2017/142:879 A1 I 0000 0 0000 O 0

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/142879 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

24 August 2017 (24.08.2017) WIPO I PCT
International Patent Classification: (74)
A61K 47/30 (2006.01) A61L 27/54 (2006.01)
A61K 9/14 (2006.01) A61L 27/56 (2006.01)
A61K 39/39 (2006.01) A61P 37/02 (2006.01) 81
AGIL 27/52 (2006.01) (81)
International Application Number:

PCT/US2017/017837

International Filing Date:
14 February 2017 (14.02.2017)

Filing Language: English
Publication Language: English
Priority Data:

62/295,933 16 February 2016 (16.02.2016) US

Applicant: THE REGENTS OF THE UNIVERSITY
OF CALIFORNIA [US/US]; 1111 Franklin Street,
Tweltth Floor, Oakland, California 94607-5200 (US).

Inventors: DI CARLO, Dino; 919 Levering Ave Apt 108,
Los Angeles, California 90024 (US). WEAVER, West-
brook; 206 S Fuller Ave #104, Los Angeles, California
90036 (US). SEGURA, Tatiana; 1717 Malcolm Ave Apt
PH2, Los Angeles, California 90024 (US). KOH, Jaeky-
ung; 945 Weyburn Terrace, Los Angeles, California 90024
(US). SCUMPIA, Philip; 827 Levering Ave #301, Los
Angeles, California 90024 (US). GRIFFIN, Donald; 419
Lexington Ave., Charlottesville, Virginia 22902 (US).

(84)

Agent: DAVIDSON, Michael, S.; Vista [P Law Group
LLP, 100 Spectrum Center Drive, Suite 900, Irvine, Cali-
fornia 92618 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, S@G, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: METHODS FOR IMMUNE SYSTEM MODULATION WITH MICROPOROUS ANNEALED PARTICLE GELS

FIG. 1C

(57) Abstract: A hydrogel material for modulating an immune response in a human subject or other mammal includes a collection of
microgel particles having one or more network cross linker components, wherein the microgel particles, when exposed to an endo-
genous or exogenous annealing agent, links the microgel particles together in situ to form a covalently-stabilized scaffold of micro-
O gel particles having interstitial spaces formed between the microgel particles and wherein the collection of microgel particles further
includes at least one of an antigen and an adjuvant.



WO 2017/142879 PCT/US2017/017837

METHODS FOR IMMUNE SYSTEM MODULATION WITH
MICROPOROUS ANNEALED PARTICLE GELS

Related Application

[0001]  This Application claims priority to U.S. Provisional Patent Application No.
62/295,933 filed on February 16, 2016, which is hereby incorporated by reference in its
entirety. Priority is claimed pursuant to 35 U.S.C. § 119 and any other applicable statute.

Technical Field

[0002]  The technical field generally relates to therapeutic hydrogels and in particular
microporous hydrogels that are delivered to a human or mammalian subject to provoke or

modulate an immune response.

Background

[0003] Vaccination against target antigens is a crucial part of human health worldwide,
and provides the main avenue by which disease is combatted and controlled within the human
population. Vaccine technology relies on two critical molecular components: (i) the adjuvant
— or immune stimulatory component and (ii) the antigen — the desired target for immunity via
antibody production (i.e. acquired immunity). Current state-of-the-art in vaccine
administration utilizes an intramuscular injection of a mixture of these two critical
components to stimulate antibody production against the target antigen. This technique
requires the use of booster shots (repeat doses) to generate a sustained antibody production
against the target antigen. Unfortunately, booster shots require that the vaccine recipient visit
their healthcare provider one or more follow-up visits to receive the booster shots. The
patient may never return to receive his or her booster shot for any number of reasons (e.g.,
lack of funds, was never notified that it was needed, etc.). In such a case, the patient may
have an ineffective or incomplete immune response to the target antigen. This may put the
patient at risk as well as others in the case of communicable diseases.

[0004]  Vaccine technological development has focused in improvement of the two main
components: antigen and adjuvant. The advent of genetic engineering and its acceleration in
biotechnology during the 1970s and 1980s provided ways of tailoring the antigen to improve

its effectiveness. Within the past 15 years, the viral life cycle has been used as an antigen
1
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presenting mechanism in humans, where viruses engineered to be safe for human injection
(or viral like particles, VLPs, incapable of replication) harbor the antigens of interest and,
through their normal life cycle, lead to antigen presentation to the host immune system and
antibody production or T cell maturation. Adjuvant engineering has seen some improvement,
beginning with mineral salts of calcium phosphate or aluminum, and more recently the
squalene-containing oil-in-water emulsion adjuvant MF59® stabilized by Tween 80 and Span
85, from Novartis and an alternative emulsion (AS03), available from Glaxo Smith-Kline.
These techniques have shown to increase immunogenicity, but only in certain clades (distinct
virus groupings). Newer experimental techniques for suppressing a host immune response to
an autoantigen (a host “self” antigen that is aberrantly targeted in an autoimmune disorder)
are also being developed. Although all of these vaccination techniques focus on improving
what are the critical components of the injected vaccine, they do not address the inherent
difficulty of controlling what happens to the adjuvants and antigens after they are injected
into the host. The capability to address and control this stage of the immunization process
will be critical to develop high efficiency vaccines that do not require boosters or vaccines

directed to the host’s own cell subpopulations (such as cancerous cells within the body).

Summary

[0005] In one embodiment, a hydrogel-based material (also referred to herein in some
instances as Microporous Annealed Particle or MAP gels) that is formed using annealed
microgel particles that form a microporous scaffold structure iz sifu within the body that
enables one to generate synthetic, injectable therapies for immune cell modulation over
sustained periods. In one specific embodiment, the invention provides for high affinity
antibody production against a target antigen with a single injection, mitigating the need for
booster immunization. The antigen may be contained on or within the microgel particles that
are used to form the scaffold. An adjuvant may also be contained on or within the microgel
particles to assist in the immune response. The use of the hydrogel-based material in
conjunction with molecules or moieties that affect the immune response in a subject include
all methods of immune modulation including but not limited to: vaccination, immunotherapy
platforms for cancer therapy, and immune suppression to aid in organ transplant acceptance

