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FIG. 1

(57) Abstract: The present disclosure describes a device and/or composition comprising a hydrogel system, such as an alginate
methacrylate hydrogel system, and a therapeutic agent. The device and or composition may contain one or more therapeutic agents, such
as an engineered cell or protein, a secreted protein, a hormone, a cytokine, an antibody, an enzyme or a peptide Also described herein
is a method of treating a disease or disorder using a device and/or composition comprising a hydrogel system and a therapeutic agent.
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PHOTO-RESPONSIVE THERAPEUTIC ENCAPSULATION
COMPOSITIONS AND BEVICES

{06001] This application 1s an International Application which claims prionty from USRS,
provisional patent application no. ©3/593,813, filed on October 27, 2023, the entire contents of
which are incorporated herein by reference.

100021 All patents, patent applications and publications cited herein are hereby incorporated by
reference in their entivety. The disclosures of these publications in their entireties are hereby
incorporated by reference into this application in order to more fully describe the state of the ant
as known to those skilled therein as of the date of the invention described and claimed herein.
{6063] This patent disclosure contains material that is subject to copyright protection. The
copyright owner has no objection to the facsimile reproduction by anyone of the patent
document or the patent disclosure as it appears in the US. Patent and Trademark Office patent

file or records, but otherwise reserves any and all copyright rights.

BACKGROUND OF THE INVENTION
{0004} Field of the Invention
{0008] The present disclosure relates 1o the fields of biology, medicine, biocengineering and
medical devices. More particular, it relates to the development and use of hydrogels designed
to deliver therapeutic agents to a subject. Io particular, the hydrogels comprise an alginate

methacrylate polymer.

{(3006] Description of Related Art

{6007} Encapsulation within semi-permeable hydrogels represents a local immuno-isolation
strategy for many therapies without the need for systemic immunosuppression (Chang, 1904,
Lim and Sun, 1980}). The hydrogel sphere may facilitate the diffusion of nutrients necessary
for cell function while excluding immune cells that would reject the foreign cells. Alginate
spheres are one of the most widely mvestigated cell encapsulation materials because thus
anionic polysaccharide forms a hydrogel in the presence of divalent cations under cell friendly
conditions. This natural co-polymer can then exhibit differential physical properties
depending on the ratio and sequential arrangerment of mannuronic and guluronic acid residues,

t
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the molecular weight, the concentration and the divalent cations used to form the gels (Strand
et al., 2017y For instance, alginate with a high guluronic-block content has a higher binding
attinity for barium lons and will form a tighter, more stable network compared with the same
alginate type crosslinked with calcium (Haug and Smidsrod, 1970},

{0008] Addinonally, electrostatic complexation of a positively charged polymer 1o the
negatively charged alginate surface can provide an outer layer to reduce sphere porosity and
increase sphere stabidity (Kollmer ef af, 2015). A final outer alginate layer or chemical
maodification of the polycation used for coating has been investigated to reduce the positive
surface charge density of the sphere (Kollmeresal., 2015, Mooranian ef af, 2016; Kleinberger
et al., 2016}, Many alginate sphere formulations are produced with variations in the alginate
concentration, the crosslinking ton or the inclusion or exclusion of a polycation layer.

[0009] However, one critical drawback of wonically cross-linked alginate gels 18 the limited
fong- term stability in physiological conditions, because these gels can be disscolved due to
release of divalent tons into the surrounding media due to exchange reactions with
monovalent cations. In addition, the calcium ions released from the gel may promote
hemostasis, while the gel serves as a matrix for aggregation of platelets and erythrocyies (Lee
and Mooney, 2012; Suzukietal., 1998} Finally, limited control over the rate of biodegradation
and brittleness remains an issue. Thus, there exists a need for mechanically stable alginate

methacrylate hydrogels that are crosslinkable, permeable and support cell viability.

SUMMARY OF THE INVENTION

[00010] in some aspects, the present disclosure provides a composition
comprising;
(1) a hydrogel system, wherein said systemn comprises at least one of A, B or C,
wheretn:

A is a photo-responsive alginate, wherein the molecular weight is less than 95

kDa and wherein the methacrylation efficiency is from about 15% to about

5%,

5
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B is a photo-responsive alginate, wherein the molecular weight 1s from about
55 kDa to about 240 kDa and wheretn the methacrylation efficiency s from

about 1% to about 65%; and
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{ is a photo-responsive alginate, wherein the molecular weight is from about
180 kDa to about 320 kDa and wherein the methacrylation efficiency from

about 1% to about 25%; and

(1t} a therapeutic agent.
[00011] In some embodiments, the hydrogel systews comprises a wmonorer of the
formula:
; O
OYNH ot
---- @) OH | HO—7
Q/O}OH
HO
O~ OH

- - =)
wherein o and m are at least 1.
[00012] In some embodiments, o is 1-5 In some embodiments, m is 1-5 In some
aspects, n and m are the same.
[00013] in some aspects, the present disclosure provides a drug delivery device

comprising:

(1} ahydrogel system, wherein said system comprises at least one of A, B or €, wherein:
A 15 a photo-responsive alginate, wherein the molecular weight is less than 95
kBa and wherein the methacrylation efficiency is from about 15% to about
Q5%%;

B is a photo-responsive alginate, wherein the molecular weight is from about
55 ki2a to about 240 kDa and wherein the methacrylation efficiency is from
about 1% to about 65%; and

C is a photo-responsive alginate, wherein the molecular weight is from about
180 kDa to about 320 kDa and wherein the methacrylation efficiency trom about
194 t0 about 25%,; and

(i1} a therapeutic agent.
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[00014] in some aspects, the methacrylation efficiency of A is about 20%, about 46%,
about 60% or about 90%. In some embodiments, the methacrylation efficiency of B ts about
5%, about 10%, about 20%, about 46% or about 60%. In some embodiments, the
methacrylation efficiency of C1s about 5%, about 10% or about 20%.

[00015] In some embodiments, A is cornbined with B at a ratio of about 1.0 to about
0:1. A is combined with C at a ratio of about 1:0 to about 0:1; or B is combined with C at a
ratio of about 1:0to about 0:1. In some embodiments, A i1s combined with Bat a ratio of about

7.3 to about 3.7 A is combined with € at a ratio of about 7:3 to about 3.7, or B is combined

5

with C at a ratio of about 7:3 to about 3:7. In some embodiments, A is combined with B at a

ratio of about 7:3; A is combined with Cat a ratio of about 7:3; or Bis combined with Cat a
ratio of about 7.3, In some embodiments, A is combined with B at a ratio of about 6:4; A is
combined with C at a ratio of about 6:4; or Bis combined with Cat a ratio of about 6:4. In
some embodiments, A is combined with Bat a ratio of about 5:5; A is combined with Cat a
ratio of about 5:5; or Bis combined with Cat aratio of about 5:5. In some embodiments, A is
combined with Bat aratio of about 4:6; A is combined with Cat a ratio of about 4:6; or Bis
combined with Cat a ratic of about 4:6. In some embodiments, A is combined with B at a
ratio of about 3.7; A is combined with € at a ratic of about 3:7; or Bis combined with Cai &
ratio of about 3:7. In some embodiments, Bis combined with Cat a ratio of about 7:3.
[00016] In some embodiments, the therapeutic agent comprises an engineered cell or
protein, a secreted protein, a hormone, a cytokine, an antibody, an enzyme or a peptide.
In certain embodiments, the therapeutic agent comprises an engineered ceil,

[00017] in some aspects, the present disclosure provides a method of treating a disease
or disorder 1n a patient in veed thereof, comprising administering to the patient a device or
composition described herein.

[00018] Other objects, features, and advantages of the present disclosure will become
apparent from the following detailed description. ¥ should be understood, bowever, that the
detailed description and the specific examples, while indicating specific embodiments of the
invention, are given by way of illustration only, since various changes and modifications
within the spirit and scope of the invention will become apparent to those skilled in the art

from this detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS
[00019] The following drawings form past of the present specification and are included
to further demonsirate certain aspects of the present disclosure. The disclosure may be better
understood by reference to one or more of these drawings in combination with the detailed
description of specific embodiments presented herein.
[00020] FIG. 1. Alginate methacrylate synthesis
[00021] FI1G. 2. Alginate methacrylate NMR
[00022] FIGL 3
[00023] FIG. 4. AIMA formulation hydrogel shape retention
[00024] FIG. 8

. AIMA formulation gelation assay

. Absolute weight change values of AIMA formulations in solution after
two weeks

[00025] FiG., 6. ARPE-19 cell viability of AIMA base formulations

[00026] FI1G. 7. Mechanical strength of AIMA formulations

[00027] FIG. 8. Molding platform for AIMA formulation of varving shapes and sizes
[00028] FIG. 9. PDMS molding device

[00029] FIG. 10 Programmable RPE-VEGF-C cell therapy enables stable and local

8
b

production with inducible safety switch for termination.

a, Overall schematic of engineered RPE-VEGF-C cells with inducible small molecule for cell
death. b, VEGF-C production of VEGF-C engineered (RPE-VEGF-C) and non-engineered cell
lines over 24 hours in culture. ¢, VEGF-C production over time in RPE-VEGFC cell lines in
culture. d, schematic of in vivo experiments of RPE-VEGF-C with and without engineered kill
switch. e, fluorescence imaging of cell viability. f, in vivo VEGF-C production over 24 hours. g,
RPE-VEGF-C viability and production with engineered kill switch at 10 uM, 1uM, 100nM,
10nM, InM, 0.1nM, 0.01nM, and OnM of small molecule activator. h, fluorescence imaging of
cell viability. 1, cell viability with and without engineered kill switch. j, r'VEGF-C concentration
with and without engineered kill switch.

[00030] FIG. 11 Development of AIMA library and high-throughput screen to enable
leading materials for RPE-VEGFC cell therapy. a, screening strategy for AIMA library. b, shape
retention of ionically crosslinked alginate with barium chloride, and AIMA at different
methacrylation efficiencies upon UV crosslinking. ¢, gelation assay with Rhodamine B loaded

AIMA formulation samples. d, mechanical strength of AIMA library formulations. e, AUC of
5
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weight alteration. f, VEGF-c diffusion in AIMA gels after 24 hours.

BESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[00031] Described herein are compositions of matter comprising photo-responsive
library platformus that can be fabricated wnto devices for management of diseases. In some
embodiments, the compositions and/or devices described herein are hydrogels. In some
embodirsents, the hydrogels are alginate wethacrylate formulations that are crosslinkable,
mechanically stable, permeable and support cell viability.

[00032] In certain aspects, the present disclosure describes g library of alginate
methacrylate (AIMA) synthesized by reacting sodium alginates of different molecular
wetghts (UPVLVG with molecular weight < 75 kDa, SLG-20 with molecular weight 75 -
220 kDa and SLG-100 with molecular weight 200-300 kDa) with 2-aminoethyl methacrylate
{AEMA} and having different methacrylate efficiency. In some aspects, the AIMA

formulations may utilize the nomenclature described in Table 1 below.

[00033] Table 1. Proposed Nomenciature for AIMA Formulations at 2wt/v% (VLY =very
tow viscosity; LV = low viscosity; M = methacrylation)
Sodium Alginate Methacrylation Efficiency | Proposed Nomenclature
UPVLVG 20% VLV-M20
46% VLV-M46
60% VLV-M60
90% VLV-M90
SLG20 5% LV20-M5
10% LV20-M10
20% LV20-M20
46% LV20-M46
60% LV20-M60
SLG100 5% LV100-M5
10% LVI00-M10
20% LVI100-M2
[00034] In some aspects the AIMA tormulations may be combined at ratios of 1.0, 7.3, 6.4,

&
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5:5,4:6, 37 or 0.1 In preferred embodiments, the AIMA formulations may be combined at the

ratios described by Table 2. These and other aspects of the disclosure are described in detail below.

166935

Tabile 2. Preferred AIMA Formulations

AIMA Formoulation

UP 46 1.0

SLGIO0 16 - UP 90 6:4

Up 60 1:0

SLGIO0 10 - SLG20 2064

P S0 1.0

UP20-UP 60 S5

SLG20 20 1.0

UP 20~ UP S0 5SS

UP20-UPG60T3

UP 20 -851.G206 20 5:5

UP20-UPSO T3

UP 46 -UP 60 55

UP 20 -SEGR0 2073

UP46-UP9055

P46 -UP 2073

UP 46 -SLG20 20 5:5

UP46-UP G073

UP 40 -SLGIOO 10 5:5

UP46-UP S0 73

UP 60 - UP 9055

UP 46 -5LG20 1673

UP 60 -SLG20 555

UP 46-5LG20 2073

UP 60 -SLG20 10 5:5

UP 46 - SLGI00 573

UP 60 -SLG20 20 5:5

UP 46 -SLGIO0 1073

UP 60 - SLGIO0 3 5.5

UP 60 -UP 2073

UP 60 -SLGIO0 10 5:5

UP60-UP 4673

UP S0 -SLG205 55

UPGO-UPSDT73

UP 90 -5LG20 1055

UP 60 -SLG20 1073

UP 90 -5LG20 20 5:5

UP 60 -SLG20 2073

UP S0 - SLGISG 5 5:5

UP 6O - SLGI0O 573

UP 90 -SLGIO0 10 5.5

UP 60 -SLGI00 1073

SLG20 20 -SLGIO0 10 5.5

UP 90 - UP 2073

SLG20 20 -SLG205 73

~3
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UPSO-UP 4673

SLG20 20 -SLG20 5 64

UPSO-UP60T73

SLG20 20-SLG20 10 6:4

UP S0 -SLG20 1073

SEG20 20 - SLGIOO 5 7.3

UPQ0-SLG20 2073

SLGIB0 20 1:0

UP SO - SLGIOO 573

UP20-SLGIO0 2073

UP S0 -SLGIOD 1673

UP 46 —-SLGI00 2073

SLG20 10-UP 6073

UP 60 - SLGI00 2073

SLG20 10-UPS0 T3

UP 90 - SLGIOO 2073

SLG20 20 -UP 2073

SEG2ZO 10 - SLGIOD 207:3

SLG2020-UP 4673

SLG20 20 - SLGING 2073

SLG2020-UP 6073

SLGIOO 10 - SLGI00 2073

SLGZ020-UP S0 73

SLGIO0 20 - SLGIC0 2073

SL.G20 20 -SLGI00 1073

UP 20 - SLGI00 20 3.7

SLGIOQ0 10-UP 4673

UP 46 —SLGI00 2037

SLGIOO 10-UP G0 T3

UP 60 - SLGI00 20 3.7

SLGIOG 10-UPS0 73

UP 90 — SLGI00 20 3.7

SLGIOO 10 - SLG20 2073

SLG20 10 - SLGI00 20 3.7

Up20-UP 6064

SLG20 20 — SLGI00 20 3.7

UPZ20-UP 9064

SLGHO0 10 — SLGIOo 20 3.7

UP 20 -S14620 20 6:4

SLGHO0 20 — SLGI00 20 3.7

UP 46 -UP G004

UP 20 -SLGI00 20 64

UP 46 -UP S0 6:4

UP 46 - SLGLO0 2064

UP 46 -SLGR20 1064

UP 60 ~SLGI0G 2064

UP 46 -SLG20 20 6:4

VPS80 - SLGI00 2064

UP 46 -SLGLO0 10 6:4

SLG20 10 - SLGIG0 2064

Pod -UPZ006H

SLG20 20 - SLGI00 2064
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UP o0 -UP 4664

SLGIOO 10 - SLGIG0 20 6:4

UP o0 -UP S0 64

SLGIOO 20 —SLGICO 20 6:4

UP 60 -51.G20 564

UP 20— SLGI00 20 4:6

UP 60 -SLG20 1064

UP 46 - SLGI00 2046

UP 60 -SLG20 20 6.4

UP 60 — SLGIG0 20 4.6

UP 60 - SLGI00 564

UP 90 —SLGIO0 20 4.6

UP 60 -SLGI00 1064

SLG20 10 - SLGIG0 20 4:6

UPS0 -UP 20064

NLG2Z0 20 - SLGI00 20 4:6

UP90-UP 4664

SLGIOO 10 - SLGIGO 20 4.6

UP 90 - UP 6064

SLGIOO 20 -~ SLGIGO 20 4:6

UPS0-SLG205 64

UP 20 - SLGI0O 20 4:6

UP90-SLG20 1064

UP 46 —SLGIGO 20 4:6

UP 90 -SLG20 2064

UP 60 - SLGI0O 20 4:6

UP 90 - SLG1I00 564

UP S0 ~8LGIC0 20 4:6

UP 90 -SLGI00 10 64

SLGZ0 10 - SLGI00 20 4:6

SLG20 5 - UP 60 6:4

SLGZ0 20 - SLGLO0 20 4:6

SLG20 10-UP 6064

SLGIOO 10 — SLGIC0 20 4:6

SLG20 10-UP 90 64

SLGHO0 20 — SLGIG0 20 4:6

SLGAG 20 ~-UP 2064

UP 20 - SLGIO0 20 5:S

SLG2020-UP 46 6:4

UP 46 — SLGIG0 2058

SLG20 26-UP 6004

UP 60 — SLGH0 2055

SLG2020-UP 9004

UP 90 - SLGIGO 2055

SLG20 20 - SLGI00 5 64

SLG20 10 SLGIOO 2055

SLG20 20 -8LGIOD 10 64

SLG2O 20— SLGI00 2055

SLGI00 10- 1P 46 64

SLGHI0 10 - SLGIGO 20 5.5

SLGI00 10 - UP 60 6.4

SLGHOO0 20 - SLGIO0 20 5:5
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[60036] DEFINITIONS
{60037) The use of the word "a" or "an” when used in conjunction with the term

"comprising” in the claims and/or the specification may mean "one," but it is also consistent

woa,

with the meaning of "one or more,” "at feast one,” and "oue or more than one.” The word
"about" means plus or minus 5% of the stated number. "Heal” as used herein refers 1o the
partial or compiete restoration of a cell or tissue containing a wound, 2.g., a wound
described herein.

{606338] "Alginate” is a collective term used to refer to linear polysaccharides formed
from -D- mannuronate and a-L-guluronate in any AMJ/G ratio, as well as salts and derivatives
thereof. The term "alginate”, as used herein, encompasses any polymer having the structure
shown by Formula 1, as well as salts thereof.

[30039] "Hydrogel” refers to a substance formed when an organic polymer (natural or
synthetic) 1s cross-linked via covalent, ionic, or hydrogen bonds to create a three-dimensional
open-lattice structure which entraps water molecules to form a gel. Biocompatible hydrogel
refers to a polymer forms a gel which 1s not toxic to living cells and allows sufticient diffusion
of oxygen and nutrients to the entrapped therapeutic agent to maintain viability.

{60040] When a range of values is listed, it 1s intended to encompass each value and
sub-range within the range. For example, "nis 1-5" 1s intended to encompass, n= 1, n= 2 n
=3, n=4and n= 5.

[00041] The terms "subject” or "patient,” as used herein, refer to an individual bearing
a wound and/or the recipient of a wound healing device described herein. The subject may
include a human (fe., a male or fewale of any age group, e.g.. a pediatric subject fe.g.. infant,
child, adolescent) or adult subject fe.g., young adult, middle-aged adult, or senior adult))
and/or other non-human arumals, for example, mammals fe.g, primates (e.g., cynomolgus
monkeys, rhesus monkeys), commerctally relevant mammals such as cattle, pigs, horses,
sheep, poats, cats, and/or dogs) and birds fe.g., commercially relevant birds such as chickens,
ducks, geese, and/or turkeys). In certain embodiments, the animal 1s a mammal. The animal
may be a male or female and at any stage of development. A non-human animal may be a
transgenic animal.

