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THEREOF

(67)  The presentinvention provides a biomaterial for
immunomodulation comprising aggregates of phenotyp-
ically stabilized cells. Said biomaterial is meant to be pref-
erentially administered in a limited location and provides
immunomodulation for preventive or therapeutic purpos-
es.

It is also part of the present invention the process for
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production of the mentioned biomaterial and uses there-
of. More specifically, the biomaterial forimmunomodula-
tion herein disclosed adds benefit in contexts of trans-
plantation, chronic inflammation, autoimmune diseases,
acute inflammation, cancer treatment, or in injured tissue
regeneration.
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Description

TECHNICAL FIELD

[0001] The presentinvention relates to cell-based ther-
apies and provides a biomaterial forimmunomodulation
comprising aggregates of phenotypically stabilized cells,
the process for its production and uses thereof.

[0002] Said biomaterial is meant to be preferentially
administered in a limited location and provides immu-
nomodulation for preventive or therapeutic purposes.

BACKGROUND OF THE INVENTION

[0003] Cell-based therapeutics have enabled control-
ling the host's microenvironment and immune system.
Such cellular therapies may exhibit immunomodulatory
features which may either activate or suppress the im-
mune system’s function.

[0004] Cell-based immunomodulatory technologies
have been proposed as strategies to replace or reduce
the use of classical systemically administered and non-
specific immunosuppressants in contexts of chronic in-
flammation and transplant rejection (Woodward, K.B. et
al., 2020). Those may also find application as anti-inflam-
matory and pro-healing agents for the regeneration of
injured tissues, or even as activators of the immune sys-
tem to treat cancer or infections (Lin, J.C. et al., 2021).
[0005] The treatment of most immune-mediated
pathologies, such as chronic inflammatory diseases or
conditions, and the prevention of transplant rejection, re-
lies on the prolonged (or lifelong) use of systemic and
nontargeted immunosuppressants as the gold standard
(Wekerle, T. et al., 2017). The subsequent global immu-
nodepression of patients by the constant exposure to
systemic immunosuppressant drugs predisposes them
to infections and to the development of malignant tumors.
These severe long-term morbidities most times invali-
date the therapeutic effect of transplants (Sellares, J. et
al., 2012).

[0006] Several cell-based therapies were suggested
toreduce or replace the use of classical immunosuppres-
sants and anti-inflammatory drugs in inflammation set-
tings (Sousa, A.R.etal.,2021). Those are based on strat-
egies such as i) the adoptive transfer of tolerogenic cells;
ii) the delivery of cells artificially engineered towards
tolerogenicity; iii) approaches combining immunomodu-
latory cells and biomaterials; and iv) the induction of he-
matopoietic chimerism regimens (W0O2016/086020A1;
Kobayashi, S. et al., 2020; Sawitzki, B. et al., 2020; Mao,
A.S. et al,, 2019; and Duran-Struuck, R. et al., 2017).
[0007] The administration and retention of immu-
nomodulatory therapeutics in a specificlocation has been
explored as a way to decrease the intake of systemic
immunosuppressants to minimal administration regi-
mens, while locally controlling phenomena as graft re-
jection (Woodward, K.B. et al., 2020), or achieving local-
ized tissue regeneration and vascularization (Dellache-
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rie, M.O. et al., 2019).

[0008] In particular, biomaterial-based strategies com-
prising the presentation of specific domains present in
cells have been used to provide localized immunomod-
ulation in the context of allogeneic transplantation
(US6875430B2; Woodward, K.B. et al., 2020; and Head-
en, D.M. et al., 2018).

[0009] There are few reports concerning systems ca-
pable of providing immunomodulatory activity in a spa-
tially defined manner, using exogenous biomaterials
(Headen, D.M. et al. (2018); and Garcia, J.R. et al.
(2019)), and mostly targeting tissue regeneration.
[0010] The premises above exposed characterize the
technical problem that in the present disclosure relates
to create an immunomodulatory cell-based technology
to replace or reduce the use of non-specific immunosup-
pressants in context of any inflammatory disease or con-
dition, such as in transplantation, for instance, and also
trigger suppression of acute inflammation scenarios and
its symptoms, for example benefiting several regenera-
tive medicine applications.

[0011] It has been strongly suggested that the effec-
tiveness of therapies towards chronic conditions (e.g.,
osteoarthritis) depends on a long-lasting effect of immu-
nomodulatory effects (Scanzello, C.R., 2017).

[0012] Living cells have the ability to change their phe-
notype when exposed to different environmental cues,
and also undergo through death (e.g., apoptosis) in a
certain period of time (Galleu et al., 2017; and Nombela-
Arrieta, C. et al., 2011).

[0013] However,there are noreports of cell-based sys-
tems capable of providing long-lasting and stable immu-
nomodulatory activity in a localized manner.

