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GENERATION OF THERAPEUTIC CELLS 
USING EXTRACELLULAR COMPONENTS 

OF TARGET ORGANS 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0001] This invention was made with government support 
under HHSN268201000010C awarded by the National 
Institutes of Health. The government has certain rights in the 
invention. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0002] This application claims priority to Netherlands 
Patent Application No. 2018628, filed Mar. 31, 2017, which 
is incorporated herein by reference in its entirety. 

BACKGROUND 

[0003] Cardiovascular disease is the most common cause 
of death in the United States and developed world. The 
human heart suffers loss of viable tissue and contractile 
function following myocardial infarction (MI) and this leads 
to heart failure, recurrent hospitalization, arrhythmias and 
death. Ischemic heart failure affects -5 million Americans 
and is the most common reason for hospitalization in the 
United States. Mortality is high in these patients and similar 
to that of advanced cancer. Standard therapy involves beta­
adrenergic and angiotensin II inhibiting medication that 
block maladaptive neurohormonal pathways, but these drugs 
are only partially effective and are not universally tolerated. 
Left ventricular assist devices and heart transplant may be 
offered but device failure, stroke, infection, and organ short­
ages limit these approaches. Local administration of indi­
vidual angiogenic and cardio-regenerative proteins such as 
VEGF or gene transcription factors resoundingly failed or 
created unanticipated toxicities in human cardiovascular 
disease trials, which have virtually halted further investiga­
tions using these approaches. 
[0004] Unfortunately, the heart has limited intrinsic regen­
erative potential. Traditional cardio-regenerative efforts 
have focused on administering stem cells to replenish adult 
heart cells. A dizzying array of stem/progenitor cell candi­
dates have been tested to replenish heart and vascular cells, 
but to date, human trials have been negative or have shown 
only modestly positive results. Despite two decades of 
investigation, there are still no Food and Drug Administra­
tion (FDA) approved cell based therapies. 
[0005] It is widely understood that most inflammatory 
cells have deleterious effects in the late stages of cardiac 
ischemic injury. However, it is recently suggested that 
alternatively-activated (M2) macrophages have a beneficial 
role in late cardiac repair, albeit these M2 responses are 
blunted in nature. 
[0006] Although various categories of classification have 
been proposed, macrophages are typically divided into clas­
sically-activated (Ml) and alternatively-activated (M2) 
macrophages. (Martinez et al., Annu. Rev. Immunol. 
27:451-483 (2009)). Generally, Ml macrophages are pro­
inflammatory scavenger cells that are active at times of 
infection and tissue injury and exhibit potent anti-microbial 
properties, reminiscent of type 1 T-helper lymphocyte (Thl) 
responses. Markers of Ml macrophages include, but are not 
limited to, CD86 and HLA-DR. In contrast, M2 macro-
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phages, also called alternatively-activated macrophages, are 
anti-inflammatory, pro-angiogenic, and pro-regenerative 
"healing" cells that promote type 2 T-helper lymphocyte 
(Th2)-like responses, secrete less pro-inflammatory cytok­
ines, and assist resolution of inflammation by trophic factor 
synthesis and phagocytosis. (Mosser et al., Nature Rev. 
8:958-969 (2008)). Markers of M2 macrophages include, 
but are not limited to, CD163, CD206 and PD-Ll. 

[0007] Macrophages can be polarized by their microenvi­
ronment to assume different phenotypes associated with 
different stages of inflammation and healing. (Stout et al., J. 
Immunol. 175:342-349 (2005)). Certain macrophages are 
indispensable for wound healing. They participate in the 
early stages of cell recruitment and of tissue defense, as well 
as the later stages of tissue homeostasis and repair. (Pollard, 
Nature Rev. 9:259-270 (2009)). Macrophages derived from 
peripheral blood monocytes have been used to treat refrac­
tory ulcers. (Darron et al., Exp. Gerontol. 32:633-641 
(1997); Zuloff-Shani et al., Transfus. Apher. Sci. 30: 163-167 
(2004).) 

SUMMARY OF THE INVENTION 

[0008] In a first aspect, provided herein is a population of 
CD163 low, CD206 high, CD16 low, PD-Ll high, PD-L2 
high, TGF-~ high, TNF-a low, IL-6 high, IL-10 high, IL-lb 
high, and Serpine-1 high cardiac fibroblast exosome edu­
cated macrophages (CF-EEM). 

[0009] In a second aspect, provided herein is a population 
ofCD163 low, CD206 high, CD16 low, PD-Ll high, PD-L2 
high, TGF-~ high, TNF-a low, IL-6 high, IL-1 b high, and 
Serpine-1 high bone marrow exosome educated macro­
phages (BM-EEM). 

[0010] In a third aspect, provided herein is a method of 
treatment to alleviate a condition in a subject in need thereof, 
the method comprising the step of: administering to the 
subject a population of macrophages as described herein, 
wherein the condition is a disease or injury described herein. 
In some embodiments, the population of macrophages is 
administered by injection. In some embodiments, the popu­
lation of macrophages is administered by topical applica­
tion. In some embodiments, the condition is a cardiovascular 
disease. In some embodiments, the condition is ischemic 
heart failure. 

[0011] In some embodiments, the macrophages are admin­
istered by injection with a pharmaceutically-acceptable car­
rier. In some embodiments, the carrier is an injectable 
cardiac fibroblast-derived extracellular matrix. 

[0012] In a fourth aspect, provided herein is a composition 
comprising, a population of macrophages as described 
herein; and a pharmaceutically-acceptable carrier. In some 
embodiments, the carrier is selected from the group consist­
ing of liquid, oil, lotion, salve, cream, foam, gel, paste, 
powder, film, and hydrogel. In some embodiments, the 
carrier is an injectable cardiac fibroblast-derived extracellu­
lar matrix (CF-ECM). In some embodiments, the CF-ECM 
additionally comprises cardiac fibroblast derived exosomes. 

[0013] In a fifth aspect, provided herein is a method for 
generating an anti-inflammatory macrophage, the method 
comprising the step of: co-culturing a CD14+ cell with 
tissue-specific cells or tissue-specific extracellular factors in 
vitro until the CD14+ cell acquires an anti-inflammatory 
macrophage phenotype. 
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[0014] In some embodiments, the tissue-specific cells are 
cardiac fibroblasts. In some embodiments, the extracellular 
factor is specific to cardiac tissue. 
[0015] In some embodiments, the extracellular factor is 
selected from the group consisting of exosomes, micro­
vesicles and extracellular matrix. 
[0016] In a sixth aspect, provided herein is a population of 
anti-inflarmnatory macrophages produced by the methods 
described herein. 
[0017] In some embodiments, the CD14+ cell is a mono­
cyte. In some embodiments, the tissue-specific cells are 
selected from the group consisting of bone marrow cells, 
skin cells, lung cells, pancreatic cells, liver cells, kidney 
cells, brain cells, endocrine cells, and cells from reproduc­
tive organs. In some embodiments, the tissue-specific extra­
cellular factor is selected from the group consisting of 
exosomes, micro-vesicles, and extracellular matrix. 