L)

[00042] As used herein, the terms "treatment,” "treat,” and "treating” refer to reversing,

10
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alleviating, delaying the onset of, or inhibiting the progress of one or more of a symptom,
manifestation, or underlying cause of, e.g., a wound, e.g, as described herein. Treating may
entail administering or applying the wound healing device described herein. In an

embodiment, treating comprises reducing, reversing

<2

alleviating, delaying the onset of, or
inbiting the worsening of a wound in a subject. In some embodiments, "treatment.” "treat,”
and "treating" require that signs or symptoms of the disease, disorder, or condition have
developed or have been observed. In other embodiments, treatruent may be administered in the
absence of signs or symptoms of the disease or condition, e.g., in preventive treatiment. In
some embodiments, treatiment corprises prevention and in other embodimments it does not.
[00043] The terms "applying” and "administering” are used interchangeably to refer to
causing a subject to receive a treatmment. For example, administering a therapeutic agent to the
subject means moving the particle inside the body of the subject. The terms active agent, active
pharmaceutical ingredient, pharmacologically active agent, and drug are used interchangeably
herein to refer to a bicactive material or compound which, when administered to an organism
{human or animal} induces a desired pharmacologic and/or physiclogic effect by local and/or
sy stemic acton.

n

n n

[00044] As used herein, the terms "determining,” "measuring,” "assessing," and
"assaying” are used interchangeably and include both quantitative and qualitative
determinations.

[00045] As used herein, the terms “acrylation” and "methacrylation” refer to the
addition of an acrylate or methacrvlate group respectively. The term "methacrylation
efficiency” refers to the number of methacryiate groups added to a monomer or polymer
described herein. Methacrylation efficiency i1s represented as a percentage of the polymer that
has been substituted with a methacrylate unit.

[00040] A "therapeutically effective amount”, a "therapeutically effective dose” or
"therapeutic dose” is an amount sufficient to effect desired clinical results (e.g., achieve
therapeutic efficacy, achieve a desired therapeutic response). A therapeutically effective dose
can be administered in one or more administrations. For purposes of this disclosure, a
therapeutically effective dose of a compositions i1s an amount that is sufficient, when
administered to the wdividual, to palliate, ameliorate, stabilize, reverse, prevent, slow or

delay the progression of a disease state {e.g., neurodegenerative disease, etc ) present in the

it
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subject.

[00047] The chemical structures and formulae set forth herein are constructed according
to the standard niles of chemical valency known in the chemical and biclogical arts.
Also, all publications, patent applications, patents and other references mentioned herein are

incorporated by reference in their entivety.

[00048] A "pharmaceutically acceptable excipient,” "pharmaceutically acceptable
diluent,” "pharmaceutically acceptable carrier,” and "pharmaceutically acceptable adjuvant”

means an excipient, diluent, carrier, and adjuvant that are useful in preparing a pharmaceutical
composition that are generally safe, non-toxic and neither biologically nor otherwise
undesirable, and include an excipient, diluent, carrier, and adjuvant that are acceptable for
veterinary use as well as human pharmaceutical use. "A pharmaceutically acceptable
excipient, diluent, carrier and adjuvant” as used o the specification and claimus includes both
one and more than one such excipient, diluent, carrer, and adjuvant.

[00049] As used herein, a "pharnmaceutical composition” 18 meant 10 encompass a
composition suitable for administration to a subject, such as a mammal, especially a human.
In general a "pharmaceutical composition” is sterile, and preterably free of contaminanis that
are capable of eliciting an undesirable response within the subject fe.g, the compound(s} in
the pharmaceutical compeosition i1s pharmaceutical grade). Pharmaceutical compositions can
be designed for administration to subjects or patients in need thereof via a number of different
routes of administration including intravenous, buccal, rectal, parenteral, intraperitoneal,
intradermal, intratracheal, intramuscular, subcutancous, and the like.

1t

[00050] The terms ‘"co-administration” and "in combination with" include the
administration of two or more therapeutic agents either simultaneously, concurrently or
sequentially. In one embodiment, the agents are present in the cell or in the subject's body at
the same time or exert their biological or therapeutic effect at the same time. In one
embodiment, the therapeutic agents are 1o the same composition or unit dosage form. In other
embodiments, the therapeutic ageunts are in separate compositions or unit dosage forms. In
certain embodiments, a first agent can be administered prior 10 {e.g., minutes, 15 minutes,
30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72
hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks

before), concomitantly with, or subsequent to (e.g, 5 minutes, 15 minutes, 30 minutes, 45
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minutes, | hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1
week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks after) the
administration of a second therapeutic agent.

[00051] The compounds disclosed herein may also comprise one or more isctopic
substitutions. For exampte, H may be in any isotopic form, including 'H, “H (Dor deuterium),
and “H (Tor tritium}; C may be in any isotopic form, including *C, PC, and "*C; 0 may be in
any isotopic form, including '°0 and '80; and the like.

[00052] "Polymer,” as used herein, refers to a molecule comprising one or more repeating
units, or monomers. Polymers may comprise only one species of repeating unit, fe., a
“homopolymer” as used heretn, or may comprise multiple species of repeating units, fe., a

H

"heteropolymer.” For example, polyethviene oxide is a homopolymer of ethylene oxide
HONGIETs.

[00053] Devices and Compeositions

[00054] The compositions/devices of the present disclosure comprising a therapeutic agent
have an inner housing chamber with which the therapeutic agents are housed. This in tum is
surrounded by a biocompatible supporting structure/lattice or are disposed in a capsule
formed from abiocompatible material. The following discussion of matenials and methods
for production relate to these compositions/devices.

[00055] The inventors contemplate the use of alginates to create proteciive coatings for
therapeutic agents contained in the devices and capsules according to the present disclosure.
In some embodiments, the alginate 13 SLG20. In some embodiments, the SLG20 18 about 0.1%-
3% SLG20.

[00056] One embodiment provides for the use of modified alginate polymers in the
construction of therapeutic agent-containing devices. Modified alginate polymers canbe of any
desired molecular weight The weight average molecular weight of the alginates is preferably
between 1,000 and 1,000,000 Daltons, more preferably between 10,000 and 500,000 Dhaltons
as determined by gel permeation chromatography.

[00057] Modified alginate polymers can contain any ratio of covalently modified

1296 1 /(1- 1“‘/(3 }6()/53,

} 3

,50/ 7.5%, 10%

monomers. In some embodiments, greater than 2.5%

E8%, 20%, 22%, 24%, 25%, 26%, 28%, 30%, 32.5%

7

’J(

o, 37.5%, 40%, 45%, 50%, 55%, or

60% of the monomers in the modified alginate poiymer are covalently modified monomers.
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Greater than 10%, greater than 20%, or greater than 30% of the monomers in the moditied
alginate polyruer are covalently modified monomers.

[00058] Modified alginate polymers can be produced itncorporating covalently modified
monomers  possessing a  range of  different  hydrogen bonding  potentials,
hydrophobicities/hydrophulicities, and charge states. The inclusion of covalently modified
monomers into an alginate polymer alters the physiochemical properties of alginate polymer.
Accordingly, the physiochemical properties of alginates can be tuned for desired applications
by the selective incorporation of covalently modified monomers.

[00059] For example, the glass transition temperature {Tg), can be varied by the
incorporation of covalently modified monomers. In some embodiments, the modified alginate
polymer powder possess a Tg, as measured by differential scanning calorimetry (DSC), of
greater than 50°C, 60°C, 65°C, 70°C, 75°C, 80°C, 85°C, 90°C, 95°C, 100°, 105°C, 110°,
[15°C, 120%, 125°C, 130°C, 135°C, 140°C, 145°C, 150°C, 160°C, 175°C, 190°C, or 200°¢.
[00060] The hydrophobicity/hydrophilicity of alginates can be varied by the tncorporation
of hydrophobic and/or hydrophilic covalently modified monomers. In  particular
embodiments, the moditied alginate polymer contains one or more hydrophobic covalently
modified monomers. The relative hydrophobicity/bydrophilicity of moditied alginates can be
quantitatively assessed by measuring the contact angle of a water droplet on a film of the
modified alginate polymer using a goniometer. In some embodiments, the modified alginate
has a contact angle of less than 90° ¢ie. it 1s hydrophilic). In particular embodiments, the
rodified alginate has a contact angle of more than 90° fle., 1t 15 hydrophobic). In some
embodiments, the modified alginate has a contact angle of more than 95%, 100°, 105°, 110°,
115°, or 1207,

[00061] in embodiments used for cell encapsulation, the modified alginate polymer can be

ionically crosslinked by a polyvalent cation such as Caz-+~, Se2+, or Bas+ to form hydrogels.
[00062] in some embodiments, the modified alginate polymer forms hvdrogels such
that the fluorescence intensity measured using the high throughput hydrogel formation assay
described herein is greater than 10,000, 15,000, 20,000, 25,000, 30,000, 35,000, 40,000,
45,000, 50,000, or 55,000,

[00063] In particular embodiments, the modified alginate polymer forms hydrogels such
that the fluorescence intensity measured using the high throughput hydrogel formation assay
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described herein is greater than 15,000, In particular embodiments, the modified alginate
polymer forms hydrogels such that the fluorescence intensity measured using the high
throughput hydrogel formation assay described herein is between 15,000 and 55,000,
preferably between 20,000 and 55,000, more preferably between 25,000 and 55,000,

[00064] The porosity and surface area of modified alginates can be measured using BET
analysis. Prior to BET analysis, solvent and volatile impurities are removed by prolonged
heating of the modified alginate gel under vacuum. Subsequently, the hydrogel samples are
cooled under vacuum, for example by liquid nitrogen, and analyzed by measuring the volume
of gas (typically N2, Ky, CO2, or Ar gas) adsorbed to the hydrogel at specific pressures,
Analysis of the physisorption of the gas at variable pressures is used to characterize the total
surface area and porosity of gels formed by the modified alginate polymers. A particular
mwethod of determining bydrogel porosity 15 BET analysis.

[00065] In particular embodiments, the modified alginate forms a hydrogel with sufficient
porosity to permit nuirients, waste, and the hormones and/or proteins secreted from
encapsulated cells to diffuse freely into and out of the capsules, while simultaneously
preventing the incursion of immune cells inte the gel matrx. In some embodiments, the
porosity of the hydrogel formed by the modified alginate polymer is increased by 5%, 10%,
15%, or 20% relative to the porosity of a hydrogel formed from the unmodified alginate
polymer. In alternative embodiments, the porosity of the hydrogel formed by the modified
alginate polymer is decreased by 5%, 10%, 15%, or 20% relative to the porosity of a hydrogel
formed from the unmodified alginate polymer,

[00066] In particular embodiments used for cell encapsulation, the modified alginate is
biocompatible. The biocompatbility of moditied alginates can be quantitatively determived
using a fluorescence-based /7 vive biccompatibility assay.

[00067] In some embodiments, the modified alginate polymer is biocompatible such
that the fluorescence response normalized to unmodified alginate measured using the in
vivo biocompatibility assay described herein 1s less than 100%, 95%, 90%, 85%, 80%, 75%,
T70%, 65%, 60%, 55%, 50%, 45%, or 40%. In particular embodiments, the modified alginate
polymer induces a lower foreign body response than unmodified alginate. This is indicated by
fluorescence response pormalized to ummwodified alginate of less than 100%. In some

embodiments, the modified alginate polymer is biocompatible such that the fluorescence
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response normalized to unmedified alginate measured using the in vive biccompatibility assay
described herein is less than 75%, more preferably less than 65%6, and most preferably less
than S0%.

[00068] The modified alginates can be chemically modified as described herein to any
desired density of modifications. The density of modifications 18 the average number of
modifications (that is, attached compounds) per a given weight, volume, or area of the surface
of a capsule or product that includes the modified alginate. Generally, a deunsity at or above a
threshold density can provide a beneficial effect, such as lower foreign body response. In some
embodiments, a high density is not required. Without being bound to any particular theory of
operation, it is believed that the chemical modifications signal to, indicate to, or are identified
by, one or more immune system or other body components to result in a beneticial effect, such
as a lower foreign body response. In some embodiments, a lower density of moditications can
be effective for this purpose.

[00069] Useful densities include densities of atleast, of less than, of about, orof 1, 2, 3, 4,
56,7 89 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20,25.30,35.40.45,50,55 60,65, 70, 75,
80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230,
240, 250, 260, 270, 280, 290, 300, 320, 340, 360, 380, 400, 420, 440, 460, 480, 500,
550, 600, 650, 700, 750, 800, 850, 900, and 1000 modifications per square um, per yg, or per
cubic um. All ranges defined by any pair of these densities are also specifically contemplated
and disclosed.

[00070] In some embodiments, the density of the modifications on a surface, surfaces, or
portions of a surface(s} of a capsule or product that, when the product is administered to (e. g,
implanted in the body of) a subject, would be 1n contact with fluid(s}, celi{s), tissue{s), other
component(s), or a combination thereof of the subject’s body is greater than the density of the
modifications on other surfaces of the product.

[00071] Density can also be expressed in terms of the concentration of the surface
modifications as measured by X-ray photoclectron spectroscopy (XPS) XPS is a surface-
sensiiive quantitative spectroscopic technique that measures the elemental compaosition at the
parts per thousand range of the elements that exist within a material,

[00072] XPS spectra are obtained by irvadiating a material with a beam of X-rays while
sinultanecusly measuring the kinetic energy and number of electrons that escape from the
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top O 1o 10 nm of the maternial being analyzed. By measuring all elements present on the
surface, the percentage of the clements that come from the surface meodifications can be
calculated. This can be accomplished by, for example, taking the percentage of nitrogen
{and/or other elements in the surface modifications) in the total elemental signal measured.
Nitrogen s a usetul indicator for the surface modification because many substrated and
materials forming the capsule or product contain little nitrogen. For convenience, the percent
of the element(s) used to indicate the surface modifications can be stated as the percent surface
modifications. Also for convenience, the percent surface modifications can be referred to as
the concentration of surface moditications.

[00073] Useful percent surface modifications include concentrations of about, less than or
at0.1,02, 03,04, 05,0607 0809 1.2,3,4.56,7,8,9,10, 11,12, 13, 14, 15, 16,
17, 18, 19,20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,90, 95, and 100 percent surface
modifications. Ali ranges defined by any pair of these concentrations are also specifically
contemplated and disclosed.

[00074] In one aspect, the alginates may be used to form a capsule. Capsules are particles
having a mean diameter of about 150 um to about 5 om. The disclosed capsules can be
formed of cross-linked hydrogel. Other than the encapsulated material, the capsules, for
example, can be formed solely of cross-linked hydrogel, can have a cross-linked hydrogel
core that is surrounded by one or more polymeric shells, can have one or more cross-linked
hydrogel layers, can have a cross- linked hydrogel coating, or a combination thereof The
capsule may have any shape suttable for, for example, cell encapsulation. The capsule may
contain one or more cells dispersed in the cross-linked hydrogel, thereby "encapsulating” the
cells. Particular capsules are formed of or include one or more of the disclosed modified
alginates.

[00075] Capsules can have a mean diarneter of about 150 um to about § mm. Capsules
can bave any mean diameter from about 150 um to about 5 em. In particular, the capsules
have a mean diameter that 1s greater than | mun, more particularly 1.5 mm or greater. In some
embodiments, the capsules can be as large as about 8 mm in diameter. For example, the
capsule can be in a size range of about 1 mm to 8 mm, | mm to 6 mm, { mm to 5 mm, | mm
o4 mm, I oim to 3w, Tommto2mm, o to 1.5 v, 1.5 vam to 8 mya, 1.5 ma £0 6 i,

-

PSmmiodSmm, [ Smmtodmm, 1.5 mmto3 mm, or 1.5 mm {oc 2 mm.
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[00076] The rate of molecules entering the capsule necessary for cell viability and the rate
of therapeutic products and waste material exiting the capsule membrane can be selected by
modulating capsule permeability. Capsule permeability can also be modified to limit entry of
immune cells, antibodies, and cytokines into the capsule. Generally, as shown by the
exampies, known methods of forming hydrogel capsules can produce capsules the
permeabitity of which lumit entry of immune cells, antibodies, and cytokines into the capsule.
Since different cell types have different retabolic reguirements, the permeability of the
mermbrane can be optimized based on the cell type encapsulated in the hydrogel. The diameter
of the capsuies is an important factor that influences both the immune response towards the
cell capsules as well as the mass transport across the capsule membrane.

[00077] The unmoditied alginate typically has a weight average molecular wetght of about
50,000 Daltons to about 500,000 Daltons; however, unmodified alginates baving molecular
weights outside this range can also be used. In some embodiments, the average molecular
weight 1s less than 95,000 Daltons, preferably less than 75,000 Daltons In some
embodiments, the average molecular weight is from about 50,000 to about 250,000 Daltons,
preferably from about 75,000 Daltons to about 220,000 Daltons. In some embodiments, the
average molecular weight 1s from about 175,000 to about 325,000 Daltons, preferably from
about 200,000 Daltons to about 300,000 Daltons.

[00078] in other emboduments, one or more additional hydrogel-forming polymers are
used in combination with unmodified alginate or in place of unmodified alginate. Such
polymers are known in the art. Examples include, but are not limited to, PEG, chitosan, dextran,
hyaluronic acid, silk, fibrin, poly{vinyi alcohol} and pely(hydroxyl ethyl methacrylate).
[00079] The particles prepared from a mixture of modified alginate and unmodified
alginate produced more homogenous microparticle populations in terms of shape and size as
evaluated by scanning clectron microscopy (SEM).

[00080] In some embodiments, the bydrogel capsules can have any suitable shape. Useful
shapes include spheres, sphere-like shapes, spheroids, spheroid-like shapes, ellipsoids,
ellipsoid-like shapes, stadiumoids, stadiumoid-like shapes, disks, disk-like shapes, cylinders,
cylinder-like shapes, rods, rod-like shapes, cubes, cube-like shapes, cuboids, cuboid-like
shapes, toruses, torus-tike shapes, and flat and curved surfaces. Products, devices, and surfaces

that have been or will be coated can have any of these shapes or any shape suitable for the
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product or device.

[00081] Spheres, spheroids, and cllipsotds are shapes with curved surfaces that can be
defined by rotation of circles, ellipses, or a combination around each of the three perpendicular
axes, &, b, and ¢. For a sphere, the three axes are the same length. For oblate spheroids (also
referred to as oblate 15 ellipsoids of rotation), the length of the axes are a= b > ¢, For prolate
spheroids {(also referred to as prolate ellipsoids of rotation}, the length of the axes are a= b <
c. For tri-aaal ellipsoids (also referred to as scalene ellipsoids), the length of the axes are a>
b > ¢. Stadiumoids are rotational shapes of stadiwms. Cylinders are rotational shapes of
rectangles rotated on the long axis. Disks are squashed cylinders where the diameter is greater
than the height. Rods are elongated cylinders where the long axis is ten or more times the
diameter.

