded scaffolds was performed. After three days in vivo
under physiological flow, the particles remained within the
scaffold (FIG. 9).

[0111] Implant of artMSC TEVG and Explant Analysis
ArtMSC-seeded constructs are implanted into a rat model
following the same procedures and testing as above. Explan-
tation occurs at 8 weeks so that the performance of the
ArtMSC-based TEVGs can be compared to the large set of
results that we have accumulated over the years with cell-
based TEVGs at that same time point. This comparison is
based on patency, cellular composition (EC, SMC and
inflammatory cells), ECM composition, and mechanical
properties as described below.

[0112] Patency is assessed by placing a catheter into the
descending thoracic aorta where a contrast agent is delivered
to the graft and visualized under X-ray upon euthanasia.
Patency is calculated as the number of open TEVGs (which
allow contrast agent to pass through) as a percentage of total
number of TEVGs. Following this the TEVGs are explanted
and characterized for their composition.

[0113] Composition is assessed according to the cellular
components investigated above, and using the same tech-
niques. In addition, to assess the extracellular matrix com-
ponents mainly found in the vasculature, antibodies against
collagen type I, collagen type Ill, and elastin are used.
[0114] Mechanical properties such as strength and com-
pliance are critical to how a TEVG functions and performs
but there has been relatively little investigation into the
mechanical properties of explanted TEVGs. Dynamic com-
pliance is measured by placing the explanted TEVG in our
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ex vivo vascular perfusion system using previously estab-
lished protocols to measure pressure (P) and outer diameter
(D) of the TEVG during pulsatile perfusion (Soletti L, et al.,
A bilayered elastomeric scaffold for tissue engineering of
small diameter vascular grafts. Acta Biomater. 6, 110, 2010).
Dynamic compliance is calculated as (D120-D80)/(D80*
(P120-P80)) from measures of D and P at systolic (120) and
diastolic (80) pressures. Following compliance testing the
TEVGs are cut into 3 rings and tested uniaxially using
established protocols on an Instron Tensile Tester (#5543 A)
(Soletti L, et al., A bilayered elastomeric scaffold for tissue
engineering of small diameter vascular grafts. Acta Bio-
mater. 6, 110, 2010). UTS is defined as the maximum stress
the sample experienced before tensile failure.

[0115] Initial assessments of healthy MSC-based TEVG
explants demonstrate that the mean uniaxial tangent modu-
lus within the physiologic range (80-120 mmHg) is similar
to the native artery at both 2 and 8 weeks (0.44, 0.56, and
0.44 MPa for 2 week explant, 8 week explant, and native
artery, respectively).

[0116] Cells were grown to 80% confluence and then used
to condition fresh media for 48 hours. The 48 hour condi-
tioned media was then collected, concentrated via lyo-
philization and resuspension, and packaged into PLGA
particles. Particles equivalent to 1 mL of conditioned media
were then incubated in phosphate buffered saline to allow
release of secreted factors. Aliquots of releasates were
measured daily for protein concentration by bicinchoninic
acid assay and then plotted as a cumulative release over
seven days. These data (FIG. 10) suggest that media con-
ditioned by multiple cell types can be released from the
described particle system and therefore that this technology
could serve as the foundation of many types of “artificial
cells”.

[0117] Protocol:
[0118] 1. Each cell type was cultured to 80% confluence
[0119] 2. The media was then removed and fresh media

applied for 48 hours

[0120] 3. The conditioned media was then collected and
centrifuged at 1200 rpm for 5 minutes and the super-
natant was collected and frozen at -80° C.

[0121] 4. The supernatant was then lyophilized and
re-suspended at a 10x concentration in PBS

[0122] 5. The concentrated media was then encapsu-
lated in PLGA particles

[0123] 6. The final mass of the particles was then
measured and the mass per volume of encapsulated
media was determined

0.05866 g particles=10 mL encapsulated media
0.0058 g particles=1 mL

[0124] 7. 1 mL encapsulated media (0.0058 g of par-
ticles) was then released into 1 mL of PBS at 37° on a
shaker plate for 7 days

[0125] 8. Every 24 hours, the mixture was centrifuged
and the supernatant (which contains the particle releas-
ates) was removed and frozen at —-80° C. until use. 1
ml new PBS was applied to the remaining particles to
create an “infinite sink” environment