[0014] Therefore, the present invention provides a bi-
omaterial for immunomodulation, which comprises ag-
gregates of phenotypically stabilized cells, preferably de-
vitalized, with preferential use in the localized adminis-
tration and prolonged treatment of inflammatory diseas-
es or conditions, and for regenerative medicine.

[0015] Itis also expected that the fine tuning / tailoring
of the features of the present biomaterial promotes the
activation of the immune system. Therefore, such immu-
nogenic tailoring may benefit any conditions or diseases
where the activation of the immune system function is
desired, for example, in the treatment / diagnosis of ne-
oplasms, and to treat bacterial and viral infections.

TECHNICAL PROBLEM

[0016] Cell-based therapies holds enormous promise
for treating many different diseases. However, the ability
of cells to move from placement sites, change into inap-
propriate cell types or multiply affect the effectiveness of
the therapy due to failure of cells to work as expected.

SOLUTION TO PROBLEM

[0017] The presentinvention provides a biomaterial for
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immunomodulation comprising aggregates of phenotyp-
ically stabilized cells. Said biomaterial is meant to be pref-
erentially administered in a limited location and provide
potential to reduce or replace the use of classical immu-
nosuppressants and anti-inflammatory drugs in context
of inflammatory diseases or conditions, as well as for
regenerative medicine.

SUMMARY OF THE INVENTION

[0018] In one aspect of the invention, it is disclosed a
biomaterial for immunomodulation comprising:

- 60% to 100% of aggregates of phenotypically stabi-
lized cells or parts thereof, in dimension ranges of
100 wmto 1 m; and

- 0% to 40% of added biomaterial components, in di-
mension ranges of 1 um to 500 pum;

wherein the added biomaterial components are se-
lected from the group consisting of cell-derived ma-
terials and exogenously provided materials selected
from the group consisting of natural polymers, ce-
ramics, glasses and synthetic polymers;

wherein the cells or parts thereof are natural, engi-
neered, or primed eukaryotic or non-eukaryotic cells
or parts thereof or combinations of eukaryotic cells,
non-eukaryotic cells, or parts thereof, provided that
the eukaryotic cells, non-eukaryotic cells, or parts
thereof have immunomodulatory activity; and
wherein the added biomaterial components and / or
the aggregates of phenotypically stabilized cells or
parts thereof are joined together through physical
forces and / or covalent or non-covalent chemical
bonds.

[0019] In a second aspect of the invention, it is dis-
closed a process for production of the biomaterial for im-
munomodulation comprising the steps of:

a) tailoring the cells to the desired phenotype;

b) adjusting culture conditions to promote the forma-
tion of the cells aggregates; and

c) phenotypically stabilizing the aggregates.

[0020] In a third aspect of the invention, it is disclosed
the use of the biomaterial for immunomodulation in the
treatment, diagnosis and / or prevention of complications
in acute and chronicinflammatory diseases or conditions,
immune-mediated diseases or conditions, transplanta-
tion and post-transplantation of allogeneic grafts or full
organs, regenerative medicine, tumors, and infections
caused by pathogens such as bacteria, mycobacteria or
virus.

BRIEF DESCRIPTION OF THE FIGURES

[0021] In order to promote an understanding of the
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principles according to the modalities of the present in-
vention, reference will be made to the embodiments il-
lustrated in the figures and the language used to describe
them.

[0022] It should also be understood that there is no
intention to limit the scope of the invention to the content
of the figures. The following figures provide preferred em-
bodiments for illustrating the description and should not
be seen as limiting the scope of disclosure. Modifications
to the inventive features illustrated herein, as well as ad-
ditional applications of the principles and embodiments
illustrated, which would normally occur to a person skilled
in the art having the possession of this description, are
considered within the scope of the claimed invention.

Figure 1: Schematic representation of the process
for production of the cell-based biomaterial of the
present invention.

Figure 2: Morphology of cell aggregates prepared
from human mesenchymal stem cells derived from
the adipose tissue after phenotypic stabilization, in
0, 14 and 28 days of incubation in DPBS, at 37 °C.
Scale bar: 50 um.

Figure 3: Quantification of the cellular metabolic ac-
tivity (MTS assay) of the phenotypically stabilized
spheroids (2000 cells / spheroid; total of 10 or 20
spheroids) prepared from mesenchymal stem cells
isolated from the adipose tissue, after 1 and 4 days
of culture in cell culture medium; mean = SD (n =4
replicates).