§F8

[00082] "Sphere-like shape.” "spheroid-like shape,” "ellipsoid-like shape" "stadiumoid-

[ERH nn o

like shape,” "cylinder-like shape,” "rod-like shape," "cube-like shape,” "cuboid-like shape," and
"torus- like shape” refers to an object having a surface that roughly forms a sphere, spheroid,
ellipsoid, stadiumoid, cylinder, rod, cube, cuboid, or torus, respectively. Beyond a perfect or
classical form of the shape, a sphere-like shape, sphercid-like shape, ellipsoid-like shape,
stadiumoid-like shape, cylinder-like shape, rod- like shape, cube-like shape, cuboid-like
shape, and torus-like shape can have waves and undulations.

[00083] Generally, a sphere-like shape is an ellipsoid (for its averaged surface) with semi-
principal axes within 10% of each other. The diameter of a sphere or sphere-like shape is the
average diameter, such as the average of the semi-principal axes. Generally, a spheroid-like
shape is an ellipsoid (for its averaged surface} with semi-principal axes within 100% of
each other. The diameter of a spheroid or spheroid-like shape 15 the average diameter, such
as the average of the semi-principal axes. Generally, an ellipsoid-iike shape is an ellipsoid (for
its averaged surface) with semi-principal axes within 100% of each other. The diameter of an
ellipsoid or ellipscid-hike shape 1s the average diameter, such as the average of the semi-
principal axes. Generally, a stadiumoid-like shape is a stadiumoid (for its averaged surface}
with semi-principal axes of the ends within 20% of each other. The diameter of a stadiumoid
or stadiumoid-like shape is the average diameter, such as the average of the semi-principal
axes, Alternatively, the size of a stadiumoid or stadiumoid-like shape can be given as the

average of the long axis. Generally, a cylinder-like shapeisa cylinder (forits averaged surface}
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with semi- principal axes within 20% of each other. The diameter of a cylinder or cylinder-
fike shape is the average diameter, such as the average of the semi-principal axes.

[00084] Alternatively, the size of a cvhinder or cylinder-like shape can be given as the
average of the long axis. Generally, a rod-like shape is a rod (for its averaged surface) with
seroi- principal axes within 10% of each other. The diameter of a rod or rod-like shape 1s the
average diameter, such as the average of the semi-principal axes. Alternatively, the size of a
rod or rod-like shape can be given as the average of the long axis. Generally, a cubelike shape
is a cube (for its averaged surface) with sides within 10% of each other. The diameter of a
cube or cube-like shape i1s the average side length. Generally, a cuboid-like shape is a cuboid
{for its averaged surface) with matching sides within 10% of each other. The diameter of a
cuboid or cuboid-like shape is the average side length.

[00085] Generally, a torus-like shape is a torus (for its averaged surface) with semi-
principal axes within 10% of each other. The diameter of a torus or torus-like shape is the
average diameter, such as the average of the semi-principal axes. Alternatively, the size of a
torus or torus-like shape can be given as the diameter across the ring.

[00086] “Flat side" refers to a contiguous area of more than 5% of a surtace that has a
curvature of 0. "Sharp angie” refers to a location on a surface across which the tangent to the
surface changes by more than 10% over a distance of 2% or less of the circumterence of the
surface. Bdges, comers, grooves, and ridges in a surface are all forms of sharp angles.

[00087] Particular capsules can be made of biocompatible materials, have a diameter of at
feast 1 ram and less than 10 nun, has a spheroid-like shape, and have one or more of the
additional characteristics: surface pores of the capsules greater than 0 nm and less than 10 um;
surface of the capsules neutral or hydrophitic; curvature of the surface of the capsules at feast
0.2 and is not greater than 2 on all points of the surtace; and surface of the capsules lacking
flat sides, sharp angles, grooves, or ndges. Generally, the capsules elicit less of a fibrotic reaction
after implantation than the same capsules lacking one or more of these characteristics that are
present on the capsules.

[00088] in some embodiments, the capsuies are provided as a preparation and at least 30%,
359, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% of the
capsules i the preparation have a shape characteristic described herein, e.g., bave a spheroid-

like shape, or have a curvature of the surface of at least 0.2 to 2.0 on all points of the surface.
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[00089] In some embodiments, the hydrogel capsules have a mean diameter that is greater
than 1| mm, particularly 1.5 mm or greater. In some embodiments, the hydrogel capsules can
be as large as 8 mm in diameter. For example, the hydrogel capsules 1s in a size range of 1
mm o ¥ mm, | mmto & mm, | mm oS mm, I mmto 4 mm, I mmto3 mm, § mm to 2 mm,
Fovmto 15 mm, T3 mmto8wmm, LS5mmitodmm, 1.5mmioSmm, 1.5 mmto4mm, 1.5
mmto 3 mm, 1.5 mmto 2 mm, 2 mm to $mm, 2mmto 7 mm, 2 mm {0 6 mim, 2 mim to 5 min,
2mmtod i, 2mmto 3 mim, 2.5 mm to 8 mirn, 2.5 mun to 7w, 2.5 mm o 6 mun, 2.5 mm
05 mm, 2.5 mm to 4 mm, 2.5 mm to 3 mum, 3 mm to 8 mum, 3 mm to 7 mun, 3 mm to 6 mm,
Smmto S mm, 3mmito 4 mm, 35 mmto 8§ mm, 3.5 mmto7 mm, 3.5 mm to 6 mm, 3.5 mm
toSmm, 35 mmitod mm, dmmto&mm, dmmto7 mm, 4 mm to 6 mm, 4 mm to 5 mm, 4.5
mmto8mm 45mmto? mm, 4 S5mmitodmm, 45 mmteS mm, SmmtoSmm, Smmto7
mm, S mm o & mm, 5.5 mm to § mm, 5.5 mm to 7 mm, 3.5 mm o &6 mum, 6 mm o B mm, 6
mmte7 mm, 6.5 mmto S mm, 65 mmto7mm, 7 mmto 8 mm, or 7.5 mm to 8 mm. In soms
embodiments, the capsule has a mean diameter or size between 1 mm to 8 mun. In some
embodiments, the capsule has a mean diameter or size between | mm t¢ 4 mm. In some
embodiments, the capsule has a mean diameter or size between | mm to 2 mm. In some
embodimeunts, the capsules are provided as a preparation and at least 30%, 35%, 40%, 45%,
50%, 55%%, 60%, 65%, 70%, 75%, 80%, 85%, 0%, 95% or 100% of the hydrogel capsules in
the preparation bave a diameter in a size range described herein,

[00090] In embodiments, the methacrylation efficiency of the UPVLVG alginate is less
than about 100%. In embodiments, the methacrylation efficiency of the UPVLVG alginate 15
less than about 95%, about 90%, about €5%%, about 80%, about 75%, about 70%, about 65%,
about 60%, about 55%, about 30%, about 453%, about 40%, about 35%, about 30%, or about
25%. In embodiments, the methacrylation efficiency of the UPVLVG alginate is less than
about 95%. In embodiments, the methacrylation etficiency of the UPVL VG alginate 1s less
than about 90%. In embodiments, the methacrylation efficiency of the UPVLVG alginate is
tess than about 85%. In embodiments, the methacrylation efficiency of the UPVLVG alginate
is less than about 80%. In embodiments, the methacrylation efficiency of the UPVLVG
alginate is less than about 75%. In embodiments, the methacrylation efficiency of the
UPVLVG alginate is less than about 70%. In embodiments, the methacrylation efficiency of

the UPVL VG alginate is less than about 65%. In embodiments, the methacrylation efficiency
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of the UPVLV{ alginate is less than about 60%. In embodiments, the methacrylation
effictency of the UPVLV(G alginate is less than about 55%. In embodiments, the
methacrylation efficiency of the UPVLVG alginate 1s less than about 50%. in embodiments,
the methacrylation efficiency of the UPVLVG alginate is less than about 45%. In
embodiments, the methacrylation etficiency of the UPVLVG alginate 1s less than about 40%.
In embodiments, the methacrylation efficiency of the UPVLVG alginate s less than about
35%. In embodiments, the methacrylation efficiency of the UPVL VG alginate is less than
about 30%. In embodiments, the methacrylation efficiency of the UPVLVG alginate is less
than about 25%. In embodiments, the methacrylation efficiency of the UPVLVG alginate
is 20%. In embodiments, themethacrylation efficiency of the UPVLVG alginate is 46%.
In embodiments, the methacrylation etficiency of the UPVLVG alginate is 60%. In
embodiments, the methacrylation efficiency of the UPVLVG alginate is 90%.

[00091] In embodiments, the methacrylation efficiency of the UPVLVG alginate is
between about 10% and about 100%. In embodiments, the methacrylation efficiency of the
UPVLVG alginate is between about 12% and about 98%, about 14% and about 96%, about
16% and about 94%, about 18% and about 92%, or about 20% and about 90%. In embodiments,
themethacrylation efficiency of the UPVL VG alginate is between about 0% and about 160%.
In embodiments, the methacrylation efficiency of the UPVLVG alginate is between about
12% and about 98%. In embodiments, the methacrviation efficiency of the UPVL VG alginate
13 between about 14% and about 96%. In embodiments, the methacrviation efficiency of the
UPVL VG alginate 1s between about 16%% and about 94%. In embodiments, the methacrylation
efficiency of the UPVLVY( alginate is between about 18% and about 92%. In embodiments,
the roethacrylation efficiency of the UPVL VG alginate 15 between about 20% and about 90%.
In embodiments, the methacrylation efficiency of the UPVLVG alginate is 20%. In
embodiments, the mcthacrylation efficiency of the UPVLVG alginate 18 46%. In
embodiments, the methacrvlation efficiency of the UPVLVG alginate is 60%. In
embodiments, the methacrylation efficiency of the UPVL VG alginate 15 90%.

[00092] in embodiments, the methacrylation efficiency of the UPVL VG alginate is greater
than about 5%. In embodiments, the methacrylation efficiency of the UPVLVG alginate is
greater than about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about

40%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about
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80% or about 85%. In embodiments, the methacryiation efficiency of the UPVLVG alginate
i3 greater than about 5%. In embodiments, the methacrylation efficiency of the UPVLVG
alginate is greater than about 10%. In embodiments, the methacrylation efficiency of the
UPVLVG alginate 1s greater than about 15%. In embodiments, the methacrylation efficiency of
the UPVLVG alginate 15 greater than about 2096

[00093] in embodiments, the methacrylation efficiency of the UPVL V(G alginate is greater
than sbout 25%. In eruboduments, the methacrylation efficiency of the UPVLVG alginate is
greater than about 30%. In embodiments, the methacrylation efficiency of the UPVL V(G alginate
is greater than about 35%. In embodiments, the methacrylation efficiency of the UPVLVG
alginate is greater than about 40%6. In embodiments, the methacrylation efficiency of the
UPVLV( alginate 1s greater than about 45%.

[00094] In embodiments, the methacrylation efficiency of the UPVLVG alginate is greater
than about 50%. In embodunents, the methacrylation efficiency of the UPVLVG alginate is
greater than about 55%. Inembodiments, the methacrylation etficiency of the UPVLVG alginate
is greater than about 60%. In embodiments, the methacrylation efficiency of the UPVLVG
alginate 1s greater than about 65%. In embodiments, the methacrylation efficiency of the
UPVLVG alginate is greater than about 70%.

[00095] Inembodiments, the methacrylation efficiency of the UPVLVG alginate is greater
than about 75%.

[00096] In embodiments, the methacrylation efficiency of the UPVLVG alginate is greater
than about 80%.

[00097] In embodiments, the methacrylation efficiency of the UPVL V(G alginate is greater
than about 85%. In embodiments, the methacrylation efficiency of the UPVLVG alginate 1s
20%. In embodumnents, the methacrylation efficiency of the UPVLVG alginate is 4696 In
embodiments, the methacrylation efficiency of the UPVLVG alginate is 60%. In
embodiments, the methacrylation efficiency of the UPVLVG alginate is 90%.

[00098] In embodiments, the methacrylation efficiency of the SLG20 alginate is less than
about 70%. In embodiments, the methacrylation efficiency of the S1.G20 alginate is less than
about 65%, about 60%, about 55%, about 50%, about 45%, about 40%, about 35%, about
30%, about 25%, about 20%, about 15% or about 10%. In embodiments, the methacrylation

efficiency of the SLG20 alginate is less than about 70%. In embodiments, the methacrylation
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In embodiments, the methacrylation efficiency of the

SLG20 siginate 18 10%. In embodiments, the methacrviation efficiency of the SLGZ0 alginate is
22 A : &

20%.

embodiments, the methacrylation etficiency of the SLGZ0 alginate s 60%.

[00099]

in embodiments, the methacrylation efficiency of the SLG20 alginate 15 46%. In

In embodiments, the methacrylation efficiency of the SLG20 alginate 1s between

about 1% and about 80%. In embodiments, the methacrylation efficiency of the SLG20
alginate is between about 2% and about 75%, about 3% and about 70%, about 4% and about
65% or about 5% and about 60%. In embodiments, the methacrylation efticiency of the SLG20
alginate 1s between about 1% and about 80%. In embodiments, the methacrylation efficiency
of the SLG20 alginate is between about 2% and about 75%. In embodiments, the
methacrylation efficiency of the SLG20 alginate 18 between about 3% and about 70%. In
embodiments, the methacrylation efficiency of the SLG20 alginate is between about 4% and
about 65%. In embodiments, the methacrylation efficiency of the SLG20 alginate 1s between
about 5% and about 60%. In embodiments, the methacrylation efficiency of the SLG20
alginate is 5%. Io embodunents, the methacrylation efficiency of the SLG20 alginate is 10%.
{o embodiments, the methacrylation efficiency of the SLG20 alginate 15 20%. In
embodiments, the methacrylation efficiency of the SLG20 alginate is 46%. In embodiments,
the methacrylation etficiency of the SLG20 alginate 15 60%.

[000100]

in embodiments, the methacrvlation efficiency of the SLG20 alginate is greater
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than about 1%. In embodiments, the methacrylation efficiency of the SLG20 alginate is
greater than about 1%, about 5%, about 10%, about 15%, about 20%, about 25%, about 30%,
about 35%, about 40%, about 45%, about 30%, or about 55%. In embodiments, the
methacrylation efticiency of the SLG2Z0 alginate 1s greater than about 1%. In embodiments,
the methacrylation efficiency of the SLG20 alginate is greater thaw about 5%. In
embodiments, the methacrylation efficiency of the SLG20 alginate is greater than about 10%.
In embodiments, the methacrylation efficiency of the SLG20 alginate 1s greater than about
15%. In embodiments, the methacrylation efficiency of the SLGZ0 alginate is greater than
about 20%. In embodiments, the methacrylation efficiency of the SLG20 alginate is greater
than about 25%. In embodiments, the methacrylation efficiency of the SLG20 alginate is
greater than about 30%. In embodiments, the methacrylation etficiency of the SLGZ0 alginate
i3 greater than about 35%. In embodiments, the methacrylation efficiency of the SLG20
alginate is greater than about 40%. In embodiments, the methacrylation efficiency of the
SLG20 alginate is greater than about 45%. In embodiments, the wethacrylation efficiency of
the SLG2O alginate is greater than about 50%. In embodiments, the methacrylation efficiency
of the SLG20 alginate 15 greater than about 55%. In embodiments, the methacrylation
efticiency of the SLG2Z0 alginate 1s 5%. In embodiments, the methacrylation efficiency of the
SLG20 alginate 1s 10%. In embodiments, the methacrylation efficiency of the SLG20 alginate
is 20%. In embodiments, the methacrylation efficiency of the SLG20 alginate is 46%. In
embodiments, the methacrylation efficiency of the SLG20 alginate is 60%.

[000101] In embodiments, the methacrylation efficiency of the SLG 100 alginate is less than
about 40%. In embodunents, the methacrylation efficiency of the SLG 100 alginate is less than
about 35%, about 30%, about 25%, about 20%, about 15%, or about 10%. In embodiments,
the methacrylation efficiency of the SLGI00 alginate is less than about 40%. In
embodiments, the methacrylation efficiency of the SLG 100 alginate is less than about 35%.
In emboduments, the methacrylation efficiency of the 81.G100 alginate is less than about 30%.
In embodiments, the methacrylation efficiency of the SLG100 alginate is less than about 25%.
{n embodiments, the methacrylation efficiency of the SLG 100 alginate is less than about 20%.
in embodiments, the methacrylation efficiency of the SLG100 alginate is less than about
15%. In embodiments, the methacrylation efficiency of the SLGI00 alginate 1s less than about

10%. In embodiments, the methacrylation efficiency of the SLG100 aiginate is 5%. In
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embodiments, the methacrylation efficiency of the SLG100 alginate is 10%. In embodiments,
the methacrylation efficiency of the SLGI0O0 alginate 15 20%.

[000102] in embodiments, the methacrylation efficiency of the SLGI100 alginate is
between about 1% and about 40%. In embodiments, the methacrylation efficiency of the
SLGI00 alginate 1s between about 2% and about 35%, about 3% and about 30%, about 4%
and about 25% or about 5% and about 20%. In embodiments, the methacrylation efficiency
of the SLGIOO0 alginate 1s between sbout 1% and about 40%. In embodiments, the
methacrylation efficiency of the SLGI00 alginate is between about 2% and about 35%. In
embodiments, the methacrylation efticiency of the SLG100 alginate is between about 3% and
about 30%. In embodiments, the methacrylation efficiency of the SLGT00 alginate is between
about 4% and about 25%. In embodiments, the methacrylation efficiency of the SLGIOO
alginate 1s between about 5% and about 20%. In embodiments, the methacrylation efficiency
of the SLG100 alginate is 5%. In embodiments, the methacrylation efficiency of the SLG100
alginate s 10%. In embodiments, the methacrylation efficiency of the SLG1IO0 alginate is
20%.

[000103] In embodiments, the methacrylation efficiency of the SLG100 alginate is greater than
about 1%. In embodiments, the methacrylation efficiency of the SL{100 alginate is greater
than about 1%, about 2%, about 3%, about 4%6, about 5%, about 0% or agbout 15%. In
embodiments, the methacrylation efficiency of the SLG100 alginate is greater than about 1%.
In embodiments, the methacrylation etficiency of the SLGIO0 alginate 1s greater than about
2%%. In embodiments, the methacrylation efficiency of the SLG100 alginate is greater thap
about 3%. In embodiments, the methacrylation efficiency of the SLG100 alginate is greater
than about 4%. In embodiments, the methacrylation efficiency of the SLGI0G alginate 13
greater than about 5%. In embodiments, the methacrylation efficiency of the SLG100 alginate
is greater than about 10%. In embodiments, the methacrylation efficiency of the SLG100
alginate is greater than about 15%. In embodiments, the methacrylation efficiency of the
SLGI00 alginate is 5%. In embodiments, the methacrylation efficiency of the SLG100
alginate ts 10%.