without systemic immune suppression.
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[0006] In one aspect of the invention, the hydrogel-based material includes microgel
particles that are engineered to contain or present molecules or moieties that will provoke,
stimulate, direct, and/or modulate an immunological response in the subject (e.g., human or
other mammal). The microgel particles may also be engineered to contain antigens to
provide or initiate the immune response. The microgel particles are delivered intradermally,
subdermally, intratumorally, intralesionally, or intramuscularly via injection or implantation.
The microgel particles are annealed in situ either through an endogenous annealing agent or
an exogenous annealing agent. The delivered microgel particles form a microporous scaffold
that provides for the continuous, time-encoded, modulation of the immune system. The
microporous scaffold is capable of ingrowth of vascular and/or lymphatic vessels, recruitment
of immune cells, stimulation of antibody production, and T-cell maturation that are targeted
to the antigen. The microporous scaffold is capable of inducing the formation of all tissue
necessary to generate lymph tissue, including lymph nodes in vivo. In this regard, the
microporous scaffold may be used, in one embodiment, as a type of artificial lymph node.
[0007] In one embodiment, a hydrogel material for modulating an immune response in a
human subject or other mammal includes a collection of microgel particles including one or
more network crosslinker components, wherein the microgel particles are spherical in shape
and have diameters within the range of about 50 um to 20 um. The hydrogel material
includes an endogenous or exogenous annealing agent that links the microgel particles
together at points of physical contact in sifu to form a covalently-stabilized scaffold of
microgel particles having interstitial spaces formed between the microgel particles and
wherein the collection of microgel particles further include at least one of an antigen and an
adjuvant. In some embodiments, the microgel particles may include both an antigen and an
adjuvant. For example, the antigen and/or adjuvant may be chemically bound to the microgel
particles. The adjuvant, when present on or within the microgel particles may be covalently
bound to the microgel particles, caged within the hydrogel scaffold, or passively diffused into
the microgel particles (e.g., just prior to injection or delivery). In some embodiments, the
hydrogel may be biodegradable or non-biodegradable.

[0008] In another embodiment, a hydrogel material for modulating an immune response in
a human subject or other mammal includes a heterogeneous collection of microgel particles

of different types including one or more network crosslinker components, wherein the
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heterogeneous collection of microgel particles, when exposed to an endogenous or exogenous
annealing agent, links the microgel particles together at points of physical contact in situ to
form a covalently-stabilized scaffold of the heterogeneous collection of microgel particles
having interstitial spaces formed between the microgel particles, wherein a first type of
microgel particle is non-degradable or degradable over a timescale in excess of 8 weeks (e.g.,
about 8 to about 12 weeks) and wherein a second type of microgel particle is biodegradable,
and wherein the collection of microgel particles of the second type further includes at least
one of an antigen and an adjuvant.

[0009] In another embodiment, a method of using any of the hydrogel materials described
herein includes injecting the collection of microgel particles into tissue of the human subject
or other mammal. The hydrogel may be delivered intradermally, subdermally,
intratumorally, intralesionally, or intramuscularly via injection or implantation. In other
embodiments, the hydrogel material is injected into a tumor or cancerous tissue. In still other
embodiments, the hydrogel material is injected or otherwise applied at a site surrounding

transplant tissue or a transplanted organ.

Brief Description of the Drawings

[0010] FIG. 1A illustrates an annealed hydrogel material for modulating an immune
response in a human subject or other mammal.

[0011] FIG. 1B illustrates an annealed hydrogel material for modulating an immune
response in a human subject or other mammal that includes nanoparticles contained within
the microgel particles. The nanoparticles contain an antigen or an adjuvant.

[0012]  FIG. 1C illustrates the injection and annealing in situ of a hydrogel material for
modulating an immune response in a human subject or other mammal.

[0013]  FIG. 1D illustrates vascular and lymphatic vessel ingrowth to boost the recruitment
of immune cells.

[0014] FIG. 2A illustrates the subcutaneous injection of the hydrogel material for
modulating an immune response in a human subject or other mammal.

[0015]  FIG. 2B illustrates the direct injection into a tumor of the hydrogel material for

modulating an immune response in a human subject or other mammal.
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[0016] FIG. 2C illustrates hydrogel material for modulating an immune response in a
human subject or other mammal that has been injected or otherwise delivered around

transplant cells or tissue.

Detailed Description of the Illlustrated Embodiments

[0017]  FIG. 1A illustrates a portion of the formed three dimensional scaffold 10 that is
formed by a plurality of annealed microgel particles 12. The microgel particles 12 are
secured to one another at points of physical contact via annealing connections 13 as
illustrated in FIG. 1A using an annealing agent. An endogenous or exogenous (e.g., located
in the applicator device) annealing agent then links the microgel particles 12 together in sifu
to form a covalently-stabilized scaffold of microgel particles 12 having interstitial spaces
therein. The annealing agent may include, for example, Factor XIIla (or Factor XIII with
thrombin which generates activated Factor XIII or Factor XIIla), Eosin Y, a free radical
transfer agent, or some combination thereof. The annealing agent may also be present at the
delivery site of the microgel particles 12 (i.e., endogenous annealing agent).

[0018] FIG. 1A illustrates the microgel particles 12 having a spherical shape. However, it
should be understood that the microgel particles 12 may have non-spherical shapes as well, as
long as the particle shape enables the formation of a packaged aggregate with microscale
length (> ~5 pm) interstitial spaces 14. The interstitial spaces therein 14 are voids that form
micropores within the larger scaffold 10. The voids may contain an aqueous solution but do
not contain any polymer material. The network of interstitial spaces or voids 14 located
between annealed microgel particles 12 have dimensions and geometrical profiles that permit
the infiltration, binding, and growth of cells and tissue. In particular, in some embodiments,
immune cells from the subject’s body are able to freely infiltrate through the scaffold 10
using the interstitial spaces 14.

[0019] FIG. 1A further illustrates an antigen 16 that, in one embodiment, is conjugated to
at least some of the microgel particles 12 that form the scaffold 10. The antigen 16 may
include a molecule (or multiple molecules), molecular fragment, or moiety that provokes or
triggers an immune response. In one embodiment, the antigen 16 is chemically bound to the
microgel particles 12. In other instances, the antigen 16 may be mechanically but not

chemically bonded to the microgel particles 12. In another embodiment, the antigen 16 may
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be loaded within degradable nanoparticles 18 that are contained within the microgel particles
12 during fabrication as illustrated in FIG. 1B. Depending on the structure and composition
of the hydrogel scaffold 10, all of the microgel particles 12 may have antigen 16 contained
therein or thereon. In other embodiments, however, only some of the microgel particles 12
may have antigen 16 contained therein or thereon.