INCORPORATION BY REFERENCE 

[0018] All publications, patents, and patent applications 
mentioned in this specification are herein incorporated by 
reference to the same extent as if each individual publica­
tion, patent, and patent application was specifically and 
individually indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF DRAWINGS 

[0019] The patent or patent application file contains at 
least one drawing in color. Copies of this patent or patent 
application publication with color drawings will be provided 
by the Office upon request and payment of the necessary fee. 
[0020] The invention will be better understood and fea­
tures, aspects, and advantages other than those set forth 
above will become apparent when consideration is given to 
the following detailed description thereof. Such detailed 
description makes reference to the following drawings. 
[0021] FIG. 1 is a diagram of the formation, release and 
uptake of various types of extracellular vesicles (EV s) from 
the secreting cell to the recipient cell. The larger microve­
sicles bud directly from the plasma membrane, whereas 
exosomes are smaller vesicles of different sizes which are 
first formed by the internalization of the cell membrane to 
produce endosomes. Subsequently, many small vesicles are 
formed inside the endosome by invagination of sections of 
the endosome membrane. Such endosomes are called multi­
vesicular bodies (MVBs). Finally, the MVBs fuse with the 
cell membrane and release the intraluminal endosomal 
vesicles into the extracellular space to become exosomes. 
Proteins and various nucleic acids have recently been iden­
tified in the exosomal lumen, including mRNAs, microR­
NAs (miRNAs), and other non-coding RNAs (ncRNAs). 
These internal components can be taken up by neighboring 
cells or distant cells and modulate recipient cell phenotype 
and activity. Image source: Lieff, J. "Vesicle Transport 
Information," Searching for the Mind, Jan. 19, 2014, jonli­
effmd.com. 
[0022] FIGS. 2A-2B show exosome size distribution char­
acterization using an IZON nanoparticle system. (A) shows 
characterization of mesenchymal stem cell exosomes, with 
a protein concentration of 2.2 mg/ml, an RNA concentration 
of 61.8 ng/ml, a mean particle diameter of 123 nm, a mode 
particle diameter of 93 nm, and a concentration of 6.0xl011 

particles/ml. (B) shows characterization of cardiac fibroblast 
exosomes, with a volume of 25 µL, a protein concentration 
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of 0.17 mg/ml, an RNA concentration of 13.6 ng/µl, an 
A260/280 of 1 .45, a mean particle diameter of 165 .9 nm, and 
a concentration of 3.2xl011 particles/ml. 
[0023] FIGS. 3A-3B show transmission electron micros­
copy images of (A) mesenchymal stem cell (MSC) exo­
somes and (B) cardiac fibroblast (CF) exosomes. Several 
microliters of each prep were spotted onto Formvar EM 
grids, allowed to dry, washed with PBS and then stained 
with uranyl acetate. Based on size, most of the EVs released 
by the MSCs or CFs are within the size range of exosomes. 
[0024] FIGS. 4A-4B depict testing of exosome function­
ality by lipophilic dye transfer by mesenchymal stem cell 
exosomes into endothelial cells. 
[0025] FIGS. SA-SJ show the surface marker profile of 
macrophages educated with exosomes derived from bone 
marrow and cardiac fibroblasts. Levels of expression profile 
markers were measured by flow cytometry comparing mac­
rophages ( control) with educated macrophages generated by 
co-cultivation of monocytes with BM-MSCs (BM-MEM), 
exosomes derived from bone marrow (BM-EEM), or exo­
somes derived from cardiac fibroblasts (CF-EEM). 
[0026] FIGS. 6A-6D show the Ml surface marker profile 
of macrophages educated with exosomes derived from bone 
marrow (BM-EEM), or exosomes derived from cardiac 
fibroblasts (CF-EEM). Levels of Ml expression profile 
markers were measured by flow cytometry comparing mac­
rophages (control) with macrophages educated by co-culti­
vation of monocytes with BM-MSCs (BM-MEM) or with 
exosomes derived from bone marrow (BM-EEM), or with 
exosomes derived from cardiac fibroblasts (CF-EEM). 
CD86 mean fluorescence intensity (MFI) is statistically 
lower in CF-EEM compared to BM-EEM. CD86 is the 
co-stimulatory signal for T-cell activation and HLA-DR is 
the ligand for T-cell receptor. 
[0027] FIGS. 7A-7E compare the canonical M2 surface 
marker expression in macrophages educated by co-culture 
with exosomes from BM-MSCs (BM-EEM) or exosomes 
derived from macrophages (macrophage-EEM). Exosomes 
from macrophage cultures do not induce an M2 phenotype 
in macrophages. 
[0028] FIG. 8 shows the expression of CD206 in cardiac 
fibroblast extracellular matrix (CF-ECM) educated macro­
phages. 
[0029] FIG. 9 depicts differences in gene expression of 
various cytokines, measured by qPCR. 
[0030] FIGS. lOA-l0B depict the co-cultivation of 
unstimulated T-cells with either macrophages or BM-EEMs. 
The BM-EEMs do not cause activation and proliferation of 
T-cells. 

[0031] FIGS. llA-llB depict in vitro functional assays of 
BM-EEMs. After T-cell activation, MSCs are known to 
suppress T-cell proliferation. BM-EEMs are more suppres­
sive than uneducated macrophages. 