[0126] 9. After 7 days of release from the particles, the
releasates were thawed and the concentration of
released protein in each sample was measured using a
BCA assay.
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Example 2: Using Artificial Stem Cells in Making
a Vascular Conduit

Methods:

[0127] 1) Harvest of Conditioned Media from Human
MSCs

[0128] Adult human MSCs between passages 4 and 7 are

cultured to near confluence (~80%) and then are given fresh
culture media. After 48 hours (during which the cells con-
dition the media with secreted factors) the media is removed,
centrifuged to remove cell debris, and snap frozen. If
concentration of the conditioned media is desired for encap-
sulation, the frozen media can be lyophilized and resus-
pended using a smaller volume of distilled water.

2) Fabrication of Artificial MSCs

[0129] Microspheres are fabricated using a double emul-
sion procedure from an organic solution of PLGA (a readily-
translatable, biocompatible, and biodegradable polymer
which is FDA approved for drug delivery) in dichlorometh-
ane and an aqueous solution comprised of the conditioned
media. First, the conditioned media is micro-emulsified in
the organic phase via sonication. Second, the mixture is
added to a larger aqueous phase and homogenized. As the
solvent evaporates, the solid polymer precipitate forms
spherical particles, which are then lyophilized and stored at
-20° C. until use.

3) Seeding of Vascular Scaffolds

[0130] Tubular, porous, biodegradable, elastomeric scaf-
folds (for a rat-implantable geometry, 1.3 mm ID, 10 mm
length) are lumenally vacuum-seeded with artificial MSCs.
Poly(ester urethane)urea-based scaffolds work well for this
purpose, but other polymers can be used. A vacuum pressure
of' 120 mmHg results in even seeding of artificial MSCs with
an average size of 20 pum.

4) In Vivo Implantation in a Rat Model

[0131] Scaffolds seeded with 6 million artificial MSCs are
surgically implanted into Lewis rats in the infrarenal
abdominal aorta position as described below. Rats are placed
under anesthesia (Isofluorane 1%, ketamine (50 mg/kg as
needed)) after which a midline incision is made and the
abdominal aorta exposed. Microclamps are applied to the
infrarenal aorta and both common iliac arteries. The seeded
scaffold is then sutured to replace the native aorta as an
end-to-end anastomosis with interrupted 10-O prolene
sutures. After the graft is secured, the clamps are released.
Following observation of pulsatile blood flow through the
scaffold, the muscle and skin layers can then be closed with
4-0 polyglactin resorbable sutures. Antibiotic therapy is
advised prior to surgery (cefazolin—100 mg/kg, intramus-
cular) and for three days post-surgery (Baytril—10 mg/kg,
oral, twice daily). Analgesics (buprenorphine—0.5 mg/kg,
subcutaneous, twice daily for 3 days) and anticoagulants
(dipyridamole—250 mg/kg for the first 7 days, 100 mg/kg
for the following 3 weeks, oral; aspirin—200 mg/kg for the
first 7 days, 100 mg/kg for the following 3 weeks, oral) are
also be administered post-surgery.



US 2023/0285290 Al

Expected Results:

1) Patency

[0132] By analogy to scaffolds seeded with MSCs, we
expect a high patency rate of the artificial MSC-seeded
scaffolds at 8 weeks post-implantation. Patency can be
measured using angiography as follows. The animal is
sedated (or euthanized) and placed under X-ray imaging
while a catheter is maneuvered into the descending thoracic
artery. A contrast agent (such as Renograf) is injected from
the catheter and imaged as it travels through the proximal
aorta, graft, and distal aorta. Full flow through the graft is
scored as full patency. In larger animals, other non-invasive
techniques could be used to assess graft patency including in
vivo ultrasound. Gross patency can also be observed after
explant and cross-sectioning of the explanted graft.

2) Composition

[0133] The native aorta is composed mainly of lumenal
endothelial cells, medial smooth muscle cells, and extracel-
Iular matrix structures such as collagen and elastic fibers.
Over 8 weeks, MSC-seeded scaffolds remodel into a vessel-
like tissue containing all of these features. We expect that
artificial MSC-seeded scaffolds will also remodel, and this
can be measured by the following assays. First, the
explanted graft is be cut into histological sections for
immunologic staining; antibodies to detect endothelial cells
(CD31, von Willebrand Factor), smooth muscle cells (alpha
smooth muscle actin, calponin, and smoothelin), collagen
(type I and III), and elastic fibers (elastin, fibrillin-1, fibril-
lin-2, and others) are readily available. Second, sections can
be histologically stained by Masson’s or Lillie’s trichrome,
picrosirius red, and Verhoeff Van Gieson stains to look at
various extracellular matrix features.