[0020]  According to invention, at least some of the microgel particles 12 contain, either in
addition or alternative to the antigen 16, an adjuvant 20. An adjuvant 20, as used herein, is a
molecule, molecular fragment, or moiety that modifies or modulates (e.g., upregulates or
downregulates) an immune response. The adjuvant 20, in some embodiments, may promote
an immune response. In other embodiments, the adjuvant 20 may suppress or inhibit an
immune response. In one embodiment, the adjuvant 20 is chemically bound to the microgel
particles 12. In other instances, the adjuvant 20 may be mechanically but not chemically
bonded to the microgel particles 12. In other instances, the adjuvant 20 may be infused or
dispersed within the hydrogel material that forms the microgel particles 12. In another
embodiment, the adjuvant 20 may be loaded within degradable nanoparticles 18 that are
contained within the microgel particles 12 during fabrication as illustrated in FIG. 1B (with
adjuvant 20 replacing the antigen 16). In some embodiments of the hydrogel scaffold 10, all
of the microgel particles 12 may have adjuvant 20 contained therein or thereon. In other
embodiments, however, only some of the microgel particles 12 may have adjuvant 20
contained therein or thereon.

[0021] In one aspect of the subject matter described herein, the microporous gel system
uses microgel particles 12 having diameter dimensions within the range from about 50 um to
about 200 um with the microgel particles 12 being monodisperse in size with coefficient of
variations less than 25% in size. The microgel particles 12 may be made from a hydrophilic
polymer, amphiphilic polymer, synthetic or natural polymer (e.g., poly(ethylene glycol)
(PEG), poly(propylene glycol), poly(hydroxyethylmethacrylate), hyaluronic acid (HA),
gelatin, fibrin, chitosan, heparin, heparan, and synthetic versions of HA, gelatin, fibrin,
chitosan, heparin, or heparan). In one embodiment, the microgel particles 12 are made from
any natural (e.g., modified HA) or synthetic polymer (e.g., PEG) capable of forming a
hydrogel. In one or more embodiments, a polymeric network and/or any other support

network capable of forming a solid hydrogel construct may be used. Suitable support
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materials for most tissue engineering/regenerative medicine applications are generally
biocompatible and preferably biodegradable. Examples of suitable biocompatible and
biodegradable supports include: natural polymeric carbohydrates and their synthetically
modified, crosslinked, or substituted derivatives, such as gelatin, agar, agarose, crosslinked
alginic acid, chitin, substituted and cross-linked guar gums, cellulose esters, especially with
nitrous acids and carboxylic acids, mixed cellulose esters, and cellulose ethers; natural
polymers containing nitrogen, such as proteins and derivatives, including cross-linked or
modified gelatins, and keratins; vinyl polymers such as

poly(ethylenegly col)acrylate/methacrylate/vinyl sulfone/maleimide/norbornene/allyl,
polyacrylamides, polymethacrylates, copolymers and terpolymers of the above
polycondensates, such as polyesters, polyamides, and other polymers, such as polyurethanes;
and mixtures or copolymers of the above classes, such as graft copolymers obtained by
initializing polymerization of synthetic polymers on a preexisting natural polymer. A variety
of biocompatible and biodegradable polymers are available for use in therapeutic
applications; examples include: polycaprolactone, polyglycolide, polylactide, poly(lactic-co-
glycolic acid) (PLGA), and poly-3-hydroxybutyrate. Methods for making networks from
such materials are well-known.

[0022]  In one or more embodiments, the microgel particles 12 further include covalently
attached chemicals or molecules that act as signaling modifications that are formed during
microgel particle 12 formation. Signaling modifications includes the addition of, for
example, adhesive peptides, extracellular matrix (ECM) proteins, and the like. Functional
groups and/or linkers can also be added to the microgel particles 12 following their formation
through either covalent methods or non-covalent interactions (e.g., electrostatic charge-
charge interactions or diffusion limited sequestration). Crosslinkers are selected depending
on the desired degradation characteristic. For example, crosslinkers for the microgel particles
12 may be degraded hydrolytically, enzymatically, photolytically, or the like. In one
particular preferred embodiment, the crosslinker is a matrix metalloprotease (MMP)-
degradable crosslinker.

[0023] Examples of these crosslinkers are synthetically manufactured or naturally isolated
peptides with sequences corresponding to MMP-1 target substrate, MMP-2 target substrate,

MMP-9 target substrate, random sequences, Omi target sequences, Heat-Shock Protein target
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sequences, and any of these listed sequences with all or some amino acids being D chirality
or L chirality. In another embodiment, the crosslinker sequences are hydrolytically
degradable natural and synthetic polymers consisting of the same backbones listed above
(e.g.. heparin, alginate, poly(ethyleneglycol), polyacrylamides, polymethacrylates,
copolymers and terpolymers of the listed polycondensates, such as polyesters, polyamides,
and other polymers, such as polyurethanes).

[0024]  In another embodiment, the crosslinkers are synthetically manufactured or
naturally isolated DNA oligos with sequences corresponding to: restriction enzy me
recognition sequences, CpG motifs, Zinc finger motifs, CRISPR or Cas-9 sequences, Talon
recognition sequences, and transcription factor-binding domains. Any of the crosslinkers
from the listed embodiments above are activated on each end by a reactive group, defined as
a chemical group allowing the crosslinker to participate in the crosslinking reaction to form a
polymer network or gel, where these functionalities can include: cysteine amino acids,
synthetic and naturally occurring thiol-containing molecules, carbene-containing groups,
activated esters, acrylates, norborenes, primary amines, hydrazides, phosphenes, azides,
epoxy-containing groups, SANPAH containing groups, and diazirine containing groups.

In an alternative embodiment, the microgel crosslinker is non-biodegradable. For example,
PEG dithiol, to allow for a long lasting scaffold with low rates of degradation. Alternatively,
the scaffold can be made to be degradable over time by incorporating MMP-degradable
crosslinkers to allow resorbability of the material over time, or combinations of degradable
and non-degradable microgels can be incorporated at varying stoichiometries (e.g. 1:1, 1:10,
1:20, 1:5) to maintain sufficient material for prolonged immunomodulation while allowing
tissue to also regenerate surrounding the material. In still another embodiment, the microgel
crosslinker may be specifically designed to photolytically degrade in response to an applied
light (e.g., ultra violet light). In this regard, the microgel scaffold 10 that is formed may have
a long life that may stay at the site of application for a long period of time (e.g., weeks or
months). As noted herein, it has been found experimentally that microgel scaffolds 10 that
are not biodegradable tend to have better tissue ingrowth properties. Should the need arise to
remove the microgel scaffold 10, the subject area may be illuminated with light for a period
of time to accelerate and/or promote the breakdown of the microgel scaffold 10. Examples of

crosslinkers that may be degraded with the application of light include macromers
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incorporating o-nitrobenzyl groups such as those disclosed in Griffin et al., Photodegradable
macromers and hydrogels for live cell encapsulation and release, J. Am Chem Soc., 134(31),
pp. 13103-7 (2012) as well as light degradable functionalities disclosed in Yanagawa et al.,
Partially photodegradable hybrid hydrogels with elasticity tunable by light irradiation,
Colloids Surf B Biointerfaces, 126, pp. 575-9 (2015); and Shin et al., Photodegradable
hydrogels for capture, detection, and release of live cells, Angew Chem Int Ed. Engl., 53(31),
pp. 8221-4 (2014), all of which are incorporated herein by reference.

