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METHODS FOR PROMOTING TISSUE REGENERATION

RELATED APPLICATION INFORMATION
[0001] This application claims priority to U.S. Application No. 63/230,386 filed on
August 6, 2021 and U.S. Application No. 63/322,030 filed on March 21, 2022, the contents

of each of which are herein incorporated by reference.

STATEMENT OF GOVERNMENT INTEREST
[0002] This invention was made with government support under grant 4134401-21-0075
awarded by the National Institutes of Health. The government has certain rights in the

invention.

Field

[0003] The present disclosure relates to methods for promoting wound healing, tissue
repair, or tissue regeneration in a subject by administering a subject in need thereof, a
pharmaceutically effective amount of at least one IL.-17 antagonist and at least one

regenerative therapy.

Background

[0004] Aging is associated with decreased tissue function and a compromised response to
tissue damage that leads to longer recovery and frequently dysfunctional tissue repair
regardless of tissue type'. Reduced healing capacity with increasing age was recognized as
early as 1932*. The variability in time required for tissue repair and quality increases with age
in both preclinical models and patients®”, consistent with the variability in biological
signatures of aging. Multi-omic analyses of cellular and molecular profiles of organisms over
lifespan implicate changes in gene expression, metabolism, DNA methylation and other
epigenetic factors in age-associated pathologies including impaired wound healing?>.
Recovering tissue repair capacity that is lost with aging represents a significant medical
challenge.

[0005] The composition and phenotype of cells responding to tissue damage changes
with age. In skin wounds, the number of fibroblasts responding to injury is greater in older
mice and the fibroblasts have reduced phenotypic heterogeneity compared to the wounds in

younger counterparts®. In the case of muscle tissue, the number and activity of muscle stem
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cells decreases with age leading to sarcopenia and impaired muscle healing after injury®.
However, the functionality of aged muscle stem cells can be restored ex vivo to recover
healing capacity after re-injection in vivo, suggesting that endogenous repair capacity is
retained but the aging tissue environment impedes repair’. Similarly, repair in the aging retina
could be restored by targeting age-related epigenetic changes'®, again suggesting that
regeneration capacity remains with increasing age despite decreased cell numbers and
inhibitory factors.

[0006] Regenerative medicine and tissue engineering approaches are designed to enhance
repair and restore tissue function. While many patients needing regenerative medicine
technologies are older, the influence of age-related physiological changes on regenerative
medicine therapeutic responses remains unexplored. In fact, age-related changes may be, in
part, related to the disappointing clinical translation and efficacy of tissue engineering
technologies and should be considered in their design. Classical regenerative medicine
strategies utilize stem cells, growth factors and biomaterials alone or in combination to
promote tissue development'!. More recently, the role of the immune system in tissue repair
is being recognized as a central factor in determining healing outcomes leading to the
introduction of immunomodulation as a new therapeutic modality in regenerative medicine
technology design. However, there are also numerous age-related changes that occur in the
immune system, termed inflammaging, that may impede a regenerative therapeutic
response'%. Age-related immune changes have been primarily studied in the context of
infectious disease, chronic inflammatory conditions, vaccine efficacy and more recently
cancer immunotherapy efficacy but may also negatively impact the response to tissue damage
and regenerative immunotherapies'®. For example, T cell numbers decrease with aging and
there is a myeloid shift in the bone marrow!*!>. Furthermore, there are composition changes
in the T cell compartment with aging that include increased CD8" T cells, reduced naive
CD4* T cells, and increased effector CD4* T cells which altogether may compromise tissue
development!*. Here, we investigated how immunological changes associated with aging
impact the response to muscle injury and limit the regenerative capacity of a therapeutic
biological scaffold. Targeting age-associated immunological changes that inhibit a
regenerative response may enable recovery of a therapeutic response and restoration of tissue

repair capacity in older organisms.

Summary
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[0007] In one embodiment, the present disclosure relates to a method for promoting
wound healing, tissue repair, tissue regeneration or any combination thereof, in a subject in
need thereof. Specifically, the method comprises administering a therapeutically effective
amount of at least one pharmaceutical composition comprising at least one IL.-17 antagonist
and at least one regenerative therapy to the subject. In the above method, the at least one IL-
17 antagonist and at least one regenerative therapy are administered simultaneously to the
subject. In another aspect of the above method, at least one IL.-17 antagonist and at least one
regenerative therapy are administered sequentially to the subject. In another aspect, the IL-17
antagonist, regenerative therapy, or the IL-antagonist and regenerative therapy are
administered systemically to the subject. In still yet another aspect, the at least one I1.-17
antagonist, at least one regenerative therapy, or the at least one IL.-17 antagonist and at least
one regenerative therapy are administered locally to the site of the wound or area of tissue
repair or regeneration in the subject.

[0008] In the above method, the subject in need of treatment thereof can have one or
more inhibitory factors that inhibit or prevent regeneration. More specifically, the inhibitory
factors may be age, infection, autoimmune disease, or any combination thereof.

[0009] In yet other aspects, in the above method, the IL-17 antagonist is an IL-17
antibody or an antigen-binding portion thereof. In still further aspects, the IL.-17 antibody, or
antigen-binding portion thereof, is a monoclonal antibody, a chimeric antibody, a bi-specific
antibody, a human antibody, or antigen-binding portion thereof. In still further aspects, the
IL-17 antibody, or antigen-binding portion thereof, is a human antibody. More specifically,
in yet further aspects, the human antibody, or antigen-binding portion thereof, can
specifically bind to human IL-17A, human 1L-17F and/or human IL-17A/F.

[0010] In other aspects of the above method, the at least one regenerative therapy is stem
cells, platelet-rich plasma, extracellular matrix (ECM), prolotherapy, lipogems, or any
combinations thereof.

[0011] In yet other aspects of the above method, the method further comprises a single
pharmaceutical composition containing at least one IL.-17 antagonist and at least one
regenerative therapy.

[0012] In some aspects of the above method, the pharmaceutical composition is a
delayed-release or sustained-release composition.

[0013] In some aspects of the above method, the method further comprises a first
pharmaceutical composition containing at least one IL-17 antagonist and a second

pharmaceutical composition containing at least one regenerative therapy.

3



WO 2023/014764 PCT/US2022/039241

[0014] In another embodiment, the present disclosure relates to a kit for use in promoting
wound healing, tissue repair, tissue regeneration, or any combination thereof, in a subject in
need thereof. In one aspect, the method comprises at least one pharmaceutical composition
comprising at least one IL-17 antagonist and at least one regenerative therapy.

[0015] In one aspect, IL-17 antagonist in the kit is an IL-17 antibody or an antigen-
binding portion thereof. More specifically, in another aspect, the IL.-17 antibody, or antigen-
binding portion thereof, is a monoclonal antibody, a chimeric antibody, a bi-specific
antibody, a human antibody, or antigen-binding portion thereof. In still further aspects, the
IL-17 antibody, or antigen-binding portion thereof, is a human antibody.

[0016] In yet another aspect, the at least one regenerative therapy in the kit is stem cells,
platelet-rich plasma, extracellular matrix (ECM), prolotherapy, lipogems, or any
combinations thereof.

[0017] In still a further aspect, the kit comprises a single pharmaceutical composition
containing at least one IL.-17 antagonist and at least one regenerative therapy. In some
aspects, the pharmaceutical composition is a delayed-release or sustained release
composition.

[0018] In further aspects, the kit comprises a first pharmaceutical composition containing
at least one IL.-17 antagonist and a second pharmaceutical composition containing at least one
regenerative therapy. In still further aspects, the first pharmaceutical composition, the second
pharmaceutical composition or both the first pharmaceutical composition and the second

pharmaceutical composition can be a delayed-release or sustained release composition.

Brief Description of the Figures

[0019] Figure 1 shows that aging alters immune-stromal response to the regenerative
ECM biomaterials and impairs immune-stromal communication in muscle. a, Schematic
illustration of experimental design including no injury control (N), volumetric muscle loss
injury treated with saline (S) and VML treated with ECM in young (6 wk) and old (72 wk). b,
Quantification of Th2 or Th17-related genes in muscle 1 week after injury or ECM treatment
(n=3 young; n=3-4 old)._¢, Quantification of immune cells from spectral flow cytometry with
significant population changes between young and old mice with muscle injury and treatment
(n=5). Eosinophils are presented as % of CD11b*, NKTs % of CD3*y&", and CD4 or CD8 %
of CD3*yd'NK". d, Transverse section of the quadricep muscle 1 week after injury or ECM
stained with H&E. The black arrow indicates the ectopic adipogenesis region, and the dotted

line demonstrates immune cell infiltrated area. e, UMAP overview of cell clusters identified
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using scRNA-seq data set on muscle from young and aged animals with injury or treatment
(3 mice pooled for each condition). f, Age-specific global signaling network (top) and
heatmap of predicted cluster-cluster signaling for selected clusters determined by Domino
(bottom). The values shown are the summed z-scored expression values for ligands (in the
ligand-cluster) targeting receptors predicted to be activated in the receptor-cluster. Higher
values indicate increased expression of ligands predicted to be active for a given receptor
cluster. g, NMF-CoGAPS analysis of fibroblast populations (top) and myeloid/macrophage
populations (bottom). Region of cells expressing high levels of the gene sets are circled.
Two-way ANOVA with Tukey’s multiple comparisons test in (b-c). p values in NMF-
CoGAPS were determined using Mann-Whitney U test and adjusted with false discovery rate
correction for multiple testing in (g). *p<0.05, **p<0.01, and ****p<0.0001. For all bar
graphs, data are mean + s.d.

[0020] Figure 2 shows that Aging induces a Th17-associated transcription network and
aged CD4 T cells demonstrate increased Th17 skewing and a unique secretome. a, Venn
diagram illustrating shared or age-specific receptors and TFs (left), and protein-protein
interaction network for the TFs specific to aged animals using STRING network (right). b,
Gene set enrichment analysis using Enrichr of age-specific TFs in muscle. Adjusted p value
(log 10) of significant GO terms are shown. ¢, Volcano plot of genes expressed in aged
Iymph node normalized to those in young lymph node (top left). Gene scoring for helper T
cell pathways (top right) or differentially expressed genes for NF-kb/TNFa or Th17-
associated pathways (bottom) based on Nanostring analysis (n=6). d, Multiparametric flow
cytometry quantification of IFNy* or IL17A* CD4 or y6 T cells in the lymph nodes from
young or aged animals without injury or treatment (n=9 CD4 T; n=6 yo T). e, Quantification
(left) and representative plots (right) of flow cytometry analysis on CD4 T cells isolated from
lymph nodes or spleens of young and old animals. Naive phenotype (CD4*CD44 CD62L)),
effector phenotype (CD4*CD447CD62L") and Th17 cells (CD4*CD44"CD62L"RORyt") are
shown (n=3). f, Schematic illustration of naive T cell isolation and Th17 differentiation in
vitro (left) and quantification of flow cytometry analysis on the undifferentiated and
differentiated CD4 T cells (right; n=3). g, Quantification (left) and representative images
(right) of the proteome profiler performed on cell culture supernatant from Th17-
differentiated CD4 T cells from young and old mice (3 samples pooled for each condition).
Protein molecules with significant differences in pixel densities compared to young animals

are labeled and quantified using iBright Analysis Software. Unpaired two-tailed t-test (d-e).
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Two-way ANOVA with Tukey’s multiple comparisons test (f). For all bar graphs, data are
mean + s.e.m (d) or s.d. (e-f).