3) Mechanical Properties

[0134] The extracellular matrix composition and organi-
zation in the native aorta is primarily responsible for its
passive mechanical properties. Over the course of remodel-
ing of MSC-seeded scaffolds, the passive mechanical prop-
erties change from that of the scaffold polymer into prop-
erties resembling the native aorta. Several techniques are
available to compare the ultimate mechanical properties of
artificial MSC-seeded scaffolds (after 8 weeks of implant) to
the native aorta. First, the explanted graft can be cannulated
and exposed to pulsatile lumenal ex vivo while simultane-
ously monitoring flow, lumenal pressure, and diameter.
These measurements allow calculation of vessel compli-
ance. Second, cross sectional rings and longitudinal strips
can be cut from the explanted vessel to allow uniaxial tensile
testing—these measurements can provide information of
directional elastic modulus and ultimate tensile strength.
Burst pressure and suture retention strength can also be
tested post-explant.

Example 3: Bioactivity of the Artificial Stem Cells
Using a Scratch Wound Assay

Methods:

1) Collection of the Artificial Stem Cell Releasates

[0135] 3 mg of microspheres (mass seeded into each
scaffold) are released into 1 ml of PBS. Each releasate
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sample is put into an end-over-end rocker for 24 hours. After
24 hours of release, each releasate sample is spun down at
1000 rpm in the centrifuge. The supernatant is isolated and
considered to be to the microsphere releasates.

2) Culture of Smooth Muscle Cells

[0136] Human aortic smooth muscle cells (SMCs) pur-
chased from ATCC are plated at 100,000 cells per well in a
six well plate and grown to 80% confluency.

3) Scratch Wound

[0137] Once cells reach confluence, a scratch wound is
administered using a pipette tip. Each slide is then rinsed in
1xHBSS and incubated with media containing 1 pL/ml of
Cell Tracker Red (Invitrogen, #C34552) to fluorescently
label the cells. The media is then aspirated and the releasates
applied. Non-conditioned MSC media acts as a control for
migration. Cells are imaged every 2 hours for 24 hours using
a Live Cell fluorescent microscope system (Nikon ECLIPSE
Ti, Photometrics CoolSNAP HQ2, Plan Apo 20x DIC M N2,
NIS Elements 4.0). Migration is then quantified through rate
of wound closure (i.e., rate of decrease of cell-void area on
slide).

Expected Results:

[0138] Previous preliminary data (FIG. 2) detected bioac-
tive factors within conditioned media via a scratch assay.
Successtul loading and release of conditioned media from
microspheres was measured using a total protein assay (FIG.
7). The proposed scratch assay aims to confirm the bioac-
tivity of the media being released from the microspheres.

1) Basal Media Control

[0139] Standard SMC cell media will be used as a nega-
tive control. Since we hypothesize the paracrine factors
present within conditioned media are the driving force
behind smooth muscle cell migration, unconditioned media
is expected to promote no significant migration of the cells
into the scratch wound while still maintain cell viability.

2) Conditioned Media

[0140] As previously shown (FIG. 2), conditioned media
successfully promotes the migration of SMCs and will act as
a positive control.

3) Artificial MSC Releasates

[0141] Since we have proven the pro-migratory effects of
conditioned media and its successful loading and release
from microspheres, we expect to observe SMC migration
and wound closure comparable to that of conditioned media.
[0142] The following clauses are illustrative of various
aspects of the invention:

[0143] A composition comprising a first particle compris-
ing conditioned medium from a cell culture within the
particle, and having a first release profile of the conditioned
medium, optionally in blood, water, PBS or saline.

[0144] 1. The composition of clause 1, further compris-
ing a second particle different from the first particle,
comprising conditioned medium from a cell culture
within the particle and having a second release profile
of the conditioned medium, optionally in blood, water,
PBS or saline, different from the first release profile,
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thereby producing an extended release profile, releas-
ing effective amounts of the conditioned medium
beyond (e.g., prior to, after, or overlapping with) the
first release profile, wherein the conditioned medium of
the first and second particles are the same or different.