[0025]  In one embodiment, the chemistry used to generate microgel particles 12 allows for
subsequent annealing and scaffold formation through radically-initiated polymerization. This
includes chemical-initiators such as ammonium persulfate combined with
Tetramethylethylenediamine. Alternatively, photoinitators such as Irgacure® 2959 or Eosin
Y together with a free radical transfer agent such as a free thiol group (used at a concentration
within the range of 10 uM to 1 mM) may be used in combination with a light source that is
used to initiate the reaction as described herein. One example of a free thiol group may
include, for example, the amino acid cysteine, as described herein. Of course, peptides
including a free cysteine or small molecules including a free thiol may also be used. Another
example of a free radical transfer agent includes N-Vinylpyrrolidone (NVP).

[0026]  Altemnatively, Michael and pseudo-Michael addition reactions, including o, 3-
unsaturated carbonyl groups (e.g., acrylates, vinyl sulfones, maleimides, and the like) to a
nucleophilic group (e.g., thiol, amine, aminoxy) may be used to anneal microgel particles 12
to form the scaffold. In another alternative embodiment, microgel particle formation
chemistry allows for network formation through initiated sol-gel transitions including
fibrinogen to fibrin (via addition of the catalytic enzyme thrombin).

[0027]  Functionalities that allow for particle-particle annealing are included either during
or after the formation of the microgel particles 12. In one or more embodiments, these
functionalities include a,B-unsaturated carbonyl groups that can be activated for annealing
through either radical initiated reaction with a,f-unsaturated carbonyl groups on adjacent
particles or Michael and pseudo-Michael addition reactions with nucleophilic functionalities
that are either presented exogenously as a multifunctional linker between particles or as
functional groups present on adjacent particles. This method can use multiple microgel

particle 12 population types that when mixed form a scaffold 10. For example, microgel
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particle of type X presenting, for example, nucleophilic surface groups can be used with
microgel particle type Y presenting, for example, o,-unsaturated carbonyl groups. In
another embodiment, functionalities that participate in Click chemistry can be included
allowing for attachment either directly to adjacent microgel particles 12 that present
complimentary Click functionalities or via an exogenously presented multifunctional
molecule that participates or initiates (e.g., copper) Click reactions.

[0028] The annealing functionality can include any previously discussed functionality
used for microgel crosslinking that is either orthogonal or similar (if potential reactive groups
remain) in terms of its initiation conditions (e.g., temperature, light, pH) compared to the
initial crosslinking reaction. For example if the initial crosslinking reaction consists of a
Michael-addition reaction that is temperature dependent, the subsequent annealing
functionality can be initiated through temperature or photoinitiation (e.g., Eosin Y,
Irgacure®). As another example, the initial microgels may be photopolymerized at one
wavelength of light (e.g., ultraviolent with Irgacure®), and annealing of the microgel
particles 12 occurs at the same or another wavelength of light (e.g., visible with Eosin Y) or
vice versa. Besides annealing with covalent coupling reactions, annealing moieties can
include non-covalent hydrophobic, guest/host interactions (e.g., cyclodextrin), hybridization
between complementary nucleic acid sequences or nucleic acid mimics (e.g., protein nucleic
acid) on adjoining microgel particles 12 or ionic interactions. An example of an ionic
interaction would consist of alginate functionality on the microgel particle surfaces that are
annealed with Ca2+. So-called “A+B” reactions can be used to anneal microgel particles 12
as well. In this embodiment, two separate microgel types (type A and type B) are mixed in
various ratios (between 0.01:1 and 1:100 A:B) and the surface functionalities of type A react
with type B (and vice versa) to initiate annealing. These reaction types may fall under any of
the mechanisms listed herein.

[0029] In one particular hydrogel scaffold 10 composition, the microgel particles 12 can
be formed using 4-arm poly(ethylene glycol) vinyl sulfone (PEG-VS) backbone (20 kDa) that
has been pre-modified with oligopeptides for cell adhesive properties (e.g., RGD) and
surface/tissue annealing functionalities (e.g., K and Q peptides) along with a crosslinker,
which may include a di-cysteine modified Matrix Metallo-protease (MMP) substrate.

Microgel particles 12 can be formed using a multi-inlet droplet generation device such as that

10
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disclosed in U.S. Patent Application Publication No. 2016/0279283, which is incorporated by
reference herein. Generally, a first inlet is used to deliver the PEG-VS backbone that is
functionalized while a second inlet is used to deliver the crosslinker while a third inlet
delivers unmodified PEG-VS to prevent upstream mixing of the reagents relative to the
droplet generation region. The microgel particles 12 may be functionalized with antigen 16
or adjuvant 20. Alternatively, prior to formation of the microgel particles, the PEG-VS may
be functionalized with the antigen 16 or adjuvant 20 prior to the formation of the microgel
particles 12. In this embodiment, just prior to delivery, the slurry may be mixed with FXIII
and thrombin. The thrombin activates FXIII to FXIIla which is responsible for annealing and
linking of the K and Q peptides on adjacent microgel particles 12.

[0030] The hydrogel scaffold 10 described herein can be used both as a tissue growth
scaffold and an immune modulatory system. The technology accomplishes these goals in two
components:

[0031]  Porosity

[0032] The void sizes and geometry (although not spherical pores; the length scales of the
void regions between packed microgel particles 12 spans ~ 2-20 um) of the linked assembly
of microgel particles 12 or scaffold 10 enables vascular and lymphatic ingrowth and prevents
a foreign body response (e.g., the scaffold 10 is not surrounded and encapsulated by foreign
body giant cells). Each of the microgel particles 12 is in the size range between 50-200
micrometers in diameter, and preferably monodisperse with coefficient of variations less than
25% in size. The controlled porosity in the injectable material enables large, mature vessel
formation both of vascular and lymphatic nature. The presence of both of these tissue types
is critical for rapidly addressing and modulating immune cells circulating in the vascular and
lymphatic systems. The ability of immune cells to freely infiltrate through the microporous
network of the material forming the scaffold 10 also prevents fibrous encapsulation of the
injected scaffold 10 which would be counterproductive in further developing adaptive
immune recognition. In addition, the creation of a scaffold 10 of networked microgel
particles 12 into a tumor site and vascular ingrowth can also enable immune cell infiltration
in a normally immunosuppressive tumor microenvironment that may contain chemical or

physical barriers to immune cell infiltration.
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[0033] Synthetic Material with Embedded Modulation Mechanisms