[0021] Figure 3 shows that injury and ECM treatment in aged animals promote local and
systemic [L.17-associated immune response that inhibits tissue repair. a, Schematic
illustration of various immune environments that are affected by injury. b, Representative
images of flow cytometry comparing IL17A+ yd T cells between young and aged animals
(left) and the quantification of IL17 producing cell subtypes in muscle 1 week after injury or
ECM treatment (n=3-4); yo T cell, CD4 T cell, and innate lymphoid cell (ILC). ¢-f, in lymph
node 1 week after injury or ECM treatment. ¢, Representative images of the lymph nodes (top
left) and the quantification of their size (top right). Scale bar, 2mm. Transverse section of the
Iymph nodes is stained with H&E (bottom). d, Quantification of T helper cell cytokine-
related genes in lymph node (n=3-5 young; n=3-4 old). e, Quantification of Th17-associated
genes in the lymph nodes (n=3-5). Protein-protein interaction demonstrating their association
with IL17A or IL17F are shown using STRING network (top left). f, Representative images
of flow cytometry data comparing IL17A* y3 T cells between young and aged animals (top)
and the quantification of IL17 producing cell subtypes in the lymph node (n=3-4). g,
Representative images (left) and quantitative analysis (right) of the proteome profiler
performed on blood serum from young and aged mice without the treatments (3 mice pooled
for each condition). Protein molecules with significant differences in pixel densities
compared to young animals are labeled and quantified using imagel. Two-way ANOVA with
Tukey’s multiple comparisons test (c-e), one-way ANOVA with Tukey’s multiple
comparisons test (b, f), unpaired two-tailed t-test (g). For all bar graphs, data are mean + s.d.
[0022] Figure 4 shows that local IL17 suppression rejuvenates the type 2 immune
response to injury and ECM to restore tissue repair and reduce fibrosis in old animals. a,
Schematic illustration of experimental design (left) and quantification of flow cytometry data
for IL4* CD4 T cells and eosinophils in muscle 3 weeks after injury (right; n=6 no injury;
n=8 isotype; n=3 alL17A and aIL17F). b, Experimental schematics (left), and representative
images flow cytometry showing IL4" CD45 or CD4 T cells (middle) and quantification of
IL4* cell populations in muscle 6 weeks after injury and ECM treatment (right; n=4). c,
Quantification of genes associated with fibrosis or adipogenesis in muscle (top left; n=3), and
transverse section of the quadricep muscle 6 weeks after injury stained with Masson’s
Trichrome. d, Immunofluorescence images of the quadricep muscle 6 weeks after injury
stained with dystrophin (top) or laminin (bottom). Quantification of muscle fibers with

central nuclei are shown (right; n=3). Nuclei were stained with DAPI (represented in yellow).
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One-way ANOV A with Tukey’s multiple comparisons test (a-d). *p<0.05, *¥p<0.01, and
*#*#%n<(.0001. For all bar graphs, data are mean + s.e.m (a) or s.d. (b-d).

[0023] Figure 5 shows a schematic representation of the gating strategy used to identify
indicated cell phenotypes from single cell suspensions from mouse muscle tissue using
spectral flow cytometry.

[0024] Figure 6 shows the changes in immune and stromal cell phenotypes 1 week after
injury or ECM treatment between young and aged animals. a, Overview of UMAP plots from
total live cells in muscle showing the population of the indicated cell phenotypes. b,
Quantification of immune-stromal cells in muscle after treatment as determined by
flowcytometry. (a, b) Indicated cell population represents average value of n=5 per group.
[0025] Figure 7 shows the flow cytometry quantification (cell counts) of the indicated
immune and stromal cell phenotypes in muscle from young and aged animals 1 week after
injury and treatment. Statistical analysis was performed using a one-way ANOVA with
Tukey’s multiple comparisons test within the respective age groups (n=5). *p<0.05,
*#p<0.01, ¥**¥p<0.001, and ****p<0.0001. For all bar graphs, data are mean + s.d.

[0026] Figure 8 shows the flow cytometry quantification (cell percentages) of a,
CD45+/CD45- cells or myeloid/lymphoid cells (indicated cell population represents average
value of n=5 per group), and b, indicated immune/stromal cell phenotypes in muscle between
young and aged animals 1 week after the treatments. Statistical analysis was performed using
a one-way ANOVA with Tukey’s multiple comparisons test within the respective age groups
(n=5). *p<0.05, ¥¥p<0.01, ***p<0.001, and ****p<0.0001. For all bar graphs, data are mean
+s.d.

[0027] Figure 9 shows single cell RNA sequencing-based cell clustering information in
young and aged muscle tissue 1 week after injury or ECM treatment. a, Heatmap of
differentially expressed genes with highest log fold-change from each cluster (left) and
UMAP plot with cluster labels and key signature genes (right). b, Signature gene markers for
single cell clusters. Each dot shows the expression of genes associated with cluster identity.
Gene expression after normalization to the maximum averaged expression are shown. ¢,
Overview of cell clusters identified in UMAP plots based on the key gene expression.

[0028] Figure 10 shows gene expressions of cluster-defining markers shown in violin
plots.

[0029] Figure 11 shows twelve top differentiated genes of each cluster population.

Values represent log10 fold change between each cluster compared to all other clusters.
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[0030] Figure 12 shows quantification of each cell cluster between the a, age groups or
b, treatment groups using single cell RNA sequencing dataset.

[0031] Figure 13 shows gene signature of fibroblast populations using NMF CoGAPS. p
values are determined by Mann-Whitney U test and adjusted with false discovery rate
correction for multiple testing.

[0032] Figure 14 shows gene signature of myeloid/macrophage populations using NMF
CoGAPS. p values are determined by Mann-Whitney U test and adjusted with false discovery
rate correction for multiple testing.

[0033] Figure 15 shows a full list of receptors and transcription factors that are common
or specific to young or aged animals using Domino.

[0034] Figure 16 shows heatmaps of activation score for young animal-specific
transcription factors and their correlation with receptor expression. Transcription factors
specific to young animals are labelled on the right, and the correlated receptors are labeled on
top right.

[0035] Figure 17 shows protein-protein interaction network (force-directed graph layout)
for the transcription factors specific to young animals using STRING network.

[0036] Figure 18 shows a list of significantly up- or down-regulated genes (p<0.05) in
the aged lymph nodes compared to young lymph nodes from Nanostring analysis (n=6).
[0037] Figure 19 shows pathway scoring of the genes associated with Th1-, Th2-, Th17-
differentiation or Th17-mediated biology from Nanostring analysis (n=6).

[0038] Figure 20 shows immune phenotype changes in the inguinal lymph node from
young and aged animals without injury or ECM treatment. a, Representative images of flow
cytometry data showing IFNy* or IL17A* y8 or CD4 T cells in the lymph node. b,
Representative images (left), and quantification of flow cytometry data showing y6 T cell
population in CD3* T cells in the lymph node (n=6). Unpaired two-tailed t-test (b). For all
bar graphs, data are mean =+ s.e.m.

[0039] Figure 21 shows quantification of inflammation- or senescence-associated genes
in muscle 1 week after injury and treatment. Statistical analysis was performed using a two-
way ANOVA with Tukey’s multiple comparisons test (n=3-4). For all bar graphs, data are
mean + s.d.

[0040] Figure 22 shows representative images of flow cytometry data showing IL17A*
CD4 T and innate lymphoid cells from young and aged animals (top) and the cell count
quantification of IL17 producing cell subtypes in muscle 1 week after injury or ECM

treatment (bottom). Statistical analysis was performed using a one-way ANOVA with
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Tukey’s multiple comparisons test within the respective age groups (n=3-4). For all bar
graphs, data are mean + s.d.

[0041] Figure 23 shows whole image of transverse section of the quadricep muscle 1
week after injury or ECM treatment stained with H&E (top) or Masson’s Trichrome
(bottom).

[0042] Figure 24 shows differential B cell response to ECM with aging. a, Cell count
quantification of CD45* immune cells in the lymph node 1 week after injury and treatment. b,
Representative images of flow cytometry data showing CD3*CD19" T cells or CD3'CD19" B
cells (left) and quantification of B cells and B/T cell ratio 1 week after injury or treatment
(right). Statistical analysis was performed using a one-way ANOVA with Tukey’s multiple
comparisons test within the respective age groups (n=3-5). For all bar graphs, data are mean
+s.d.

[0043] Figure 25 shows representative images of flowcytometry data showing IL17A*
CDA4 T or innate lymphoid cells between young and aged animals (top) and the cell
percentage quantification of I1.17 producing cell subtypes (bottom) in the lymph node 1 week
after injury or treatment. Statistical analysis was performed using a one-way ANOVA with
Tukey’s multiple comparisons test within the respective age groups (n=3-4). For all bar
graphs, data are mean + s.d.

[0044] Figure 26 shows representative images (left) and quantitative analysis (right) of
the proteome profiler array performed on blood serum from young and aged mice 1 week
after injury. Protein molecules with significant differences in pixel densities between the
groups are labeled and quantified using imagelJ. Serum from 3 animals were pooled for
analysis. Statistical analysis was performed using a Two-way ANOVA with Tukey’s multiple
comparisons test. ¥p<0.05, **p<0.01, and ***p<0.001. For all bar graphs, data are mean +
s.d.

[0045] Figure 27 shows immune-modulatory effect of alLL17 treatment. a, Schematic
illustration of experimental design (left) and quantification of senescence- or inflammation-
associated genes in muscle after various injection regime (right). b, llustration of
experimental design (left) and quantification of flow cytometry data showing the total
number of CD45" or CD45" live cells or IL4*CD45" immune cells in muscle 10 days after
VML injury (right). Statistical analysis was performed using a one-way ANOV A with
Tukey’s multiple comparisons test (n=3-4). *p<0.05, and **p<0.01. For all bar graphs, data

are mean + s.d.
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[0046] Figure 28 shows flow cytometry quantification of the indicated immune cell
phenotypes in aged 4Get muscle 6 weeks after injury. Statistical analysis was performed
using a one-way ANOVA with Tukey’s multiple comparisons test (n=4). *p<0.05. For all bar
graphs, data are mean + s.d.

[0047] Figure 29 shows changes in immune and stromal cell phenotypes after alL.17 and
ECM combination therapy in C57BL/6J aged animals. Tissues were analyzed 3 weeks after
injury. Quantification of live cells in muscle showing the population of indicated cell
phenotypes. Colored bar charts represent average cell count value of n=4-5. Statistical
analysis was performed using a one-way ANOV A with Tukey’s multiple comparisons test.
*p<0.05, **¥p<0.01, ***¥p<0.001, and ****p<(0.0001. For all bar graphs, data are mean + s.d.
[0048] Figure 30 shows quantification of inflammation-, senescence-, adipose- or
fibrosis-associated genes in aged C57BL/6J muscle 6 weeks after surgery. Statistical analysis
was performed using a one-way ANOVA with Tukey’s multiple comparisons test (n=3-4).
*p<0.05, **¥p<0.01, ***¥p<0.001, and ****p<(0.0001. For all bar graphs, data are mean + s.d.
[0049] Figure 31 shows transverse section of the quadricep muscle 6 weeks after injury
stained with Masson’s Trichrome, dystrophin or laminin. Quantification of muscle fibers with
central nuclei are shown. Statistical analysis was performed using a one-way ANOVA with
Tukey’s multiple comparisons test. For all bar graphs, data are mean + s.d.

[0050] Figure 32 shows heatmaps of activation score for aged animal-specific
transcription factors and their correlation with receptor expression. Transcription factors
specific to aged animals are labelled on the right, and the correlated receptors are labeled on
top right.

[0051] Figure 33 shows heatmap of predicted cluster-cluster signaling. The values shown
are the summed z-scored expression values for ligands (in the ligand-cluster; L._) targeting
receptors predicted to be activated in the receptor-cluster (R_). Higher values indicate
increased expression of ligands predicted to be active for a given receptor cluster.

[0052] Figure 34 shows that aging induces a Th17-associated transcription network and
impairs immune-stromal communication in muscle. Specifically, Age-specific global
signaling network (top) and inter-cluster correlation determined by Domino from the scRNA-
seq demonstrating the variety and strength of the communication interactions (bottom).
[0053] Figure 35 shows that aging alters immune-stromal response to the regenerative
ECM biomaterials. Specifically, quantification of immune cells from spectral flow cytometry

with significant population changes between young and old mice with muscle injury and
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treatment (n=>5). Eosinophils are presented as % of CD11b*, NKTs % of CD3*yé", and CD4
or CD8 % of CD3*y6'NK".

[0054] Figure 36 shows that quantification of Th2 or Th17-related genes in muscle (n=3
young; n=3-4 old) 1 week after injury or ECM treatment.

Detailed Description

I. Definitions

[0055] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. Methods and materials are described herein for use in the present
disclosure; other, suitable methods and materials known in the art can also be used. The
materials, methods, and examples are illustrative only and not intended to be limiting.

[0056] As used herein, the term “about” or “approximately” means within an acceptable
error range for the particular value as determined by one of ordinary skill in the art, which
will depend in part on how the value is measured or determined, (i.e., the limitations of the
measurement system). For example, “about” can mean within 1 or more than 1 standard
deviations, per practice in the art. Where particular values are described in the application
and claims, unless otherwise stated, the term “about” means within an acceptable error range
for the particular value.

[0057] As used herein, the term “administering” in relation to a compound, e.g., an IL-17
inhibitor, is meant to refer to delivery of that compound by any route, including, for example,
local administration at the site of inflammation or injury.

[0058] As used herein, the term, "extracellular matrix" or “ECM” refers to a scaffold in a
cell's external environment with which the cell interacts via specific cell surface receptors.
The extracellular matrix serves many functions, including, but not limited to, providing
support and anchorage for cells, segregating one tissue from another tissue, and regulating
intracellular communication. The extracellular matrix is composed of an interlocking mesh of
fibrous proteins and glycosaminoglycans (GAGs). Examples of fibrous proteins found in the
extracellular matrix include collagen, elastin, fibronectin, and laminin. Examples of GAGs
found in the extracellular matrix include proteoglycans (e.g., heparin sulfate), chondroitin
sulfate, keratin sulfate, and non-proteoglycan polysaccharide (e.g., hyaluronic acid). The term
"proteoglycan" refers to a group of glycoproteins that contain a core protein to which is

attached one or more glycosaminoglycans.
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[0059] As used herein, the term “interleukin-17" (or “IL-17") can include the IL-17
family of cytokines contains six members, [L.-17 (also called IL-17A), IL-17B, IL-17C, IL-
17D, IL-17E (also known as IL-25) and IL-17F or naturally occurring variants thereof. These
polypeptides consist of 163-202 amino acids with molecular masses of 20-30 kDa. They
share four conserved cysteine residues at C-terminal region that may participate in the
formation of intermolecular disulfide linkages.