[000104] In embodiments, the average molecular weight of the alginate is less than about
95,000 Da. In embodiments, the average molecular weight of the alginate is less than about

65,000 Da, about 55,000 Da, about 45000 Da, about 35000 Da, about 25,000 Da, about

26



WO 2025/091007

PCT/US2024/053211

14,000 Da, about 12,000 [3a, about 10,000 Da, about 9,000 Da, about 8,000 Da, about 7,000

Da, about 6,000 Da, about 5,000 Da, about 4,000 Da, about 3,000 Da or about 2,000 Da.

embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,
embodiments,

embodiments,

the average molecular weight of the
the average molecular weight of the
the average molecular weight of the
the average molecular weight of the
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the average molecular weight of the
the average molecular weight of the

the average molecular weight of the

alginate is less than about 65,000 Da.
alginate is less than about 55,000 Da.
alginate s less than about 45,000 Da.
alginate 1s less than about 35,000 Da.
alginate s less than about 25,000 Da.
alginate 15 less than about 14,000 Da.
alginate is less than about 12,000 Da.

alginate is less than about 10,000 Da.
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I
In
In
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embodiments, the average molecular weight of the about 9,000 Da. In

about 8,000 Da.

about 7,000 Da.

alginate is less than

-

embodiments, the average molecular weight of the alginate is less thao In

embodiments, the average molecular weight of the alginate is less than In

embodimentis, the about 6,000 Pa. In
about 5,000 Da. In
about 4,000 Da. In

about 3,000 Da.

average molecular weight of the alginate is less than

embodiments, the average molecular weight of the alginate is less than

embodiments, the average molecular weight of the alginate is less than

embodimeunts, the average molecular weight of the alginate ts less than In
embodiments, the average molecular weight of the alginate 1s less than about 2,000 Da.

[000105] In embodiments, the average molecular weight of the alginate is between about
500 Da and 50,000 Da. In embodiments, the average molecular weight of the alginate is
between about S00 Ba and 40,000 Da, about S00 Da and 30,000 Ba, about 500 Ba and 20,000
DBa, about 500 Da and 18,000 Da, about 500 Da and 16,000 Da, about 500 Da and 14,000 Da,
about 300 Da and 12,000 Da, about SO0 Da and 10,000 Da, about 5300 Da and 9,000 Da, about
500 Da and 8,000 Da, about 500 Da and 7,000 Da, about 500 Da and 6,000 Da, about 500 Da
and 5,000 Da, about 500 Da and 4,000 Da, about 500 Da and 3,000 Da, about 500 Da and 2,000
Da, or about 500 Da and 1,000 Da. In embodiments, the average molecular weight of the
alginate is between about 500 Da and 40,000 Da. In embodiments, the average molecular
weight of the alginate 1s between about 500 DBa and 30,000 Da. In embodiments, the average
molecular weight of the alginate is between about 500 Da and 20,000 Da. In embodiments, the
average molecular weight of the alginate is between about 500 Da and 18,000 Da In

embodiments, the average molecular weight of the alginate is between about 500 Da and
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16,000 Da. In embodiments, the average molecular weight of the alginate is between about
500 Da and 14,000 Da. In embodiments, the average molecular weight of the alginate is
between about SO0 D and 12,000 Da. In embodiments, the average molecular weight of the
alginate is between about 500 Da and 10,000 Da. In embodiments, the average molecular
weight of the alginate 15 between about 500 Da and 9,000 D o embodiments, the average
molecular weight of the alginate is between about 500 Da and 8,000 Da. In embodiments, the
average molecular weight of the alginate is between about 300 Da and 7,000 Da. In
smbodiments, the average molecular weight of the alginate is between about 500 Pa and 6,000
Da. In embodiments, the average molecular weight of the alginate is between about 500 Da and
5,000 Ba.

[000106] In embodiments, the average molecular weight of the alginate is between about
500 Pa and 4,000 Da. In embodiments, the average molecular weight of the algivate 18
between about 500 Da and 3,000 Da. In embodiments, the average molecular weight of the
alginate is between about 500 Da and 2,000 Da. In embodiments, the average molecular weight
of the alginate is between about 500 Da and 1,000 Da.

[000107] in embodiments, the average molecular weight of the alginate is between about
1,000 Da and 50,000 Da. In embodiments, the average molecular weight of the alginate is
between about 1,000 Da and 40,000 Da, about 1,000 Da and 30,000 Da, about 1,000 Da and
20,000 Da, about 1,000 Da and 18,0006 Da, about 1,000 [2a and 16,000 [Xa, about 1,060 Da
and 14,000 Da, about 1,000 Da and 12,000 Da. about 1,000 Da and 10,000 Da, about 1,000
DBa and 9,000 Da, about 1,000 DBa and 8,000 Da, about 1,000 Da and 7,000 Da, about 1,000
DBaand 6,000 Da, about 1,000 Da and 5,000 Da, about 1,000 Da and 4,000 Da, about 1,000 Da
and 3,000 Da, or about 1,000 Da and 2,000 Da. In embodiments, the average molecular weight
of the alginate is between about 1,000 Da and 40,000 Da. In embodiments, the average
molecular weight of the alginate 1s between about 1,000 Da and 30,000 Da. In embodiments,
the average molecular weight of the aiginate is between about 1,000 Ba and 20,000 Ba. In
embodiments, the average molecular weight of the alginate is between about 1,000 Da and
18,000 Da. 1o embodiments, the average molecular weight of the alginate is between about
1,000 Da and 16,000 Da. In embodiments, the average molecular weight of the alginate is
between about 1,000 Da and 14,000 Da. In embodiments, the average yoolecular weight of the

alginate is between about 1,000 Da and 12, 000 Da. In embodiments, the average molecular
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weight of the alginate is between about 1,000 Da and 10,000 Da. Inembodiments, the
average molecular weight of the alginate s between about 1000 Da and 9,000 Da. In
embodimeuts, the average molecular weight of the alginate is between about 1,000 Da and
8,000 Da. In embodiments, the average molecular weight of the alginate is between about
1,000 Da and 7,000 Da. In emsbodiments, the average molecular weight of the alginate s
between about 1,000 Da and 6,000 Da. In embodiments, the average molecular weight of the
alginate 18 between about 1,000 Da and 5,000 Da. In embodiments, the average molecular
weight of the alginate is between about 1,000 Da and 4,000 Da. In embodiments, the average
molecular weight of the alginate is between about 1,000 Da and 3,000 Da. In embodiments,
the average molecular weight of the alginate is between about 1,000 Da and 2,060 Da.

[000108] In embodiments, the average molecular weight of the alginate is between about
2,000 Da and 50,000 Da. In ersbodiments, the average molecular weight of the alginate is
between about 2,000 Da and 40,000 Da, about 2,000 Da and 30,000 Da, about 2,000 Da and
20,0600 Da, about 2,000 Da and 18,000 Da, about 2,000 Da and 16,000 Da, about 2,000 Da
and 14,000 Da, about 2,000 Da and 12,000 Da, about 2,000 Da and 10,000 Da, about 2,000
Da and 9,000 Da, about 2,000 Da and §,000 Da, about 2,000 Da and 7,000 Da, about 2,000
3a and 6,000 D3a, about 2,000 Daand 5,000 Da, about 2,000 Ia and 4,600 Da, or about 2,000
D and 3,000 Da. In embodiments, the average molecular weight of the alginate 1s between
about 2,000 Da and 40,000 Da. In embodiments, the average molecular weight of the alginate
is between about 2,000 Da and 30,000 Da. In embodiments, the average molecular weight of
the alginate is between about 2,000 Ba and 20,000 Da. In embodiments, the average molecular
weight of the alginate is between about 2,000 Da and 18,000 Da. In embodiments, the average
molecular weight of the alginate is between about 2,000 Da and 16,000 Da. In embodiments,
the average molecular weight of the alginate is between about 2,600 Da and 14,000 Da. In
embodiments, the average molecular weight of the alginate is between about 2,000 Da and
12,600 Da. In embodiments, the average molecular weight of the alginate is between about
2,000 Da and 10,000 Da. In emmbodiments, the average molecular weight of the alginate is
between about 2,000 Da and 9,000 Da. In embodiments, the average molecular weight of the
alginate is between about 2,000 Da and 8,000 Da. In embodiments, the average molecular
weight of the alginate 1s between about 2,000 Da and 7,000 Da. In embodiments, the average

molecular weight of the alginate is between about 2,000 Ba and 6,000 Da. In embodiments, the
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average molecular weight of the alginate is between about 2,000 Da and 5000 Da. In
embodiments, the average molecular weight of the alginate 1s between about 2,000 Da and
4,000 DBa. In embodiments, the average molecular weight of the alginate is between about
2,000 Da and 3,000 Da.

[000109] In embodiments, the average molecular weight of the alginate 1s between about
5,000 Da and 50,000 Da. In embodiments, the average molecular weight of the alginate is
between about 5,000 Da and 40,000 Da, about 5,000 Da and 30,000 Da, about 5,000 Da and
20,000 Da, about 5,000 Da and 18,000 Da, about 5,000 Da and 16,000 Da, about 5,000 Da
and 14,000 Dag, about 5,000 Da and 12,000 Da, about 5,000 Da and 10,000 Da, about 5,000
Da and 9,600 Da, about 5,000 Ba and 8,000 Da, about 5,000 Da and 7,000 Da, or about 5,000
Da and 6,000 Da. In embodiments, the average molecular weight of the alginate 1s between
about 5,000 Da and 40,000 Da. In embodunents, the average molecular weight of the alginate
is between about 5,000 Da and 30,000 Da. In embodiments, the average molecular weight of
the alginate 1s between about 5,000 Da and 20,000 Da. Io embodiments, the average molecular
weight of the alginate 1s between about 5,000 Da and 18,000 Da. In embodiments, the average
molecular weight of the alginate 1s between about 5,000 Da and 16,000 Da. In embodiments,
the average molecular weight of the alginate s between about 5,000 Da and 14,000 Ba. In
embodiments, the average molecular weight of the alginate 1s between about 5,000 Da and
12,000 Da. In embodiments, the average molecular weight of the alginate is between about
5,000 Da and 10,000 Da. In embodiments, the average molecular weight of the alginate is
between about 5,000 Da and 9,000 Da. In embodiments, the average molecular weight of the
alginate is between about 5,000 Da and 8,000 Da. In embodiments, the average molecular
weight of the alginate is between about 5,000 Da and 7,000 Da. In embodiments, the average
molecular weight of the alginate is between about 5,000 Da and 6,000 Da.

[000110] in embodiments, the average molecular weight of the alginate is between about
10,000 Da and 50,000 Da. In embodiments, the average molecular weight of the alginate is
between about 10,000 Da and 40,000 Da, about 16,0600 Da and 30,000 Da, about 10,000 Da
and 20,000 Da, about 10,000 Da and 18,000 Da, about 10,000 Da and 16,000 Da, about
10,000 Da and 14,000 Da, or about 10,000 Da and 12,0600 Da. In embodiments, the average
rwolecular weight of the alginate 15 between about 10,000 Da and 40,000 Da. In embodiments,

the average molecular weight of the alginate is between about 10,000 Da and 30,000 Da. In
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embodiments, the average molecular weight of the alginate i1s between about 10,000 Da and
20,000 Da. In embodiments, the average molecular weight of the alginate is between about
10,000 Da and 18,000 Da. In embodiments, the average molecular weight of the alginate is
between about 10,000 Da and 16,000 Da. In embodiments, the average molecular weight of
the alginate 1s between about 10,000 Da and 14,000 Da. In embodiments, the average molecular
weight of the alginate is between about 10,000 Baand 12,000 Da.

[000111] {n embodiments, the average molecular weight of the alginate is greater than
about 500 Da. In embodiments, the average molecular weight of the alginate is greater than about
1,000 Da, about 2,000 Da, about 3,000 Da, about 4,000 Da, about 5,000 Da, about 6,000 Da,
about 7,000 Dxa, about 8,000 Da, about 9,000 Da, about 10,000 Da, about 12,000 Da, about
14,000 Da, about 16,000 Da, about 18,000 Da, sbout 26,000 Da, about 30,000 Da, about
40,000 D or about 50,000 Da. In embodiments, the average molecular weight of the alginate
is greater than about 1,000 Da. In embodiments, the average molecular weight of the alginate
is greater than about 2,000 Dia. In embodiments, the average molecular weight of the alginate
is greater than about 3,000 Da. In embodiments, the average molecular weight of the alginate
18 greater than about 4,000 Da. In embodiments, the average molecular weight of the alginate
ts greater than about 5,000 Da. In erabodiments, the average molecular weight of the alginate
is greater than about 6,000 Da. In embodiments, the average molecular weight of the alginate
is greater than about 7,000 Da. In embodiments, the average molecular weight of the alginate
is greater than about 8,000 Da. In embodiments, the average molecular weight of the alginate
i3 greater thao about 9,000 Da. In ernboduments, the average molecular weight of the alginate
is greater than about 10,000 Da. In embodiments, the average molecular weight of the
alginate 1s greater than about 12,000 Da. In emnbodiments, the average molecular weight of
the alginate is greater than about 14,000 Da. In embodiments, the average molecular weight
of the alginate is greater than about 16,000 Da In embodiments, the average molecular
weight of the alginate is greater than about 18,000 Da. In embodiments, the average molecular
weight of the alginate is greater than about 20,000 Da. In embodiments, the average molecular
weight of the alginate is greater than about 30,000 Da. In embodiments, the average molecular
weight of the alginate is greater than about 40,000 Da.

[000112] In embodiments, the average molecular weight of the alginate is less than about

260,000 Da. In embodiments, the average molecular weight of the alginate is less than about
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250,000 Da, about 240,000 Da, about 230,000 Da, about 220,000 Da, about 210,000 Da, about
200,000 Da, about 190,000 Da, about 180,000 Da, about 170,000 Da, about 160,000 Da, about
150,000 Da, about 140,000 Da, about 130,000 Da, about 120,000 Da, about 110,000 Da, about
100,000 Da, about 90,000 Da, about 80,000 Da, about 70,000 Da, about 60,000 Da, about 50,000
Da, about 40,000 Da, or about 30,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 260,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 250,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 240,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 260,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 250,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 240,000 Da. In embodiments, the average molecular weight of the
alginate 1s less than about 230,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 220,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 210,000 Da. In embodiments, the average molecular weight of the
alginate 1s less than about 200,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 190,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 180,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 170,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 160,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 150,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 140,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 130,000 Da. In embodiments, the average molecular weight of the
alginate 1s less than about 120,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 110,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 100,000 Da. In embodiments, the average molecular weight of the
alginate is less than about 90,000 Da. In embodiments, the average molecular weight of the alginate
is less than about 80,000 Da. In embodiments, the average molecular weight of the alginate is less
than about 70,000 Da. In embodiments, the average molecular weight of the alginate is less than
about 60,000 Da. In embodiments, the average molecular weight of the alginate is less than about
50,000 Da.

[000113] in embodiments, the average molecular weight of the alginate is between about
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50,000 Da and about 260,000 Da. In embodiments, the average molecular weight of the
alginate is between about 75,000 Da and 260,000 Da, about 75,000 Da and 256,000 Da, about
75,000 Da and 240,000 DBa, about 75,000 Dxa and 230,000 Da, about 75,000 Da and 220,000
Da, about 75,000 Da and 210,000 Da, about 75,000 Da and 200,000 Da, about 75,000 Da and
190,000 Da, about 75,000 Da and 180,000 Dva, about 75,000 Da and 170,000 Da, about 75,000
Daand 160,000 Da, about 75,000 Da and 150,000 Da, about 75,000 Da and 140,000 Da, about
75,000 Da and 130,000 Da, about 75,000 Da and 120,000 Da, about 75,000 Da and 110,000
Da, orabout 75,000 Da and 100,000 Da. In emboduments, the average molecular weight of the
alginate is between about 75,000 Da and 260,000 Da. In embodiments, the average
molecular weight of the alginate is between about 75,000 Da and 250,000 Da In
embodiments, the average molecular weight of the alginate 1s between about 75,000 Da and
240,000 Da. In embodiments, the average molecular weight of the alginate is between about
75,000 Da and 230,000 Da. In embodiments, the average molecular weight of the alginate is
between about 75,000 Da and 220,000 Da. In embodiments, the average molecular weight of
the alginate 1s between about 75,000 Da and 210,000 Da. In embodiments, the average
molecular weight of the alginate 1s between about 75,000 Da and 200,000 Da In
embodiments, the average molecular weight of the alginate is between about 75,000 Da and
190,000 Da. In embodiments, the average molecular weight of the alginate 13 between about
75,000 Da and 180,000 Da. In embodiments, the average molecular weight of the alginate is
between about 75,000 Da and 170,000 Da. In embodumnents, the average molecular weight of
the alginate 1s between about 75,000 Da and 160,000 Da In embodiments, the average
molecular weight of the alginate is between about 75,000 Daand 150,000 Da. In embodiments,
the average rolecular weight of the alginate is between about 75,000 Da and 140,000 Ba. In
embodiments, the average molecular weight of the alginate is between about 75,000 Da and
130,000 Da. In embodiments, the average molecular weight of the alginate i1s between
about 75,000 Da and 120,000 Da. In embodiments, the average molecular weight of the
alginate 1s between about 75,000 Da and 110,000 Da. In embodiments, the average molecular
weight of the alginate 13 between about 75,600 Da and 100,000 Da.

[000114] in embodiments, the average molecular weight of the alginate is greater than
about 50,000 Da. In embodiments, the average molecular weight of the alginate 1s greater than

about 60,000 Da, about 70,000 Da, about 0,000 Da, about 90,000 Da, about 100,000 Da,
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about 110,000 Da, about 120,000 Da, about 130,000 Da, about 140,000 Da, about 150,000
Da, about 160,000 Da, about 170,000 Da, about 180,000 Da, about 190,000 Da, about
200 000 a, about 210,000 Da, about 226,000 Da or about 230,000 Da. In embodiments, the
average molecular weight of the alginate is greater than about 50,000 Da. In embodiments,
the average molecular weight of the alginate is greater than about 60,000 Da. In
embodiments, the average molecular weight of the alginate is greater than about 70,000 Da.
In embodiments, the average molecular weight of the alginate is greater than about 80,000
Da. In embodiments, the average molecular weight of the alginate is greater than about 90,000
Da. In embodiments, the average molecular weight of the alginate 18 greater than about
100,000 Da. In embodiments, the average molecular weight of the alginate is greater than
about 110,000 Da. In embodiments, the average molecular weight of the alginate 1s greater
than about 120,000 Da. In embodiments, the average molecular weight of the alginate is
greater than about 130,000 Da. In embodiments, the average molecular weight of the alginate
is greater than about 140,000 Da. In embodiments, the average molecular weight of the
alginate is greater than about 150,000 Da. In emnbodiments, the average molecular weight of
the alginate is greater than about 160,600 Da. In embodiments, the average molecular weight
of the alginate s greater thaun about 170,000 Da. In embodiments, the average molecular
weight of the alginate is greater than about 180,000 Da. In embodiments, the average
molecular weight of the alginate is greater thau about 190,000 Da. In embodiments, the
average molecular weight of the alginate i1s greater than about 200,000 Da. In embodiments,
the average molecular weight of the alginate is greater than about 210,000 Da.

[000115] in embodiments, the average molecular weight of the alginate is less than about
350,000 Da. In embodiments, the average molecular weight of the alginate s less than about
300,000 Da, about 290,000 Da, about 280,000 Da, about 270,000 Da, about 260,000 Da,
about 250,600 Da, about 240,000 Da, about 230,000 Da, asbout 220,000 Da, about 210,000
Da, about 200,000 Da, about 190,000 D, or about 180,000 Da. In embodiments, the average
molecular weight of the alginate is less than about 350,000 Da. In embodiments, the average
molecular weight of the alginate is less than about 300,000 Da. In embodiments, the average
molecular weight of the alginate is less than about 290,000 Da. In embodiments, the average
molecular weight of the alginate is less than about 280,000 Da. In embodiments, the average

molecular weight of the alginate is less than about 270,000 Da. In embodiments, the average
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molecular weight of the alginate is less than about 260,000 Da. In embodiments, the average
molecular weight of the alginate is less than about 250,000 Da. In embodiments, the average
molecular weight of the alginate is less than about 240,000 Da. In embodiments, the average
molecular weight of the alginate is less than about 230,000 Da. In embodiments, the average
molecular weight of the alginate is less than about 220,000 Da. In embodiments, the average
molecular weight of the alginate is less than about 210,000 Da. In embodiments, the average
molecular weight of the alginate is less than about 200,000 Da. In embodiments, the average
molecular weight of the alginate is less than about 190,000 Da. In embodiments, the average
molecular weight of the alginate is less than about 180,000 Da.