Figure 4: Quantification of cellular metabolic activity
(MTS reduction assay) of human mesenchymal
stem cells derived from adipose tissue cultured in a
monolayer in the presence of different amounts of
the phenotypically stabilized spheroids, after 1 and
4 days in cell culture; mean = SD (n = 4 replicates).
Figure 5: Quantification of the secretion of (A) IL-6
and (B) IL-10 from the living monolayer of human
mesenchymal stem cells derived from the adipose
tissue, in the presence of different amounts of the
phenotypically stabilized spheroids, after 1 and 4
days in cell culture; mean = SD (n = 4 replicates).
Figure 6: (A) Flow cytometry chart showcasing the
gating strategy used to analyze the distribution of
THP-1 macrophages in different polarization states
(M0 and M1) and to establish the cell populations
expressing the CD38 surface marker. (B) Quantifi-
cation (flow cytometry) of the percentage of positive
THP-1 macrophages for the CD38 surface marker;
results for 50.000 THP-1 macrophages polarized to-
wards MO or M1 states in the presence of an average
6 phenotypically stabilized spheroids or IFNy-primed
spheroids for 1 day of contact. (C) Quantification of
the secretion of IL-6 and IL-10 by THP-1 macro-
phage cells in the presence of an average 6 pheno-
typically stabilized spheroids or IFNy-primed sphe-
roids; mean = standard deviation (n = 4 replicates).
Statistical significance determined using One-way
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ANOVA, Tukey’s multiple comparisons test.

Figure 7: Quantification of live cells (Trypan blue as-
say) in a population of primary human CD4+ T lym-
phocytes activated with CD3/CD28 magnetic beads.
Results for 100,000 pre-activated T cells in the pres-
ence of 8 phenotypically stabilized spheroids or IF-
Ny-primed spheroids for 4 days of contact; median
* min/max (n = at least 4 replicates). Statistical sig-
nificance determined using unpaired t test.

Figure 8: Quantification of total number of cells in a
population of primary human CD8+ T lymphocytes
activated with CD3/CD28 magnetic beads. Results
for 100,000 pre-activated T cells in the presence of
8 phenotypically stabilized spheroids for 4 days of
contact; median £ min/max (n = 8 replicates). Sta-
tistical significance determined using unpaired t test.
Figure 9: Image of a cell fiber prepared from mes-
enchymal stem cells isolated form the adipose tissue
(1 million cells/fiber) using fetal bovine serum- sup-
plemented medium, while (A) living and (B) after phe-
notypic stabilization. Scale bar: 2 mm.

Figure 10: Image of a cell fiber prepared from mes-
enchymal stem cells isolated from the adipose tissue
(1 million cells/fiber) using human platelet lysates-
supplemented medium, in xenogeneic factor-free
conditions, while (A) living and (B) after phenotypic
stabilization. Scale bar: 2 mm.

Figure 11: Image of a phenotypically stabilized cell
fiber prepared from mesenchymal stem cells isolat-
ed from the adipose tissue using human platelet
lysates-supplemented medium, in xenogeneic fac-
tor-free conditions, highlighting a malleable behav-
ior, while (A) easily handled by needle, (B) adapting
to a N-shaped defect and (C) folded in an 'a’ shape;
scale bar: 1 mm.

Figure 12: Metabolic activity quantification (Alamar-
Blue™ test) of phenotypically stabilized cell fiber pre-
pared from mesenchymal stem cells isolated from
the adipose tissue using human platelet lysates-sup-
plemented medium, in xenogeneic factor-free con-
ditions, after 4, 11 and 19 days of culture in cell cul-
ture standard conditions, showcasing the effective
phenotypically stabilized of a larger in vitro-prepared
tissue; mean = standard deviation (n = 6 replicates).

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present invention discloses a biomaterial
for immunomodulation comprising:

- 60% to 100% of aggregates of phenotypically stabi-
lized cells or parts thereof, in dimension ranges of
100 wmto 1 m; and

- 0% to 40% of added biomaterial components, in di-
mension ranges of 1 um to 500 pum;

wherein the added biomaterial components are se-
lected from the group consisting of cell-derived ma-
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terials and exogenously provided materials selected
from the group consisting of natural polymers, ce-
ramics, glasses and synthetic polymers;

wherein the cells or parts thereof are natural, engi-
neered, or primed eukaryotic or non-eukaryotic cells
or parts thereof or combinations of eukaryotic cells,
non-eukaryotic cells, or parts thereof, provided that
the eukaryotic cells, non-eukaryotic cells, or parts
thereof have immunomodulatory activity; and
wherein the added biomaterial components and / or
the aggregates of phenotypically stabilized cells or
parts thereof are joined together through physical
forces and / or covalent or non-covalent chemical
bonds.

[0024] By part of the cells, it is meant the cell’'s com-
ponents, as well as their extracellular content, including
cell-derived materials, such as extracellular matrix com-
ponents and excreted vesicles (e.g., exosomes, extra-
cellular vesicles), or other soluble molecules.

[0025] In a preferred embodiment of the invention, the
biomaterial for immunomodulation of the present inven-
tion has long-lasting control over its three-dimensional
structure and architecture. More specifically, the bioma-
terial forimmunomodulation has a reconfigurable shape
which allows the biomaterial to adapt to defects with com-
plex shapes. Therefore, the biomaterial has a shape se-
lected from the group consisting of spheres, fibers, pol-
yhedrons, cell-sheets, bioinks, cylinders, foams, hydro-
gels, sponges, reticulated cell fragments obtained
through disintegration of phenotypically stabilized cell
constructs (for example, through mechanical forces in-
cluding cutting), cream, ointments, patches, and adhe-
sives.