[0034] The microgel particles 12 that are used to create the injectable scaffold 10 are pre-
loaded, either within the solvent associated with the hydrogel or covalently linked to the
hydrogel backbone, with antigens 16 or adjuvants 20, or both antigens 16 and adjuvants 20.
FIG. 1C illustrates a delivery device 110 (e.g., syringe with needle) delivering microgel
particles 12 that are used to form a scaffold 10 that includes both antigens 16 and adjuvants
10. The release profiles of the antigens 16 and/or adjuvants 20 is engineered according to the
desired release rate. The release profile may be rapid, release slowly over time, or release
after an external stimulus is applied (e.g., light such as ultraviolet light). This enables the
hydrogel scaffold 10 based system to be tuned to achieve the optimal immune response and
training to produce the maximum amount of high affinity antibodies and T cells against the
target antigen (for applications where the immune response is enhanced). FIG. 1D illustrates
an annealed hydrogel scaffold 10 that includes vascular/lymphatic vessel 50 growth therein as
well as the recruitment of immune cells 60.

[0035] In one embodiment, the hydrogel based scaffold 10 described herein can achieve
both vascular/lymphatic ingrowth while enabling controlled release of molecules (e.g.,
antigens 16 or adjuvants 20) through the initial formation of the scaffold 20 from a
heterogeneous population of microgel particles 12. In this embodiment, different types of
microgel particles 12 are used to form the scaffold 10. For example, in one embodiment a
first type of microgel particles 12 are those microgel particles 12 that are completely non-
degradable or degradable over a longer timescale (weeks to months), and act as a porous
scaffold 12 for ingrowth. This may be, in some embodiments, a majority of the number of
microgel particles 12 forming the scaffold 10. The remainder of the microgel particles 12,
which are dispersed randomly within the injected population of microgel particles 12 of all
types, are designed as degradable release depots of either antigen 16, adjuvant 20, or both.
This release can be coupled to the degradation of the microgel particles 12 of the second type
via cellular ingrowth and matrix remodeling through matrix metalloproteinase or serine
protease peptide substrate linkers, or independent of the rate of cellular degradation based on
hydrolysable bonds (e.g., ester or anhydride). In this embodiment, the system starts out as an
injectable slurry of multiple types of hydrogel microgel particles 12 which are cross-linked to

each other iz sifu and enables delivery similar to current vaccines.
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[0036] Embedding adjuvant and antigen within MAP gels

[0037] By integrating both the antigen 16 and the adjuvant 20 into the microgel particles
12 either during fabrication or after fabrication but prior to injection/implantation, the
lifetime or lifespan of the antigens 16 and the adjuvants 20 can be controlled, and the immune
response tailored. Specifically, adjuvants 20 such as CpG (Cytosine — poly — guanine) DNA
strands can be either covalently tethered to the microgel particles 12, caged within the
microgel particles 12 by introduction during initial microgel particle crosslinking, or
passively diffused into the microgel particles 12 following crosslinking but prior to injection
or delivery. Incubation of microgel particles 12 in solution and the adjuvants 20 would
enable diffusion into the nanoporous regions within the hydrogel for example. Caging or
affinity of CpG DNA within the microgel particles 12 can also be enabled by including
counter-ion polymeric regions in the microgel particles 12, for example by covalently linking
poly-lysine moieties. Combinations of one or more adjuvants 20 can also be used: TLR2
agonist (Pam3Cys-Ser-Lys4), double stranded RNA (TLR3 agonist), monophosphoryl Lipid-
A (TLR4 agonist), flagellin (TLRS agonist), thiazoquinoline or imidazoquinoline (TLR7,
TLRS, or TLR7/8 agonist compounds), CpG- containing DNA (TLR9 agonist) and non-CpG
DNA, cyclic guanine monophosphate adenosine (cGAMP), dicyclic adenosine
monophosphate, dicyclic guanidine monophosphate (all cGAS/STING agonists), or cytokine
agents (activating: Interleukin-2, IL-12, IL-15, IL-32, interferon-alpha, beta, or gamma, or
TNF-alpha; or inhibitory cytokines Transforming growth factor-beta, IL-10, or IL-37)
whether as a mixture or alone. Traditional adjuvants 20 such as mineral salts of calcium
phosphate or aluminum can also be used.

[0038]  Additionally, co-stimulatory (CD28, ICOS-ligand, 41-BB, CD40L, etc.) or
coinhibitory (cytotoxic T lymphocyte antigen-4, programmed death-1 ligands, CD271 or
CD274, TIGIT, etc.) molecules can be coated on the microgel particles 12 to stimulate or
inhibit immunity to the peptides. Another type of molecule that could be added includes
checkpoint inhibitor antibodies (anti-CTLA-4, anti-PD-1 anti-TIGIT, etc.) to locally prevent
the induction of immune checkpoint responses, which may limit the generation of immune
responses to the vaccine. Additionally, chemokines that drive lymphoneogenesis, such as
CXCL-13, CCL-22, CXCL-12, CCL-21, and lymphotoxin-beta can be embedded into the

microgel particles 12 to develop new lymph node structures (lymphoneogenesis) as tissue
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grows into the microporous scaffold 10. Any combination of antigens 16 with
immunostimulatory adjuvants 20 or immunoinhibitory adjuvants 20 can be combined to
create the immunostimulatory or immunoinhibitory vaccine. The antigen(s) 16 are also
linked to the microgel particles 12 prior to injection/implantation. Living cells that have anti-
inflammatory potential, such as mesenchymal stem cells, multipotent adult progenitor cells,
or autologous regulatory T cells, can also be delivered with the slurry or mixture of microgel
particles 12, wherein these cells are not encapsulated within the actual microgel particles 12
themselves, but exist between microgel particles 12 in the interstitial spaces 14. When the
microgel particles 12 are annealed, the cells are incorporated into the interstitial spaces 14 of
the microporous scaffold 10 and can adhere and migrate within this network to perform
functions (e.g., tissue or vessel regrowth, immune response, etc.). This is not the case when
cells are embedded within the microgel particles 12. These cells may suppress an immune
response as part of an immunoinhibitory vaccine, or to provide structure for a developing
lymph node-like tissue (lymphoneogenesis).