[0032] FIGS. 12A-12E show that CF-EEM delivered with 
cardiac extracellular matrix significantly improves cardiac 
function post myocardial infarction. Comparison between 
sham and CF-EEM/matrix treated rats post myocardial 
infarction demonstrates significant improvements in systolic 
pressures, reduced deleterious remodeling and increased 
cardiac contractility (measured as end systolic-pressure vol­
ume relationship, ESPVR). Significant angiogenesis was 
observed within the infarcted area (scar) in the treated 
animals as indicated by white arrows. 
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[0033] FIG. 13 compares qPCR gene expression in BM­
MEMS vs BM-EEMs of various pro- and anti-inflammatory 
markers. To demonstrate the fold difference comparison 
between the two sets, the expression levels in the BM-MEM 
were set to a value of 1. 
[0034] FIG. 14 compares qPCR gene expression in BM­
EEMs, CF-EEMs and uneducated macrophages (control) of 
various pro- and anti-inflammatory markers. To demonstrate 
the fold difference comparison between all three sets, the 
expression levels in the control macrophages were set to a 
value of 1. 
[0035] FIG. 15 shows cardiac fibroblast characterization. 
Cardiac fibroblasts have a unique surface marker and inter­
nal marker phenotype. Human cardiac fibroblasts differen­
tially express CD90, CD34, SUSD2, w67c, and TNAP by 
flow cytometry analysis compared to MSCs and dermal 
fibroblasts. In addition, cardiac fibroblasts also express 
GATA 4, which is not expressed in MSCs or dermal fibro­
blasts. 
[0036] FIG. 16 shows characterization of cardiac fibro­
blast extracellular vesicles. Cardiac fibroblast exosomes 
were characterized using a Thermo NanoDrop spectropho­
tometer for protein determination and approximate RNA 
concentration by direct absorbance; exosomes were not 
lysed, stained, or RNA extracted prior to measurements. 
Particle diameter and concentration were assessed by tun­
able resistive pulse sensing (TRPS; (qNano, Izon Science 
Ltd) using a NP150 nanopore membrane at a 47 mm stretch. 
The concentration of particles was standardized using multi­
pressure calibration with 110 nm carboxylated polystyrene 
beads at a concentration of 1.lxl013 particles/mL. 
[0037] FIG. 17 shows cardiac fibroblast total RNA isola­
tion. Exosomes from the cardiac fibroblasts were processed 
for total RNA isolation using the SeraMir Exosome RNA 
Purification Colunm kit (Cat #RA808A-1, System Biosci­
ences, Palo Alto, Calif.) according to the manufacturer's 
instructions. For each sample, 1 µl of the final RNA eluate 
was used for measurement of small RNA concentration by 
Agilent Bioanalyzer Small RNA Assay using Bioanalyzer 
2100 Expert instrument (Agilent Technologies, Santa Clara, 
Calif.). Cardiac fibroblast exosomes derived from three 
donors were compared by RNA sequencing for similarities. 
Briefly, the expected counts per gene were estimated in each 
sample using RSEM. The counts were filtered keeping only 
those genes that had at least one expected count (per gene) 
in all three samples. Next, the TMM (trimmed method of 
means) was computed to normalize the counts. The counts 
per million (CPM) computed and then the co-efficient of 
variation (CV=stdev/mean) was calculated for each gene 
across the three samples. Finally, a pathway enrichment 
analysis was carried out to determine how the genes that are 
highly conserved across the three samples would be 
expected to influence an effector cell. The results demon­
strate the pathways and genes that are common and highly 
expressed in cardiac fibroblast exosomes. 
[0038] FIG.18 shows CF-EEM secretome cytokine analy­
sis characterization. CF-EEMs have a unique secretome 
compared to non-stimulated macrophages (PBS) and bone 
marrow EEMs (BM-EEM). CF-EEMs secrete EGF, com­
pared to control macrophages (PBS) or BM-EEMS while 
BM-EEMs secrete significantly more GRO compared to 
CF-EEMs and control macrophages. 
[0039] FIGS. 19A-19C show characterization of 
CF-ECM-EMs. Human macrophages were cultured on plas-

3 
Oct. 4, 2018 

tic, gelatin or CF-ECM for 3 days then removed from the 
surfaces and flow cytometry was used to analyze surface 
marker expression. Macrophages had a significantly higher 
expression (by mean fluorescent intensity) of CD 14, CD163, 
CD206 and PDL (FIG. 19C). In addition, macrophages had 
significantly lower expression of inflammatory markers 
CD68 and HLA-DR (FIG. 19B). Macrophages cultured on 
cardiac fibroblast derived extracellular matrix (CF-ECM) 
(or CF-ECM-EMs) have a unique anti-inflammatory phe­
notype. CF-ECM-EMs have significantly lower expression 
ofCD86 and HLA-DR, while PDL-1 expression is signifi­
cantly increased (FIGS. 19A and 19C). PDL-1 is believed to 
play a major role in suppressing the immune system. 
[0040] FIG. 20 represents a translation pathway of gener­
ating and using tissue-specific macrophages. Once a tissue 
source is identified (A), cells such as fibroblasts, tissue 
progenitor cells and others are harvested using biopsy or 
organ procurement or differentiated from pluripotent stem 
cells (B). Tissue-specific cells or extracellular factors, such 
as exosomes, micro-vesicles, and extracellular matrix, 
derived from the tissue-specific cells (C) are co-cultured 
with monocytes or macrophages to generate tissue-specific 
educated macrophages (D) that have pro-reparative, angio­
genic, anti-inflammatory, and immunomodulatory pheno­
types. Tissue-specific educated macrophages are expected to 
be phenotypically and functionally unique with unique 
cytokine, RNA, surface marker and functional expression. 
These tissue-specific educated macrophages can be deliv­
ered to a subject in need of treatment systemically or directly 
into injured tissues. Methods of delivery can include intra­
venous infusion, intravascular infusion, percutaneous injec­
tion, surgical injection, topical administration or any other 
delivery method described herein. Tissue-specific educated 
macrophages are expected to restore injured tissues as 
demonstrated in a variety of animal models (E) and clinical 
applications (F) in a tissue-specific manner. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] The present disclosure broadly relates to an anti­
inflammatory tissue-specific educated macrophage as well 
as methods for making and using such a macrophage. 
[0042] In one aspect of the invention, CD14+ monocytes 
or macrophages are co-cultured with tissue-specific cells or 
extracellular factors to yield tissue-specific educated mac­
rophages. Educated macrophages generated by the methods 
of the present invention may be used to treat or prevent a 
disease by administration of the educated macrophages to a 
subject in need thereof. 
[0043] As used herein, "educated macrophages" refers to 
tissue-specific anti-inflammatory and tissue reparative mac­
rophages generated ex vivo by co-culturing a CD14+ mono­
cyte or macrophage with a tissue-specific cell or with an 
extracellular factor. Educated macrophages generated by 
co-culture of this type are generally characterized as CD163 
low, CD206 high, CD16 low, PD-Ll high, PD-L2 high, 
TGF-~ high, TNF-a low, and IL-1 b high compared to 
non-educated macrophages. Levels of characteristic markers 
may be measured by flow cytometry, gene expression analy­
sis, or other means known in the art. In one embodiment, the 
educated macrophages are specific to cardiac cells and are 
generated by co-culturing CD14+ monocytes or macro­
phages with cardiac-specific cells or extracellular factors. In 
one embodiment, the educated macrophages are specific to 
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bone marrow cells and are generated by co-culturing CD14+ 
monocytes or macrophages with bone-marrow-specific cells 
or extracellular factors. 