[0026] Biomaterial components may be added to the
biomaterial for immunomodulation of the present inven-
tion as a conditioning to promote specific cell phenotypes
or impart desired mechanical properties.

[0027] The added biomaterial components are select-
ed from the group consisting of cell-derived materials and
exogenously provided materials selected from the group
consisting of natural polymers, ceramics, glasses, and
synthetic polymers.

[0028] Inapreferred embodimentof the invention, cell-
derived materials are extracellular matrix components
and excreted vesicles (e.g., exosomes, extracellular ves-
icles), as well as other soluble molecules. The exoge-
nously provided materials includes natural polymers
(e.g., alginate, chitosan, dextran, collagen, gelatin, and
recombinant peptides), ceramics and glasses (e.g., hy-
droxyapatite, calcium phosphates and bioactive glasses)
and synthetic polymers (e.g., polyethylene glycol, poly
(lactic-co-glycolic acid), poly(caprolactone), polystyrene.
[0029] The added biomaterial components may have
any shape selected from spherical or polyhedral or com-
binations thereof and the cell aggregates are shaped pol-
yhedrons selected from cells spheroids, cell fibers, cell
monolayers, or cells multilayers. The biomaterial com-
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ponents and the cell aggregates are joined together
through physical forces (e.g., centrifugation, gravity) and
/ or covalent or non-covalent chemical bonds (e.g., hy-
drogen bonds, electrostatic interactions, or formation of
Schiff bases) to generate structures with larger dimen-
sions.

[0030] In a preferred embodiment of the invention, the
cell aggregates are spherical cell aggregates with 50 to
2000 pm diameter, prepared using 10 to 1 million cells,
or fiber-shaped aggregates, deposited in any direction,
with length from 200 pm to 1 m.

[0031] The cell types or parts thereof have immu-
nomodulatory activity or are artificially engineered to-
wards immunomodulation.

[0032] The eukaryotic cells may include, but are not
limited to: mesenchymal stem cells, chimeric-antigen re-
ceptor T cells (CAR T-cells), regulatory T-cells (Tregs),
dendritic cells, macrophages, lymphocytes such as T
lymphocytes, B lymphocytes, NKlymphocytes, NKT lym-
phocytes, cells from adaptive and innate immune system
and non-hematopoietic cells that crosstalk with immune
system, such as hepatocytes, hepatic stellate cells, liver
sinusoidal endothelial cells, and combinations thereof.
In a preferred embodiment of the present invention, the
cells are human mesenchymal stem cells isolated from
the adipose tissue.

[0033] The eukaryotic cells or parts thereof have im-
munomodulatory activity through mechanisms that may
comprise the presentation of immunomodulatory mole-
cules from cells or extracellular matrix, the release of
molecules, vesicles or fragments from the biomaterial,
or the release of parts of the biomaterial through naturally
occurring degradation or cell-mediated degradation
(e.g., via phagocytic activity).

[0034] The non-eukaryotic cell types are selected from
the group consisting of bacteria, cyanobacteria, and ar-
chaea.

[0035] Inapreferred embodiment of the presentinven-
tion, the biomaterial for immunomodulation further com-
prises atleastone immunomodulatory molecule selected
from the group consisting of proteins or glycosaminogly-
cans from cells or cell-derived components as vesicles
or the extracellular matrix, which may include an antigen,
an engineered antigen, an antigen presented in the con-
text of major histocompatibility complex molecules
(MHC, or human leucocyte antigen, HLA) or engineered
forms thereof, MHC/HLA molecules or engineered forms
thereof, co-stimulation molecules, cluster of differentia-
tion 80/86 (CD80/CD86), Fas ligand (Fas-L), pro-
grammed death-ligand 1 (PD-L1), HLA class | (HLA-I),
HLA-II, CTLA-4 inhibitors, PD1/PD-L1 inhibitors, Fas in-
hibitors, the clusters of differentiation CD3 or CD28, co-
stimulation blockade molecules; immune checkpoint in-
hibitors, soluble or engineered soluble molecules; trans-
membrane or engineered transmembrane molecules
and membrane or engineered membrane molecules and
combinations thereof.

[0036] Such immunomodulatory molecule is naturally
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present in the biomaterial, deriving from the cell aggre-
gate; oritis artificially added to the biomaterial using non-
covalentor covalentbonds (for example, through adsorp-
tion processes or using chemical crosslinkers such as
genipin, glutaraldehyde, EDC/NHS); or it is present in
the biomaterial due to the previous stimulation of cells,
where cells are stimulated to produce the molecules of
interest, through artificial exposure of cells to immu-
nomodulatory, chemical and physical factors or genetic
engineering tools.