[000116] in embodiments, the average molecular weight of the alginate is between about
180,000 Da and 350,000 Da. In embodiments, the average molecular weight of the alginate is
between about IR0,000 Da and 350,000 Da, about 180,000 Da and 300,000 Da, about
180,000 Da and 290,000 Da, about 180,000 Da and 280,000 Da, about 180,000 Da and 270,000
Da, about 180,000 Da and 260,000 Da, about 186,000 Da and 250,000 Da, about 180,000 Da
and 240,000 Da, about 180,000 Da and 230,000 Da, about 180,600 Da and 220,000 Da, about
180,000 Da and 210,000 Da, about 180,000 Da and 200,000 Da, or about 180,000 Da and
190,000 Da. In embodiments, the average molecular weight of the alginate is between about
180,000 Da and 350,000 Da. In embodiments, the average molecular weight of the alginate is
between about 180,000 Da and 300,000 Da. In embodiments, the average molecular weight
of the alginate is between about 180,600 Da and 290,000 Da. In embodiments, the average
rolecular weight of the algivate is between about 180,000 Da and 280,000 Da. In
embodiments, the average molecular weight of the alginate is between about 180,000 Da and
276,000 Da. In embodiments, the average molecular weight of the alginate 1s between about
180,000 Da and 260,000 Da. In embodiments, the average molecular weight of the alginate is
between about 180,000 Da and 250,000 Da. In embodiments, the average molecular weight
of the alginate is between about 180,000 Da and 240,000 Da. In embodiments, the average
molecular weight of the alginate is between about 180,000 Da and 230,000 Da. In
embodiments, the average molecular weight of the alginate ts between about 180,000 Da and
220,000 Da. In embodiments, the average molecular weight of the alginate is between about
180,000 Daand 210,000 Da. In emboduments, the average molecular weight of the alginate is

between about 180,000 Da and 200,000 Da. in embodiments, the average molecular weight
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of the alginate is between about 180,000 Da and 190,000 Da.

[000117] Inembodiments, the average molecular weight of the alginate is greater than
about 180,000 Da. In embodiments, the average molecular weight of the alginate 15 greater
than about 190,000 Da, about 200,000 Da, about 210,000 Da, about 220,000 Da, about 230,000
Da, about 240,000 Da, about 250,000 Da, about 260,000 Da, about 270,000 Da, about
280,000 Da, about 290,000 Da, about 300,000 Da, about 310,000 Da, about 320,000 Da, or
about 325,000 Da. In embodiments, the average molecular weight of the alginate 1s greater
than about 180,000 Da. In emboduments, the average molecular weight of the alginate is
greater than about 190,000 Da. In embodiments, the average molecular weight of the alginate
is greater than about 200,000 Da. In embodiments, the average molecular weight of the
alginate is greater than about 210,000 Da. In embodiments, the average molecular weight of
the alginate 1s greater thao about 220,000 Da. In embodiments, the average molecular weight
of the alginate is greater than about 230,000 Da. In embodiments, the average molecular
weight of the alginate is greater than about 240,000 Da. In embodiments, the average
molecular weight of the alginate is greater than about 250,600 Da. In embodiments, the
average molecular weight of the alginate 1s greater than about 260,000 Da. In embodiments,
the average molecular weight of the alginate is greater than about 270,000 Da. In
embodiments, the average molecular weight of the alginate is greater than about 280,000 Da.
In embodiments, the average molecular weight of the alginate is greater than about 290,000
Da In embodiments, the average molecular weight of the alginate 1s greater than about
300,000 Da. In embodiments, the average molecular weight of the alginate 18 greater thap
about 310,000 Da. In embodiments, the average molecular weight of the alginate is greater
than about 320,000 Da. In embodiments, the average molecular weight of the alginate s
greater than about 325,000 Da.

[000118] In an embodiment, the hydrogel is photo-respounsive, wherein the photo-
responsive material comprises a monomer of Formula (I} represented by the following

structural formula:
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or a pharmaceutically acceptable salt, sterecisomer, mixture of sterecisomers, or a tautomer
thereof, wherein o and m are each independently an wteger from 1 to 100, In some

embodiments,

[000119] In an aspect, the hydrogel is a pH-responsive material, wherein the hydrogel
forms upon achangein pH. Inembodiments, thehydrogel forms, oris capable of flowing, when
the pH is acidic, e.g., less than pH 7. In embodiments, the hydroge!l forms, or is capable of
forming, when the pH is basic, e.g., greater than pH 7. In embodiments, the hydrogel fors,
or is capable of forming, wheu the pH is neutral, eg, about pH 7. In embodiments, the
hydrogel forms, or is capable of forming, when the pH is above or below the acid dissociation
{Ka} or the base dissociation constant (Kb) of a moiety of the pH-responsive material.
[000120] in an aspect, the tflowable material is a photo-responsive material, wherein the
hydrogel forms, ceases forming, or s capable of forruing, upon the wtroduction, removal or
change in the intensity of light of a particular wavelength or a range of wavelengths, e.g.,
visible, UV-A, UV-B, Intrared, X-Ray, infer afic. In embodiments, the hydrogel forms, ceases
forming, or is capable of forming, when the introduction of Hight of a particular wavelength or
a range of wavelengths of a sufficient intensity triggers photopolymenization, optionally with
a photo initiator.
[000121] In an aspect, the hydrogel 1s a mosture-responsive material, wherein the
hydrogel torms, ceases forming, or 15 capable of forming, upon a change v the moisture
content of the material or adjacent environment. In embodiments, the polymeric components
undergo self-assembly to form the resulting hydrogel in the presence of water.
[000122] Materials for assembling hydrogels may alsc include any provided in Hoftiman,
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AN Adv Drug Deliv Rev 2012, 64, 1823, such as agarose, alginate (e.g., the calcium or
bartum salt of alginic acid), alginate-g-(alginate), carboxymethyl chitin, carrageenan,
chitosan, chondroitin sulfate, coliagen-acrylate, dextran, dextran sulfate, fibrin, gelatin,
hyaluronic acid (HA}, hyaluronic acid/glycidyl methacrylate, HA-g-NIPAAM, PAAM,
P{AN-co-allyl sulfonate), P(biscarboxyl-phenoxy-phosphazene},pectin, PEG optionally with
cyclodextrins (CDs), PEG-2- P{AAM-co-Vamine}, PEG-bis{(PLA-acrylate), PEG-PCL-PEG,
, PEG-PLA-PEG, PEG-PLGA-PEG, P(PF-co-EG) optionally with acrylate groups, P(GEMA-
sulfate), P(HEMA/Matrigel®), PHB, PLA-PEG-PLA,  Pluronics, Pluronics  and
bioactive  glass,  P(MMA-co-HEMA), PINIPAAM-co-AAC), P(NIPAAM-co-EMA,)
PNVE, poly{D-lysine}, polv{l-lysine}), poly{L- lysine}/polyacrylic acid pair, P(PEG/PBO
terephthalate), P(PEG-co-peptides), PPO-PEQ), P(PLGA-co-serine), pullulan,  and
PYAC/PVA.

[000123] in an aspect, the hydrogel is a chemically responsive material, wherein the
hydrogel forms, ceases forming, oris capable of forming, upon the introduction or removal of
a chemical stimulus.

[000124] in embodiments, the hydrogel ceases forming upon the completion or tnitiation
of a chemical sttmulus, e.g., a chemical stimulus provided in Zhaong Y.S. et al. Science. 2017,
356 (6337), eaaf3627.

[000125] In some aspects, the hydrogel can include a plurality of natural polymer
racromers cross- linked with a plurality of crosslinks that are degradable after administration
to a subject in vivo.

[000126] The number or percentage of cross-links linking the macromers can be varied
to control the mechanical properties, swelling ratios, and degradation profiles of the
hydrodgels. Degradation of the crosslinks i vive aliows the hydrogel to more readily
biodegrade and be used for i vive applications. Additionally, as discussed below the
photocrosslinked hydrogel can be used as a substrate for the incorporation and/or attachment
of various ageunts and/or cells. The photocrosslinked hydrogel can be injectable and/or
implantable, and can be in the form of a membrane, sponge, gel, solid scaffold, spun tiber,
woven or unwoven mesh, nanoparticle, microparticle, or any other desirable configuration.
[000127] In an aspect of the invention, the photocrosslinked hydrogel can include at least

on cross-link that can be hydrolyzed to allow degradation of the hydrogel i vivo. In one
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embodiment, the cross-tink can include ester, amide, acetal, and/or ketal groups or linkages
that can be readily hydrolyzed in vive to promote degradation of the hydrogel. In one exarmple,
the hydrolyzable cross-link can include at least one hydrolyzable acrylate fe.g., methacrylate)
cross-link. The hydrolyzable acrylate cross-link can include at least one hydrolyzable ester
and/or hydrolysable amide linkage. As explained further below, hydrolytic degradation of the
hyvdrolyzable acrylate crosslink can create space for cell growth and deposition of a new
extracellular matrix to replace the photocrosslinked hydrogel in vivo.

[000128] in one aspect of the present invention, the photocrossiinked hydrogel can be
formed nto alginate microbeads or microspheres capable of carrying and differentially
and/or controllably releasing at ieast one bioactive agent.

[000129] In some aspects of the present invention, the photocrosshinked hydrogel can be
reodified or configured to differentially and/or controllably release at least one bioactive agent
by forming at least one concentration gradient within the hydrogel. The hydrogel can have
multiple gradients o the sawe hydrogel, and the gradients can run in the same or opposiie
directions. The gradients can be comprised of different components, such as different photo-
alginates having different molecular weights or acrylation fe.g., methacrylation) percentages,
acrylated cell adhesion ligands, bioactive factors, cells, etc. As discussed below, for example,
the photocrosslinked biodegradable hydrogel can be formed into a particular shape or form to
facilitate release of one or more biactive agents according to a gradient release profile. In some
aspects, one or more materials or agents can be added to the photocrosslinked biodegradable
hydrogel to facilitate differential and/or controlled release of one or more bioactive agents
according to a gradient release profile.

[000130] Therapeutic Agents

[000131] A, Celis

[000132] in some aspects, the term "cell” can refer to any progenitor cell, such as
totipotent stem cells, pluripotent stem cells, and multipotent stem cells, as well as any of thewr
lineage descendant cells, including more differentiated celis. The terms "stem cell” and
“progenitor cell” are used inter changeably herein. The cells can denive from embryouic, fetal,
or adult tissues. Examples of progenitor cells can include totipotent stem cells, multipotent
stem cells, mesenchymal stem cells (MSCs), hematopoietic stem cells, neuronal stem cells,

hematopoietic stem cells, pancreatic stem cells, cardiac stem cells, embryonic stem cells,
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embryonic germ cells, neural crest stem cells, kidney stem cells, hepatic stem cells, lung stem
cells, hemangioblast cells, and endothelial progenitor cells. Additional exemplary progenitor
cells can include de-ditferentiated choudrogenic cells, chondrogenic cells, cord blood stem
cells, multi-potent adult progenitor cells, myogenic cells, ostecgenic cells, tendogenic cells,
Higamentogenic cells, adipogenic cells, and dermatogenic celis.

[000133] Devices or compositions described herein may contain a cell, for example, an
engineered cell. A cell may be denived from any mammalian organ or tissue, wcluding the
brain, nerves, ganglia, spine, eye, heart, liver, kidney, lung, spleen, bone, thymus, lymphatic
system, skin, muscle, pancreas, stomach, intesting, blood, ovary, uterus, or testes.

[000134] A cell may be derived from a donor {e.g., an allogeneic cell}, derived from a
subject {e.g, an autologous cell), or from another species fe.g, a xenogeneic cell). In an
embodiment, a cell can be grown 1n cell culture, or prepared from an established cell culture
fine, or derived from a donor fe.g., aliving donor or a cadaver). In an embodiment, a cell is
geunetically engineered. In avother embodivnent, a cell is not genetically engineered. A cell
may inciude a stem cell, such as a reprogramined stem cell, or an induced pluripotent cell.
Exemplary cells include mesenchymal stemm cells (MSCs), fibroblasts (e g, primary
fibroblasts), HEK cells (e g, HEK293T), Jurkat cells, Hel.a cells, retinal pigment epithelial
(RPE) cells, HUVEC celis, NIH3T3 cells, CHO-KI celis, COS-1 cells, COS-7 cells, PC-3
cells, HCT 116 cells, AS4SMCFE-7 cells, HuH-7 cells, U-2 OF cells, HepG2 cells, Neuro-2a
cells, and SF9 cells.

[000135] A cell included in a device or composition described beretn may produce or
secrete a therapeutic agent. In an embodiment, a cell included in a device or composition
described herein may produce or secrete a single type of therapeutic agent or a plurality of
therapeutic agents. In an embodiment, a device or composition described herein may
comprise a cell that 1s transduced or transfected with a nucleic acid (e.g., a vector) comprising
an expression sequence of a therapeutic agent. For example, a cell may be transduced or
iransfected with a lentivirus. A nucleic acid introduced mto a cell fe.g, by transduction or
transfection} may be weorporated into a nucleic acid delivery system, such as a plasmid, or
may bedelivered directly. In an embodiment, a nucleic acid introduced into a cell fe.g., as part
of a plasmid) may oclude a region to enhance expression of the therapeutic agent and/or to

direct targeting or secretion, for example, a promoter sequence, an activaior sequence, or a
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cell-signaling peptide, or a cell export peptide. HExemplary promoters include EF-la, CMV,
Ube, hPGK, VMD2, and CAG. Exemplary activators include the TETI catalytic domain, P300
core, VPR, rTETR, Cas® fe.g, trom 5. pvogenes or S aureus), and Cpfl fe.g, from L.
hacterinum).

[0001306] A device or composition described herein may comprise a cell or a plurality of
celis. In the case of a plurality of cells, the concentration and total cell number may be varied
depending on a number of factors, such as cell type, implantation location, and expected
fifetime of the devices or compositions. In an embodiment, the total number of cells included
in a device or composition described herein is greater than about 2, 4, 6, & 10, 20, 30, 40, 50,
75, 100,200,250, S00, 750, 1000, 1500, 2000, 5000, 10000, or more. In an embodiment, the
total number of cells included in adevice or composition described herein is greater than about
10x10% 10107 10X 10% 1.0%10°, 10x 10° 1.0x 107, 1.0% 105, 1.0x 10°, 1.0x 10%°,
or more. In an embodiment, the total number of cells included in a device or composition
described herein is less than about than about 10000, 5060, 2500, 2000, 1500, 1000, 750,
500, 250, 200, 100, 75, 50, 40, 30, 20, 10, 8,6, 4, 2, orless. In an embodiment, the total
number of cells included in a device or composition described herein is less than about 1.0 x
10" 10x 107, 1.0x 105, 1.0x 107, 10x 10% 1.0x 107, 1.0 x 10, 1.0 x 107, 1.0 x 104, or
tess. In an embodiment, a plurality of cells is present as an aggregate. In an embodiment,
a plurality of cells is present as a cell dispersion.

[000137] Specific features of a cell contained within a device or composition described
herein may be determined, e.g., prior to and/or after tncorporation into a device or composition
described herein. For example, cell viability, cell density, or cell expression level may be
assessed. In an embodiment, cell viability, cell deusity, and cell expression level way be
determined using standard technigques, such as cell microscopy, fluorescence microscopy,
histology, or biochemical assay.

[000138] B. Bioactive Agenis

[000139] A device or composition described herein may contain a therapeutic agent, {or
example, produced or secreted by a cell. A therapeutic agent may include a nucleic acid
fe.g., an RINA, a DNA, or an oligonuclectide}, a protein {e.g., an antibody, enzyme, cytokine,
hormone, recepior), a hipid, a small molecule, a metabolic agent, an oligosaccharide, a peptide,

an amino acid, an antigen. In an embodiment, a device or composition described herein
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comprises a cell or a plurality of cells that are genetically engineered to produce or secrete a
therapeutic agent.

[000140] {n an embodiment, a device or composition described herein comprises a cell
producing or secreting a protein. The protein may be of any size, e g, greater than about 100
Dia, 200 Da, 250 Da, 500 Da, 750 Da, | KDa, 1.5 kDa, 2 kDa, 2.5kDa, 3 kDa, 4 kDa, 5 kDa,
6 kDa, 7kDa, 8kDa, 9 kDa, 10 kD, 15 kDa, 20 kDa, 25 kDa, 30 kDa, 35 kDa, 40 kDa, 45
kD, 50 kDa, 55 kDa. 60 kDa, 65 kDa_ 70 kDa, 75 kDa, 80 kDa, 85 kDa, 90 kDa, 95 kDa, 100
kDa, 125 kDDa, 150 kDa, 200 kDa, 200 kI>a, 250 kDa, 300 kDa, 400 kDa, 500 kDa, 600 kiDa,
700 kDya, 800 Da, 900 kDa, or more. In an embodiment, the protein is composed of a single
subunit or multiple subunits fe.g, a dimer, trimer, tetramer, eic.). A protein produced or
secreted by a cell may be modified, for example, by glycosylation, methylation, or other
known natural or syothetic protein modification.

[000141] A protein may be produced or secreted as a pre-protein or it an inactive form
and may require further modification to convert it into an active form.

[000142] Proteins produced or secreted by a cell may be include antibedies or antibody
fragments, for example, an Fe region or variable region of an antibody. Exemplary antibodies
include anti-PD-1, anti-PR-LL anti-CTLA4, anti-TNFo, and anti-VEGE antibodies. An
antibody may be monoclonal or polyclonal. Other exemplary proteins include a lipoprotein,
an adhesion protein, blood clotting factor de.g., Factor Vil Factor VI, Factor IX, GCG, or
VWF), hemoglobin, enzymes, proenkephalin, a growth factor fe.g., EGF, IGF-1, VEGF alpha,
HGF, TGF beta, bFGE), or a cytokine,

[000143] A protein produced or secreted by a cell may include a hormone. Exemplary
hormones include growth hormone, growth hormoune releasing hormone, prolactin, lutenizing
hormone (LH), anti-diuretic hormone (ADH), oxvytocin, thyroid stimulating hormone (TSH),
thyrotropin-release hormone (TRH), adrenccorticotropic hormone {(ACTH), follicle-
stimulating hormone (FSH), thyroxiae, calcitonin, parathyroid hormone, aldosterone, cortisol,
epinepluine, glucagon, insulin, estrogen, progesterone, and testosterone.

[000144] A protein produced or secreted by acell may include a cytokine. A cytokine may
be a pro- inflammatory cytokine or an anti-inflammatory cytokine. Example of cytokines
include TL-1, I~ 1a, IL-1 , [L-IRA, TL-2, TL-4, [L-S, IL-6, IL-7, 1L-8, 1L-9, IL-10, IL-11,
H-12, IL-12a, IL-12b, 1L-13, 10L-14, HL-16, [1.-17, G-CSF, GM-CSF 11.-20, IFN-g, IFN- |
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Ny, CPI54, LT~ , CD70, CB1S3, CI2178, TRAH., TNF-g, TNF-, SCF, M-CKRF, MSP,
4-1BBL, LIF, OSM, and others.