[0145] 2. The composition of clause 2, further compris-
ing one or more additional particles, each indepen-
dently comprising conditioned medium from a cell
culture within the particle and having a release profile
of the conditioned medium, optionally in blood, water,
PBS or saline, different from the first and second
release profile, thereby further extending release of
effective amounts of the conditioned medium beyond
the first and second release profile, wherein the condi-
tioned medium of the first, second, and one or more
additional particles are the same or different.

[0146] 3. The composition of any one of clauses 1-3,
wherein the particles comprise a polymer material, a
ceramic material, or a material capable of osmotic
release.

[0147] 4. The composition of one of clauses 1-4,
wherein the conditioned medium is medium from cul-
ture of a stem cell, a progenitor cell, an immune cell, a
secretory cell, or an islet cell

[0148] 5. The composition of any one of clauses 1-5,
wherein the conditioned medium is medium from cul-
ture of a mesenchymal stem cell, a macrophage or an
islet cell.

[0149] 6. The composition of any one of clauses 1-6,
wherein the particles comprise a polymer.

[0150] 7. The composition of any one of clauses 1-7,
wherein the particles comprise a polyester or polyester-
containing copolymer, such as a poly(lactic-co-gly-
colic) acid (PLGA); a poly(lactic acid) (PLA); a poly
(trimethylene carbonate) (PTMC); poly(caprolactone)
(PCL); a poly(glycolic acid) (PGA); or a poly(gly-
colide-co-trimethylenecarbonate) (PGTMC).

[0151] 8. Atissue growth scaffold comprising a porous
material of a biocompatible polymer and a composition
as defined in any one of clauses 1-8.

[0152] 9. The tissue growth scaffold of clause 8,
wherein the biocompatible polymer is bioerodible, such
as a poly(ester urethane) urea (PEUU); poly(ether ester
urethane)urea (PEEUU); poly(ester carbonate)urethane
urea (PECUU); poly(carbonate)urethane urea (PCUU);
a polyurethane; a polyester; a polymer comprising
monomers derived from alpha-hydroxy acids such as:
polylactide, poly(lactide-co-glycolide), poly(L-lactide-
co-caprolactone), polyglycolic acid, poly(dl-lactide-co-
glycolide), and/or poly(l-lactide-co-dl-lactide); a poly-
mer comprising monomers derived from esters
including polyhydroxybutyrate, polyhydroxyvalerate,
polydioxanone, and/or polyglactin; a polymer compris-
ing monomers derived from lactones including poly-
caprolactone; or a polymer comprising monomers
derived from carbonates including polycarbonate,
polyglyconate, poly(glycolide-co-trimethylene carbon-
ate), or poly(glycolide-co-trimethylene carbonate-co-
dioxanone).

[0153] 10. The tissue growth scatfold of clause 9 or 10,
wherein scaffold is a tube or a sheet.

[0154] 11. A blood vessel growth scaffold comprising a
porous tube of a biocompatible polymer and a compo-
sition as defined in any one of clauses 1-8.

Sep. 14, 2023

[0155] 12. The blood vessel growth scaffold of clause
12, wherein the biocompatible polymer is bioerodible,
such as a poly(ester urethane) urea (PEUU); poly(ether
ester urethane)urea (PEEUU); poly(ester carbonate)
urethane urea (PECUU); poly(carbonate)urethane urea
(PCUU); a polyurethane; a polyester; a polymer com-
prising monomers derived from alpha-hydroxy acids
such as: polylactide, poly(lactide-co-glycolide), poly
(L-lactide-co-caprolactone), polyglycolic acid, poly(dl-
lactide-co-glycolide), and/or poly(l-lactide-co-dl-lac-
tide); a polymer comprising monomers derived from
esters including polyhydroxybutyrate, polyhydroxy-
valerate, polydioxanone, and/or polyglactin; a polymer
comprising monomers derived from lactones including
polycaprolactone; or a polymer comprising monomers
derived from carbonates including polycarbonate,
polyglyconate, poly(glycolide-co-trimethylene carbon-
ate), or poly(glycolide-co-trimethylene carbonate-co-
dioxanone).