[0060] As used herein, an “IL-17 antagonist” is meant to refer to a molecule capable of
antagonizing (e.g., reducing, inhibiting, decreasing, blocking, delaying) IL-17 activity, such
as IL-17 function and/or signaling (e.g., by blocking the binding of IL-17 to the IL-17
receptor). Non-limiting examples of IL-17 antagonists include IL-17 binding molecules and
IL-17 receptor binding molecules. In some embodiments, the I1.-17 antagonist is one or more
antibodies (including monoclonal antibodies, chimeric antibodies, bi-specific antibodies,
human antibodies, or antigen binding portions thereof (e.g., F(ab")2 and Fab fragments),
antibody fragments, oligonucleotides, polynucleotides, antisense oligonucleotides, enzymes,
gene editing agents, nucleases, peptides, polypeptides, small molecules, synthetic
compounds, natural compounds or combinations thereof.

[0061] As used herein, “regenerative therapy” refers to use of certain cells, biomaterials,
or other materials to stimulate repair mechanisms and/or restore function in damaged body
tissues, muscles or organs. Examples of cells that can be used include stem cells (e.g.,
adipose stem cells, embryonic stem cells, hematopoietic stem cells, induced pluripotent stem
cells, umbilical cord blood mesenchymal stem cells, etc.). Examples of biomaterials that can
be used include extracellular matrix (ECM), platelet-rich plasma and combinations thereof.
Other examples of regenerative therapy include prolotherapy, lipogems and combinations

thereof.

II. Methods for promoting wound healing, tissue repair, or tissue regeneration

[0062] In one embodiment, the present disclosure relates to a method for promoting
wound healing, tissue repair, or tissue regeneration in a subject in need thereof. In some
aspects, the method involves promoting wound healing. In another aspect, the method
involves promoting tissue repair. In yet another aspect, the method involves promoting tissue
regeneration.

[0063] The methods of the present disclosure involve administering to a subject in need
of treatment at least one pharmaceutical composition comprising at least one IL.-17 antagonist

and at least one regenerative therapy to the subject. In some aspects, the at least one IL-17
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antagonist is at least one IL.-17 antibody or antigen-binding portion thereof, and the at least
one regenerative therapy is a biomaterial (e.g., ECM or platelet-rich plasma). In another
aspect, the at least one IL.-17 antagonist is at least one IL.-17 antibody or antigen-binding
portion thereof, and the at least one regenerative therapy is a cell, such as a stem cell. In yet
another aspect, the at least one IL-17 antagonist is at least one IL.-17 antibody or antigen-
binding portion thereof and prolotherapy or lipogem:s.

[0064] In some aspects, the subject is a mammal such as a monkey, ape or human. In
other aspects, the subject is a human. In further aspects, the subject is a human that has one
or more inhibitory factors that inhibit or prevent regeneration. In some aspects, the inhibitory
factors may be age, suffering from an infection and/or autoimmune disease. In some aspects,
the inhibitory factor is age. Specifically, the subject is at least 40 years of age. In other
aspects, the subject is at least 45 years of age. In still other aspects, the subject is at least 50
years of age. In still further aspects, the subject is at least 55 years of age. In yet further
aspects, the subject is at least 60 years of age. In yet further aspects, the subject is at least 65
years of age. In yet further aspects, the subject is at least 70 years of age. In yet other
aspects, the subject is at least 75 years of age. In still further aspects, the subject is at least 80
years of age. In yet further aspects, the subject is at least 85 years of age. In yet further

aspects, the subject is at least 90 years of age.

II1. Pharmaceutical Compositions

[0065] Provided herein are pharmaceutical compositions that comprise at least one I1L-17
antagonist and at least one regenerative therapy and optionally, at least one pharmaceutically
acceptable excipient, which may also be called a pharmaceutically suitable excipient or
carrier (i.e., a non-toxic material that does not interfere with the activity of the active
ingredient). A pharmaceutical composition may be a sterile aqueous or non-aqueous
solution, suspension, gel or emulsion (e.g., a microemulsion). The excipients described herein
are examples and are in no way limiting. An effective amount or therapeutically effective
amount refers to an amount of the one or more IL.-17 antagonists and one or more
regenerative therapies administered to a subject, either simultaneously or sequentially, and
either as a single dose or separate doses as well as part of a series of doses, which is effective
to produce a desired therapeutic effect.

[0066] When one or more IL-17 antagonists and one or more regenerative therapies are
administered to a subject for treatment of a disease or disorder described herein (e.g., to

promote wound healing, tissue repair and/or tissue regeneration), the one or more 1L-17
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antagonists and one or more regenerative therapies may or may not be formulated into
separate pharmaceutical compositions. A pharmaceutical preparation may be prepared that
comprises each of the separate pharmaceutical compositions (which may be referred to for
convenience, for example, as a first pharmaceutical composition and a second pharmaceutical
composition comprising each of at least one IL-17 antagonist and at least one regenerative
therapy, respectively). Each of the pharmaceutical compositions in the preparation may be
administered at the same time (i.e., concurrently or simultaneously) and via the same route of
administration or may be administered at different times (e.g., sequentially) by the same or
different administration routes. Alternatively, one or more IL.-17 antagonists and one or more
regenerative therapies may be formulated together in a single pharmaceutical composition.
For example, in some aspects, the single pharmaceutical composition may contain one or
more particles.

[0067] In other embodiments, a combination of at least one IL.-17 antagonist, at least one
regenerative therapy, and at least one additional biologically active agent may be
administered to a subject in need thereof. When at least one IL-17 antagonist, at least one
regenerative therapy, and an additional agent are used together in the methods described
herein (e.g., to promote wound healing, tissue repair and/or tissue regeneration), each of the
agents may or may not be formulated into the same pharmaceutical composition or
formulated in separate pharmaceutical compositions. A pharmaceutical preparation may be
prepared that comprises each of the separate pharmaceutical compositions, which may be
referred to for convenience, for example, as a first pharmaceutical composition, a second
pharmaceutical composition and a third pharmaceutical composition comprising each of the
IL-17 antagonist, regenerative therapy, and the additional agent, respectively. Each of the
pharmaceutical compositions in the preparation may be administered at the same time and via
the same route of administration or may be administered at different times by the same or
different administration routes.

[0068] For example, antibodies, e.g., antibodies to IL-17, are typically formulated either
in aqueous form ready for parenteral administration or as lyophilisate for reconstitution with
a suitable diluent prior to administration. According to some embodiments of the disclosed
methods and uses, the IL.-17 antagonist, e.g., IL-17 antibody, is formulated as a lyophilisate.
Suitable lyophilisate formulations can be reconstituted in a small liquid volume {e.g., 2 ml or
less) to allow subcutaneous administration and can provide solutions with low levels of
antibody aggregation. The use of antibodies as the active ingredient of pharmaceuticals is

now widespread, including the products HERCEPTIN (trastuzumab), RITUXAN (rituximab),
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SYNAGIS (palivizumab), etc. Techniques for purification of antibodies to a pharmaceutical
grade are well known in the art. When a therapeutically effective amount of an IL-17
antagonist, e.g., IL-17 binding molecules (e.g., IL.-17 antibody or antigen-binding fragment
thereof) or IL-17 receptor binding molecules (e.g., IL-17 antibody or antigen-binding
fragment thereof) is administered by intravenous, cutaneous or subcutaneous injection, the
IL-17 antagonist will be in the form of a pyrogen-free, parenterally acceptable solution. A
pharmaceutical composition for intravenous, cutaneous, or subcutaneous injection may
contain, in addition to the IL.-17 antagonist, an isotonic vehicle such as sodium chloride,
Ringer's solution, dextrose, dextrose and sodium chloride, lactated Ringer's solution, or other
vehicles as known in the art.

[0069] Subjects may generally be monitored for therapeutic effectiveness using assays
and methods suitable for the condition being treated, which assays will be familiar to those
having ordinary skill in the art and are described herein. Pharmacokinetics of an IL.-17
antagonist (or one or more metabolites thereof) that is administered to a subject may be
monitored by determining the level of the IL.-17 antagonist in a biological fluid, for example,
in the blood, blood fraction (e.g., serum), and/or in the urine, and/or other biological sample
or biological tissue from the subject. Any method practiced in the art and described herein to
detect the agent may be used to measure the level of the IL.-17 antagonist during a treatment
course. The dose of an IL-17 antagonist described herein for treating a wound or promoting
or improving tissue repair may depend upon the subject's condition, that is, stage of the
disease, severity of symptoms caused by the disease, general health status, as well as age,
gender, and weight, and other factors apparent to a person skilled in the medical art.
Pharmaceutical compositions may be administered in a manner appropriate to the disease to
be treated as determined by persons skilled in the medical arts. In addition to the factors
described herein and above related to use of one or more IL-17 antagonists and regenerative
therapies for promoting or improving wound healing, tissue repair or tissue regeneration,
suitable duration and frequency of administration of one or more IL.-17 antagonists and one
or more regenerative therapies may also be determined or adjusted by such factors as the
condition of the subject, the type and severity of the subject's disease, the particular form of
the active ingredient, and the method of administration. Optimal doses of an agent may
generally be determined using experimental models and/or clinical trials. The optimal dose
may depend upon the body mass, weight, or blood volume of the subject. The use of the
minimum dose that is sufficient to provide effective therapy is usually preferred. Design and

execution of pre-clinical and clinical studies for an IL-17 antagonist (including when
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administered for prophylactic benefit) and regenerative therapy described herein are well
within the skill of a person skilled in the relevant art. When one or more IL-17 antagonists
and one or more regenerative therapies are administered to promote or improve wound
healing and tissue repair, the optimal dose of each IL.-17 antagonist agent and regenerative
therapy may be different.

[0070] An amount of an [L-17 antagonist that may be administered per day may be, not
limited to, for example, between about 0.01 mg/kg and 100 mg/kg (e.g., between about 0.1 to
1 mg/kg, between about 1 to 10 mg/kg, between about 10-50 mg/kg, between about 50-100
mg/kg body weight. In other embodiments, the amount of an IL-17 antagonist that may be
administered per day is between about 0.01 mg/kg and 1000 mg/kg, between about 100-500
mg/kg, or between about 500-1000 mg/kg body weight).

[0071] The optimal dose (per day or per course of treatment) may be different for the
disease or disorder to be treated and may also vary with the administrative route and
therapeutic regimen.

[0072] Pharmaceutical compositions comprising one or more IL-17 antagonists and/or
one or more regenerative therapies can be formulated in a manner appropriate for the delivery
method by using techniques routinely practiced in the art. The composition may be in the
form of a solid (e.g., tablet, capsule), semi-solid (e.g., gel), liquid, or gas (aerosol). In other
certain specific embodiments, the one or more IL-17 antagonists and/or one or more
regenerative therapies (or pharmaceutical composition comprising same) is administered as a
bolus infusion. In other certain specific embodiments, the one or more IL.-17 antagonists
and/or one or more regenerative therapies (or pharmaceutical composition comprising same)
is administered as an implant, as described below.

[0073] Pharmaceutical acceptable excipients are well known in the pharmaceutical art
and described, for example, in Rowe et al., Handbook of Pharmaceutical Excipients: A
Comprehensive Guide to Uses, Properties, and Safety, 5% Ed., 2006, and in Remington: The
Science and Practice of Pharmacy (Gennaro, 21.sup.st Ed. Mack Pub. Co., Easton, Pa.
(2005)). Exemplary pharmaceutically acceptable excipients include sterile saline and
phosphate buffered saline at physiological pH. Preservatives, stabilizers, dyes, buffers, and
the like may be provided in the pharmaceutical composition. In addition, antioxidants and
suspending agents may also be used. In general, the type of excipient is selected based on the
mode of administration, as well as the chemical composition of the active ingredient(s).
Alternatively, compositions described herein may be formulated as a lyophilizate. A

composition described herein may be lyophilized or otherwise formulated as a lyophilized
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product using one or more appropriate excipient solutions for solubilizing and/or diluting the
agent(s) of the composition upon administration. Pharmaceutical compositions may be
formulated for any appropriate manner of administration described herein as well as known
in the art.