Co-Culture 

[0044] CD14+ cells are co-cultured with cells from a 
specific tissue ("tissue-specific cells") or with tissue-specific 
extracellular factors to yield educated macrophages. Meth­
ods of co-culturing CD14+ cells with mesenchymal stem 
cells (MSCs) to generate MSC-educated macrophages ( re­
ferred to herein as BM-MEM) have been described, see U.S. 
Pat. No. 8,647,678 and U.S. Patent Publication No. 2016/ 
0082042, both incorporated herein by reference. 
[0045] CD14+ cells are co-cultured ex vivo with tissue­
specific cells or tissue-specific extracellular factors in any 
culture medium known in the art suitable for survival and 
growth of the co-culture components. The co-cultures may 
be maintained for between 0-28 days to generate educated 
macrophages. Co-cultures may generate educated macro­
phages with the desired immuno-phenotype after 0, 1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 18, 20, 23, 25 or more 
than 26 days. In some embodiments, co-cultures yield 
educated macrophages after 10 days. In some embodiments, 
co-cultures yield educated macrophages after 5 days. In one 
embodiment, co-cultures yield educated macrophages after 
1 day. 
[0046] In some cases, tissue-specific cells or tissue-spe­
cific extracellular factors are subjected to additional purifi­
cation steps prior to use in co-culture to obtain educated 
macrophages. Tissue-specific cells or extracellular factors 
can be added in a single dose or repeated doses to CD14+ 
cultures to generate educated macrophages. 
[0047] For co-cultures of the present invention, monocytes 
or macrophages can be co-cultured with tissue-specific cells 
or tissue-specific extracellular factors such that the cells are 
in direct physical contact. Alternatively, the co-culture com­
ponents can be placed in sub-compartments that are in fluid 
communication but separated by a semi-permeable mem­
brane. The semi-permeable membrane allows the exchange 
of soluble medium components and factors secreted by the 
cells but is impenetrable for the cells themselves. The pores 
within the semi-permeable membrane are sufficiently small 
to prevent cell penetration but large enough to allow soluble 
medium components to pass across the membrane, and are 
typically are between 0.1-1.0 µm, but other pore sizes can be 
suitable. 
[0048] Various methods of cell separation and isolation are 
known in the art and can be used to separate the educated 
macrophages from the tissue-specific cells and tissue-spe­
cific extracellular factors depending on factors such as the 
desired purity of the isolated cell populations. For example, 
educated macrophages can be isolated from the co-culture 
using flow cytometry or magnetic based sorting. Educated 
macrophages can be maintained in culture in any medium 
that supports macrophages in vitro. Also, educated macro­
phages can be stored using methods known in the art 
including, but not limited to, refrigeration, cryopreservation, 
vitrification, lyophilization, and immortalization. 
[0049] As used herein, "CD14+ cell" refers to a monocyte 
or a macrophage. CD14+ cells can be derived from any 
suitable source. The skilled artisan will appreciate the 
advantageous efficiency of generating macrophages from 
peripheral blood monocytes for co-cultures. Alternatively, 
macrophages can also be isolated from cellular outgrowth of 
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a tissue sample taken from an individual. Peripheral blood 
monocytes can be cultured for various times and under 
various conditions before co-culture or can be added to the 
exosomes or extracellular matrix directly for co-cultures. In 
one embodiment, monocytes are harvested from a subject by 
leukapheresis. In one embodiment, CD14+ cells are isolated 
from peripheral blood. In one embodiment, CD14+ cells are 
isolated from peripheral blood of a patient who has first been 
treated with an agent including but not limited to G-CSF, 
GM-CSF, Mozobil™ (plerixafor injection) and the like to 
mobilize cells into the peripheral blood. In one embodiment, 
CD14+ cells are isolated from peripheral blood with G-CSF 
stimulation. In one embodiment CD14+ cells are isolated 
from bone marrow aspirates. In one embodiment CD14+ 
cells are isolated from tissues or organs such as heart. In one 
embodiment CD14+ cells are derived from pluripotent stem 
cells such as embryonic stem cells or induced pluripotent 
stem cells. 
[0050] As used herein "macrophage" refers to a mononu­
clear phagocyte characterized by the expression of CD14 
and lack of expression of dendritic or mesenchymal cell 
markers. 
[0051] As used herein "mononuclear leukocytes" or 
"monocytes" are white blood cells that can differentiate into 
macrophages when recruited to tissues and can influence 
both innate and adaptive immune system. 
[0052] As used herein, "high" means that the cells are 
characterized by higher expression of a particular cytokine 
compared to control macrophages cultured without tissue­
specific cells or extracellular factors. For example, "IL-6 
high" indicates that macrophages co-cultured with tissue­
specific cells or extracellular factors express higher amounts 
of IL-6 than macrophages that have not been co-cultured 
with tissue-specific cells or extracellular factors. Similarly, 
"low" means that the cells are characterized by lower 
expression of a particular cytokine. For example, "IL-12 
low" indicates that macrophages co-cultured with tissue­
specific cells or extracellular factors express lower amounts 
of IL-12 than macrophages that have not been co-cultured 
with tissue-specific cells or extracellular factors. "Low" can 
also mean that the expression levels are below the detection 
limit. 