[0156] 13. A method of making a tissue growth scaffold
comprising distributing a composition of any one of
clauses 1-8 in a biocompatible polymer.

[0157] 14. The method of clause 14, wherein the bio-
compatible polymer is bioerodible, such as a poly(ester
urethane) urea (PEUU); poly(ether ester urethane)urea
(PEEUU);  poly(ester  carbonate)urethane urea
(PECUU); poly(carbonate)urethane urea (PCUU); a
polyurethane; a polyester; a polymer comprising mono-
mers derived from alpha-hydroxy acids such as: poly-
lactide, poly(lactide-co-glycolide), poly(L-lactide-co-
caprolactone), polyglycolic acid, poly(dl-lactide-co-
glycolide), and/or poly(l-lactide-co-dl-lactide); a
polymer comprising monomers derived from esters
including polyhydroxybutyrate, polyhydroxyvalerate,
polydioxanone, and/or polyglactin; a polymer compris-
ing monomers derived from lactones including poly-
caprolactone; or a polymer comprising monomers
derived from carbonates including polycarbonate,
polyglyconate, poly(glycolide-co-trimethylene carbon-
ate), or poly(glycolide-co-trimethylene carbonate-co-
dioxanone).

[0158] 15. A controlled release pharmaceutical device
comprising conditioned medium.

[0159] 16. The device of clause 16, wherein the condi-
tioned medium is medium from culture of a stem cell,
a progenitor cell, an immune cell, a secretory cell, or an
islet cell.

[0160] 17. The device of clause 16, wherein the condi-
tioned medium is medium from culture of a mesenchy-
mal stem cell, a macrophage or an islet cell.

[0161] 18. The device of any one of clauses 16-18,
wherein the device comprises a polymer in which the
conditioned medium is distributed.

[0162] 19. The device of any one of clauses 16-19,
wherein the device comprises a polyester or polyester-
containing copolymer, such as a poly(lactic-co-gly-
colic) acid (PLGA); a poly(lactic acid) (PLA); a poly
(trimethylene carbonate) (PTMC); poly(caprolactone)
(PCL); a poly(glycolic acid) (PGA); or a poly(gly-
colide-co-trimethylenecarbonate) (PGTMC).
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[0163] 20. A method of preparing a controlled-release
composition comprising:

[0164] a. culturing cells in cell culture medium,
optionally for at least one hour, for example, from
one hour to two weeks, including increments ther-
ebetween, such as: 1, 2, 3, 6, 8, 12, 18, or 24 hours,
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, or 14 days, and
increments therebetween up to one week and 1-5
days and increments therebetween, thereby produc-
ing conditioned medium;

[0165] b. collecting the conditioned medium;

[0166] c. optionally concentrating the conditioned
medium;

[0167] d. emulsifying, for example by sonicating, the

medium in a volatile solvent (e.g., an organic solvent
having a boiling point less than 100° C., for example
pentane, cyclopentane, hexane, cyclohexane, ben-
zene, chloroform, diethyl ether, or dichloromethane),
comprising a polymer to produce a micro-emulsion;
and

[0168] e. homogenizing the micro-emulsion in an
aqueous phase, so that particles precipitate as the
solvent evaporates.

[0169] 21. The method of clause 21, wherein the con-
ditioned medium is concentrated, for example and
without limitation by freezing and lyophilizing the
medium and reconstituting the medium in a volume
smaller than the original volume of medium collected
from the cell culture, to produce a medium concentrate,
that is, for example, 2x, 3x, 4%, 5x, 10x, or 20x.

[0170] 22. The method of clause 21 or 22, wherein the
conditioned medium is medium from culture of a stem
cell, a progenitor cell, an immune cell, endothelial
cells, smooth muscle cells, a secretory cell, or an islet
cell, for example the conditioned medium is medium
from culture of a mesenchymal stem cell, a macrophage
or an islet cell.

[0171] 23. The method of any one of clauses 21-23,
wherein the polymer is a polyester or polyester-con-
taining copolymer, such as a poly(lactic-co-glycolic)
acid (PLGA); a poly(lactic acid) (PLA); a poly(trim-
ethylene carbonate) (PTMC); poly(caprolactone)
(PCL); a poly(glycolic acid) (PGA); or a poly(gly-
colide-co-trimethylenecarbonate) (PGTMC).