[0074] A pharmaceutical composition may be delivered to a subject in need thereof by
any one of several routes known to a person skilled in the art. By way of non-limiting
example, the composition may be delivered orally, intravenously, intraperitoneally, by
infusion (e.g., a bolus infusion), subcutaneously, enteral, rectal, intranasal, by inhalation,
buccal, sublingual, intramuscular, transdermal, intradermal, topically, intraocular, vaginal,
rectal, or by intracranial injection, or any combination thereof. In certain particular
embodiments, administration of a dose, as described above, is via intravenous,
intraperitoneal, directly into the target tissue, joint space, or organ, or subcutaneous route.
Formulations suitable for such delivery methods are described in greater detail herein.
[0075] According to some embodiments, one or more IL-17 antagonists and/or one or
more regenerative therapies (which may be combined with at least one pharmaceutically
acceptable excipient to form a pharmaceutical composition) is administered directly to the
target tissue or site in need of treatment thereof. According to some embodiments, one or
more 1L-17 antagonists and/or one or more regenerative therapies (which may be combined
with at least one pharmaceutically acceptable excipient to form a pharmaceutical
composition) is administered locally, such as to the site of the wound or area of tissue repair
or regeneration in the subject.

[0076] According to some embodiments, the one or more 1L-17 antagonists and one or
more regenerative therapies or pharmaceutical composition comprising the one or more IL.-17
antagonists and/or one or more regenerative therapies may be formulated as a timed release
(also called sustained release, controlled release) composition. Controlled or sustained
release formulations can be achieved by the addition of time-release additives, such as
polymeric structures, matrices, that are available in the art. A hydrogel formulation may be
used to provide controlled or sustained release of one or more IL-17 antagonists and/or one or
more regenerative therapies at the site of administration. Hydrogels are three-dimensional
networks made of hydrophilic polymers or polymers containing hydrophilic co-polymers.
Hydrogel networks are formed by the crosslinking of polymer chains via covalent bonds,
hydrogen bonds, or ionic interactions, or via physical entanglement. Hydrogels can be
prepared with biocompatible synthetic materials to achieve specific properties at the micro-

or nanoscale level. The manipulation of the molecular weight or molecular weight
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distribution can be used to modulate the mechanical strength of hydrogels to satisfy different
requirements. Hydrogels can be designed to modulate the porosity of the network, which can
be advantageously used to control the release rate in conjunction with affinity of nucleic acid
aptamers. Hydrogels can be designed in a wide variety of shapes as desired. Depending on
the requirements, hydrogels can be prepared in different format of geometry such as particles,
films, coatings, cylinders and slabs for in vitro and/or in vivo uses. Hydrogels can be formed
from a wide variety of biocompatible polymeric materials, including, but not limited to,
polyurethane, silicone, copolymers of silicone and polyurethane, polyolefins such as
polyisobutylene and polyisoprene, nitrile, neoprene, collagen, alginate and the like. For
example, suitable hydrogels can be formed from polyvinyl alcohol, acrylamides such as
polyacrylic acid and poly(acrylonitrile-acrylic acid), polyurethanes, polyethylene glycol,
poly(N-vinyl-2-pyrrolidone), acrylates such as poly(2-hydroxy ethyl methacrylate) and
copolymers of acrylates with N-vinyl pyrrolidone, N-vinyl lactams, a poly (lactide-co-
glycolide), acrylamide, polyurethanes, polyacrylonitrile, poloxamer, N-Isopropylacrylamide
copolymers, poly(N-i sopropylacrylamide), poly(vinyl methyl ether), poly(NIPAAm-co-
PEG) and the like.

[0077] Hydrogels can be prepared with natural biomolecules. For example, suitable
natural hydrogels can be formed from gelatin, agarose, amylase, amylopectin, cellulose
derivatives such as methylcellulose, hyaluronan, chitosan, carrangenans, collagen,
Gellan.TM, alginate and other naturally derived polymers. For example, collagen can be
used to form hydrogel. Collagen can be used to create an artificial extracellular matrix that
can be used as cell infiltration scaffolds for inducing tissue regeneration and remodeling.
Suitable natural hydrogels also include alginate. Alginate is natural polysaccharide extracted
from algae or produced by bacteria. In another embodiment, agarose can be used to form a
hydrogel.

[0078] A polymer formulation can also be utilized to provide controlled or sustained
release of one or more IL-17 antagonists and/or regenerative therapies at the site of
administration. Bioadhesive polymers described in the art may be used. By way of example,
a sustained-release gel and the compound may be incorporated in a polymeric matrix, such as
a hydrophobic polymer matrix. Examples of a polymeric matrix include a microparticle. The
microparticles can be microspheres, and the core may be of a different material than the
polymeric shell. Alternatively, the polymer may be cast as a thin slab or film, a powder
produced by grinding or other standard techniques, or a gel such as a hydrogel. The polymer

can also be in the form of a coating or part of a bandage, stent, catheter, vascular graft, or
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other device. The matrices can be formed by solvent evaporation, spray drying, solvent
extraction and other methods known to those skilled in the art.

[0079] According to some embodiments, the compositions are formulated such that the
one or more [L-17 antagonists and one or more regenerative therapies are bioavailable over
an extended period of time following administration. According to some embodiments, the
one or more IL-17 antagonists and one or more regenerative therapies maintain a
concentration within a therapeutic window for a desired period of time.

[0080] In some embodiments, the compositions are formulated to bind to the affected
tissues upon administration, and releasing the IL-17 antagonists and regenerative therapies
and possible additional active agents over an extended period of time.

[0081] A pharmaceutical composition (e.g., for injection, IA injection, infusion,
subcutaneous delivery, intramuscular delivery, intraperitoneal delivery or other method) may
be in the form of a liquid. A liquid pharmaceutical composition may include, for example,
one or more of the following: a sterile diluent such as water, saline solution, preferably
physiological saline, Ringer's solution, isotonic sodium chloride, fixed oils that may serve as
the solvent or suspending medium, polyethylene glycols, glycerin, propylene glycol or other
solvents; antibacterial agents; antioxidants; chelating agents; buffers and agents for the
adjustment of tonicity such as sodium chloride or dextrose. A parenteral composition can be
enclosed in ampoules, disposable syringes or multiple dose vials made of glass or plastic.
The use of physiological saline is preferred, and an injectable pharmaceutical composition is
preferably sterile.

[0082] In certain embodiments, the pharmaceutical compositions comprising one or more
IL-17 antagonists and/or one or more regenerative therapies are formulated for transdermal,
intradermal, or topical administration. The compositions can be administered using a
syringe, bandage, transdermal patch, insert, or syringe-like applicator, as a powder/talc or
other solid, liquid, spray, aerosol, ointment, foam, cream, gel, paste. This preferably is in the
form of a controlled release formulation or sustained release formulation administered
topically or injected directly into the skin adjacent to or within the area to be treated
(intradermally or subcutaneously). The active compositions can also be delivered via
iontophoresis. Preservatives can be used to prevent the growth of fungi and other
microorganisms. Suitable preservatives include, but are not limited to, benzoic acid,
butylparaben, ethyl paraben, methyl paraben, propylparaben, sodium benzoate, sodium
propionate, benzalkonium chloride, benzethonium chloride, benzyl alcohol, cetypyridinium

chloride, chlorobutanol, phenol, phenylethyl alcohol, thimerosal, and combinations thereof.
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[0083] Pharmaceutical compositions comprising one or more IL-17 antagonists and/or
one or more regenerative therapies can be formulated as emulsions for topical application.
An emulsion contains one liquid distributed the body of a second liquid. The emulsion may
be an oil-in-water emulsion or a water-in-oil emulsion. FEither or both of the oil phase and the
aqueous phase may contain one or more surfactants, emulsifiers, emulsion stabilizers,
buffers, and other excipients. The oil phase may contain other oily pharmaceutically
approved excipients. Suitable surfactants include, but are not limited to, anionic surfactants,
non-ionic surfactants, cationic surfactants, and amphoteric surfactants. Compositions for
topical application may also include at least one suitable suspending agent, antioxidant,
chelating agent, emollient, or humectant.

[0084] Ointments and creams may, for example, be formulated with an aqueous or oily
base with the addition of suitable thickening and/or gelling agents. Lotions may be
formulated with an aqueous or oily base and will in general also contain one or more
emulsifying agents, stabilizing agents, dispersing agents, suspending agents, thickening
agents, or coloring agents. Liquid sprays may be delivered from pressurized packs, for
example, via a specially shaped closure. Oil-in-water emulsions can also be used in the
compositions, patches, bandages and articles. These systems are semisolid emulsions, micro-
emulsions, or foam emulsion systems.

[0085] According to some embodiments, the one or more 1L-17 antagonists and one or
more regenerative therapies can be formulated with oleaginous bases or ointments to form a
semisolid composition with a desired shape. In addition to the senolytic agent, these
semisolid compositions can contain dissolved and/or suspended bactericidal agents,
preservatives and/or a buffer system. A petrolatum component that may be included may be
any paraffin ranging in viscosity from mineral oil that incorporates isobutylene, colloidal
silica, or stearate salts to paraffin waxes. Absorption bases can be used with an oleaginous
system. Additives may include cholesterol, lanolin (lanolin derivatives, beeswax, fatty
alcohols, wool wax alcohols, low HLB (hydrophobellipophobe balance) emulsifiers, and
assorted ionic and nonionic surfactants, singularly or in combination.

[0086] In accordance with some embodiments the present inventors contemplate use of
specific HA binding peptides (HABPep) and extracellular matrix binding peptides
(ECMBpep) which can recapture HA that is lost through a physical or biological mechanism
and provide the stable anchor on the tissue surface that is necessary to dynamically bind and
concentrate HA where it is needed. Such peptides are disclosed in WO2015/009787 and

incorporated by reference herein.
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[0087] The present disclosure provides biological polymers or microbeads wherein said
biocompatible polymers comprise one or more IL.-17 antagonists and one or more
regenerative therapies and, potentially one or more additional active agents admixed therein,
conjugated to one or more ECMBPep which are covalently linked to the biocompatible
polymers; obtaining a sufficient amount of having one or more thiolated HA binding peptides
(C-HABPep) in a suitable solution; adding the solution and mixing for a sufficient period of
time to produce one or more biocompatible polymers having one or more HA binding
peptides (HABPep) which are covalently linked to the biocompatible polymers which are
covalently linked to one or more ECMBPep, and administering the solution into the site of
tissue injury locally.

IV. Kits

[0088] In another embodiment, the present disclosure relates to a kit for use in promoting
wound healing, tissue repair, or tissue regeneration in a subject in need thereof. In one
aspect, the kit comprises at least one pharmaceutical composition comprising at least one IL-
17 antagonist and at least one regenerative therapy. In another aspect, the kit can comprise at
least one first pharmaceutical composition comprising at least one IL.-17 antagonist and at
least one second pharmaceutical composition comprising at least one regenerative therapy.
The kit can also contain instructions for using the at least one pharmaceutical composition.
[0089] In yet another aspect, the at least one IL-17 antagonist is at least one IL-17
antibody or an antigen -binding portion thereof. For example, the IL-17 antibody can be a
monoclonal antibody, a chimeric antibody, a bi-specific antibody, a huma antibody or
antigen-binding portion thereof. In some aspects, the IL-17 antibody is a human antibody. In
some aspects, the at least one regenerative therapy is stem cells. In another aspect, the at
least one regenerative therapy is a biomaterial (e.g., ECM, platelet-rich plasma or any
combination thereof). In yet another aspect, the at least one regenerative therapy is
prolotherapy, lipogems or any combination thereof. According to some embodiments, kits
with unit doses of one or more of the agents described herein, usually in oral or injectable
doses, are provided. Such kits may include a container containing the unit dose, an
informational package insert describing the use and attendant benefits of the drugs in
promoting or improving wound healing or tissue repair.

[0090] Where a range of values is provided, it is understood that each intervening value,
to the tenth of the unit of the lower limit unless the context clearly dictates otherwise,
between the upper and lower limit of that range and any other stated or intervening value in

that stated range is encompassed within the disclosure. The upper and lower limits of these
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smaller ranges which may independently be included in the smaller ranges is also
encompassed within the disclosure, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding both of
those included limits are also included in the disclosure.

[0091] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present disclosure, the
preferred methods and materials are now described. All publications mentioned herein are
incorporated herein by reference to disclose and described the methods and/or materials in
connection with which the publications are cited.

[0092] It must be noted that as used herein and in the appended claims, the singular forms
“a”, “an”, and “the” include plural references unless the context clearly dictates otherwise.
All technical and scientific terms used herein have the same meaning.

[0093] The publications discussed herein are provided solely for their disclosure prior to
the filing date of the present application and each is incorporated by reference in its entirety.
Nothing herein is to be construed as an admission that the present disclosure is not entitled to
antedate such publication by virtue of prior disclosure. Further, the dates of publication
provided may be different from the actual publication dates which may need to be

independently confirmed.