Tissue-Specific Cells and Extracellular Factors 

[0053] The skilled artisan will appreciate that monocytes, 
macrophages, tissue-specific cells, and extracellular factors 
employed in methods described herein can be cultured or 
co-cultured in any medium that supports their survival and 
growth. In one embodiment the medium is serum free­
medium including but not limited to X-VIVO™ 15 and 
STEMPRO™ serum-free media. In one embodiment the 
medium uses human platelet lysates to replace the human 
AB serum in the macrophage medium. Co-cultures do not 
require the addition of cytokines. Tissue-specific cells, extra­
cellular factors and macrophages can be autologous, synge­
neic, allogeneic, or third party with respect to one another. 
[0054] As used herein, "mesenchymal stem cells (MSC)" 
refers to the fibroblast-like cells that reside within virtually 
all tissues of a postnatal individual. An ordinarily skilled 
artisan will appreciate that the cells referred to herein as 
mesenchymal stem cells or MSCs are also known in the art 
as mesenchymal stromal cells, marrow stromal cells, mul­
tipotent stromal cells, and perhaps by other names. An MSC 
within the scope of this disclosure is any cell that can 
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differentiate into osteoblasts, chondrocytes, and adipocytes. 
An MSC within the scope of this disclosure is positive for 
the expression of CD105, CD73, and CD90 while lacking 
expression of CD45, CD34, CD14 or CDllb, CD79a or 
CD19, and HLA-DR surface molecules. (Dominici et al. 
Minimal criteria for defining multipotent mesenchymal 
stromal cells. The International Society for Cellular Therapy 
position statement, (2006), Cytotherapy, 8( 4):315-317). 
While these markers are known to characterize MSCs 
derived from most tissues, it is understood in the art that 
MSCs from some sources could exhibit differences in cell 
surface marker expression. Within bone marrow, MSCs 
provide the stromal support tissue for hematopoietic stem 
cells. MS Cs can differentiate into cells of the mesenchymal 
lineage. In some embodiments, MSCs are co-cultured with 
CD14+ cells to generate MSC educated macrophages (re­
ferred to herein as MEMs ). 

[0055] In some embodiments of the present invention the 
tissue-specific cells are bone marrow mesenchymal stem 
cells (referred to herein as BM-MSCs). BM-MSCs are 
co-cultured with CD14+ cells to generate bone marrow 
specific educated macrophages (referred to herein as BM­
MEM). 

[0056] In some embodiments of the present invention the 
tissue-specific cells are cardiac fibroblast cells (referred to 
herein as CF). CF are co-cultured with CD14+ cells to 
generate cardiac fibroblast educated macrophages (referred 
to herein as CF-EM). 

[0057] CFs, MSCs, BM-MSCs, and other cells described 
herein for use in the methods or compositions of the present 
invention may be derived or isolated from any suitable 
source. In one embodiment, CFs are isolated from donor 
heart tissue. In one embodiment, CFs are biopsied from a 
patient with a disease or injury as described herein. In one 
embodiment, CFs are differentiated from embryonic or 
induced pluripotent stem cells. In one embodiment, MSCs 
are isolated from cardiac tissue. In one embodiment, MSCs 
are isolated from tissue such as bone marrow and lung 
tissue. In one embodiment, MSCs are differentiated from 
embryonic or induced pluripotent stem cells. 

[0058] As used herein, "extracellular factors" refers to 
extracellular vesicles, exosomes, micro-vesicles, extracellu­
lar matrix compositions, isolated extracellular matrix com­
ponents and fragments or derivatives thereof, exosomes 
purified from an extracellular matrix, and combinations 
thereof. Extracellular factors are used in co-culture with 
CD14+ cells to educate macrophages in a tissue-specific 
manner. Tissue-specific extracellular factors are derived or 
isolated for a cell from a specific tissue of interest. As used 
herein, "extracellular vesicles" refers to both exosomes and 
micro-vesicles. 

[0059] As used herein, "exosomes" refer to small lipid 
vesicles released by a variety of cell types. Exosomes are 
generated by inward- or reverse budding, resulting in par­
ticles that contain cytosol and exposed extracellular domains 
of certain membrane-associated proteins (Stoorvogel et al., 
Traffic 3:321-330 (2002)). Methods of preparing exosomes 
from cells are known in the art. See, for example, Raposo et 
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al., J. Exp. Med. 183:1161 (1996). In one method, exosomes 
are recovered from conditioned culture medium by centrifu­
gation. In some embodiments of the invention, exosomes are 
co-cultured with macrophages to generate tissue-specific 
educated macrophages with increased specificity for the 
tissues from which the exosomes were derived. Exosomes 
suited for use in the methods can be derived fresh or can be 
previously frozen aliquots kept as a composition, thawed, 
and added in a single dose or repeated doses to CD14+ 
cultures to generate educated macrophages. In some 
embodiments, exosome preparations may also include 
micro-vesicles. Without wishing to be bound by any par­
ticular theory, it is understood that tissue-specific exosomes 
are known to express surface markers of their tissue of origin 
which may result in tissue-specific educated macrophages 
that are targeted to the tissue of origin. Exosomes from the 
tissue of interest, for example a damaged tissue targeted for 
repair, are likely to contain tissue-specific translational or 
post translational factors, internal nucleic acids, and proteins 
that are specific to tissue of interest and superior for repair 
of said tissue. 

[0060] Exosomes can have, but are not limited to, a 
diameter of about 10-300 nm. In some embodiments, the 
exosomes can have, but are not limited to, a diameter 
between 20-250 nm, 30-200 nm or about 50-150 nm. 
Exosomes may be isolated or derived from any cell type that 
resides in the target tissue of interest which can be isolated 
and cultured for a period of time appropriate for the isolation 
of exosomes. 

[0061] In one embodiment, the exosomes are derived from 
bone marrow mesenchymal stem cells. Exosomes derived 
from bone marrow MSCs are co-cultured with CD14+ cells 
to generate bone marrow exosome-educated macrophages 
(referred to herein as BM-EEM). When comparing external 
surface markers ofMEMs to BM-EEMs by flow cytometry 
the BM-EEMs are CD163 and CD16 low and CD206, 
PDL-1, and PDL-2 high. When comparing gene expression 
by qPCR BM-EEMs are TGF, TNF, and ILlb high and IL6, 
serpine and VEGF low compared to the MEMs. 

[0062] In one embodiment, the exosomes are derived from 
cardiac fibroblasts (referred to herein as CF-EVs). CF-EVs 
are co-cultured with CD14+ cells to generate cardiac fibro­
blast exosome-educated macrophages (referred to herein as 
CF-EEM). 

[0063] When comparing external surface markers of 
MEMs to BM-EEMs by flow cytometry the BM-EEMs are 
CD163 and CD16 low and CD206, PDL-1, and PDL-2 high. 
When comparing gene expression by qPCR BM-EEMs are 
TGF, TNF, and ILi b high and IL6, serpine and VEGF low 
compared to the MEMs. Moreover there are distinctions 
between the expression profiles of the BM-EEMs and the 
CF-EEMs. Comparing the BM-EEM profile to CF-EEM 
profile by flow cytometry, CD206 is slightly lower, as is 
CD16 in the CF-EEMs, but both PD-Ll and PDL-2 are 
higher compared to the BM-EEMs. Slight differences are 
also seen in gene expression by qPCR, most notably in the 
expression of IL-6. 
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TABLE 1 

Characteristic surface marker phenotypes and cytokine growth factor profiles 
of some embodiments of the educated macrophages described herein. 