[0039] In one embodiment, the antigen 16 and/or adjuvant 20 may include a protein or
peptide that can be bound or covalently linked to the surface of the microgel particles 12
following the formation of the individual microgel particles 12 but prior to annealing to form
the porous hydrogel scaffold 10. This is an ideal delivery modality for drugs that do not
require internalization for action such as a Toll-like receptor 2 (TLR2) agonists, checkpoint
inhibitor antibodies, or molecules that work on the cell surface such as co-stimulatory
molecules. The antigen 16 and/or adjuvant 20 can also be loaded within degradable
nanoparticles 18 that are contained within the microgel particles 12 during fabrication as seen
in FIG. 1B. For example poly(lactic acid) copolymer with poly(glycolic acid) (PLGA) can be
dispersed in an emulsion to form nanoparticles with embedded agents and drugs. See Bala et
al., PLGA nanoparticles in drug delivery: the state of the art, Crit Rev Ther Drug Carrier
Syst, 21(5), pp. 387-422 (2004), which is incorporated herein by reference. For example the
polymer is first dissolved in dicholoromethane, agent or drug is added to this solution. This
polymer-drug solution is then dispersed in a larger volume of water and polyvinyl alcohol
and stirred vigorously to create a nano-emulsion. The nano-emulsion is then subjected to
solvent removal by evaporation or extraction to create solidified PLGA nanoparticles 18.

Alternative solvent pairs can be used to create the emulsion for water soluble agents and
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drugs (e.g. acetonitrile/n-hexane with Span surfactant). The use of nanoparticles 18 has the
advantage that high amounts of antigen 16 and/or adjuvant 20 can be loaded and the release
profile can be controlled from days to months.

[0040] The antigen 16 and/or adjuvant 20 can also be directly conjugated to the microgel
particle 12 backbone through a degradable linker such that release can be locally triggered.
For example, the immobilization of drugs to hydrogels through MMP or other protease-
degradable linkers results in release only when MMP secreting cells (or cells secreting the
protease targeting the specific crosslinker sequence) infiltrate the scaffold 10. Immobilized
DNA oligos (ODN) may be released using this approach. Lastly, the desired payload can be
encapsulated within the microgel particles 12 during generation. The release profile in this
case is directly related to the molecular weight of the payload and the crosslinking density of
the microgel particles 12. Because TLR2 is a cell surface receptor, but TLR9 and STING
agonists require internalization, two separate linking and delivery approaches are used to
achieve the most robust activation. TLR2 agonist (Pam3cys4) can be bound to the surface of
the microgel particle 12 to provide activation of immune cells initially infiltrating the
hydrogel. CpG- and non-CpG- DNA nanoparticles can be attached to the degradable cross
linkers and therefore become freely soluble upon cleavage of the linkage by MMPs.

[0041]  Once injected or otherwise implanted into the body, the microgel particles 12
anneal via an annealing agent and/or stimulus (light, enzymatic, or chemical) and form a
microporous scaffold 10 that may also be linked (mechanically and/or chemically) to the
surrounding tissue. The microporous nature of the scaffold 10 enables fully matured
vasculature to form within the scaffold very quickly (within 5 days) (see e.g., Griffin et al.,
Accelerated wound healing by injectable gel scaffolds assembled from annealed building
blocks, Nature Materials, 14, 737-744 (2015), which is incorporated by reference herein).
This allows circulating immune cells to have direct access to the contents of the scaffold 10,
and as these immune cells travel into the scaffold 10, they are activated by the controlled
elution or presence on the surface of the microgel particles 12 of the molecules of adjuvant
20. Subsequently, these activated immune cells (e.g., antigen presenting cells) will engulf
soluble antigen 16 or small (e.g., < 1-5 micrometer in diameter to enable phagocytosis)

antigen-containing hydrogel particles or particle pieces present within the scaffold 10 and
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present this, ultimately for generating a robust adaptive immune response against the antigen
16.

[0042]  The ability to embed controlled release profiles into the scaffold 10, combined with
the inherent ability of the scaffold 10 to support fast mature vascular formation, makes this
platform an ideal candidate for the next generation of vaccine platforms. In essence, the
scaffold 10 acts as a vascularized artificial lymph node that can be used to more efficiently
educate the immune system to an antigen 16 of choice.

[0043]  In one embodiment, the hydrogel particles 12 include one or more sub-populations
of pre-fabricated microgel particles 12 of different types. The different types of microgel
particles 12 may relate to their respective degrees of degradability. One type of microgel
particle 12 may be degradable while another type of microgel particle 12 is non-degradable or
slowly degradable. The degradable microgel particles 12 may release molecules of antigen
16 and/or adjuvant 20 both fast and/or slow or a custom-designed rate. In non-degradable or
slowly degradable embodiments, the hydrogel particles 12 within the scaffold 10 remain
there permanently or for an extended period of time (e.g., more than 12 weeks) to support
vascularization.

[0044]  In one embodiment, for example for vaccinations, the hydrogel particles 12 may be
delivered subcutaneously under the skin 100 as seen in FIG. 2A. In this embodiment, a
delivery device 110 such as syringe is used to deliver the slurry or mixture of hydrogel
particles 12 form a scaffold 10 that acts as a synthetic lymph node. Single or multiple
antigens 16 and/or adjuvants 20 can be loaded on or into the hydrogel particles 12 as
explained herein. This can advantageously simplify the vaccine schedule by providing
protection against multiple diseases at once. That is to say a single implanted scaffold 10
may be used to vaccinate an individual for multiple diseases. While FIG. 2A illustrates the
subcutaneous delivery of the vaccine scaffold 10, in other embodiments it may also be
delivered intradermally, or intramuscularly via injection or implantation.

[0045]  The hydrogel-based scaffold 10 described herein eliminates the need for booster
shots which is helpful for healthcare settings where it is difficult or impossible to return to
health care providers to obtain the necessary booster shots. Moreover, this further simplifies
vaccine delivery protocols as only a single delivery is needed. By providing antigen 16 that

is present for a long period of time (2-3 weeks) in a three-dimensional synthetic lymph node
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that is formed by the scaffold 10, the platform can accelerate high affinity maturation and
antibody diversity.