[0172] 24. A method of producing tissue, such as blood
vessel, in a patient, comprising implanting a tissue
growth scaffold according to claim 7 in a patient.

[0173] Having described this invention, it will be under-
stood to those of ordinary skill in the art that the same can
be performed within a wide and equivalent range of condi-
tions, formulations and other parameters without affecting
the scope of the invention or any embodiment thereof.

We claim:

1. A composition comprising a first particle comprising
conditioned medium from a cell culture within the first
particle, and having a first release profile of the conditioned
medium.
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2. The composition of claim 1, further comprising a
second particle different from the first particle, comprising
conditioned medium from a cell culture within the second
particle and having a second release profile of the condi-
tioned medium different from the first release profile,
thereby producing an extended release profile, releasing
effective amounts of the conditioned medium beyond the
first release profile, wherein the conditioned medium of the
first and second particles are the same or different.

3. The composition of claim 2, further comprising one or
more additional particles, each independently comprising
conditioned medium from a cell culture within the particle
and having a release profile of the conditioned medium
different from the first and second release profile, thereby
further extending release of effective amounts of the condi-
tioned medium beyond the first and second release profile,
wherein the conditioned medium of the first, second, and
one or more additional particles are the same or different.

4. The composition of claim 1, wherein the first particle
comprises a polymer material, a ceramic material, or a
material capable of osmotic release.

5. The composition of claim 1, wherein the conditioned
medium is medium from a culture of a stem cell, a progeni-
tor cell, an immune cell, a secretory cell, or an islet cell.

6. The composition of claim 5, wherein the conditioned
medium is medium from a culture of a mesenchymal stem
cell or a macrophage.

7. The composition of claim 1, wherein the first particle
comprises a polyester or polyester-containing copolymer.

8. The composition of claim 7, wherein the polyester or
polyester-containing copolymer comprises a poly(lactic-co-
glycolic) acid (PLGA); a poly(lactic acid) (PLA); a poly
(trimethylene carbonate) (PTMC); poly(caprolactone)
(PCL); a poly(glycolic acid) (PGA); or a poly(glycolide-co-
trimethylene carbonate) (PGTMC).

9. The composition of claim 1, further comprising a
biocompatible polymer.

10. The composition of claim 9, wherein the biocompat-
ible polymer is a bioerodible polymer.

11. The composition of claim 10, wherein the biocom-
patible, bioerodible polymer is a poly(ester urethane) urea
(PEUU); poly(ether ester urethane)urea (PEEUU); poly(es-
ter carbonate)urethane urea (PECUU); poly(carbonate)ur-
ethane urea (PCUU); a polyurethane; a polyester; a polymer
comprising monomers derived from alpha-hydroxy acids; a
polymer comprising monomers derived from esters; a poly-
mer comprising monomers derived from lactones; and/or a
polymer comprising monomers derived from carbonates.

12. The composition of claim 11, wherein the alpha-
hydroxy acids comprise polylactide, poly(lactide-co-gly-
colide), poly(L-lactide-co-caprolactone), polyglycolic acid,
poly(D,L-lactide-co-glycolide), and/or poly(L-lactide-co-D,
L-lactide).

13. The composition of claim 11, wherein the ester
comprises  polyhydroxybutyrate, polyhydroxyvalerate,
polydioxanone, and/or polyglactin.

14. The composition of claim 11, wherein the lactone
comprises polycaprolactone.

15. The composition of claim 11, wherein the carbonate
comprises polycarbonate, polyglyconate, poly(glycolide-co-
trimethylene carbonate), or poly(glycolide-co-trimethylene
carbonate-co-dioxanone).
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16. The composition of claim 1, further comprising a
growth factor, cytokine, chemoattractant, and/or inflamma-
tion regulator within the first particle.

17. The composition of claim 1, further comprising 1L.-2,
1L-12, and/or IFN-y within the first particle.

18. The composition of claim 1, further comprising a
non-steroidal anti-inflammatory drug within the first par-
ticle.

19. The composition of claim 1, further comprising a
composition that promotes angiogenesis within the first
particle.

20. The composition of claim 1, further comprising an
anti-thrombogenic composition within the first particle.

#* #* #* #* #*