[0037] Chemical factors are selected from temporary
anoxia, hypoxia - 0.5% to 10% O, - or hyperoxia, while
physical factors are selected from shear stress and con-
tact with biomaterial microparticles. Genetic engineering
tools are selected from the group consisting of gene ad-
dition or removal technologies, gene editing technologies
and gene replacement technologies. Other tools include
for example the post-translational protein depletion and
RNA engineering.

[0038] Anotheraspect of the presentinvention disclos-
es the process for production of the biomaterial for im-
munomodulation, wherein the process comprises the
steps of:

a) tailoring the cells to the desired phenotype;

b) adjusting culture conditions to promote the forma-
tion of the cells aggregates;

and

c) phenotypically stabilizing the aggregates.

[0039] In step a), the cells are incubated and exposed
to immunomodulatory, chemical, and physical factors
and / or exposed to immunomodulatory agents selected
from the group consisting of pro- or anti-inflammatory
cytokines, such as IFNy, TNF-q, IL-1p, IL-4, IL-10.
[0040] Chemicalfactors are selected from different ox-
ygen concentrations (such as temporary anoxia, hypoxia
- 0.5% to 10% O, - or hyperoxia) and physical factors
are selected from mechanical stimulation (such as shear
stress provided by stirring tank bioreactors, hydrostatic
pressure, or combinations thereof) and pH, temperature,
and pressure variations.

[0041] The fine tuning of the features of the biomaterial
of the present invention promotes the activation or the
suppression of the immune system, benefiting any con-
ditions or diseases where the activation or the suppres-
sion of the immune system function is desired, respec-
tively.

[0042] After tailoring the cells, in step b), the cells are
aggregated while in incubation in cell culture medium
supplemented with fetal bovine serum or xenogeneic-
free factors, such as human platelet lysates, and antibi-
otic / antimycotic solution. In an alternative embodiment,
the cells are aggregated while in incubationin cell culture
medium supplemented with immunomodulatory agents,
added biomaterial components, chemical, or physical
factors.

[0043] In a preferred embodiment of the invention, the
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cell culture mediumis selected from alpha-MEM, DMEM,
RPMI 1640.

[0044] The immunomodulatory agents, added bioma-
terial components, chemical, or physical factors are the
same as previously disclosed.

[0045] The aggregates ensure the prolonged presen-
tation of cell surface molecules and extracellular content
overtime, while releasing soluble molecules and insolu-
ble components of immunomodulatory and pro-regener-
ative interest.

[0046] In step c), the stabilization of the aggregates is
performed by the inhibition of the cellular metabolic ac-
tivity or the turnover of molecules, by enucleation, or by
cellular devitalization and the cell aggregates are im-
mersed in an organic solvent for an exposure period that
varies from 1 minute to 96 hours, preferably 24 hours,
and a temperature range that varies from 4°C to 120°C.
[0047] The organic solvent is selected from the group
consisting of ethanol, methanol, dichloromethane, tet-
rahydrofuran, and chloroform. Other agents, such as cell
fixating agents (e.g., formaldehyde, paraformaldehyde,
glutaraldehyde, genipin, EDC/NHS), may be used during
the stabilization step.

[0048] In alternative embodiments, the stabilization
step is performed by any other method that inhibits cel-
lular metabolic activity and the turnover of molecules, by
enucleation or by cellular devitalization such as, incuba-
tion in hyper- or hypotonic saline solutions (e.g., NaCl),
incubation in high acidic or alkaline solutions (e.g., con-
centrated solutions of HCI or NaOH), hydrogelation,
lyophilization, supercritical drying, critical point drying,
and combinations thereof.

[0049] At the end of the process, the cell aggregates
can be used directly as the biomaterial for immunomod-
ulation, or the cell aggregates can be shaped as desired
to adapt to defects with complex shapes. It can be stored
between -80 °C and 37 °C.

[0050] The biomaterial for immunomodulation of the
present invention is useful as an autologous, allogeneic,
or xenogeneic approach in the treatment, diagnosis and
/ or prevention of complications in acute and chronic in-
flammatory diseases or conditions, immune-mediated
diseases or conditions, transplantation and post-trans-
plantation of allogeneic grafts or full organs, regenerative
medicine, tumors, and infections caused by pathogens
such as bacteria, mycobacteria, or virus.

[0051] The cells comprised in the biomaterial provide
interaction with the surrounding elements to mimic the
native immune synapse, activating or suppressing the
immune system and being useful in human or animal
autologous, allogeneic, or xenogeneic approaches.
[0052] Thebiomaterial canbe used synergistically with
immunosuppressant drugs, including but not restricted
to rapamicyn, cyclosporin, or anti-inflammatory drugs.