[0046] In another separate embodiment of the invention, the scaffold 10 that is formed
using the microgel particles 12 is used for cancer immunotherapy. In this embodiment, the
microgel particles 12 are delivered subcutaneously as seen in FIG. 2A or intra-tumorily as
seen in FIG. 2B. The intra-tumor delivery approach illustrated in FIG. 2B, the microgel
particles 12 are injected inside the solid tumor 120 along with optional chemotherapeutic
agents 30. Chemotherapeutic agents can be delivered within the microgel particles 12 or co-
injected with the microgel particles 12 (illustrated in FIG. 2B). Alternatively, the microgel
particles 12 may be injected into the tumor after the tumor has been subject to radiation. For
example, the tumor may be subject to radiation followed by the intra-tumor delivery of
microgel particles 12 as few days following the radiation treatment.

[0047]  The microgel particles 12 may be loaded with innate immune adjuvants such as
natural toll-like receptor 2 (TLR) agonists (e.g., lipotechoic acid, Lipoarabinomannan,
Lipomannan, peptidoglycan), Macrophage-activating lipopeptide-2 (MALP-2); natural
TLR/2/dectin 1 agonist: Zymosan; natural or synthetic TLR2/6 ligand; FSL-1; synthetic
TLR2 agonists such as Pam2CSK4; synthetic TLR2/TLR1 agonists such as Pam3CSK4;
TLR3 agonists such as double stranded RNA, Polyinosine-polycytidylic acid (Iow or high
molecular weight); TLR3 agonists: double stranded RNA, Polyinosine-polycytidylic acid
(low or high molecular weight); TLR4 agonists: lipopolysaccharide, lipid A, monophosphoryl
lipid A; TLRS agonist: Flagellin; TLR7 agonist: imiquimod and other imidazoquinolone
compounds, adenine analogs, loxoribine; TLR7/8 agonist: single stranded RNAs, poly U
containing single stranded RNAs, poly (dT): (thymidine homopolymer), other
imidazoquinolone compounds (R848) and benzoazepine analogs; TLR9 agonist: CpG
containing DNA oligodeoxynucleotides (Class A:-ODN1585, ODN2216, ODN2336 Class B-
ODN 1668, ODN 1826, ODN 2006, ODN 2007, ODN BW006, ODN D-SLO01, or Class C
ODNSs- ODN 2395, ODN M362, ODN D-SL03); RIG-I/mda-5 agonists: 5'ppp-dsRNA, poly-
IC (Iow or high molecular weight); STING agonists: 3'3'-cGAMP, 2'3'-cGAMP, 2'2'-cGAMP,
di-cyclic AMP, di-cyclic GMP, di-cyclic UMP, di-cyclic IMP, DMXAA; cGAS/AIM2
agonist: dsDNA (poly dA:dT or poly dC:dG), other viral or bacterial dsDNA; inflammasome

inducers: ATP, Alum, chitosan, hemozoin, nigericin, muramyl dipeptide, curdlan AL,
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pustulan, zymosan, flagellin, poly(dA:dT); cytokines: (Interleukins) IL-2, IL-15, IL-32, IL-
33, IL-12, IL-23, IL-6, IL-21, and IL-18; colony stimulating factors: GM-CSF, G-CSF, M-
CSF; tumor necrosis factor alpha or beta, lymphotoxin alpha or beta; soluble receptors or
blocking antibodies to the following molecules (Ox-40L, CD40L, GITR, PD-1, PD-L.1, PD-
L2, 4 1-IBB, CD28, CTLA-4). These innate immune adjuvants may be loaded in the
microgel particles 12 themselves or in nanoparticles 18 for controlled release applications. In
yet another alternative embodiment, the hydrogel scaffold 10 could be applied on or external
to the location of cancerous tissue (e.g., tumor margins). As one particular example, the
tumor may first be removed and the microgel particles 12 are then injected into the void or
area where the tumor was formerly located.

[0048] In addition, dying or lysed tumor cells can be used as cancer antigens 16. These
dying or lysed tumor cells could be mixed or co-delivered with the microgel particles 12 (or
embedded therein). Also, irradiated tumor cells from biopsy or circulating tumor cells
(CTCs) can be embedded within the microgel particles 12 or co-injected with the microgel
particles 12. Multiple injections of the slurry or mixture of microgel particles 12 with CTCs
collected over time can be used to adapt to the latest neoantigens as tumors evolve and
progress. Lysate from tumor or circulating tumor cells can be included in the precursor gel
solution used for the microgel particles 12 to incorporate antigens. The microgel particles 12
that form the scaffold 10 can also co-deliver therapeutic antibodies (e.g., checkpoint
inhibitors) (anti-CTLA-4; ipilimumab, PD-1; nivolumab or pembrolizumab). Because the
ability of melanoma patients to respond to checkpoint inhibitor blockade is directly correlated
with the ability for cytotoxic T cells to infiltrate into the tumor margin of the melanoma;
persistent immune activation within adjuvant-MAP gel tumors will improve efficacy of the
adjuvants 20 both in the absence and in the presence of systemic checkpoint inhibitor
blockade. This may potentially be useful when vaccinating against viruses as viral infection
can induce these immunosuppressive pathways locally, and suppressing the ability of viruses
to utilize these immunosuppressive pathways may lead to greater vaccine responses when
combined with traditional adjuvants. Further, injection of the microgel particles 12 from the
tumor to its periphery (e.g., making pathways 126 as seen in FIG. 2B into the interior of a
tumor 120) can mitigate the immunosuppression by tumor microenvironment, and result in

increased recruitment of immune cells (e.g., increased recruitment of dendritic cells,
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enhanced T cell tumor infiltration). This can be accomplished using the needle track that is
formed by the syringe or other delivery device that delivers the microgel particles 12 to the
interior of the tumor 120. The void spaces 14 of linked microgel particles 12 along this track
126 and adjacent or within the tumor 120 provide routes for blood vessel and immune cell
infiltration that were not previously present.

[0049]  In another embodiment, the microgel particles 12 may be loaded with medicament
payloads that are released upon exposure to radiation. Radiation thus may be used both to
destroy the tumor as well as initiate the release of a medicament or pharmaceutical. This may
include a chemotherapeutic agent or an innate immune adjuvant.

[0050] In still another embodiment, with reference to FIG. 2C, the scaffold 10 is used for
immune inhibition. In this embodiment, an immunosuppressive agent such as corticosteroids
and/or calcineurin inhibitors are locally delivered from the microgel particles 12 (illustrated
by arrows) that are flowed in and around a transplanted organ or transplanted tissue 130 (e.g.,
islet cell transplantation, etc.) to also inhibit immune response to prevent transplantation
rejection. This embodiment is illustrated in FIG. 2C. Corticosteroids and calcineurin
inhibitors may be loaded inside the microgel particles 12 or chemically bound thereto and are
released locally. For example, the microgel particles 12 may release the corticosteroids
and/or calcineurin inhibitors in response to biodegradation of the microgel particles 12.
Alternatively, protease-degradable linkers may link these molecules to the microgel particles
12 which are released in the presence of MMP or other protease targeting the specific
crosslinker sequence. Co-inhibitory molecules such as CTLA-4, PD-1, TIGIT, and others
can be linked to the hydrogel beads as explained herein, providing a further immune
inhibiting signal from the hydrogel scaffold 10.