Educated 
Macrophage 

Surface marker 
phenotype 

Cytokine, growth 
factor profile As compared to 

MEM CD163 high, CD206 
high, CD! 6 high 

TGF-13 low, TNF-a 
low, IL-6 very high, 
IL-10 low, IL-lb low, 
VEGF-A high, 
Serpine-1 high 
TGF-13 high, TNF-a 
low IL-6 high, IL-lb 
high, Serpine-1 high 

Un-educated 
macrophages 

BM-EEM CD163 low, CD206 
high, CD16 low, 
PD-Ll high, PD-L2 
high 

Un-educated 
macrophages 

CF-EEM CD163 low, CD206 
high, CD16 low, 
PD-Ll very high, 
PD-L2 very high 
CD206 very high 

TGF-13 high, TNF-a 
low, IL-6 high, IL-10 
high, IL-1 b high, 
Serpine-1 high 

Un-educated 
macrophages 

CF-ECM-EM 

BM-EEM CD163 low, CD206 
high, CD16 low, PD­
Ll high, PD-L2 high 

TGF-13 high, TNF-a 
high, IL-6 low, IL-10 
high, FGF-2 low, IL­
lb high, VEGF-A low, 
VEGF-C low, Serpine-
1 low 

Un-educated 
macrophages 
MEM 

[0064] In one embodiment, the exosomes may be embed­
ded within a cardiac fibroblast-derived extracellular matrix 
(CF-ECM) for use in a co-culture with CD14+ cells. In one 
embodiment, the embedded matrix is created by saturating 
CF-ECM with CF-exosomes and vacuum drying the com­
bination material resulting in the deposition of exosomes in 
the CF-ECM. In another embodiment, CD14+ cells are 
co-cultured with cardiac fibroblast extracellular matrix to 
generate cardiac fibroblast extracellular matrix educated 
macrophages (referred to herein as CF-ECM-EM). In 
another embodiment, CD14+ cells are co-cultured with 
exosomes isolated from a cardiac fibroblast extracellular 
matrix to generate cardiac fibroblast ECM exosome edu­
cated macrophages (CF-ECM-EM). 

[0065] As used herein, "cardiac fibroblast-derived extra­
cellular matrix ( CF -ECM)" refers to a 3-dimensional matrix 
that is substantially similar to, but not necessarily identical 
to, the in vivo 3-dimensional extracellular matrix of cardiac 
fibroblasts unique to cardiac tissue that heals after myocar­
dial disease or injury. Substantial similarity is based on the 
type and abundance of the structural proteins present in the 
ECM, as well as on the presence of characteristic matricel­
lular proteins such as growth factors and cytokines. In some 
embodiments, the CF-ECM is an engineered CF-ECM as 
described in U.S. Pat. No. 8,802,144 and U.S. Patent Pub­
lication No. US 2016/0354447, both of which are incorpo­
rated herein by reference. 

[0066] An engineered CF-ECM can include structural 
proteins fibronectin, collagen type I, collagen type III, and 
elastin, and other structural proteins. In some embodiments, 
an engineered CF-ECM includes the structural protein col­
lagen type V. Preferably, fibronectin molecules make up 
from 60% to 90%, or from 70% to 90%, or from 80% to 
90%, of the structural protein molecules present in the 
engineered CF-ECM. 

[0067] Before it is fragmented or lyophilized, the engi­
neered CF-ECM has a thickness of 20-500 µm. In some 
embodiments, the unfragmented CF-ECM has a thickness 

range of30-200 µm or of50-150 µm. In some embodiments, 
more than 80% of the structural protein molecules are 
fibronectin molecules. 

[0068] Preferably, the structural proteins of the engineered 
CF-ECM are not chemically cross-linked. 

[0069] In addition to the structural proteins, the CF-ECM 
may include one or more matricellular proteins, such as 
growth factors and cytokines, as well as other substances. 
Non-limiting examples of other proteins that may be found 
in the cardiac ECM include latent transforming growth 
factor beta 1 (LTGF~-1), latent transforming growth factor 
beta 2 (LTGF~-2), connective tissue growth factor (CTGF), 
secreted protein acidic and rich in cysteine (SPARC), ver­
sican core protein (VCAN), galectin 1, galectin 3, matrix gla 
protein (MGP), sulfated glycoprotein 1, protein-lysine 
6-oxidase, and biglycan. In some embodiments, the ECM 
may optionally include one or more of transforming growth 
factor beta 1 (TGF~-1), transforming growth factor beta 3 
(TGF~-3), epidermal growth factor-like protein 8, growth/ 
differentiation factor 6, granulins, galectin 3 binding protein, 
nidogen 1, nidogen 2, decorin, prolargin, vascular endothe­
lial growth factor D (VEGF-D), Von Willebrand factor Al, 
Von Willebrand factor AS A, matrix metalloprotease 14, 
matrix metalloprotease 23, platelet factor 4, prothrombin, 
tumor necrosis factor ligand superfamily member 11, and 
glia derived nexin. 

[0070] Optionally, the engineered CF-ECM is decellular­
ized, and is substantially devoid of intact cardiac fibroblast 
cells. In some embodiments, the CF-ECM may be seeded 
using methods that are known in the art with one or more 
cells that are therapeutic for cardiac disease or injury. 
Examples of therapeutic cells types that could be used to 
seed the CF-ECM bioscaffold include without limitation CF, 
CD14+ monocytes, macrophages, MSCs, CF-EEMs, BM­
EEMs, BM-MEM, CF-ECM-EMs or combinations thereof. 

[0071] Methods of making the engineered CF-ECM and 
information about its structure and composition are dis­
closed in, for example, U.S. Pat. No. 8,802,144 and U.S. 
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Patent Publication No. US 2016/0354447, both of which are 
incorporated herein by reference. 