[000145] For example, a cytokine may include any cyickine described in M.J. Cameron
and D.J. Kelvin, Cyiokines, Chemokines, and Their Recepiors (2013), Landes Biosciences,
which 15 incorporated herein by reference in s entirety.

[000146] A device or composition described herein may comprise a cell expressing a
single type of therapeutic agent, e.g, a single protein or nucleic acid, or may express more
than oneg type of therapeutic agent, ¢.g., a plurality of proteins or nucleic acids. In an
embodiment, a device or composition described herein comprises a cell expressing two types
of therapeutic agents fe.g., two types of proteins or nucleic acids). In an embodiment, a device
or composition described herein comprises a cell expressing three types of therapeutic agents
fe.g., three types of proteins or nucleic acids). In an embodiment, a device or composition
described herein comprises a cell expressing four types of therapeutic agents fe.g., four types
of proteins or nucleic acids),

[000147] In an embodiment, a device or composition described herein comprises a cell
expressing a single type of nucleic acid fe.g., DINA or RNA) or may express more than one
type of nucteic acid, e g, a plurality of nucleic acid fe.g., BNA or RNA}. o an embodiment,
a device or composition described herein comprises a cell expressing two types of nucleic
acids fe.g., DNA or RNA) In an embodiment, an devices and compositions comprises a cell
expressing three types of nucleie acids fe.g., DNA or RNA). In an embodiment, a device or
composition described herein comprises a cell expressing four types of nucleie acids fe.g.,
DMNA or KNA)

[000148] in an ermnbodiment, a device ot compogsition described herein comprises a cell
expressing a single type of protein, or may express more than one type of protein, e.g, a
plurality of proteins. In an embodiment, a device or composition described herein comprises a
cell expressing two types of proteins. In an embodiment, a device or compuosition described
herein comprises a cell expressing three types of proteins. In an embodiment, a device or
composttion described herein comprises a cell expressing four types of proteins,

[000149] In an embodiment, a device or composition described herein comprises a cell
expressing a single type of enzyme, or may express more thao one type of enzyme, e.g., a

plurality of enzymes. Inan embodiment, a device or composition described herein comprises a
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cell expressing two types of enzymes. In an embodiment, a device of composition
described herein comprises a cell expressing three types of enzymes. In an embodiment, a
device or composition described herein comprises a cell expressing four types of enzymes.
[000150] in an embodiment, a device or composition described herein comprises a cell
expressing a single type of antibody or anubody fragment or may express more than one type
of antibody or antibody fragment, e 2., a plurality of antibodies or antibody fragments. In
an embodiment, an devices and compositions comprises a cell expressing two types of
antibodies or antibody fragments. In an embodiment, a device or composition described
herein comprises a cell expressing three types of antibodies or antibody fragments. In an
embodiment, a device or composition described herein comprises a cell expressing four types
of antibodies or antibody fragments.

[000151] in an embodiment, a device or composition described heretn coraprises a cell
expressing a single type of hormone, or may express more than one type of hormone, e.g., a
plurality of hormones. In an embodiment, a device or composition described herein comprises
a cell expressing two types of hormones. In an embodiment, a device or composition described
herein comprises a cell expressing three types of hormones. In an embodiment, a device or
composition described herein comprises a cell expressing four types of hormones,

[000152] in an embodiment, a device or composition described herein comprises a cell
expressing a single type of enzyme, or may express more than one type of enzyme, e.g, a
plurality of enzymes.

[000153] fn an ervbodiment, a device or composition described heretn coraprises a cell
expressing two types of enzymes. In an embodiment, a device or composition described
herein comprises a cell expressing three types of enzymes. Io an embodiment, a device or
composition described herein comprises a cell expressing four types of enzymes.

[000154] in an embodiment, a device or composition described herein comprises a cell
expressing a single type of cytokine or may express more than one type of cyickine, e.g, a
plurality of cytokines. In an embodiment, a device or composition described herein
comprises a cell expressing two types of cyvtokines. In an embodiment a device or
composition described herein comprises a cell expressing three types of cytokines. In an
embodiment, a device or composition described herein comprises a cell expressing four types

of cytokines.
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[000155] Diseases

[000156] A device or composition comprising a hydrogel and a therapeutic agent as
described herein can be used to treat a variety of diseases in a mammalian subject. In some
embodiments, the disease is a brain disease, a cancer, diabetes, melanoma, solid tumoer,
Alzheirmner's disease, Parkinson's disease, stroke, epilepsy, depression, pain relief, or local
anesthesia.

[000157] The cancer can be a cancer of the bladder, blood, bone, bone marrow,
breast, colon, esophagus, gastrointestinal, gum, head, kidney, liver, lung, nasopharynx, neck,
ovary, prostate, skin, stomach, testis, tongue, or uterus. In addition, the cancer may specifically
be of the foliowing histological type, though it is not limited to these: neoplasm, malignant;
carcinoma; carcinoma, undifferentiated; giant and spindle cell carcinoma; small cell
carcinoma; papiliary carcinoma; squamous cell carcinoma; lymphoepithelial carcinoma,
basal cell carcinoma; pilomatrix carcinoma; transitional cell carcinoma, papillary
transitional cell carcinoma; adenocarcinoma; gastrinoma, malignant; cholangiocarcinoma;
hepatoceliular carcinoma; combined hepatoceliular carcinoma and cholangiocarcinoma;
trabecular adenocarcinoma; adencid cystic carcinoma; adenocarcinoma in adenomatous
polyp; adenocarcinoma, familial polyposis coli; solid carcinoma; carcinoid tumor, malignant,
branchiolo-alveolar adenocarcinoma; papillary adenocarcinoma; chromophobe carcinoma;
acidophil carcinoma, oxyphilic adenocarcinoma; basophil  carcinoma;  clear cell
adenocarcinoma; granular cell carcinoma; follicular adenocarcinoma; papillary and follicular
adenocarcinoma; unonencapsulating  sclerosing  carcinoma; adrenal cortical  carcinoma,
endometroid carcinoma; skin appendage carcinoma; apocrine adenocarcinoma,; sebaceous
adenocarcinoma; ceruminous adenocarcinoma; mucoepidermoid carcinoma;
cystadenocarcinoma; papillary cystadenocarcinoma; papillary sercus cystadenocarcinoma,
mucinous cystadenocarcinoma, mucinous adenocarcinoma; signet ring cell carcinoma;
wnfiltrating  duct carcinoma; medullary  carcinoma; lobular carcinoma; inflammatory
carcinoma; paget's disease, mammary; acinar cell carcinoma; adenosquamous carcinoma;
adenocarcinoma w/squamous metaplasia; thymoma, malignant, ovaran stromal tumor,
malignant; thecoma, malignant, granulosa cell tumor, malignant; androblastoma,
walignant; sertoli cell carcinowa; leydig cell tnor, malignant; lipid cell tumor, maligoant;

araganglioma, malignant, extra-mamimary paraganglioma, malignant; pheochromocytoma;
& fowd bl J o ? o] > P 3
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glomangiosarcoma; malignant melanoma; amelanotic melanoma; superficial spreading
melanoma; malig melanoma in giant pigmented nevus;  epitheliotd cell melanoma; blue
nevus, malignant; sarcoma; fibrosarcoma; fibrous histiocytoma, malignant; myxosarcoma,
liposarcoma; leiomyosarcoma; thabdomyosarcoma; embryonal rhabdomyosarcoma; alveolar
rhabdomyosarcoma; stromal sarcoma; mixed tumor, malignant, mullentan mixed tumor,
nephroblastoma; hepatoblastoma; carcinosarcoma; mesenchymoma, malignant; brenner
tumor, malignant; phyllodes tumor, malignant; synovial sarcoma; mesothelioma, malignang;
dysgerminoma; embryonal carcinoma, teratoma, malignant; struma ovarii, malignant;
choriocarcinoma; mesonephroma, malignant, hemangiosarcoma; hemangioendothelioma,
malignant; kaposi's sarcoma; hemangiopericytoma, wmalignant; lymphangiosarcoma,
osteosarcoma; juxtacortical osteosarcoma, chondrosarcoma; chondroblastoma, malignant;
mesenchymal chondrosarcoma; grant cell tumor of bone;, ewing's sarcoma; odontogenic
tumor, malignant; ameloblastic odontosarcoma; ameloblastoma, malignant; ameloblastic
fibrosarcoma; pinealoma, malignant; chordoma; retinoblastoma; olfactory neurogenic
tumor, meningioma, malignant; neurofibrosarcoma; neurilemmoma, malignant; granular cell
tumor, malignant; malignant lymphoma; hodgkin's disease; hodgkin's; paragranuloma;
malignant lymphoma, small lymphocytic: maligoant lymphoma, large celi, diffuse; malignant
tymphoma, follicular; mycosis fungoides; other specified non-hodgkin's lymphomas;
malignant histiocytosis; multiple myeloma; mast cell sarcoma; immunoproliferative small
intestinal disease; leukemia; lymphoid lenkemia; plasma cell leukenia; erythroleukemia;
fyraphosarcorsa  cell leukemia;, royeloid leukemia; basophilic leukemia; cosinophilic
ieukemia;, monocytic leukemia; mast cell leukemia, megakaryoblastic feukemia; myeloid
sarcoma; and hairy cell leukemia.

[000158] Pharmaceutical Compositions

[000159] in some embodiments, an alginate methacrylate and a therapeutic agent as
described herein are included 1n a pharmaceutical composition. Pharmaceutical compositions
of the present invention comprise an effective amount of one or more compounds of the present
disclosure, e.g., a mechanoluminescent nanoparticle or mechanoluminescent liposome, or
additional agent dissolved or dispersed in a pharmaceutically acceptable carrier. The phrases
"pharmaceutical ot pharmacologically acceptable” refers to molecular entities and

compositions that do not produce an adverse, allergic or other untoward reaction when

46



WO 2025/091007 PCT/US2024/053211

admintstered 10 an animal, such as, for example, a human, as appropriate. The preparation of

a pharmaceutical composition that contains a hydrogel as described herein or additional active
ingredient will be known to those of skill in the art in light of the present disclosure, as
exemplified by Remingion: The Science and Practice of Pharmacy, 271% Ed, Lippincott
Withiamns and Wilkins, 2005, imncorporated herein by reference. Moreover, for animal (e.g.,
human) administration, it will be understood that preparations should typically meet stenility,
pyrogenicity, general safety and purity standards as required by FDA Office of Biological
Standards.

[000160] In some embodiments, pharmaceutical compositions may comprise, for
example, a compound, composition and/or device provided by WO 2022/266086 AZ, which
is incorporated herein by reference. In some embodiments, the pharmaceutical cormpositions
and/or devices described herein way be forrmulated 1w conjunction with a compound,
composition and/or device provided by WO 2022/266086 A2, In some embodiments, the
pharmaceutical compositions aund/or devices described herein wmay be formulated tn conjunction
with a triazole-containing polymer, such as a triazole-containing alginate. In some
embodiments, the triazole-containing polymer may comprise a compound according to any

one of the following tormulae:
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wherein:

m and n result in a number of repeating units with a molecular weight from about 50,0000
Daltons to about 500,000 Daltons.

[000161] As used herein, "pharmaceutically acceptable carrier" includes any and all solvents,
dispersion media, coatings, surfactants, antioxidants, preservatives (e.g., antibacterial agents,
antifungal agents), isotonic agents, absorption delaying agents, salts, preservatives, drugs, drug
stabilizers, gels, binders, excipients, disintegration agents, lubricants, sweetening agents, flavoring

agents, dyes, such like materials and combinations thereof, as would be known to one of ordinary
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skill in the art (see, for example, Remington - 23rd Edition, October 2020, incorporated herein by
reference). Except insofar as any conventional carrier is incompatible with the active ingredient,
its use in the pharmaceutical compositions is contemplated.

[000162] The hydrogel may comprise different types of carriers depending on whether it is
to be administered in solid, liquid or aerosol form, and whether it need to be sterile for such routes
of administration as injection. The present invention can be administered intravenously,
intradermally, transdermally, intrathecally, intraarterially, intraperitoneally, intranasally,
intravaginally, intrarectally, topically, intramuscularly, subcutaneously, mucosally, orally,
topically, locally, inhalation (e.g., aerosol inhalation), via injection, infusion, continuous infusion,
or localized perfusion bathing target cells directly.

[000163] In some embodiments, pharmaceutical compositions may comprse, for
example, at least about 0.1% of an active compound. In other embodiments, the active
compound may comprise between about 2% to about 75% of the weight of the unit, or
between about 25% 1o about 60%, for example, and any range derivable therein. Nawrally,
the amount of active compound(s) it each therapeutically useful composition may be prepared
18 such a way that a suitable dosage will be obtained in any given unit dose of the compound.
Factors such as solubtlity, bicavailability, biclogical half-life, route of administration, product
shelf'life, as well as other pharmacological considerations will be contemplated by one skilled
in the art of preparing such pharmaceutical formulations, and as such, a variety of dosages
and treatment regimens may be desirable.

[000164] fn other non-lhmiting examples, a dose may also compnse from about |
microgram/kg/body  weight, about 5 microgram/kg/body  weight about 10
microgram/kg/body  weight,  about S0 microgram/kg/body  weight, about 100
microgram/kg/body  weight, about 200 microgram/kg/body weight, about 350
microgram/kg/body weight, about 500 microgram/kg/body weight, about | milligram/kg/body
weight, about 5 milligram/kg/body weight, about 10 milligram/kg/body weight, about 50
milligram/kg/body  weight,  about 100 milligram/kg/body  weight,  about 200
milligram/kg/body  weight, about 350 mulhigram/kg/body  weight,  about 500
milligram/kg/body weight, to about 1000 mg/kg/body weight or more per administration, and
any range derivable therein. In non-limiting examples of a dentivable range from the numbers

listed herein, a range of about 5 mg/kg/body weight to about 100 me/kg/body weight, about
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5 microgram/kg/bady weight to about 500 mmlligram/kg/body weight, etc, can be
administered, based on the numbers described above.

[000165] {n further embodiments, a composition of the present invention may be
administered via a parenteral route. As used herein, the term "parenteral” includes routes that
bypass the alimentary tract. Specifically, the pharmaceutical compositions disclosed herein
may be administered for example, but not limited to intravenously, intradermally,
ntramuscularly, intraarterially, intrathecally, subcutaneous, or intraperitoneally U5, Pat, Nog.
6,7537,514, 6,613,308, 5,466,468, 5,543,158, 5,641,515, and 5,399,363 (each specifically
incorporated herein by reference in its entirety}.

[000166] Solutions of the active compounds as free base or pharmacologically acceptable
salts may be prepared in water suitably mixed with a surfactant, such as
hydroxypropyicellulose. Dhspersions may also be prepared in giyeerol, liguid polyethylene
alycols, and mixtures thereot and in oils. Under ordinary conditions of storage and use, these
preparations contain a preservative to prevent the growth of microorganismas, The
pharmaceutical forms suitable for injectable use include sterile aqueous solutions or
dispersions and sterile powders for the extemporancous preparation of sterile injectable
solutions or disperstons {15, Patent 5,466,468, specifically incorporated herein by reference
in its entirety). In all cases the form must be sterile and must be fluid to the extent that easy
injectability exists. It must be stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of microorganisms, such as bacteria and
fungt. The carrier can be a solvent or dispersion mediurn containing, for example, water,
ethanol, polyadl e, glycerol, propylene glyveol, and liquid polyethylene glyeol, and the hike),
suitable mixtures thereof, and/or vegetable oils. Proper flundity may be maintained, for
exampie, by the use of a coating, such as lecithin, by the maintenance of the required particle
size in the case of dispersion and by the use of surfactants. The prevention of the action of
rmicroorganisms can be brought about by various antibacterial and antifungal agents, for
gexample, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases,
it will be preferable to include isctonic agents, for example, sugars or sodium chioride.
Proionged absorption of the injectable compositions can be brought about by the use in the
compositions of agents delaying absorption, for example, alumioum monostearate and gelatn.

[000167] For parenteral administration in an aqueous solution, for example, the solution
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should be suitably buffered if necessary and the ligquid diluent first rendered isctonic with
sutficient saline or glucose These particular aqueous solutions are especially suitable for
intravencus, ntramuscular, subcutaneous, and intraperitoneal administration. In this
connection, sterile aqueous media that can be employed will be known to those of skill in the
art in hight of the present disclosure. For example, oue dosage may be dissolved 1 1sotonic
NaCl solution and either added hypodermoclysis fluid or injected at the proposed site of
infusion, (see for example, "Remington’s Pharmaceutical Sciences” 15th Edition, pages 1035-
1038 and 1570-1380). Some variation in dosage will necessarily occur depending on the
condition of the subject being treated. The person responsible for administration will, 1 any
event, determine the appropriate dose for the individual subject. Moreover, for human
administration, preparations should meet sterility, pyrogenicity, general safety and purity
standards as required by FDA Office of Biologics standards. Stenile injectable solutions are
prepared by incorporating the active compounds in the required amount in the appropriate
solvent with various of the other ingredients enumerated above, as required, followed by
filtered sterilization. Generally, dispersions are prepared by incorporating the various
sterilized active ingredients into a sterile vehicle which contains the basic dispersion medium
and the required other tngredients from those enumerated above. Inthe case of sterile powders
for the preparation of sterile injectable solutions, the preferred methods of preparation are
vacuum~drying and freeze~-drying techniques which yield a powder of the active ingredient
plus any additional desired ingredient from a previously sterile-filtered solution thereof. A
powdered composition 18 combined with a hquid carrier such as, e.g, water or a saline
solution, with or without a stabilizing agent. In some preferred embodiments, the hydrogel
can be stored with or without a drug or therapeutic agent, e.g., in a solution aquecus 5%
glucose {(w/v). In some embodiments, the hydrogel comprising a drug or therapeutic agent is
dissolved in an aqueous 5% glucose (w/v) prior to administration by injection.

[000168] Awvariety of dosages of therapeutic agents may be administered to a mammalian
subject. For exaraple, the therapeutic agents may be administered o the subject i an amount
of about 5- 10mg/kg, 0.5, 1,2, 3,4, 5,6,7,8,9 10, 12, or 15 mg/kg, or any range derivable
therein.

[000169] A variety of drugs and therapeutic ageunts can be included with or encapsulated

in a hydrogel as described herein. The drug may be a small molecule, a biological or protein
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therapeutic, or enzyme. In some embodiments, the drug ts an anesthetic, a volatile anesthetic,
an anticancer drug or chemotherapeutic, an anti-inflammatory drug (e.g., NSAID efc ), an
analgesic drug or a painkiller. The drug or therapeutic agent and hydrogel may be comprised
in a pharmaceutical formulation that includes an excipient.

[000170] Combination Therapy

[000171] in the context of the present disclosure, it also is contemplated that the
compositions or devices described herein could be used similarly in conjunction with other
standard treatments.