EXAMPLES OF THE INVENTION

[0053] The cells comprised in the biomaterial for im-
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munomodulation of the present invention must present,
at the same time, the capability of:

- maintaining a three-dimensional structure overtime
in physiological saline solutions;

- showing a stable phenotype overtime;

- notdisplaying cytotoxicity towards animal cells; and

- inducing an immunomodulatory action towards in-
nate immune cells and adaptive immune cells.

[0054] Also, it is essential that the biomaterial for im-
munomodulation of the present invention:

- is capable of being extrapolated to different shapes
while maintaining phenotypic stability or produced
with xenogeneic-free factors;

- do not induce a pro-inflammatory phenotype in in-
nate immune cells such as macrophages;

- decreases the expression of pro-inflammatory mark-
ers in macrophages pre-polarized towards the M1
phenotype; and

- decreases the proliferation of activated human CD4*
and CD8* T lymphocytes.

[0055] Due to this fact, several tests were performed.
[0056] To evaluate the maintenance of three-dimen-
sional structure of the construct overtime in physiological
saline solutions, cell aggregates made of human mes-
enchymal stem cells derived from the adipose tissue
were produced in the shape of spheroids or fibers, fol-
lowed by phenotypic stabilization (Figure 1).

[0057] The phenotypically stabilized cell spheroid ag-
gregates made of human mesenchymal stem cells de-
rived from the adipose tissue kept their morphology and
three-dimensional structure for 28 days of incubation in
DPBS at 37°C (Figure 2).

[0058] To evaluate the phenotypic stabilization of the
constructs, in one example, the quantification of the cel-
lular metabolic activity (MTS assay) was performed,
where phenotypically stabilized cell spheroid aggregates
made of human mesenchymal stem cells derived from
the adipose tissue (2000 cells / spheroid; total of 10 or
20 spheroids) exhibited no metabolic activity after 1 and
4 days in alpha-MEM cell culture medium (Figure 3).
[0059] To evaluate the toxicity of the constructs, in one
embodiment, it was performed the quantification of the
cellular metabolic activity (MTS assay) of human mes-
enchymal stem cells derived from adipose tissue cultured
in a monolayer in the presence of different amounts of
phenotypically stabilized spheroids (10 or 20). The phe-
notypically stabilized spheroids did not induce toxicity af-
ter 1 and 4 days of contact (Figure 4).

[0060] Inone embodiment, the construct was evaluat-
ed for their immunomodulatory activity towards mesen-
chymal stem cells. In the same embodiment, the immu-
nomodulatory activity of the constructs was evaluated by
quantification, through ELISA assay, of pro- and anti-in-
flammatory molecules (IL-6 and IL-10, respectively), se-
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creted by mesenchymal stem cells derived from adipose
tissue cultured in a monolayer in the presence of different
amounts (10 or 20) of phenotypically stabilized sphe-
roids. After 1 and 4 days of contact, the construct enabled
the modulation of the secretion of IL-6 and IL-10 mole-
cules (Figure 5A, 5B).

[0061] In one example, the construct was evaluated
for theirimmunomodulatory activity towards macrophag-
es. In the same example, the immunomodulatory activity
of the constructs was evaluated by quantification of pro-
inflammatory markers (CD38, through flow cytometry,
Figure 6A, 6B) and pro- and anti-inflammatory cytokines
(IL-6 and IL-10, respectively, through ELISA assay, Fig-
ure 6C) exhibited by human THP-1 macrophages in dif-
ferent polarization states (MO and M1), when in direct
contact with an average of 6 phenotypically stabilized
spheroids or IFNy-primed spheroids for 1 day. The con-
structs did not induce a pro-inflammatory phenotype in
human macrophages and further reduced the pro-inflam-
matory phenotype in human macrophages pre-polarized
towards a pro-inflammatory phenotype, seen by the re-
duced pro-inflammatory markers CD38 and IL-6 (Figure
6A, 6B, 6C).

[0062] In one embodiment, the construct was evaluat-
ed for their immunomodulatory activity towards CD4* T
lymphocytes. Inthe same embodiment, the immunomod-
ulatory activity of the constructs was evaluated by quan-
tification of live cells through Trypan blue assay, where
a population of primary human CD4* T lymphocytes was
pre-activated with CD3/CD28 magnetic beads and incu-
bated with 8 phenotypically stabilized spheroids or IFNy-
primed spheroids for 4 days of contact. The construct
reduced the proliferation of the population of activated
human CD4* T lymphocytes (Figure 7).

[0063] In one embodiment, the construct was evaluat-
ed for their immunomodulatory activity towards CD8* T
lymphocytes. Inthe same embodiment, the immunomod-
ulatory activity of the constructs was evaluated by quan-
tification of total number of cells, using a hemocytometer,
where a population of primary human CD8* T lym-
phocytes was pre-activated with CD3/CD28 magnetic
beads and incubated with 8 phenotypically stabilized
spheroids or IFNy-pnmed spheroids for 4 days of contact.
The construct reduced the proliferation of the population
of activated human CD8* T lymphocytes (Figure 8).
[0064] To evaluate the ability to extrapolate the cell-
based technology to fiber-shaped structures and main-
tain their phenotypic stabilization, in one example, the
cell aggregates made of human mesenchymal stem cells
derived from the adipose tissue were shaped into fibers
(1 million cells/fiber), using fetal bovine serum- supple-
mented medium (Figure 9).