Treatment 

[0072] According to the methods of the present invention, 
educated macrophages are administered to a subject in need 
of thereof. Subjects in need of treatment include those 
already having or diagnosed with a disease or injury as 
described herein or those who are at risk of developing a 
disease or injury as described herein. 
[0073] A disease or injury of the present invention may 
include, but is not limited to, conditions associated with 
aberrant, uncontrolled, or inappropriate inflarmnation, car­
diovascular disease, atherosclerosis, cytokine release syn­
drome (CRS), and other disorders associated with cytokine 
storm such as adult respiratory distress syndrome (ARDS), 
and severe acute respiratory syndrome (SARS). CRS is a 
rapid and massive release of cytokines into the bloodstream 
which can lead to high fevers and cardiac dysfunction, and 
is frequently observed following administration of immu­
notherapeutics (e.g., therapeutic mAb infusions) and follow­
ing adoptive T-cell therapies ( e.g., administration of T-cells 
engineered to express CARs). While immunosuppression 
can potentially reverse a cytokine storm and return cytokines 
to normal levels, it can limit the efficacy of the immuno­
therapy. Advantageously, the methods provided herein 
improve the chance for the subject to receive therapeutic 
benefit from an immunotherapy while minimizing the risk 
for life threatening complications of CRS and other 
cytokine-associated toxicities. 
[0074] Cardiovascular disease may refer to, but is not 
limited to, coronary heart disease, heart failure associated 
conditions (such as ischemic cardiomyopathy and non­
ischemic cardiomyopathies such as infiltrative cardiomyo­
pathy, inflammatory cardiomyopathy, myocarditis, valvular 
cardiomyopathy), chronic ischemia with preserved ejection 
fraction (such as chronic angina due to atherosclerosis), 
recent myocardial infarction or recent myocardial ischemia 
such as acute coronary syndrome, arrhythmia associated 
conditions such as conduction disturbances and tachyar­
rhythmias. 
[0075] In some embodiments, a disease or injury of the 
present invention includes disease or injury of the lung such 
as, but not limited to, chronic obstructive pulmonary disease 
(COPD), asthma, bronchiolitis obliterans, and the like. In 
some embodiments, a disease or injury of the present 
invention includes disease or injury of the vasculature such 
as, but not limited to, peripheral artery disease and the like. 
In some embodiments, a disease or injury of the present 
invention includes disease or injury of the bone marrow such 
as, but not limited to, graft vs. host disease, bone marrow 
failure, and the like. In some embodiments, a disease or 
injury of the present invention includes disease or injury of 
the skin such as, but not limited to, bums, trauma, ischemic 
ulcers, neuropathic ulcers, and the like. In some embodi­
ments, a disease or injury of the present invention includes 
disease or injury of the pancreases such as, but not limited 
to, diabetes. In some embodiments, a disease or injury of the 
present invention includes disease or injury of the liver such 
as, but not limited to, cirrhosis, liver failure, and the like. In 
some embodiments, a disease or injury of the present 
invention includes disease or injury of the kidney such as, 
but not limited to, acute and chronic renal failure. In some 
embodiments, a disease or injury of the present invention 
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includes disease or injury of the brain such as, but not 
limited to, stroke, neurodegeneration, neurodevelopmental 
diseases, and the like. In some embodiments, a disease or 
injury of the present invention includes disease or injury of 
the endocrine organs such as, but not limited to, hormone 
deficiency or endocrine organ inflammation. In some 
embodiments, a disease or injury of the present invention 
includes disease or injury of the reproductive organs such as, 
but not limited to, infertility, hormone imbalance, meno­
pause, premature aging, and the like. In some embodiments, 
a disease or injury of the present invention includes aging or 
a disease or injury associated with the normal human aging 
process. 
[0076] As used herein, the terms "treat" and "treating" can 
refer to both therapeutic and prophylactic or preventive 
measures, wherein the object is to prevent or slow down 
(lessen) an undesired physiological change or pathological 
disorder resulting from a disease or injury as described 
herein. For purposes of this invention, treating the disease or 
injury includes, without limitation, alleviating one or more 
clinical indications, decreasing inflammation, reducing the 
severity of one or more clinical indications of the disease or 
injury, diminishing the extent of the condition, stabilizing 
the subject's disease or injury (i.e., not worsening), delay or 
slowing, halting, or reversing the disease or injury and 
bringing about partial or complete remission of the disease 
or injury. Treating the disease or injury also includes pro­
longing survival by days, weeks, months, or years as com­
pared to prognosis if treated according to standard medical 
practice not incorporating treatment with educated macro­
phages. 

[0077] Subjects in need of treatment can include those 
already having or diagnosed with a disease or injury as 
described herein as well as those prone to, likely to develop, 
or suspected of having a disease or injury as described 
herein. Pre-treating or preventing a disease or injury accord­
ing to a method of the present invention includes initiating 
the administration of a therapeutic ( e.g., human educated 
macrophages) at a time prior to the appearance or existence 
of the disease or injury, or prior to the exposure of a subject 
to factors known to induce the disease or injury. Pre-treating 
the disorder is particularly applicable to subjects at risk of 
having or acquiring the disease injury. As used herein, the 
terms "prevent" and "preventing" refer to prophylactic or 
preventive measures intended to inhibit undesirable physi­
ological changes or the development of a disorder or con­
dition resulting in the disease or injury. In exemplary 
embodiments, preventing the disease or injury comprises 
initiating the administration of a therapeutic (e.g., educated 
macrophages) at a time prior to the appearance or existence 
of the disease or injury such that the disease or injury, or its 
symptoms, pathological features, consequences, or adverse 
effects do not occur. In such cases, a method of the invention 
for preventing the disease or injury comprises administering 
educated macrophages to a subject in need thereof prior to 
exposure of the subject to factors that influence the devel­
opment of the disease or injury. 
[0078] As used herein, the terms "subject" or "patient" are 
used interchangeably and can encompass any vertebrate 
including, without limitation, humans, mammals, reptiles, 
amphibians, and fish. However, advantageously, the subject 
or patient is a mammal such as a human, or a mammal such 
as a domesticated mammal, e.g., dog, cat, horse, and the like, 
or livestock, e.g., cow, sheep, pig, and the like. In exemplary 



US 2018/0282698 Al 

embodiments, the subject is a human. As used herein, the 
phrase "in need thereof' indicates the state of the subject, 
wherein therapeutic or preventative measures are desirable. 
Such a state can include, but is not limited to, subjects 
having a disease or injury as described herein or a patho­
logical symptom or feature associated with a disease or 
injury as described herein. 

[0079] In some cases, a method of treating or preventing 
a disease or injury as described herein comprises adminis­
tering a pharmaceutical composition comprising a therapeu­
tically effective amount of educated macrophages as a 
therapeutic agent (i.e., for therapeutic applications). As used 
herein, the term "pharmaceutical composition" refers to a 
chemical or biological composition suitable for administra­
tion to a mammal. Examples of compositions appropriate for 
such therapeutic applications include preparations for par­
enteral, subcutaneous, transdermal, intradermal, intramus­
cular, intracoronarial, intramyocardial, intrapericardial, 
intraperitoneal, intravenous ( e.g., injectable), intraparenchy­
mal, intrathecal, or intratracheal administration, such as 
sterile suspensions, emulsions, and aerosols. Intratracheal 
administration can involve contacting or exposing lung 
tissue, e.g., pulmonary alveoli, to a pharmaceutical compo­
sition comprising a therapeutically effective amount of edu­
cated macrophages, alone or in combination with tissue­
specific ECM or extracellular vesicles. In some cases, 
pharmaceutical compositions appropriate for therapeutic 
applications may be in admixture with one or more phar­
maceutically-acceptable excipients, diluents, or carriers 
such as sterile water, physiological saline, glucose or the 
like. For example, educated macrophages described herein 
can be administered to a subject as a pharmaceutical com­
position comprising a carrier solution. 