[000172] To effect an improved or enhanced therapy using the therapeutic agent of the
present discliosure and another agent to therapy, one would generally contact a cell with the
therapeutic at the same time or with one modality preceding the other such that, if applied
separately, one would generally ensure that a significant period of time did not expire between
the tune of each treatment such that the therapeutic and other would still be able to exert an
advantageously combined effect on the cell. In such instances, it is contemplated that one
would contact the cell with both modalities within about 12-24 hours of each other and, more
preferably, within about 6-12 hours of each other, with a delay time of only sbout 12 hours
being most preferred. In some situations, it may be desirable to extend the time period for
treatment significantly, however, where several days (2, 3, 4, 5, ¢ or 7} to several weeks {1,
2,3,4,5, 6,7 or 8) lapse between the respective administrations.

[000173] it also 18 conceivable that more than one administration of either the therapeutic
or the other agent will be desired. Various corsbinations may be employed, where the
therapeutic according to the present disclosure is "A" and the other therapy is "B", as
exemplified below

A/B/A B/A/B B/B/A A/A/B B/A/A A/B/B B/B/B/A B/B/A/B

A/A/B/B A/B/A/B A/B/B/A B/B/A/A B/A/B/A B/A/A/B B/B/B/A

A/A/A/B B/A/A/A A/B/A/A A/A/B/A  A/B/B/B B/A/B/B B/B/A/B

Other combinations are contemplated.

[000174] The composition or device described herein mav be combined with any
clinically acceptable treatment article. In some embodiments, the composition or device
described herein and the other clinically acceptable treatment article are used concurrently. In

some embodiments, the composition or device described herein 1s used before the clinically
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acceptable treatiment article. In some embodiments, the composition or device described
herein 1s used after the clinically acceptable treatment article. In some embodiments, the
composition or device described herein may be combined with any clinically acceptable
treatment modality.

[000175] Formulation and Administration

[000176] The present disclosure provides pharmaceutical compositions.  Such
compositions comprise a prophylactically or therapeutically effective amount of a bicactive
agent, and a pharmaceutically acceptable carrier. In a specific embodument, the term
"pharmaceutically acceptable” means approved by aregulatory agency of the Federal or a state
government or listed in the U.S. Pharmacopeia or other generally recognized pharmacopeia for

¥

use in animals, and more particularly in humans. The term "carrier” refers to a diluent,
excipient, or vehicle with which the therapeutic is administered. Such pharmaceutical carriers
can be sterile Hquids, such as water and oils, including those of petroleum, animal, vegetable
or synthetic origin, such as peanut oii, soybean oil, mineral oil, sesame o1} and the like. Water
is a particular carrier when the pharmaceutical composition 13 administered intravenously.
Saline solutions and aqueous dextrose and glycerol solutions can also be emploved as liquid
carriers, particularly forigjectable solutions. Other suitable pharmaceutical excipients include
starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate,
glycerol monostearate, talc, sodium chloride, dnied skim milk, glycerol, propylene, glycol,
water, ethanol and the like.

[000177] The composition, 1if desired, can also contain rinor amounts of wetting or
emuisitying agents, or pH buffering agents. These compositions can take the form of solutions,
suspensions, emulsion, tablets, pills, capsules, powders, sustained-release formulations and
the like. Oral formulations can include standard carriers such as pharmaceutical grades of
mannitol, iactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium
carbonate, efc. Examples of suitable pharmaceutical agents are described in "Remington's
Pharmaceutical  Sciences.” Such compositions will contain  a  prophylactically  or
therapeutically effective amount of the agent, preferably in puntied form, together with a
suitable amount of carrier so as to provide the form for proper administration to the patient. The
formulation should suit the mode of administration, which can be oral, intravenous, tutraarterial,

intrabuccal, intranasal, nebulized, bronchial inhalation, intra-rectal, vaginal, topical or delivered
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by mechanical ventilation.

[000178] Pharmaceutically acceptable salts include the acid salis and those which are
formed with inorganic acids such as, for example, hydrochloric or phosphoric acids, or such
organic acids as acetic, oxalic, tartaric, mandelic, and the like. Salts formed with the free
carboxyl groups may also be denved from inorganic bases such as, for example, sodium,
potassium, ammonium, calcium, or ferric hydroxides, and such organic bases as
isopropylamine, trimethylarune, 2-ethylamino ethanol, histidine, procaine, and the like.
[000179] EXAMPLES

[000180] The following examples are included to demonstrate preferred embodiments. Tt
should be appreciated by those of skill in the art that the techniques disclosed in the examples
that follow represent techniques discovered by the inventer to function well in the practice of
embodiments, and thus can be considered to constitute preferred modes for its practice.
However, those of skill in the art should, in light of the present disclosure, appreciate that
many changes can be made o the specific embodiments which are disclosed and still obtain
a like or similar result without departing from the spirit and scope of the disclosure.

[000181] Example 1. Synthesis of Alginate Methacrylate

[000182] The example below sets forth the fabrication of a hydrogel system for use in
the encapsulation of a therapeutic agent, such as engineered cells and proteins, secreted
proteins, hormones, cytokines, antibodies, enzymes, peptides, and other bicactive agents. A
library of alginate methacrylate (AIMA)} was synthesized by reacting sodium alginates of
different wmolecular weights (UPVLVG with wolecular weight< 75 kDa, SLG-20 with
molecular weight 75 - 220 kDa and SLG-100 with molecular weight 200-300 kida) with 2-
aminoethy] methacrylate (AEMA) for 24 bhours (FIG. 1 and Table 3). The product was
dialyzed against DI water for 3 days, filtered through 70 micron pore sized filters and freeze
dried Alginates were stored at -20 degree Celsius until further use. Alginate methacrylate was
then characterized using the TH NMR. The characteristic peaks for the methylene protons in
the region 5.5 - 6.2 ppm confirmed the methacrylation {(FIG. 2. All successtully synthesized
were combined at ratios of 1.0, 7:3, 6:4, 5:5, 4:6, and 3.7 with the 1:0 formulation being
100% the material or in other words the base formulation.

[000183] Table 3. AIMA Formaulations

Sample | AIMA Formuiation
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1 UP20
5 UpP46

3 UP60

4 UPo0

5 SLG203

5 SLG20 10

7 S1.G20 20

N SLGIOO 5

9 SLGIOO 10

10 UP 20 - UP 46 7:3

1 UP 20 - UP 60 7:3

12 UP20-UPO0 73

13 UP 20 - SLG26 573
14 UP 20 -SLG20 1073
15 UP 20 -SLG20 2073
16 UP 20 SLGIOO 5 73
17 LiP20 -SLGIO0 10723
18 UP 46 - UP 20 7:3
19 UP 46 - UP 60 73

20 UP 46 - UP 90 7:3

ot UP 46 - SLG20 5 73
2 UP 46 -SL.G20 10733
3 UP 46 -SLG20 20 7:3
74 UP 46 — SLGIOO S 73
5 UP 46 -SLGI00 1073
6 UP 60 - UP 2073
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7 UP 60 - UP 46 7:3

73 UP 60 - UP 9073

79 UP 60 - SLG20 5 7.3

30 UP 60 -SLG20 10 7:3
31 UP 60 -SLG20 20 733
1 UP 60— SLGIOO 5 7:3
33 LP 60 -SLGI00 10773
24 UP 90 - UP 20 7:3

35 UP 90 - UP 46 7:3

36 UP 90 - UP 60733

17 UP 90 - SLG20 5 73

38 UP 90 -SLG26 1073
39 UP 90 -SLG20 20 73
40 LP 90 - SLGIOO 5 73
41 UP 90 -SLGIOC 1073
42 SLG20 5 - UP 2073
43 SLG20 5 - UP 46 773

44 SLG20 5-UP 6073

45 SLG20 5-UP 9073

6 SLG20 5 -SLG20 1073
47 SLG20 5 -SLG20 20733
48 SLG20 S — SLGI00 S 73
49 SLG20 5 -SLGI00 1073
50 SLG26 10 -UP 2073
5 SLG20 10 - UP 46 73
57 SLG20 10- UP 60733
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SLG20 10-UP 9073

54 SLG20 10-SLG20 573
55 SL.G20 10 -SLG20 20 733
56 SLG20 10 - SLGIO0 5 7.3
57 SLG20 10-SLGI00 1073
59 SLG20 20 - UP 2073

50 SLG2020-UP 46 73

o0 SLG20 20 - UP 60 73

1 SLG20 20 - UP 90 733

62 SL.G20 20 -SLG20 5 7.3
63 SLG20 20 -SLG20 1673
o4 SLG20 20—~ SLGIG 5 73
65 SLG20 20 -SLGI00 10733
66 SLGIOOS -UP 2073

67 SLGIOOS - UP 46 73

68 SLGIOO 5 - UP60 733

69 SLGIOO 5 - UP 90 733

70 SLGIOO 5 -SLG20 5 7:3
7 SLGIOO 5 -SLG20 1073
75 SLGIOO 5- SLG20 20 73
73 SLGIOO 5 -SLGI0O 1073
74 SLGIOO 10 - UP 20 7:3
5 SLGIOO 10 - UP 46 7:3
76 SLGIOD 10 - UP 60733
77 SLGIOO 10-UP 90773
78 SLGIOO 10 -SLG20 5 7.3
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SLGIGO 10-SLG26 1073

79
80 SLGIOO 10 - SLG20 20 733
21 SLGIO0 10 -SL4GI00 5 733
82 UP 20 - UP 46 6:4

<3 UP 20 - UP 60 64

24 UP 20 - UP 90 6:4

85 UP 20 - SLG20 5 6:4

R6 UP 20 -SLG20 10 6:4

g7 UT 20 -SLG20 20 6:4

33 UP 20 - SLGI06 S 6:4

80 UP20 -SLG100 10 6:4

o0 UP 46 - UP 2064

91 UP 46 - UP 60 6.4

92 UP 46 - UP 90 6.4

93 UP 46 - SLG20 5 6:4

94 UP 46 -SLG20 10 6:4

95 UP 46 -SLG20 20 6:4

96 UP 46 - SLG100 5 6:4

97 UP 46 -SLG100 10 6:4

9% UP 60 - UP 2064

90 UP 60 - UP 46 6:4

100 UP 60 - UP90 64

101 UP 60 - SLG20 5 6:4

102 UP 60 -SLG20 10 64

103 UP 60 -SLG20 20 6.4

104 UP 60 - SLGI00 5 6:4
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UP 60 -SLG100 10 6:4

105

108 UP SO -UP20 64

107 UPS0 -UP46 6.4

108 UP 96 - UP 60 6:4

109 UP 90 - SLG20 564

110 UP oG -SLG20 1064

111 UP 90 -SLG20 20 04
112 UP 90 -8SLG100 3 6.4
113 UP 90 -SLG100 10 6:4
114 SLG20 5 -UP 2064
115 SLG20S-UP 4664

116 SLGR0 S-UP 6064

117 SLG20 5 - UP 90 6:4

118 SLG2G 5-5LG20 1064
119 SLG26 S-8L.G20 20 6.4
120 SLG20 5-SLGI00 S 64
121 SLG26G 5 -SLGI00 10 6.4
122 SLG26 10 -UP 2064
123 SLG26 10-UP 4664
124 SLG2G 10 - UP ol 64
124 SLG2010-UP S0 64
126 SLGA26 10-5L.G20 564
127 SLG20 10 -8SLG206 20 6.4
128 SLG2G 10 - SLGI00 5 6.4
129 SLG20 10 -SLGIOD 1064
130 SLG2G 20 - UP 2664
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SLG2020-UP 46 64

131

132 SLGA020-UP 6064

133 SLG20 20 -UP9%0 64

134 SLG20 20 -8LG20 5 6:4
135 SLG20 20 -5LG20 10 64
136 SLG20 20 - SLGIO0 5 64
137 SLG20 20 -SLGI00 1064
138 SLGIGOS - UP 2064

139 SLGIGOS -UP 46 64

140 SLGIGOS-UP 6064

141 SLGIO0S-UP 9064

147 SLGI00 5 -SLG20 504
143 SLGI00 5 -SLGZ0 10 6:4
144 SLG20 100 5- 5LG20 26 64
145 SLGI00 S -SLGIO0 10 6:4
146 SLGI00 10 -UP 2064
147 SLGI00 10 - UP 46 6:4
148 SLG100 10-UP 60 64
149 SLGI00 10-UP 9064
150 SLGI00 10 -SLG20 5 64
151 SLGI00 10-5LG20 10 64
157 SLGL100 10 - 5LG20 20 6.4
153 SLG100 10 -5LG100 5 6:4
154 UP20-UP 4655

155 UP20-UP6OS:S

156 UP20-UP90 55
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UP 20 - 5LG20 5 5:5

157

158 UP20-SLG20 1055
159 UP 20 -5L4G20 2055
160 UP20-SLGIO0 S 55
161 UP20 -5LGIO0 106 5:5
162 UP46-UP60 55

163 UP 46 - UP 9055

164 UP 46 - SLG20 5 5:5
165 UP 46 -SLG20 10 5:5
166 UP 46 -SLGRO20 5.5
167 UP 46 - SLGIO0 5 6:5:5
168 UP 46 -SLGI0D 1055
169 UPO60-UPS0 55

170 UP 60 - SLG20 5 5.5
171 UP 60 -SLG20 10 5:5
172 UP 60 -SLG20 20 5:5
173 UP 60 - SLGIOO 5 35
174 UP 60 -SLGI00 10 5:5
175 UP S0 -8LGRO S5 55
176 UP S0 -SLG20 10 5:5
177 UP 90 -5LG20 20 5:5
178 UP 90 - SLGIS0 5 5.5
179 UP 90 -SLGI00 105:5
180 SLG20 5 -SLG20 1055
181 SLG20 5 -SLG20 20 5:5
182 SLGZ0 5 - SLGIN0 5 555
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SLG20 5 -SLGI00 10555

183

194 SLG20 10 -SLG20 20 5.5

185 SLG20 10— SLGIOO 5 5:5
186 SLG20 10 -8LGI00 1055
187 SLG20 20— SLGIOO § 535
188 SLG20 20 -SLGIO0 10 5.5
139 SLGIO0 5 -SLGLO0 105:5
190 SLGIO0 20% - UP 20% 7.3
191 SLG10020% - UP 20% 64
192 SLGIO0 20% - UP 20% 5.5
103 SLGIO0 20% - UP 209 3.7
104 SLGIOO 20% - UP 46% 723
195 SLGI0020% - UP 46%6 6:4
196 SLGI00 20% - UP 46% 5:5
197 SLGIOD 20% - UP 46% 3.7
108 SLGICO 20% - UP 60% 7:3
199 SLAG100 20% - UP 60% 6.4
200 SLGI00 20% - UP 60% 55
201 SLGIO0 20% - UP 60% 3.7
200 SLGIO020% - UP90% 7.3
203 SLGL00 20% - UP 90% 64
204 SLGIO0 20% - UP 90% 5.5
205 SLGIO0 20% - UP 90% 3.7
206 SLGIO0 20% - SLG20 5% 773
07 SLGI00 20% - SLG20 5% 6:4
208 SLGIO0 20% - SLG20 5% 55
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SLGIO0 20% - SLG20 5% 4:6

209
210 SLGIOD 20% ~ SLG20 10% 7.3
11 SLG100 20% - SLG20 10% 6.4
212 SLGI00 20% - SLG20 10% 55
513 SLGI00 20% - SLG20 10% 4.6
214 SLGIO0 20% - SLGR0 20% 7.3
215 SLG100 20% - SLG20 20% 6.4
216 SLGIO0 20% - SLG20 20% 5:5
517 SLG100 20% - SLG20 20% 4:6
218 SLGIO0 20% - SLGIO0 3% 733
219 SLGIO0 20% - SLGIO0 5% 6:4
220 SLGIOD 20% ~ SLGICO 5% 5.5
271 SLGI00 20% - SLGI00 3% 4:6
29 SLGIOO 20% - SLGIOO 10% 773
o3 SLGIO0 20% - SLGI00 10% 6:4
oy SLGLOO 20% - SLGI00 10% 535
225 SLAH00 20% - SLGI00 10% 4:6
56 SLGI00 20% - SLGI00 20%
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Hxample 2: Hydrogel Forming Ability and Shape Retention

AIMA formulations were added into 96 well plates at 100 uL with 1 pL of |
w/v%% Rhodamine Bin DMSO and then placed under UV light at 4 mW/om"2 for 15 minutes.
The plates were incubated for 10 minutes and then washed three times with DI water.
Fluorescence measurements were taken {540 nm excitation, 580 nm emission) followed by
gross imaging to access shape retention of the hydrogels within the 96 well plate. The negative
countrol for the study was D water and our positive control was a previously published alginate
composed from 1.4 wi/v% SLZC ionically crosslinked in barium chloride solution for 30

minutes. Gelation was determined by the fluorescence intensity averaging above 15,000 AUC
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{F1{z. 3}. Hydrogel shape retention was evaluated as a measure of the ability of formulations
to retain shape after gelation (FIG. 4). The weight changes of these formulations are monitored
for the formulations that possess the least change in weight over time (FIG. 5).

[000186] ARPE-19 cells were seeded into black 96 well plates at 10k cells/90uL and given
24 hours to adbere and form monolayers. AIMA formulations were added tuto 96 well at 20
uLl per well along with 60 gL of cell culture media. Alamar blue was then added into the wells
at 10 uL. per well and plates were incubator at 37 °C for 3 hours. Fluorescuce readings using
TECAN plate reader (570 numn for measurement wavelength and 600 nm for reference
wavelength). ARPE-19 ells in phenol red-free media alone were used as the positive control.

[000187] BExample 3: Mechanical Testing

[000188] AIMA formulations were added into 250 pl PDMS molds and placed under UV
exposure at 4mW/em"2 for 15 minutes. These AIMA gels were retrieved from the PBMS mold
and used for compression testing. Compression testing may be performed by applying constant
crosshead speed 10 pmis. Compression testing may be performed untidl fracture or until half
the height of the hydrogel has been compressed. Stress vs. strain and modulus may be
collected trom the compression testing. Modulus may be obtained from the slope of stress
vs. strain, imited to the first 15% of strain.

[000189] Example 4. Generation and screening of alginate methacrylate (AIMA)
formulation library yields stable hydrogels for RPE-VEGFC cell factory encapsulation

[000190] The incorporation of methacrylate groups in the alginate backbone enables them to
rapidly crosslink in response to UV light and enhance their strength and stability. We synthesized
alginate methacrylates (AIMA) in-house by reacting sodium alginates of very low viscosity
(VLVG) with molecular weight < 75 kDa and low viscosity (LVG-20) also known as SLG20 with
molecular weight 75 kDa - 220 kDa, at methacrylation efficiencies between 20-46% with 2-
aminoethyl methacrylate (AEMA). We previously characterized AIMA using the IH NMR. The
characteristic peaks for the methylene protons in the region 5.5 - 6.2 ppm confirmed the
methacrylation.

[000191] We examined the ability of AIMA to undergo gelation and form hydrogels that
could retain the shape of their mold upon exposure to UV light. Gelation and hydrogel shape
retention were evaluated for the ability of the AIMA formulation to take the shape of a 96-well

plate. The hydrogels that retained the shape of mold were further screened for mechanical strength.
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To test for mechanical strength, VLVG and SLG20 AIMA were added into 96 well plates at 100ul.
per well and placed under UV exposure at 4mW/cm”2 for 15 minutes. These AIMA gels were
retrieved from the 96-well plate and used for compression testing. Compression testing was
performed by applying a constant crosshead linear rate of 10 um/s. Compression testing was
performed until hydrogel fracture. Modulus was measured from the slope of stress vs. strain,
limited to the fracture point. We were able to identify leading AIMA hydrogel formulations
(VLVG-M46 and LV20-M20) as novel strong alginates that will help to maintain the stability of
transplanted cells and therapeutics.