Example 1: Age-related Immune-Stromal Networks Inhibit Response to Regenerative
Immunotherapies

[0094] Methods

[0095] Surgical procedures and implantation

[0096] All animal procedures were approved by Johns Hopkins University Institutional
Animal Care and Use Committee protocol. Mice aged 6 week (young) or 72 week (aged) were
obtained from the Jackson Laboratory (C57BL/6J: stock #00064). 4Get mice (stock #004190)
were obtained from the Jackson Laboratory and bred in-house. IL17A-GFP mice (courtesy of
F. Housseau, Johns Hopkins, MD) were bred in-house. The bilateral muscle defects in
quadricep were created as previously described®. The defects were either filled with 0.05 cc
of 200mg/ml biomaterial scaffold. Decellularized porcine extracellular matrix (ECM) was used
as a biological scaffold in 0.05 ml at a concentration of 200 mg/ml in phosphate-buffered saline

(PBS). Control surgeries were treated with 0.05 ml of PBS. All materials were sterilized with
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UV before use. Immediately after surgery, mice were given subcutaneous injection of
carprofen (Rimadyl, Zoetis) at 5 mg/kg for pain relief. For analysis, mice were euthanized at
1, 3, or 6 weeks after surgery, and various tissues (blood, inguinal lymph node, or muscle) were
extracted. All animal procedures in this study were conducted in accordance with an approved

Johns Hopkins University IACUC protocol.

[0097] Tissue ECM Preparation

[0098] Porcine-derived tissues (Wagner Meats, Mt. Airy, MD) were processed following
a protocol previously described®’. Tissues were formulated into a paste with particle sizes no
larger than 5 mm? and rinsed thoroughly with distilled water. Tissues were then incubated in 3
% peracetic acid (Sigma) on a shaker at 37°C for 4 hours. pH was adjusted to 7 with running
distilled water and PBS rinsing, and tested after solution was freshly changed. Samples were
then transferred to a 1 % Triton-X100 (Sigma) + 2 mM sodium EDTA (Sigma) solution on a
stir plate at 400 rpm, room temperature for 3 days. Tissues were then rinsed thoroughly with
distilled water and incubated in 600 U/ml DNase I (Roche Diagnostics) for 24 hours. Tissues
were rinsed with distilled water, frozen at -80°C and lyophilized for at least 3 days. Finally, dry
sample was turned into a particulate form using a SPEX SamplePrep Freezer/Mill (SPEX
CertiPrep). ECM powder was stored in -20°C until use, and UV sterilized immediately before
use.

[0099] Non-surgical animal experiments

[00100] Forexperiments comparing base line immunological difference between young and
aged, no surgery was given to young or aged animals, and blood or inguinal lymph node was
analyzed using flow cytometry, qRT-PCR, proteome profiler and histological evaluation.
Cytokine expression in blood was analyzed using proteome profiler cytokine array (R&D
systems) according to the manufacturer’s directions.

[00101] qRT-PCR

[00102] For total mRNA expression in muscle and inguinal lymph node, lysis was
conducted on whole tissues using TRIzol at 1 week or 6 weeks after surgery. RNA purification
was performed using RNeasy Plus Mini kit (Qiagen). PCR was all performed using TagMan
Gene Expression Master Mix (Applied Biosystems) according to the manufacturer’s directions.
Briefly, 2 ug of mRNA was synthesized into complementary DNA (¢cDNA) using Superscript
IV VILO Master Mix (Thermo Fisher Scientific) and was used at 100ng/well in a total volume
of 20ul of PCR. All qRT-PCRs were performed on the StepOnePlus Real-Time PCR System

(Thermo Fisher Scientific). Rerl, OAZ1, and Hprt were used as the reference gene and
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experimental groups were normalized to either no surgery or saline-treated controls. Low-
expressing mRNA transcripts were pre-amplified using the TagMan Pre-Amp System (Thermo
Fisher Scientific) following manufacturer’s recommendations with 10 cycles of amplification.
[00103] Flow Cytometry

[00104] Whole muscle or inguinal lymph node was harvested either without injury, 1, 3, or
6 weeks after surgery. Muscle tissues were obtained by cutting the quadriceps from the hip to
the knee, finely diced and digested for 45 min at 37°C with 1.67 Wiinsch U/ml Liberase TL
(Roche Diagnostics) and DNasel (0.2 mg/ml; RocheDiagnostics) in RPMI 1640 medium
(Gibco). The digested tissues were ground through 70 um cell strainers (Thermo Fisher
Scientific) and washed multiple times with PBS. For intracellular staining, cells were
stimulated for 4 hrs with Cell Stimulation Cocktail plus protein transport inhibitors
(eBioscience) diluted in RPMI 1640 medium supplemented with 10 % fetal bovine serum
(FBS). Cells were then washed and surface-stained, followed by fixation/permeabilization
(Cytofix-Cytoperm, BD) and intracellular markers. Flow cytometry was performed using
Attune NxT Flow Cytometer (Thermo Fisher Scientific) or Cytek Aurora (Cytek). Cells were

stained with the antibody panels listed in Table 1.
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Table 1: Antibody panel for the flow cytometry analysis.
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[00105] Splenocyte isolation and Th17 differentiation in vitro

[00106]

Spleens from young or aged mice were ground through 70 pm cell strainers

(Thermo Fisher Scientific) and washed multiple times with PBS. Cells were then incubated

with ACK lysing buffer (Thermo Fisher Scientific) in dark for 10 minutes for red blood cell

lysis, followed by multiple PBS wash. The cells were then differentiated using CellXVivo

mouse Th17 differentiation kit (R&D systems) for 5 days. For flow cytometry analysis, the

cells were collected and stained for flow cytometry. For proteome analysis, the media was
changed to T cell culture media (RPMI 1640 with 10% FBS, 1% Penicillin-Streptomycin,
1mM Sodium Pyruvate, 10mM HEPES, and 50nM 2-Mercaptoethanol) on day 5, then

cultured for additional 2 days. Supernatant was analyzed using proteome profiler cytokine

array (R&D systems) according to the manufacturer’s directions.

[00107]
[00108]

IL.17 neutralization treatment

Mice received 3 injections 20 pl intra-muscular injections of isotype control (rat

IgG2a, R&D systems), anti-IL17a (100 pg/ml, R&D systems), anti-IL17f (100 pg/ml, R&D

systems), or anti-IL.17a and anti-IL.17f combined, every other day. All mice received treatments

either at the day of surgery (for dosing experiment) or at 1 week after surgery (all other

experiments), and were harvested at 3 or 6 weeks after surgery.

[00109]

2

NanoString gene expression analysis
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[00110] Inguinal lymph nodes from no treat mice were used to isolate mRNA for
NanoString analysis. Gene expression was evaluated using the NanoString Autolmmune
Profiling Panel (NanoString Technologies, Inc.). 100 ng of RNA was added to a probe-set
mixture, and hybridized for 20 hours at 65°C. All samples were processed using a NanoString
Prep Station under high sensitivity mode, and mRNA target transcripts were counted using the
nCounter digital analyzer system (NanoString Technologies, Inc.). Data was analyzed using
nSolver software.

[00111] Histopathology

[00112] Tissues were harvested 1 or 6 weeks after surgery and fixed in 10 % neutral buffered
formalin for 48 hours. Tissues then underwent stepwise dehydration in EtOH, followed by
xylenes, and embedded in paraffin. Tissue samples were sectioned as 6 pm slices, then stained
for histopathological examination using Masson’s Trichrome, hematoxylin and eosin, or
immunofluorescence. Dystrophin and Laminin were stained using tyramide signal
amplification method with Opal-570 (PerkinElmer, catalog no. FP1488001KT). Briefly, after
blocking with bovine serum albumin for 1 hours, the primary antibody was incubated at room
temperature for 30 min, followed by 10 min of incubation with horseradish peroxidase (HRP)
polymer-conjugated secondary antibody, and 10 min of Opal. Slides were then counterstained
with 4',6-diamidino-2-phenylindole (DAPI) for 5 min before being mounted using DAKO
mounting medium (Agilent, catalog no. $302380-2). Imaging of the histological samples was
performed on a Zeiss Axio Imager A2 and Zeiss AxioVision software version 4.2.
Immunofluorescent images were analyzed using ImagelJ software.

[00113] Collection of single cell data sets

[00114] Drop-seq, a single cell microfluidics encapsulation technique, was used to prepare
libraries for CD45* enriched cell populations isolated from mouse quadriceps 1 week after the
treatments. For the CD45* enriched populations, dead cells were removed using the Miltenyi
Biotec Dead Cell Removal Kit followed by Miltenyi Biotec CD45 MicroBeads to separate
CD45+ and CD45- cells. After separation, an equal amount of CD45+ and CD45- cells were
pooled directly prior to input to Drop-seq. Drop-seq was run following the McCarroll Lab’s
December 2015 iteration of their published protocol available from their website
(http://mccarrolllab.org/dropseq/).

[00115] Data preprocessing and batch effect correction

[00116] Seurat was used for most processing steps where other software is not specified84.
All cell counts were pruned of cells with UMI counts below 200, cells with more than 10%

mitochondrial genes, and genes expressed in fewer than 0.1% of cells. We then normalized and
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scaled the data with regression on UMI count, G2M score, S score and percent mitochondrial
genes and integrated the data with Seurat. We then calculated principle components using the
top 2000 most variable genes. UMAP and shared nearest neighbor graph construction with
subsequent Louvain clustering was then run on principle components.

[00117] Cluster composition by condition

[00118] To assess cluster contribution, clusters from CD45% and CD45 cells were
normalized separately to avoid slight differences in percent of CD45" cells from enrichment
by sample skewing normalization. For each sample, total number of cells by cluster were
calculated and then normalized to the total of CD45* or CD45" cells in the dataset for the
sample. The proportions of each sample were then averaged by condition to determine a
condition-level average.

[00119] Phenotypic assignment of clusters

[00120] Seurat’s CellCycleScoring function was used to score cells based on expression of
a subset of genes previously identified as associated with the G2M or S phase®. Differential
expression testing for clusters was run using Mann-Whitney U tests. Each cluster was
compared against all other clusters. The resulting gene expression profiles were examined to
determine cluster phenotype. In many cases, unique expression of marker genes was sufficient
to determine cluster identity.

[00121] Intercellular signaling networks

[00122] Domino was used to investigate potential signaling patterns between clusters of
cells. Domino predicts activated transcription factors by cell using SCENIC* and then
constructs a network connecting transcription factors, receptors, and ligands based on similar
expression patterns. Default parameters for network construction were used. Networks were
calculated for old and young samples individually and then compared to determine signaling

components specific to each condition.

[00123] CoGAPS analysis

[00124] scCoGAPS¥ was used to perform non-negative matrix factorization (NMF) to
identify 10 underlying patterns. Prior to NMF, mitochondrial and ribosomal genes were
removed. It decomposes the data two matrices containing sets of low dimensional features, one
of which called the pattern matrix contains a set of weights for each cell and the other called
the amplitude matrix the corresponding weight for which each gene. The gene weights in the
columns of the amplitude matrix indicate how much a gene contributes to the expression

pattern identified by the corresponding row of the pattern matrix. The cell weights in the rows
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of the pattern matrix indicate how strongly a cell is enriched for the feature and can be used to
identify cells with similar expression patterns to the feature. Finally, other cell labels (condition
of origin, cluster label, etc.) can be compared with feature scores to identify how feature
expressions change with respect to experimental variables such that even if there are no
differences in cell clustering with ECM treatment or age, gene signatures can still vary
significantly and provide functional insights. The resulting amplitude and pattern matrices were
subsequently used to identify cells enriched by pattern and the genes driving patterns. Feature
numbers were selected to maximize distinct expression signatures.

[00125] Statistical Analysis

[00126] All analyses of gRT-PCR data used Livak method, where AACt values were
calculated and reported as relative quantification values calculated by 2-AACt. Data are
displayed as mean =+ s.d. Statistical analysis was performed using a one-way or two-way
ANOVA with Tukey’s corrections applied using GraphPad Prism v8, with statistical
significance designated at p < 0.05. All groups were compared to each other for multiple
comparisons unless otherwise stated.

[00127] Results

[00128] Aging reduces type 2 immune and tissue repair responses to regenerative
biomaterials

[00129] To evaluate the impact of aging on the immune response and resulting repair
efficacy, we first characterized the response to an extracellular matrix (ECM) biomaterial in a
muscle wound in young (6 week) and old (72 week) mice (Fig. 1a). ECM biomaterials, which
can be derived from the matrix of different porcine and human tissue types'®, are used for tissue

repair in multiple clinical indications!’!8

and are more easily delivered than cells and growth
factors'®!, We utilized clinically available’> ECM from porcine small intestinal submucosa
(SIS) as an example ECM material to model age-related differences in response. Muscle repair

requires a type 2 immune_response with IL4 signaling®-*

and alternatively activated
macrophages. Application of an ECM biomaterial in a muscle injury increases 1L4 expression
and promotes repair in part by increasing recruitment of IL-4 producing eosinophils and CD4*
T helper (Th) 2 cells®.