[0051] To use the microgel particles 12, a physician or other qualified health care provider
obtains a pre-made quantity of microgel particles 12 that will be used to form the hydrogel
scaffold 10. These may be made on-site, but preferably are pre-manufactured and stored for
later use. These microgel particles 12 are in an un-annealed state and are already populated
or infused with the antigen 16 and/or adjuvant 20. In one particular embodiment, the
microgel particles 12 are then mixed with an annealing agent (e.g., Factor XIII and thrombin)
and loaded into a delivery device such as a syringe 110. The mixture is then injected into the

site of application (e.g., under the skin, within a tumor, or surrounding implanted tissue or an
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organ). While a delivery device such as a syringe 110 is disclosed as a preferred
embodiment, in other embodiments, the slurry mixture could be applied using another
delivery modality such as a paste that can be applied directly to the site of application using
an applicator tool (e.g., applicator stick) or even manually delivered to the site. After the
mixture has been delivered, the microgel particles 12 will then anneal to form the hydrogel
scaffold 10. The hydrogel scaffold 10 is now available to modulate the subject’s immune
response (e.g., upregulate or downregulate) as described herein. In vaccine applications,
there is no need for return visits for “booster” injections as the hydrogel scaffold 10 has been
designed to provide long-lasting immune response. For cancer treatments or applications,
repeat injections may be warranted, for example, where phenotypic changes in cancer cells
may result in the need to target these slight modifications to adapt to the latest neoantigens.
[0052] In alternative embodiments, the slurry mixture of microgel particles 12 may be
mixed with other components prior to injection or delivery to the patient. For example,
chemotherapeutic agents (alone or in combination) may be combined with the slurry mixture
of microgel particles 12 prior to administration. In still another embodiment, the slurry
mixture of microgel particles 12 may be combined with cells (e.g., live or dead cells) as
explained herein. In still, another embodiment, the slurry mixture of microgel particles 12 is
mixed with an immunosuppressive agent (or multiple agents).

[0053] While embodiments of the present invention have been shown and described,
various modifications may be made without departing from the scope of the present
invention. The invention, therefore, should not be limited, except to the following claims,

and their equivalents.
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What is claimed is:

1. A hydrogel material for modulating an immune response in a human subject or
other mammal comprising:

a collection of microgel particles comprising one or more network crosslinker
components, wherein the microgel particles are spherical in shape and have diameters within
the range of about 50 um to 200 um; and

an endogenous or exogenous annealing agent that links the microgel particles together
at points of physical contact in situ to form a covalently-stabilized scaffold of microgel
particles having interstitial spaces formed between the microgel particles and wherein the

collection of microgel particles further comprises at least one of an antigen and an adjuvant.

2. The hydrogel material of claim 1, wherein the microgel particles comprise

both the antigen and the adjuvant.

3. The hydrogel material of claim 1, wherein the antigen and/or adjuvant are

chemically bound to the microgel particles.

4, The hydrogel material of claim 1, wherein the microgel particles comprise an
adjuvant that is one of covalently bound to the microgel particles, caged within the hydrogel,
or passively diffused into the microgel particles.

5. The hydrogel material of claim 1, wherein the hydrogel is biodegradable.

6. The hydrogel material of claim 1, wherein the hydrogel is non-biodegradable.

7. The hydrogel material of claim 1, further comprising a chemotherapeutic

agent.

8. The hydrogel material of claim 1, further comprising an immunosuppressive

agent.
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9. The hydrogel material of claim 1, further comprising cells contained in the

scaffold of microgel particles.

10.  The hydrogel material of claim 9, wherein the cells are live cells.
11.  The hydrogel material of claim 9, wherein the cells are dead cells.
12. A method of using the hydrogel material of any of claims 1-11, comprising

injecting the collection of microgel particles into tissue of the human subject or other

mammal.
13. The method of claim 12, wherein the hydrogel material is injected
subcutaneously.

14. The method of claim 12, wherein the hydrogel material is injected into a

tumor.

15. The method of claim 12, wherein the hydrogel material is injected at a site

surrounding transplant tissue or a transplanted organ.

16. A hydrogel material for modulating an immune response in a human subject or
other mammal comprising:

a heterogeneous collection of microgel particles of different types comprising one or
more network crosslinker components, wherein the heterogeneous collection of microgel
particles, when exposed to an endogenous or exogenous annealing agent, links the microgel
particles together at points of physical contact in sifu to form a covalently-stabilized scaffold
of the heterogeneous collection of microgel particles having interstitial spaces formed
between the microgel particles, wherein a first type of microgel particle is non-degradable or

degradable over a timescale in excess of 8§ weeks and wherein a second type of microgel
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particle is biodegradable, and wherein the collection of microgel particles of the second type

further comprises at least one of an antigen and an adjuvant.

17.  The hydrogel material of claim 16, wherein the microgel particles of the

second type degrade and release a quantity of antigen.

18.  The hydrogel material of claim 16, wherein the microgel particles of the

second type degrade and release a quantity of adjuvant.

19.  The hydrogel material of claim 16, wherein the microgels particles of the

second type contain both an antigen and an adjuvant.

20.  The hydrogel material of claim 19, wherein the antigen and adjuvant are

chemically bound to the microgel particles of the second type.
21. The hydrogel material of claim 16, wherein the microgel particles comprise an
adjuvant that is one of covalently bound to the microgel particles, caged within the hydrogel,

or passively diffused into the microgel particles.

22. The hydrogel material of claim 16, further comprising a chemotherapeutic

agent.

23. The hydrogel material of claim 16, further comprising an immunosuppressive

agent.

24.  The hydrogel material of claim 16, further comprising cells contained in the

scaffold of microgel particles.

25.  The hydrogel material of claim 24, wherein the cells are live cells.

26.  The hydrogel material of claim 24, wherein the cells are dead cells.
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27. A method of using the hydrogel material of any of claims 16-26, comprising
injecting the collection of microgel particles into tissue of the human subject or other

mammal.

28. The method of claim 27, wherein the hydrogel material is injected

subcutaneously.

29. The method of claim 27, wherein the hydrogel material is injected into a
tumor.

30. The method of claim 27, wherein the hydrogel material is injected at a site

surrounding transplant tissue or a transplanted organ.
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