[0065] In other example, the fiber-shaped structures
(1 million cells/fiber) were produced with the xenogeneic-
free cell medium supplementing factor human platelet
lysates (Figure 10).

[0066] In other example, the cell fiber aggregates
made of human mesenchymal stem cells derived from
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the adipose tissue and produced using fetal bovine se-
rum-supplemented medium exhibited a malleable be-
havior, while easily handled by needle (Figure 11A),
adapting to a N-shaped defect (Figure 11B), and folded
in an 'a’ shape (Figure 11C).

[0067] In one embodiment, the maintenance of phe-
notypic stabilization of the cell fiber aggregates produced
using fetal bovine serum-supplemented medium was
evaluated by the quantification of the cellular metabolic
activity (AlamarBlue assay) at days 4, 11 and 19, show-
casing the effective phenotypically stabilization of a larg-
er in vitro-prepared tissue (Figure 12).

[0068] The subject matter described above is provided
as an illustration of the present invention and, therefore,
should not be construed to limit it. The terminology em-
ployed for the purpose of describing preferred embodi-
ments of the present invention should not be restricted
to them.

[0069] As used in the description, definite and indefi-
nite articles, in their singular form, are intended for inter-
pretation to also include plural forms, unless the context
of the description explicitly indicates otherwise.

[0070] The term "one", as well as the articles "a" and
"an", should generally be interpreted as "one or more"
unless specified otherwise or clear from the context to
be directed to a singular form.

[0071] It will be understood that the terms "comprise”
and "include", when used in the present description,
specify the presence of features, elements, components,
steps, and related operations, butdo not exclude the pos-
sibility of other features, elements, components, steps,
and operations as well contemplated.

[0072] As used throughout the present patent applica-
tion, the term "or" is used in an inclusive sense rather
than an exclusive sense, unless the exclusive meaning
is clearly defined in a specific situation. In this context, a
phrase of the type "X uses A or B" should be interpreted
as including all relevant inclusive combinations, for ex-
ample "X uses A", "X uses B" and "X uses A and B".
[0073] All modifications, provided they do not change
the essential features of the following claims, must be
considered within the scope of the protection of the
present invention.

CITATION LIST

[0074] The citation list is as follows:

PATENT LITERATURE

[0075]

- WO02016/086020A1
- US6875430B2

NON-PATENT LITERATURE

[0076]
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Claims

A biomaterial forimmunomodulation characterized
in that it comprises:

- 60% to 100% of aggregates of phenotypically
stabilized cells or parts thereof, in dimension
ranges of 100 pm to 1 m; and

- 0% to 40% of added biomaterial components,
in dimension ranges of 1 um to 500 pm;
wherein the added biomaterial components are
selected from the group consisting of cell-de-
rived materials and exogenously provided ma-
terials selected from the group consisting of nat-
ural polymers, ceramics, glasses and synthetic
polymers;

wherein the cells or parts thereof are natural,
engineered, or primed eukaryotic or non-eu-
karyotic cells or parts thereof or combinations
of eukaryotic cells, non-eukaryotic cells or parts
thereof, provided that the eukaryotic cells, non-
eukaryotic cells or parts thereof have immu-
nomodulatory activity; and

wherein the added biomaterial components and
/ or the aggregates of phenotypically stabilized
cells or parts thereof are joined together through
physical forces and/ or covalent or non-covalent
chemical bonds.

The biomaterial forimmunomodulation, according to
claim 1, characterized in thatit has a reconfigurable
shape configured to allow the biomaterial to adapt
to defects with complex shapes, the shape being se-
lected from the group consisting of spheres, fibers,
polyhedrons, cell-sheets, bioinks, cylinders, foams,
hydrogels, sponges, reticulated cell fragments ob-
tained through disintegration of phenotypically sta-
bilized cell constructs, cream, ointments, patches
and adhesives.

Biomaterial for immunomodulation, according to
claim 1 or 2, characterized in that the added bio-
material components include biomaterial particles
that have a shape selected from spherical or poly-
hedral or combinations thereof and the cell aggre-
gates are shaped polyhedrons selected from cell
spheroids, cell fibers, cell monolayers, or cells mul-
tilayers, wherein the cell spheroids comprise spher-
ical cell aggregates with 50 to 2000 wm diameter,
prepared using 10 to 1 million cells, and fiber-shaped
aggregates comprises cells deposited in any direc-
tion, with length from 200 pm to 1 m.