[00130] One week after volumetric muscle loss (VML) injury, aging significantly altered
the cytokine gene expression profiles in injured tissue and with ECM treatment (Fig. 1b). In
young animals, //4 gene expression increased in muscle tissue after injury with further

significant increases after ECM treatment. However, /4 expression did not increase after

injury in old mice and the level of expression after ECM treatment was significantly lower
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than the young animals. Instead, ECM treatment in aged mice significantly increased the
expression of /1171 (Il17a gene expression was not detected in the muscle tissue of young or
aged mice). Interestingly, other inflammatory genes, including Ifny, 1123a, 116, 111b, along
with Cdkn2a and S100a4, all increased similarly in both young and old mice with injury or
ECM treatment (Fig. 21).

[00131] Next, using multiparametric spectral flow cytometry (Fig. 5), we found injury and
ECM treatment resulted in distinct changes in immune and stromal cell responses in an aging
tissue environment (Fig. 1c and Fig. 6-8). A robust cellular response to a volumetric muscle
loss (VML) injury and ECM implant occurred in both young and aged animals but there were
significant differences in the composition of the immune and stromal compartments.
Specifically, the number and percentage of eosinophils in muscle tissue, a major source of
regenerative type 2 response, significantly increased in young animals with injury and ECM
treatment compared to no injury controls (Fig. 1c and Fig. 7-8). While the eosinophil counts
and percentage also increased in the muscle injury of aged mice with ECM treatment (Fig. 7),
their percentage as a total of all CD11b* myeloid immune cells was significantly lower
compared to young counterparts (p=0.0126; Fig. 8). The adaptive T cell immune response to
muscle injury and ECM treatment also significantly changed with age with more CD8 T cells
responding to injury in the aged animals compared to the CD4 and natural killer T (NKT) cell
response in the young (Fig. 7). The CD45 population, including fibroblasts, endothelial and
other stromal cells, also significantly increased in number after ECM treatment in aged
animals compared to young animals (p=0.0057; Fig. 7).

[00132] The significant differences in immune cell recruitment and cytokine expression
correlated with changes in tissue repair observed histologically (Fig. 1d and Fig. 23). One
week after injury and treatment, there was significant cell infiltration in both young and aged
mice, with ECM treatment further increasing cellular infiltration and collagen deposition as
visualized by Masson’s Trichrome staining. The area of injury and ECM appeared much
larger in the older animals suggesting that there was already significant repair occurring in
young animals that did not occur in the aged tissue environment. There was also excessive
adipose tissue in the muscle of aged animals compared to the younger counterparts, which
increased further with ECM treatment (Fig. 1d).

[00133] The adaptive T cell immune response to muscle injury and ECM treatment also
significantly changed with age with more CD8 T cells responding to injury in the aged animals
compared to the CD4 and natural killer T (NKT) cell response in the young (Fig. 34).

Introduction of the ECM biomaterial further magnified the differences in T cell response
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producing a significant increase in CD4 and NKT cells in young mice and further increasing
the CD8 T cells in aged mice (Fig. 7). The significant increase in CD4 T cell numbers in young
animals combined with surge of CD8 T cells in the aged animals after ECM treatment resulted
in a dramatic difference in the CD4 to CDS ratio between young and aged mice that likely
impacts the IL.4 production required for muscle repair.

[00134] Additional changes in the injury and ECM response with aging occurred in the B
cell and stromal cell populations. Before injury, the percentage of B cells was higher in aged
muscle tissue (Fig. 8). After injury and migration of immune cells to the damaged tissue, the
percentage of B cells was low in all groups, however, ECM treatment significantly increased
the number of B cells, specifically the mature CD19*B220" cells, only in the aged animals (Fig.
7). Finally, the CD45- population, including fibroblasts, endothelial and other stromal cells,
significantly increased in number after treatment with ECM in aged animals compared to young
animals (p<0.0057; Fig. 7).

[00135] Single cell analysis reveals age-specific immune and stromal response after
injury and regenerative medicine treatment

[00136] To further identify age-related signatures of injury and therapeutic response to a
regenerative biomaterial therapy, we performed single cell RNA sequencing (scRNA-seq) on
CD45*-enriched cells isolated from the muscle injuries with or without ECM treatment (Fig.
la). We found 15 distinct cell clusters in the merged samples (Fig. 1le and Fig. 9-11) that
included myeloid cells, T cells, granulocytes, fibroblasts, endothelial/pericytes, and skeletal
muscle cells. We observed two different macrophage subtypes containing Mrcl macrophage
(Mrcl Mc; MrcI"Ccl8™) and Argl macrophage (Argl Mc; Argl™Mmp12™) and detected
multiple clusters in the fibroblast population consisting of generic fibroblast (Gen Fib;
Collal™Col3al™), Mgp fibroblast (Mgp Fib; Mgp™Apod™), and Pil6 fibroblast progenitor
(Pil6 Fib; Pil6"Cd34™). Fibroblasts with high Mgp expression are typically defined as

reticular fibroblasts>®?

, and Pil6 is known to participate in regulating leukocyte infiltration
and activation of the endothelial barrier’®. Additionally, we identified generic myeloid cell
(Gen Myl; Adgrel®Cer2MCd74™), granulocyte type 1 (Gr-1; S100a8"111f9™), granulocyte type
2 (Gr-2; Ngp"Camp™), T cells (Trbc2"), CD209 dendritic cell (CD209 DC; Cd2094"), a
combination of endothelial cells and pericytes (Endo/Peri; Fabp™Rgs5™), and skeletal muscle
cells (SMC; Actal®Myh4™).

[00137] There were unique changes in cell clusters from ECM-treated muscle injuries in

young or aged animals (Fig. 12). Granulocyte cluster Gr-2, enriched with Camp expression,

increased after injury and ECM treatment only in young animals. Camp is associated with early
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31,32

transcriptional states of neutrophils and their cytokine and chemokine profile induces

migration of eosinophils®*-*

, supporting the increased eosinophil migration in young animals
found by flow cytometry (Fig.1c and Fig 8). The skeletal muscle cell cluster also increased
with ECM treatment only in young animals, further suggesting that ECM increased myogenic
activity primarily in young mice. On the other hand, the CD209" dendritic cell cluster, whose

cytokines are known to promote Th17 phenotypes in T cells*>-

, increased with ECM only in
aged mice. Other clusters including Gr-1, Gen Myl, Mgp fib, and Endo/Peri changed with ECM
treatment in a similar manner in both young and aged animals.

[00138] Aged animals exhibit impaired immune-stromal interactions required for
vascularization and tissue development

[00139] Tissue repair requires removal of debris, mobilization of stem cells,
vascularization, and secretion and organization of tissue-specific extracellular matrix that is
coordinated through complex immune-stromal cell interactions. To further probe the
differences in the young and aged tissue environment after trauma and biomaterial
application, we applied Domino to model cell-cell communication patterns using the data
obtained from scRNA-seq. Domino is a computational tool that identifies condition-specific
intercellular signaling dynamics based on transcription factor (TF) activation, which is
surmised based on regulon expression with SCENIC gene regulatory network analysis*®,
along with receptor (R) and ligand (L) expression independent of cluster*”. Domino
constructs a signaling network connecting TF-R-L, which are_specifically predicted to be
active in the data set. TF-R connections are determined by examining correlation between R
expression and TF activation scores across all cells in the data set, identifying TF-R pairings
with grouped increases of expression and activation in target cell populations. R-L pairs are
then determined for target receptors through the CellphoneDB2 database. In both young and
old animals, a force directed diagram of the TF-R-L signaling network self-assembled into
three signaling modules enriched in fibroblast, antigen processing and immune-tissue clusters
(Fig. 1f, top panel). Each module indicates signaling pathways with similarly enriched
activation in specific cell types. Increased module density and decreased connection across
modules both indicate a group of highly correlated signaling patterns expressed in a specific
cell population (both receptors and transcription factors). A complete list of the TFs and
receptors corresponding to the activated TFs is provided in Fig. 15, 16, and 32.

[00140] The fibroblasts in the aged tissue appeared to lose immunological properties and
the narrow localization of the activated TFs suggest reduced heterogeneity (Fig. 11, top

panel). The increased connectivity between fibroblast and immune-tissue modules in the

31



WO 2023/014764 PCT/US2022/039241

young signaling network indicates some level of plasticity in signaling in young animals, and
young fibroblasts appeared to respond to the signaling patterns active in immune-tissue
module. In contrast, the R and TF in the aged animals were almost completely disconnected
from the other signaling modules in the aged network, indicating a less diverse role of
signaling in the aged animals. None of the TF-R pairs in the aged immune-tissue module
were active in aged fibroblasts. Changes in cell communication can be further identified
when the single cell cluster receptor-ligand information is overlaid on the communication
score (Fig. 33), and aging disruption of the immune-stromal communication can be more
specifically identified (Fig. 1f, bottom panel). In particular, the stromal cluster vascular
(Endo/Peri) and skeletal muscle cell (SMCs) communication with the T cells that were active
in young mice during repair was severely diminished in aging mice, concordant with their
reduced tissue repair’’. T cell communication with the fibroblast population was also
significantly diminished in the aged mice.

[00141] Next, we utilized a Bayesian non-negative matrix factorization (NMF) algorithm
termed coordinate gene activity in pattern sets (CoGAPS) to capture additional gene sets
representing cellular processes from the single cell dataset independent of changes in cellular
clusters® (Fig. 1g). NMF is an alternative method to infer expression patterns that can span
multiple clusters, reflective of biological processes®’, with the Bayesian framework of
CoGAPS having additional sparsity constraints ideal for scRNA-seq analysis. The CoGAPS
NMF analysis found gene signatures of collagen production and assembly that are dominant in
the muscle injury of aged animals (Fig. 13), supporting the increased fibrosis observed
histologically (Fig. 23). More specifically, gene signatures associated with collagen markers,
such as Collal and Colla2, are enriched in fibroblasts from aged mice (Fig. 1g, upper panel,
high expression cells in red). Furthermore, a set of genes related to collagen matrix assembly,

including Dcn, Fos, and Egrl*

, is also more prominent in aged fibroblasts with ECM
treatment showing the highest levels. When overlaid with the cell clustering dataset, the gene
patterns were closely associated with specific fibroblast clusters: generic collagen genes with
Gen Fib and collagen matrix assembly gene sets with Mgp Fib (Fig. 1g, upper panel circled
with line).

[00142] CoGAPS analysis also highlighted gene profiles that were dominant in young
animals in the myeloid and macrophage cells (Fig. 1g, lower panel and Fig. 14). Genes
associated with activated (Lgals3, Gpx1, Vim)** or regulatory (Apoe, Clgb, Fcerl g)**

myeloid cells were all highly expressed in young animals compared to aged animals. While

the treatment with ECM further increased the expression MHClI-associated genes (Cd74,
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H2-Aa, H2-Eb1I) in both young and aged animals, their gene signatures were much more
distinct within the young. When overlaid with cell clusters, we found an MHClII-associated
gene pattern predominant in the Gen Myl cluster (Fig. 11), which increased with ECM
treatment (Fig. 12). The majority of additional gene patterns in myeloid and macrophage cells
were also dominant in the young mice (Fig. 14). This suggests that even though some cell
clusters increased with ECM treatment in a similar manner between young and aged mice,
they may have different gene signatures that impact functional outcomes. Furthermore, the
loss of myeloid function in older animals may contribute to the impaired regeneration
response to tissue injury and ECM biomaterials.

[00143] Altogether, the flow cytometry and single cell analysis demonstrate that key
immune populations involved in muscle repair and a regenerative therapeutic response, such
as eosinophils and CD4 T cells, decrease with aging. Furthermore, aging increases pro-
inflammatory cells such as CD8 T cells and increases fibrosis signatures in response to
regenerative treatments while at the same time decreasing immune activity features in myeloid
and macrophages cells relevant for tissue repair including antigen presentation and
mobilization.