[000192] Methods

[000193] Engineering and culture of RPE-VEGFC cellular therapy with safety switch
[000194] RPE-19 cells were engineered to secrete VEGF-C growth factor via a PiggyBac
vector system with Lipofectamine 3000 (ThermoFisher, #.3000001) to transfect DNA inside RPE
cells.

[000195] Alginate methacrylate (AIMA) synthesis and library generation

[000196] Alginate methacrylate (AIMA) was synthesized by reacting sodium alginates of
different molecular weights (UPVLVG with molecular weight < 75 kDa, SLG-20 with molecular
weight 75 kDa - 220 kDa and SLG-100 with molecular weight 200 kDa-300 kDa) with 2-
aminoethyl methacrylate (AEMA) for 24 h. The product was dialyzed against DI water for 3 days,
filtered through 70 micron pore sized filters and freeze dried. Alginates were stored at —20 degree
Celsius until further use. Alginate methacrylate was then characterized using the 1H NMR. The

characteristic peaks for the methylene protons in the region 5.5 - 6.2 ppm confirmed the

methacrylation.
Table 4
Sodium Alginate ME (%) Nomenclature

20 VLV-M20
Very low viscosity (VLV) 46 VLV-M46
<75kDa 60 VLV-M60
90 VLV-M90
Low viscosity (LV 20mPa.s) 5 LV20-M5
75-150 kDa 10 LV20-M10
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20 LV20-M20
46 LV20-M46
60 LV20-M60
5 LVI100-MS5
Low viscosity (LV 100mPa.s)
10 LV100-M10
150-250kDa
20 LV100-M20

ME: Methacrylation efficiency, M: Methacrylation

[00202] Rhodamine B gelation assay in vitro

[00203] AIMA formulations are added into 96 well plates at 100ull with 1ol of Twiv%
Rhodamine B in DMSO and then placed under UV light at 4mW/em”2 for 1 Sminutes. The plates
are incubated for 10 minutes and then washed three times with DI water. Fluorescence

access shape retention of the hydrogels within the 96 well plate. The negative coutrol for the
study was 31 water and our positive control was a previously published alginate composed from
Lawtiv9 SL20 tonically crosslinked in barium chloride solution for 30 minutes. Gelation was
determined by the fluorescence tntensity averaging above 15,000 AUC.

[00204] Mechanical strength

[00205]  AIMA formulations were added into 96 well plates at 100uL. per well and placed
under UV exposure at 4mW/cm”2 for 15 minutes. These AIMA gels were retrieved from the 96
well plate and used for compression testing. Compression testing will be performed by applying
constant crosshead speed 1.0 cm/min and 10N. Compression test will be performed until
fracture. Stress vs strain and modulus will be collected from the compression testing. Modulus
will be obtained from the slope of stress vs strain, limited to the first 2% of strain.

[00206] RPE cell viability encapsulated within AIMA

[00207]  ARPE-19 cells were seeded into black 96 well plates at 10k cells/90uL and given 24
hours to adhere and form monolayers. AIMA formulations were added into 96 well at 20uL per
well along with 60uL of cell culture media. Alamar blue was then added into the wells at 10uL.
per well and plates were incubator at 37C for 3 hours. Fluorescence readings using TECAN
plate reader (570 nm for measurement wavelength and 600 nm for reference wavelength).
ARPE-19 ells in phenol red-free media alone were used as the positive control.

[00208]  Table S. Complete AIMA formulation library.
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Sample Number

AIMA Formulation

VLV-M20

VLV-M46

VLV-M60

VLV-M90

LV20-M5

LV20-M10

LV20-M20

LVI00-M5

LVI0O0-MI0

UP20-UP465:5

UP 20 -UP605:5

UP 20-UP905:5

UP 20 - SLG2055:5

UP 20 -SLG20 10 5:5

UP 20 -SLG20 20 5:5

UP 20 - SLG100 5 5:5

UP20 -SLG100 10 5:5

UP 46 - UP 60 5:5

[ Y [y iy R STy gy Y e -
\Ooo\loxm.bwm_o\ooo\]om.hwm.—a

UP 46 -UP 90 5:5

20 UP 46 - SLG20 5 5:5
21 UP 46 -SLG20 10 5:5
22 UP 46 -SLG20 20 5:5
23 UP 46 - SLG100 5 5:5
24 UP 46 -SLG100 10 5:5
25 UP 60 - UP 90 5:5

26 UP 60 - SLG2055:5
27 UP 60 -SLG20 10 5:5
28 UP 60 -SLG20 20 5:5
29 UP 60 - SLG100 5 5:5
30 UP 60 -SLG100 10 5:5
31 UP 90 - SLG205 5:5
32 UP 90 -SLG20 10 5:5
33 UP 90 -SL.LG20 20 5:5
34 UP 90 - SLGI100 5 5:5
35 UP 90 -SLG100 10 5:5
36 SLG20 5 -SLG20 10 5:5
37 SLG20 5 -SLG20 20 5:5
38 SLG20 5 - SLG100 5 5:5
39 SLG20 5 -SLG100 10 5:5
40 SLG20 10 -SLG20 20 5:5
41 SLG20 10 - SLG100 5 5:5
42 SLG20 10 -SLG100 10 5:5
43 SLG20 20 - SLG10055:5

N
~

SLG20 20 -SLG100 10 5:5
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45 SLG100 5 -SLG100 10 5:5

46 SLG100 20% - UP 20% 5:5

47 SLG100 20% - UP 46% 5:5

48 SLG100 20% - UP 60% 5:5

49 SLG100 20% - UP 90% 5:5

50 SLG100 20% - SLG20 5%% 5:5
51 SLG100 20% - SLG20 10%% 5:5
52 SLG100 20% - SLG20 20%% 5:5
53 SLG100 20% - SLG100 5%% 5:5
54 SLG100 20% - SLG100 10%% 5:5
55 SLG20 1.4wt% lonically crosslinked

ER AR SR SR R R R R R

[000197] All of the compositions and devices disclosed and claimed herein can be made
and executed without undue experimentation in light of the present disclosure. While the
compositions and devices of this disclosure have been described in terms of preferred
embodiments, it will be apparent to those of skill in the art that variations may be applied to
the compositions and devices and in the steps or in the sequence of steps of the method
described herein without departing from the concept, spirit and scope of the disclosure. More
specifically, it will be apparent that certain agents which are both chemically and
physiologically related may be substituted for the agents described herein while the same or
simifar results would be achieved. All such similar substitutes and modifications apparent to
those skilled in the art are deemed to be within the spirit, scope and concept of the disclosure

as defined by the appended claims.

[000198] References

[000199] The following references, to the extent that they provide exemplary procedural
or other details supplementary to those set forth herein, are specifically 1ncorporated herein
by reference:
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Chang, Science, 1406, 524-525 (1964).
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WHATISCLAIMED Is

1. A composition comprising:
(1) ahydrogel system, wherein said system comprises at least one of A, B or €, wherein:
A is a photo-responsive alginate, wherein the molecular weight is less than 95 kDa
and wherein the methacrylation efficiency 1s frovn about 15% to about 95%;
B is a photo-responsive alginate, wherein the molecular weight is from about 55 kDa
to about 240 kDa and wherein the wethacrylation efficiency 1s from about 1% fo
about 65%; and
C is a photo-responsive alginate, wherein the molecular weight is from about 180
k¥a to about 320 kDa and wherein the methacrylation efficiency from about 1% to
about 25%; and
{11} atherapeutic agent.
2. The composition of claim 1, wherein the hydrogel system comprises a monomer of the

formula:

;
OYNH o
o) OH HO— -
%/OJ‘OH
HO
0O~ "OH
- 4ok =m0

wherein n and m are atleast |,

The composition according to claim 2 wherein nis 1-5.
The composition according to claim 2 wherein mis 1-5.

The composttion according to any one of claims 2-4, wherein n and mare the same.

@ kW

A drug delivery device comprising:
{1} ahydrogel system, wherein said system comprises at teast one of A, B or C, wheraiu!

A is a photo-responsive alginate, wherein the molecular weight is less than 95 kDa and

Ty
L



10.

11.

12.
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14.
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wherein the methacrylation efficiency is from about 15% to about 95%;
B 1s a photo-responsive alginate, wherein the molecular weight 1s from about 55 kDa
to about 240 kDa and wherein the methacrylation efficiency is from about 1% to about
65%,; and
C 13 a photo-responsive alginate, wherein the molecular weight is frora about 180 kDa
to about 320 kDa and wherein the methacrylation efficiency from about 1% to about
2594 and
(i1} atherapeutic agent,
The composition or device according to any one of claims 1-6, wherein the methacrylation
efficiency of A is about 20%, about 46%, about 60% or about 90%.
The composition or device according to any one of claims 1-6, wherein the methacrylation
efficiency of Bis about 5%, about 10%, about 20%, about 46% or about 60%.
The composition or device according to any one of claims 1-6, wherein the methacrylation
efficiency of C is about 5%, about 10% or about 20%.
The composition or device according to any one of claims 1-9, wherein:
i. A is combined with B at a ratio of about 1:0 to about 0:1;
1i. A 1s combined with C at a ratio of about 1:0 to about 0:1; or
iii. B is combined with C at a ratio of about 1:0 to about 0:1.
The composition or device according to any one of claims 1-10, wherein:
i. A is combined with B at a ratio of about 7:3 to about 3:7;
ii. A is combined with Cat a ratio of about 7:3 to about 3:7; or
iii. B is combined with Cat a ratio of about 7:3 to about 3:7.
The composition or device according to any one of claims 1-11, wherein:
i. A is combined with Bat a ratio of about 7:3;
i1. A is combined with Cat a ratio of about 7:3; or

11i. B 1s combined with Cat a ratio of about 7:3.

. The composition or device according to any one of claims 1-11, wherein:

1. A is combined with B at a ratio of about 6:4;
ii. A is combined with C at a ratio of about 6:4; or
iii. B is combined with C at a ratio of about 6:4.

The composition or device according to any one of claims 1-11, wherein:
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20.
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i. A is combined with B at a ratio of about 5:5;
ii. A is combined with C at a ratio of about 5:5; or
iii. B is combined with Cat a ratio of about 5:5.
The composition or device according to any one of claims 1-11, wherein:
i. Ais combined with B at a ratio of about 4:6;
ii. A 1s combined with C at a ratio of about 4:6; or
iii. Bis combined with Cat a ratio of about 4:6.
The composition or device according to any one of claims 1-11, wherein:
i. A is combined with Bat a ratio of about 3:7;
ii. A is combined with Cat a ratio of about 3:7; or
iii. B is combined with Cat a ratio of about 3:7.
The corsposition or device according to any one of claims 1-11, wherein B is combined with
C at aratio of about 7:3.
The composition or device according to any one of claims 1-17, wherein the therapeutic agent
comprises an engineered cell or protein, a secreted protein, a hormone, a cytokine, an
antibody, an enzyme or a peptide.
The drug dehivery device according to claim 18, wherein the therapeutic agent comprises an
engineered cell.
A method of treating a disease or disorder in a patient in need thereof, comprising

administering to the patient a device or composition according to any one of claims 1-19.



WO 2025/091007 PCT/US2024/053211

1/8

Rz
n:::w" P r g

49 o4 ”\j
WL ~ /Ek B oS notter, g1 65
Ho~ o 58 6
(}’/A\ON H “““““““““““““““““““““““““““““““ *“

: I

N £

: X

; ”

; ~
B ®
R by
3 N
N ~

n

MR

-

A4

2

{o

FiG. 2



WO 2025/091007 PCT/US2024/053211

2/8

Rbodamine B Gelation Assay with AIMA Formulations
5 62080+

& *
- * *
X 45000 . . . - .. ?
§ e ST T et e e e et
z * » * * Tk L e a W
X LX) - ) *e & .
KHral I I A Y * * a8 e » * "y
¥ %o _ @ *ate e & . * N ‘s % e s %o ¥y ..
M . * o« * e * % ) 0‘"‘ A . “'* »*
Pt LIS I * x e * o od . g
§ 15000 e s e e L e e e SR
h
by * .
8 * ’ ¥
& DD o e S e A St 2t S T T S e 2 S 0 St e Mt S S S A e Sk 2 M et 20 e 2
X 23 MWW N W W W 39 N WY W X S N R S AR ¢ D
Sanpile
FIG.3
Visible circular
No shape retention shape retention Pasitive Control

FIG. 4



PCT/US2024/053211

3/8

WO 2025/091007

ALMA

. O3
¥ 47
2 st
, - 3
&
w .
& s z
g .
5 W -
: iz
g E
oz
7
\ o
\ o
7 2
m e Y v -~
| N T
\\\\\\\ oo it o Yy g & Ar 52 m w ? e (=4

G ks %D 9% e Le Lo g 9P 0GR Gy G xfn U0 W e
ARDA A AP A W SRR Y G R YO ] A

o4 Auuaeia 4ol

Base formudation

FIG. 6

Base formulation



WO 2025/091007

4/8
Mechanical Testing AIMA Formulations
200+
150+

100 -

Young Modulus {Pa)

?
i

SRERRRERND

¥ ks i ¥

PCT/US2024/053211

P
pow
E—;

AN IO QNN QD = NI
HENEEEREE

" 3 WD LA J OGN0 N
J[ERIR L RTEERGRA; & SN CRNATEEARASRERES

Samples

FIG.7

SEG28G ionically
~Crasshinked



PCT/US2024/053211

WO 2025/091007

5/8

J8puify

A K |
piogRy #i0 o)
U
Sanbiuya8) U0jenSdzous osoeyy
>“__mnmmgbma/w>wwom_mw
s o ' -
Roe voneoypow ogpns | T o . L0 [pasgeufue-uou Jo

foeppowonuy ="\ T T, e Owa \ ‘passaubus)

Kdesauy seimige0
r.x \ U ey

Sapralou0Ng sjuafe 12eoq

1089407



WO 2025/091007 PCT/US2024/053211

6/8

Side view
Top view

AIMA formulation
o O O s njected into

molding chambers
o O O ~

[ oo - . UVLight

O O O OO~ i)
o O 0O

0pen Spaces Moded  ppya e
for hydrogels device

FIG. 9



WO 2025/091007 PCT/US2024/053211

7/8

a induced Lymph vessel formatiof 3 MAFHGH via High local growth factor inducible Kiii Switch for controtied ielease

ed congentration 2f VEGFC
= . APTO03
CAG > \\\\ <« .;\.

A

NN

b VEGF-C Production over 24 houss  VEGF-C Engineered Celis Release over 24 Hours

¥ ¥ ¥ ¥ ¥ X} K T ¥ ¥ ¥
& 4 F 8 10 12 14 W 18 20 22 24

yare 20006
E 0.20% sess % |
0] H Q 150004 :
& t, €
131 oot
& > 100064 e
£ % qon
= X
3 & spond |
=
£
”ge

Time {hawrs)

f in-Vivo VEGF-C Production Over 24 hours

YEGF-C Concentration
(paimi/celtiday)

masi o

Gosni s

VEGF-C Engineered Celis with Kilf Switch 1907

100

-~
D d

Lol Miability (%}
{(pgfmiiceliiday)

N
o
WEGF.C Concentration

Cell viability (%)
3

0 ol R AR
A AN &
SN

AP1903 Concentrations

FIG. 10



WO 2025/091007 PCT/US2024/053211

8/8

in Vittu AIMA Library Bereening Encapsulation of RPE-VEGFC in lead AIMA Platform development of invivo viability and VEGFC production
S formulations teading AIMA with rapid {subcutaneous implantation}
VEGFC release

Manorars
gitfa;
Algingta miethacrytste
& e - it packet
P farimplant
Encapsuiatad B ;e imptant
GFCtherap

g

ARG AT NGRS IORS AN
: fomuatatons

: o

“Lead foamulauans IO ireive Swiiatiog

VLV-MEU: viv-Mog VIY-M2G . .
"Ry Rhodamine 8 Gelation Assay with AIMA Formulations

% hd - Ve PR A . .
g .a « .o "® s
R R . .
- FOPY -
o W .
Retained .- T T T T T T ey T ]
RSRPRPERN P aaasasad < Ot not retn a 10 15 20 28 £ 35 40 as 50 55
Bamne
e ’ > E XK
:_5 2 T e
w ?e £ o §§
Q. = 18 R N
= ] &N
¥ R N
2 214 \\ %
3 zn NN
] x 10 : § %
= o NN
5 8 N
> 3 e N
g - N
5 B x N
o Q x \
> o L1k H N
X plasamnfil AR AR : RRNNNN.
2 3458 27 154245 4 B4 26 504222 42 48 32 18 45423549373

Samples

f

VEGF-C Diffusion in AIMA gels after 24 hours
B0

Diffuston 1%

FIG. 11

9

&

Pay i 5

425184242640 2 3 3 7 4348272841 27 45324250 88 12

Samples



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2024/053211

A, CLASSIFICATION OF SUBJECT MATTER
IPC: A61K 31/738 (2024 01); A61K 9/70 (2024.01); A61.L 27/20 (2024.01); A61L 27/52 (2024.01)
CPC: AGIK 31/738; A61K 9/7007; A61L 27/20; A61L 27/52

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History Document

Flectronic data base consulted during the international search (name of data base and, where practicable, search terms nsed)

See Search History Document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 9,642,914 B2 (Alsberg et al.) 09 May 2017 (09.05.2017)

Y abstract, Fig.1, col 9, In 25-35, col 24, In 50-65 1-6
US 2019/0076373 Al (President and Fellows of Harvard College) 14 March 2019
(14.03.2019)

A entire document 1-6

US 2020/0129660 A1 (CASE WESTERN RESERVE UNIVERSITY) 30 April 2020
(30.04.2020)
A entire document 1-6

Jeon et al. "Photocrosslinked alginate hydrogels with tunable biodegradation rates and
mechanical properties” Biomaterials. May 2009, vol 30, pg. 2724-2734

Y pg. 2724, abstract, pg. 2725, left col, para 3, right col, Table 1 1-6

Francis et al. "Development of a novel hybrid bioactive hydrogel for future clinical
applications” Journal of Biomaterials Applications. 17 September 2018 vol 33, pg. 447-465

A entire document 1-6

D Further documents are listed in the continuation of Box C. D See patent family annex.

*  Special categories of cited documents: «T later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“p”  document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

«g> earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

«L” document which may throw doubts on priority claim(s) or which is *Y" document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other COHSIQEI'Ed to involve an inventive step when the document‘ 18
special reason (as specified) combined with one or more other such documents, such combination

“0» document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art

means “&” document member of the same patent family
“p» document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
16 December 2024 (16.12.2024) 26 December 2024 (26.12.2024)
Name and mailing address of the ISA/US Authorized officer

COMMISSIONER FOR PATENTS
MAIL STOP PCT, ATTN: ISA/US
P.O. Box 1450 KARI RODRIQUEZ
Alexandria, VA 22313-1450
UNITED STATES OF AMERICA

Facsimile No. 571-273-8300 Telephone No. PCT Help Desk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2024/053211

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 7-20

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Form PCT/ISA/210 (continuation of first sheet) (July 2022)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - claims
	Page 74 - claims
	Page 75 - claims
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - wo-search-report
	Page 85 - wo-search-report