Biomaterial for immunomodulation, according to
claim 1, characterized in that the eukaryotic cells
or parts thereof are selected from the group consist-
ing of mesenchymal stem cells, chimeric-antigen re-
ceptor T cells (CAR T-cells), regulatory T cells
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(Tregs), dendritic cells, macrophages, lymphocytes
such as T lymphocytes, B lymphocytes, NK lym-
phocytes, NKT lymphocytes, cells from adaptive and
innate immune system, non-hematopoietic cells that
crosstalk with immune system selected from the
group consisting of hepatocytes, hepatic stellate
cells, liver sinusoidal endothelial cells, and combi-
nations thereof.

Biomaterial for immunomodulation, according to
claim 1, characterized in that the non-eukaryotic
cell or parts thereof are selected from the group con-
sisting of bacteria, cyanobacteria, and archaea.

Biomaterial forimmunomodulation, according to any
of the preceding claims, characterized in that it fur-
ther comprises at least one immunomodulatory mol-
ecule selected from the group consisting of proteins
or glycosaminoglycans from cells or cell-derived
components as vesicles or the extracellular matrix,
an antigen, an engineered antigen, an antigen pre-
sented in the context of major histocompatibility com-
plex molecules or engineered forms thereof,
MHC/HLA molecules or engineered forms thereof,
co-stimulation molecules, cluster of differentiation
80/86 (CD80/CD86), Fas ligand (Fas-L), pro-
grammed death-ligand 1 (PD-L1), HLA class | (HLA-
1), HLA-1I, CTLA-4 inhibitors, PD1/PD-L1 inhibitors,
Fas inhibitors, the clusters of differentiation CD3 or
CD28, co-stimulation blockade molecules; immune
checkpoint inhibitors, soluble or engineered soluble
molecules; transmembrane or engineered trans-
membrane molecules and membrane or engineered
membrane molecules and combinations thereof.

Biomaterial for immunomodulation, according to
claim 7, characterized in that the immunomodula-
tory molecule is naturally present in the biomaterial
deriving from the cell aggregate; or it is artificially
added to the biomaterial using non-covalent or cov-
alent bonds; or it is present in the biomaterial due to
the previous stimulation of cells through their artificial
exposure to immunomodulatory, chemical, and
physical factors or genetic engineering tools.

Process for production of the biomaterial for immu-
nomodulation as disclosed in any of claims 1 to 7,
characterized in that it comprises the steps of:

a) tailoring the cells to the desired phenotype;
b) adjusting culture conditions to promote the
formation of the cells aggregates; and

c) phenotypically stabilizing the aggregates.

Process, according to claim 8, characterized in
that, in step (a), the cells are incubated and exposed
to immunomodulatory, chemical, and physical fac-
tors and / or exposed to immunomodulatory agents
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10.

1.

12.

13.

14.

15.

selected from the group consisting of pro- or anti-
inflammatory cytokines.

Process, according to claim 8, characterized in
that, in step (b), the cells are aggregated while in
incubation in cell culture medium supplemented with
fetal bovine serum or xenogeneic-free factors and
antibiotic / antimycotic solution; or while inincubation
in cell culture medium supplemented with immu-
nomodulatory agents, added biomaterial compo-
nents, chemical, or physical factors.

Process, according to claim 8, characterized in
that, in step (c), the stabilization of the cell aggre-
gates is performed by the inhibition of the cellular
metabolic activity or the turnover of molecules, by
enucleation, or by cellular devitalization, wherein the
cell aggregates are immersed in an organic solvent
for an exposure period that varies from 1 minute to
96 hours and a temperature range that varies from
4 °C to 120 °C, the organic solvent being selected
from the group consisting of ethanol, methanol,
dichloromethane, tetrahydrofuran and chloroform.

Process, according to claim 11, characterized in
that the stabilization step is performed by immersing
the cell aggregates in fixating agents selected from
the group consisting of formaldehyde, paraformal-
dehyde, glutaraldehyde, genipin, EDC / NHS.

Process, according to any of claims 11 and 12, char-
acterized in that the stabilization step is performed
by a method that is selected from the group consist-
ing of incubation in hyper- or hypotonic saline solu-
tions, incubation in high acidic or alkaline solutions,
hydrogelation, lyophilization, supercritical drying,
critical point drying, and combinations thereof.

Biomaterial for immunomodulation as disclosed in
any of claims 1 to 7, characterized in that it is for
use as an autologous, allogeneic or xenogeneic ap-
proach in the treatment, diagnosis and / or preven-
tion of complications in acute and chronic inflamma-
tory diseases or conditions, immune-mediated dis-
eases or conditions, transplantation and post-trans-
plantation of allogeneic grafts or full organs, regen-
erative medicine, tumors and infections caused by
pathogens such as bacteria, mycobacteria or virus.

Biomaterial for immunomodulation, according to
claim 14, characterized in thatitis further used syn-
ergistically with anti-inflammatory drugs or immuno-
suppressant drugs.
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