[00144] Aged animals exhibit reduced cell-cell communication networks and impaired
fibroblast interactions

[00145] To further probe the differences in the young and aged tissue environment after
trauma and biomaterial application, we applied Domino analysis to model cell-cell
communication patterns using the data obtained from scRNA-seq (Fig. 2). Domino is a
computational tool that identifies condition-specific intercellular signaling dynamics based on
transcription factor (TF) activation, which is surmised based on regulon expression with
SCENIC gene regulatory network analysis*, along with receptor (R) and ligand (L) expression
independent of cluster identification®. Domino constructs a signaling network connecting TF-
R-L which are specifically predicted to be active in the data set. In both young and old animals,
a force directed diagram of the TF-R-L signaling network self-assembled into three gene
modules enriched in fibroblast, antigen processing and immune-tissue clusters (Fig. 34). Each
module indicates signaling pathways with similarly enriched activation in specific cell types,
and connections between the modules indicate signaling patterns which are active in more than
one cell type. The fibroblast module in aged mice demonstrated a limited connection with other
modules, suggesting impaired communication between immune and stromal populations. The
antigen-processing module, represented by macrophages, myeloid cells, dendritic cells and T

cells, interacts with both the fibroblast and immune-tissue module in young mice muscle. In

33



WO 2023/014764 PCT/US2022/039241

aged animals, however, the fibroblast module reduced to only one connection with antigen
processing and no interactions with the immune module, consistent with the CoGAPS results
that showed limited immune activity features in myeloid and macrophage cells of aged mice.
[00146] Lack of inter-modular signaling with aging became more distinguished when inter-
cluster dynamics are analyzed (Fig. 34, bottom panel). Clusters such as S100a8hill1{%hi Gr-1,
Endo/Peri, and T cells demonstrated active communication networks with other cell
populations in young mice, however, their inter-cluster crosstalk diminished in old mice. While
there was still some communication among cell clusters in aged animals, their signaling was
much weaker compared to young animals. In particular, the lack of communication with the
Endo/Peri cluster is likely relevant to muscle tissue regeneration because muscle stem cells and
satellite cells are known to recruit endothelial cells to secrete growth factors such as IGF-1,
HGF, bFGF, and VEGF to promote satellite cell growth, thereby affecting the degree of
capillarization of the myofibers, angiogenesis and ultimately myogenesis™.

[00147] Unique transcription factor activation identifies a type 3 immune profile in
aging

[00148] To identify signaling components that may be responsible for reduced cell
signaling and impaired wound healing with age from the single cell and Domino analysis, we
compared the transcription factors and receptors active in the young and old networks (Fig.
2a, Fig. 15, Fig. 16 and Fig. 32). We identified several receptors common in both young and
old signaling networks that correlated with activation of different TFs depending on age (Fig.
16 and Fig. 32). These TFs are connected to IL4 and IL17 immune cytokine expression
which negatively regulate each other to reinforce the differentiation pathways that were
disrupted in the aging tissue. For example, we found transforming growth factor beta receptor
1 (Tgfbrl) in the immune-tissue module of young and aged animals correlated with Batf
activation only in aged mice. Batfis one of the activator protein-1 (AP-1) proteins that
controls Th17 differentiation®?, supporting the type 3 immune profile with aging.
Additionally, a signal transduction adaptor Tyrobp, which was expressed in antigen
processing modules in both age groups, correlated with Batf3 activation, which regulates Th2

cell function while inhibiting the differentiation of regulatory T cells*®>

, only in old mice.

[00149] We then used String network to examine protein-protein interactions between the
age-specific transcription factors (Fig. 2a right panel and Fig. 17). The resulting network
highlighted the aged animals-specific transcription factors, Foxo3, Mef2c, Tcf712, Cebpa,
Statl, and Batf as integral to the unique aging immune transcriptional network. To understand

the biological significance of the age-specific TFs, we then performed gene set enrichment

34



WO 2023/014764 PCT/US2022/039241

6465 and enriched gene ontology (GO) terms to classify the

(GSE) analysis using Enrichr
biological processes in which they function (Fig. 2b). The young-specific TFs were associated
with pathways involved with regulation of red blood cell differentiation or cytokinesis, and
more importantly, endothelial cell differentiation. On the other hand, aged animal-specific TFs
were enriched for fat cell differentiation, Th17 differentiation and myeloid DC differentiation
pathways. Signaling associated with Th17 differentiation is known to negatively regulate

eosinophil recruitment and IL4 expression>+66:67

, suggesting that this immunological skewing
in the TFs with aging may be responsible for the impaired Th2 response to the regenerative
ECM biomaterial in the old animals.

[00150] To validate the computationally predicted type 3 immunological skewing in aged
animals, we analyzed the baseline proximal inguinal lymph node (iLN) properties before
injury. We first compared the gene expression profile of iLNs from the naive (no injury) young
and aged mice using Nanostring analysis (Fig. 2¢ and Figs. 18-19) and flow cytometry (Fig.
2d and Fig. 20). Aged lymph nodes expressed lower levels of general T cell markers such as
Cd3e and Cd3d, consistent with the known decrease in T cell numbers with aging. However,
the expression of NF-«kb/TNFa-, Fc receptor- or Thl7-associated gene sets, all of which are
potent inducers of Th17-mediated inflammation®, increased in the aged lymph nodes (Fig. 2c
and Fig. 18). Pathway scoring further suggested that aging promoted T cell activation and
skewing in Th17 differentiation or Th17-biology related gene expression (Fig. 2¢ and Fig. 19).
Flow cytometric analysis further supported a type 3-skewed immune environment in the aging
lymph node with a significantly higher proportion of IL17-producing CD4 and yo T cells
present in the aged iLN compared to the young (Fig. 2d and Fig. 20). While both the Thl
(IFNy* CD4) and Th17 (IL17a* CD4) cells increased with aging, the y6 T cells switched
phenotype from type 1 (IFNy*) to type 3 (IL17%).

[00151] Aging CD4 T cells demonstrate a unique Th17 immune phenotype

[00152] To further evaluate the age-associated type 3 immune signatures, we evaluated
whether aging CD4 T cells have a higher propensity for Th17 differentiation compared to
young CD4 T cells (Fig. 2e-g). As expected, CD4 T cells isolated from the lymph nodes and
spleen of aged animals exhibited fewer naive (CD44-CD62L-) but significantly higher
percentages of effector (CD44*CD62L") CD4 T cells compared to the young with the greatest
difference found in cells isolated from the spleen (Fig. 2e). The effector T cells had notably
higher percentages of RORyt expression, a lineage defining transcription factor of Th17 cells,
particularly in cells isolated from the lymph node. To determine if the increased numbers of

Th17 cells (Fig. 2e) was due to an increased propensity for differentiation, we isolated naive
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CDA4 T cells from the spleen of young and old animals, and cultured in Th17 skewing
conditions in vitro (Fig. 2f). Naive CD4 splenocytes from aged animals demonstrated
significantly more effector cells and RORyt* Th17 cells when cultured in skewing conditions
compared to young animals (Fig. 2f, right panel). In addition to increased skewing into
RORyt" Th17 cells during in vitro culture, T cells from aged animals had a different
secretome after skewing. Proteome analysis on the cells differentiated from naive aging CD4
T cells showed significant upregulation in inflammatory cytokines, including 1L.12p40, a
subunit for IL-23 that is required for Th17 differentiation, IL-6 family leukemia inhibitory
factor (LIF), CCL5, CCL6, CCL22 and many others (Fig. 2g). This data suggests that naive
CDA4 T cells from aging environment differentiate into a unique Th17 phenotype, and aging
Th17 cells demonstrate a different secretory profile compared to young Th17 cells including
more VEGF and CCLS, both of which play a direct role in angiogenesis.

[00153] Aging induces a local and systemic type 3 immune response to injury and
biomaterial therapy

[00154] We analyzed more in depth the source of immune dysfunction after injury and ECM
treatment in old animals (Fig. 3). Cytokine gene expression and protein profiles in the muscle
tissue differed with age (Fig. 3b, 36). 14 gene expression, critical for muscle repair, increased
in muscle tissue only in young animals after injury with further significant increases after ECM
treatment (Fig. 3b). In aged animals, injury did not increase 114 expression in muscle, and its
level of gene expression after ECM treatment was significantly lower than the young animals
with ECM. Instead, ECM treatment in aged mice increased the expression of I/17f (Il17a gene
expression was not detected in the muscle tissue of young or aged mice). Other inflammatory
genes, including Ifny, 1123a, 116, 111b, along with Cdkn2a and S100a4, all increased similarly
in both young and old mice with injury or ECM treatment (Fig. 21).

[00155] As the aged animals have higher baseline IL17 expression that increases
significantly after injury and ECM treatment, we next analyzed in detail the source of IL17
(Fig. 3). Using young and aged IL17A-IRES-GFP-KI (IL17A-GFP) mice, we found v T
cells, CD4 T cells, and innate lymphoid cells (ILC) all expressed IL17A after injury and
increased in number after ECM treatment in both young and aged mice (Fig. 22). The
percentage of IL17A*y3 T cell, however, only significantly increased in aged animals with
ECM treatment compared to injury alone and the percentage of IL17A* CD4 T cells
increased only in aged animals with ECM treatment compared to no surgery (Fig. 3b). The

percentage of ILCs expressing IL17A was similar among all groups except for naive aged
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muscle tissue where there were significantly higher baseline levels, albeit in small cell
numbers.

[00156] To determine the functional impact of the different immune environments in the
young and aged animals on the ECM response and tissue repair, we evaluated the tissue
histology 1 week after injury and treatment (Fig. 1d and Fig. 23). There was significant cell
infiltration after injury in both young and aged mice, and ECM treatment further increased
cellular infiltration and the presence of collagen as visualized by Masson’s Trichrome staining.
Consistent with the GSE analysis that demonstrated age-associated TFs were enriched for fat
cell differentiation (Fig. 2b), there was excessive adipose tissue in the muscle of aged animals
compared to the younger counterparts, which increased further with ECM treatment.

[00157] We then assessed the regional and systemic response to injury and ECM treatment
in the lymph nodes and blood from young and aged mice (Fig. 3c-g and Fig. 24-26). First, we
observed visible differences in the size of the draining (inguinal) LNs with the young LNs
appearing much larger before and after injury and increasing further in size with ECM
treatment compared to the aged animals (Fig. 3c). Quantification of iLN volume using caliper
measurements confirmed a significant increase in size in the young animals with ECM
treatment. The LN size correlated with total cell numbers in iLN with injury and ECM
treatment significantly increasing the number of CD45%cells in young animals, while only
ECM treatment significant increased cell numbers in the aged animals albeit to a level
significantly lower than young animals (Fig. 24). In contrast to the lymph node, muscle tissue
did not demonstrate significant differences in total CD45*cell number between young and
aged animals after ECM treatment (Fig. 7), suggesting that the lymph node highlights the
age-associated immune and regenerative dysfunction that may be responsible for poor muscle
regeneration with age.

[00158] Gene expression for canonical cytokines in the lymph node correlated with the
immune profiles found in the muscle tissue. ECM treatment significantly increased 114
expression in young iLNs only (Fig. 3d) and there were minimal changes in Ifny expression.
Strikingly, both I117a and 117f expression significantly increased only in aged animals after
injury and ECM treatment. We further analyzed the expression of genes that relate to Th17
skewing, as defined by String network analysis; Mmp3, Mmp9, Cxcll, Ccl20, and Cxcl5%.
Expression of these genes occurred at low levels in all conditions in naive young and aged
animals but significantly increased only after injury and ECM treatment in aged mice (Fig.
3e), suggesting that injury further triggered a type 3 immune response beyond the baseline in

an aging tissue environment. Multiparametric flow cytometry analysis of the cells from the
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iLN further confirmed the trend with increasing numbers and percentages of IL17A*yd and
CDA4 T cells after ECM treatment only in aged mice (Fig. 3f and Fig. 25). In addition, B cells
also exhibited age-specific changes after injury and ECM treatment (Fig. 24). Similar to the
increased number of B cells in aging muscle tissue (Fig. 7), iLN from old animals had
significantly higher percentages of B cells after injury and treatment, further skewing T to B
cell ratio with age.

[00159] To further assess the systemic immune changes with aging, we analyzed cytokines
in serum using proteome profiler (Fig. 3g and Fig. 26). In addition to increased IL17 in the
serum of aged mice, there was also increased level of the B cell chemoattractant factor
CXCL13, suggesting that the increased B cell signatures in aged muscle and lymph nodes
also extended systemically. CXCL13 also significantly increased in blood after injury in old
mice (Fig. 26), further supporting that injury promotes a B cell response solely in old animals
where the overall number of T cells and naive T cells is significantly reduced. Additionally,
IL1A, a potent inducer of IL17 from T cells”, and CXCL1, one of IL17-induced chemokines,
also increased in serum from the aged mice. IL.23, a protein that can expand Th17 cells’!,
increased in response to injury only in old mice. Collectively, these data show that injury and
ECM treatment in aged animals triggered a local and systemic type 3-mediated immune
response that may be responsible for the decreased regenerative and therapeutic response
with aging.

[00160] Inhibition of TL17 rejuvenates type 2 response after muscle injury in aged
animals

[00161] Since IL17 is associated with fibrosis’>’* and negatively regulates IL4 that is
needed for tissue repair, we investigated if IL17 neutralizing antibodies (alL17) could restore
IL4 expression and tissue repair that is lost with aging. We first evaluated the dose and timing
for delivery (Fig. 27). A minimum of three injections was required to reduce inflammatory
markers in the tissue after injury in aged mice. However, initiating alL.17 injections at the
time of injury stunted infiltration of immune (CD457) cells including IL4* cells that are
critical for tissue repair, suggesting the importance of acute I1.17 during wound healing to
attract the immune effectors and initiate tissue regeneration (Fig. 27b). We then tested
initiation of alL.17 injections one week after injury to allow immune infiltration before
blocking (Fig. 4a). Using aged 114™!"% mice (4Get), which have a fluorescent reporter for
IL4 expression, we found that both aIllL17A and alILL17F treatment one week after injury
significantly increased the number of IL4* eosinophils and CD4 T cells three weeks after
injury.
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[00162] Combination therapy of pro-regenerative ECM and «IL.17 rejuvenates muscle
repair in aged mice

[00163] Since allL17 treatment alone restored IL4 expression after injury in aged animals,
we tested a combination therapy approach with pro-regenerative ECM and alL17 (Fig. 4b).
Muscle wounds in aged animals received ECM treatment at the time of surgery and local
alL17 one week after injury. Six weeks after injury in aged 4Get mice, the antibody treatment
after ECM implantation increased CD45" cell numbers (Fig. 28), however, only the alL.17A
treated animals had a significantly higher number and percentage of IL4*CD45" immune
cells, and number of IL4"CD4" T cells compared to the oIL.17F or ECM only groups, albeit
in small numbers at this later time point. Three weeks after combination therapy, we observed
a significant decrease in yd T cell numbers, a major source of IL17, in mice treated with
alL17A or alL17F using multi-spectral flow cytometry (Fig. 29).

[00164] We then explored the therapeutic response to ECM-allL17 combination in the
muscle wound and tissue repair. Six weeks after injury, muscle tissue from aged C57BL/6J
mice treated with ECM and alL17A expressed significantly lower levels of numerous
fibrosis- or adipose-associated genes that CoGAPS analysis identified as increasing in aged
animals (Fig. 4¢, top left panel). Specifically, collagen type Ill al (Col3al) and collagen type
V al (Col5al) decreased significantly only with ECM-aIL17A combination treatment.
Additionally, adipose-associated genes, such as Ppary, Fabp4, and Adipog all dramatically
decreased with aIL17A treatment. Other fibrosis-related genes, such as Fap and Pdgfa™,
decreased with alL17A or alL17A/alL17F (Fig. 30). Expression of the inflammatory gene
Mmpl3 significantly decreased with any combination of aIL.17 treatments, however, RAR-
related orphan receptor type ¢ (Rorc), which is critical in the differentiation of Th177, was
only downregulated with a combination of alL17A/alL17F treatment. Differences in gene
expression profile between the alL17A and alL17F-treated groups suggest that there may be
a distinction between IL17a and IL17f signaling pathways.

[00165] Histological evaluation of the muscle defect in aged animals treated with
combination therapy supported the immunological and gene expression results with increased
repair and reduced fibrosis depending on the form of IL.17 neutralization (Fig. 4c and Fig.
31). Aged mice treated with ECM alone demonstrated collagen deposition and fibrosis that
decreased with alLL17A or combination alL.17A/alL17F treatment as visualized by Masson’s
trichrome. Adipose deposition in the repaired tissue also decreased with ECM-alL17A
combination treatment as visualized in the histology, supporting the gene expression results.

Additionally, a combination treatment induced nuclear repositioning from the periphery to
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the center of muscle cells (Fig. 4d), a characteristic of repairing muscle tissue that did not
occur in animals treated with injury or ECM alone. Nuclear positioning is critical in muscle
fiber function, and it was shown that myofibers that are regenerated several weeks after
muscle damage can be characterized by centrally localized nuclei’®”’. Quantification of
muscle cells with centrally-located nuclei demonstrated that ECM-aIL17A combination
treatment significantly increased the percentage of regenerating muscle fibers compared to
the injury or ECM alone groups (Fig. 4d, right panel). Altogether, we demonstrate that aging
significantly alters the immune and stromal response to muscle injury and therapeutic
biomaterials in the local tissue, regional lymph nodes and systemically in blood. These
altered responses, characterized by increased IL.17, reduced 1.4 and excess fibrosis and
adipogenesis, can be mitigated with a combination therapy of a pro-regenerative ECM
material and an [L17 antibody to promote the repair capacity in aging tissue.

[00166] Analysis

[00167] In this work, we uncovered age-related changes associated with type 3 (IL17)
immunity that are present in secondary lymphoid organs, that is further exacerbated after
muscle injury and treatment with a regenerative ECM biomaterial. Repaired tissue in the aged
animals is characterized by excessive fibrosis and adipose tissue with treatment. Single cell
analysis revealed excessive collagen activity and abnormalities in myeloid and antigen
presentation in the aged animals. Cell communication highlighted diminished immune-
stromal cell interactions with aging, particularly between aged T cells, which had an altered
secretome, and vascular-related clusters (endo/peri) and muscle cells. Combination therapy of
the ECM scaffold with an IL17 neutralizing antibody in the aged animals restored, in part, the
pro-regenerative immune response and tissue repair while reducing fibrosis and excess
adipose.

[00168] Tissue injury mobilizes the immune system and uncovers new age-associated
dysfunctions that may not be otherwise apparent. Aging is associated with numerous chronic
diseases and increased incidence of cancer’®. Healthy aging though, even without overt
disease, results in longer recovery times from tissue injury. Changes in cellular composition
with aging may be in part responsible for reduced healing capacity including decreased
endogenous stem cell numbers and activity, in addition to reduced fibroblast heterogeneity®”.
However, the pivotal role of the immune system in the response to tissue injury and directing
tissue repair is critical to consider as there are many age-related changes in the immune
system. Even the epigenetic changes that have been implicated in age-associated repair

dysfunction” may extend to the aging immune response to tissue damage as we observed a
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different secretome of aged Th17 skewed cells cultured in similar conditions to young T cells
that is likely due to epigenetic changes. As regenerative medicine strategies are moving to
target the immune system, understanding these age-associated immune changes will be
critical to develop regenerative immunotherapies that are relevant to the older patient
populations that are more likely to suffer from delayed or inadequate tissue repair. Finally, as
biological age does not always correlate with chronological age, relevant diagnostics and
personalized therapeutic approaches may be needed.

[00169] While multiple regenerative medicine therapies are available, we chose ECM
biomaterials to evaluate in an aging environment because of their clinical use'S.

[00170] ECM biomaterials derived from allograft and porcine sources are approved for
wound healing and reconstructive surgery applications, orthopedic, and ophthalmologic
indications'®#!#2, ECM materials contain a complex mixture of proteins, proteoglycans, and
even matrix-bound vesicles that likely all contribute to damage signals and other as yet
determined factors that mobilize multiple immune and stromal cell types to promote tissue
repair.

[00171] Aged animals exhibited a baseline inflammatory state with more CD8" T cells and
Th17 cells, the latter being most predominant in the lymph nodes. In the muscle tissue,
however, IL17 expression was only observed after injury and ECM treatment, which induced
the most significant increases in IL17. While ///7a and f were observed in the lymph node,
only I/17f gene expression was found in the muscle tissue. Injury in the older animals
uncovered many age-related signatures associated with IL17 and its signaling, and this was
further exacerbated with ECM implantation. The cytokine IL.17 is a component of the host
defense against extracellular pathogens®>%, but is also associated with fibrosis and fibrotic

disease™"

, suggesting a common mechanism of “walling off” uncontrolled pathogens and
maintaining barrier surfaces and microbiome balance. While IL17 is important for the
recruitment of effector immune cells for wound repair and host defense, its chronic state with
aging can further induce carcinogenesis, fibrosis, and inappropriate immune responses. Age-
associated commensal dysbiosis may contribute to the excess [LL17 in addition to senescence-
induced immunomodulation that promotes IL17%. As mice are reared in a controlled lab
environment, the increased aged-associated IL.17 related to gut dysbiosis may be even greater
and more variable in people that have more diverse environment exposure, diet, and etc.
[00172] Cell communication analysis by Domino uncovered active immune-stromal

module interactions in young animals that were impaired and limited in an aging

environment. Young mice demonstrated immune-stromal communication associated with
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vascular development and muscle cell activity, both of which are well recognized for their
roles in tissue repair. Interestingly, the aged Th17-skewed cells secreted more VEGF in vitro
compared to the young T cells, suggesting a possible epigenetic memory associated with
vascular insufficiency. In_addition to VEGF, the aged Th17 cells also secreted increased
levels of LIF, a component of the Stat3 and Wnt signaling pathway involved in vascular
development. Vascular insufficiency and impaired VEGF signaling is a hallmark of aging,
particularly in the microvasculature which is a necessary component of tissue repair
regeneration®.

[00173] In summary, the immune system represents a new therapeutic target for
regenerative medicine. However, the complexity of the immune system in people and
variability related to intrinsic genetic, sex differences, exposure history and environmental
factors that only increases with age must be considered in therapeutic design. Combination
therapies, a standard approach in cancer treatment, should be extended to regenerative
medicine where complex interactions between the immune system, stem cells, and the

vascular system contribute to repair outcomes.
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CLAIMS

What is claimed is:

1. A method for promoting wound healing, tissue repair, or tissue regeneration,
in a subject in need thereof, the method comprising administering a therapeutically effective
amount of at least one pharmaceutical composition comprising at least one IL.-17 antagonist
and at least one regenerative therapy to the subject.

2. The method of claim 1, wherein the at least one IL.-17 antagonist and
regenerative therapy are administered simultaneously to the subject.

3. The method of claim 1, wherein the at least one IL.-17 antagonist and
regenerative therapy are administered sequentially to the subject.

4. The method of any of claims 1-3, wherein the IL-17 antagonist, regenerative
therapy, or the IL-antagonist and regenerative therapy are administered systemically to the
subject.

5. The method of claims 1-4, wherein the at least one IL-17 antagonist,
regenerative therapy, or the [L-antagonist and regenerative therapy are administered locally
to the site of the wound or area of tissue repair or regeneration in the subject.

6. The method of any of claims 1-5, wherein the subject has one or more
inhibitory factors that inhibit or prevent regeneration.

7. The method of claim 6, wherein the inhibitory factors may be age, infection,
autoimmune disease or any combination thereof.

8. The method of any of claims 1-7, wherein the IL-17 antagonist is an IL-17
antibody or an antigen-binding portion thereof.

9. The method of claim 8, wherein the IL-17 antibody, or antigen-binding
portion thereof, is a monoclonal antibody, a chimeric antibody, a bi-specific antibody, a
human antibody, or antigen-binding portion thereof.

10. The method of claim 9, wherein the IL-17 antibody, or antigen-binding
portion thereof, is a human antibody.

11. The method of claim 10, wherein the human antibody, or antigen-binding
portion thereof, can specifically bind to human IL-17A, human 1L-17F and/or human IL-
17A/F.

12. The method of any of claims 1-11, wherein the at least one regenerative
therapy is stem cells, platelet-rich plasma, extracellular matrix (ECM), prolotherapy,

lipogems, or any combinations thereof.
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13. The method of any of claims 1-12, wherein the method further comprises a
single pharmaceutical composition containing at least one IL.-17 antagonist and at least one
regenerative therapy.

14. The method of claim 13, wherein the pharmaceutical composition is a
delayed-release composition.

15. The method of any of claims 1-12, wherein the method further comprises a
first pharmaceutical composition containing at least one I[L.-17 antagonist and a second
pharmaceutical composition containing at least one regenerative therapy.

16. A kit for use in promoting wound healing, tissue repair, or tissue regeneration,
in a subject in need thereof, the kit comprising at least one pharmaceutical composition
comprising at least one IL-17 antagonist and at least one regenerative therapy.

17. The kit of claim 16, wherein the IL-17 antagonist is an IL-17 antibody or an
antigen-binding portion thereof.

18. The kit of claim 17, wherein the IL-17 antibody, or antigen-binding portion
thereof, is a monoclonal antibody, a chimeric antibody, a bi-specific antibody, a human
antibody, or antigen-binding portion thereof.

19. The kit of claim 18, wherein the IL-17 antibody, or antigen-binding portion
thereof, is a human antibody.

20. The kit of any of claims 16-19, wherein the at least one regenerative therapy is
stem cells, platelet-rich plasma, extracellular matrix (ECM), prolotherapy, lipogems, or any
combinations thereof.

21. The kit of any of claims 16-20, wherein the kit comprises a single
pharmaceutical composition containing at least one IL.-17 antagonist and at least one
regenerative therapy.

22. The kit of claim 21, wherein the pharmaceutical composition is a delayed-
release composition.

23. The kit of any of claims 16-20, wherein the kit comprises a first
pharmaceutical composition containing at least one IL-17 antagonist and a second

pharmaceutical composition containing at least one regenerative therapy.
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