[0080] Formulations may be designed or intended for oral, 
rectal, nasal, topical or transmucosal (including buccal, 
sublingual, ocular, vaginal and rectal) and parenteral (in­
cluding subcutaneous, intramuscular, intravenous, intrader­
mal, intraperitoneal, intrathecal, intraocular intraparenchy­
mal, intrathecal and epidural) administration. In general, 
aqueous and non-aqueous liquid or cream formulations are 
delivered by a parenteral, oral or topical route. In other 
embodiments, the compositions may be present as an aque­
ous or a non-aqueous liquid formulation or a solid formu­
lation suitable for administration by any route, e.g., oral, 
topical, buccal, sublingual, parenteral, aerosol, a depot such 
as a subcutaneous depot or an intraperitoneal, intraparen­
chymal or intramuscular depot. In some cases, pharmaceu­
tical compositions are lyophilized. In other cases, pharma­
ceutical compositions as provided herein contain auxiliary 
substances such as wetting or emulsifying agents, pH buff­
ering agents, gelling or viscosity enhancing additives, pre­
servatives, flavoring agents, colors, and the like, depending 
upon the route of administration and the preparation desired. 
The pharmaceutical compositions may be formulated 
according to conventional pharmaceutical practice (see, e.g., 
Remington: The Science and Practice of Pharmacy, 20th 
edition, 2000, ed. A. R. Gennaro, Lippincott Williams & 
Wilkins, Philadelphia, and Encyclopedia of Pharmaceutical 
Technology, eds. J. Swarbrick and J.C. Boylan, 1988-1999, 
Marcel Dekker, New York). 

[0081] The preferred route may vary with, for example, 
the subject's pathological condition or weight or the sub­
ject's response to therapy or that is appropriate to the 
circumstances. The formulations can also be administered 
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by two or more routes, where the delivery methods are 
essentially simultaneous or they may be essentially sequen­
tial with little or no temporal overlap in the times at which 
the composition is administered to the subject. 

[0082] Suitable regimes for initial administration and fur­
ther doses or for sequential administrations also are variable, 
may include an initial administration followed by subse­
quent administrations, but nonetheless, may be ascertained 
by the skilled artisan from this disclosure, the documents 
cited herein, and the knowledge in the art. 

[0083] In some cases, educated macrophages may be 
optionally administered in combination with one or more 
additional active agents. Such active agents include anti­
inflammatory, anti-cytokine, analgesic, antipyretic, antibi­
otic, and antiviral agents, as well as growth factors and 
agonists, antagonists, and modulators of immunoregulatory 
agents (e.g., TNF-a, IL-2, IL-4, IL-6, IL-10, IL-12, IL-13, 
IL-18, IFN-a, IFN-y, BAFF, CXCL13, IP-10, VEGF, EPO, 
EGF, HRG, Hepatocyte Growth Factor (HGF), Hepcidin, 
including antibodies reactive against any of the foregoing, 
and antibodies reactive against any of their receptors). Any 
suitable combination of such active agents is also contem­
plated. When administered in combination with one or more 
active agents, educated macrophages can be administered 
either simultaneously or sequentially with other active 
agents. For example, victims of ischemic heart injury may 
simultaneously receive educated macrophages and a blood 
thinner such as heparin, a glycoprotein IIb/IIIa inhibitor or 
a P2Y12 inhibitor for a length of time or according to a 
dosage regimen sufficient to support recovery and to treat, 
alleviate, or lessen the severity of the ischemic heart injury. 
In some embodiments, educated macrophages of the present 
invention may also be administered to a patient simultane­
ously receiving a stent, bypass graft, ventricular assist 
device, or other forms of cell therapy. In some embodiments, 
the educated macrophages are administered prior to, simul­
taneously with, or following the administration of a second 
cell therapy such as to improve or enhance engraftment, 
survival or function of the administered cells. 

[0084] In some embodiments, educated macrophages are 
administered to a subject in need thereof using an infusion, 
topical application, surgical transplantation, or implantation. 
In an exemplary embodiment, administration is systemic. In 
such cases, educated macrophages can be provided to a 
subject in need thereof in a pharmaceutical composition 
adapted for intravenous administration to subjects. Typi­
cally, compositions for intravenous administration are solu­
tions in sterile isotonic aqueous buffer. The use of such 
buffers and diluents is well known in the art. Where neces­
sary, the composition may also include a local anesthetic to 
ameliorate any pain at the site of the injection. Generally, the 
ingredients are supplied either separately or mixed together 
in unit dosage form, for example, as a cryopreserved con­
centrate in a hermetically sealed container such as an 
ampoule indicating the quantity of active agent. Where the 
composition is to be administered by infusion, it can be 
dispensed with an infusion bottle containing sterile pharma­
ceutical grade water or saline. Where the composition is 
administered by injection, an ampoule of sterile water for 
injection or saline can be provided so that the ingredients 
may be mixed prior to administration. In some cases, 
compositions comprising human educated macrophages are 
cryopreserved prior to administration. 
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[0085] Therapeutically effective amounts of educated 
macrophages are administered to a subject in need thereof. 
An effective dose or amount is an amount sufficient to effect 
a beneficial or desired clinical result. With regard to methods 
of the present invention, the effective dose or amount, which 
can be administered in one or more administrations, is the 
amount of human educated macrophages sufficient to elicit 
a therapeutic effect in a subject to whom the cells are 
administered. In some cases, an effective dose of educated 
macrophages is about lxl05 cells/kilogram to about 10xl09 

cells/kilogram of body weight of the recipient ( e.g., 1 xl 05 

cells/kilogram, 5xl05 cells/kilogram, lxl06 cells/kilogram, 
5xl06 cells/kilogram, lxl07 cells/kilogram, 5xl07 cells/ki­
logram, lxl08 cells/kilogram, 5xl08 cells/kilogram, or 
lxl09 cells/kilogram). Effective amounts will be affected by 
various factors which modify the action of the cells upon 
administration and the subject's biological response to the 
cells, e.g., severity of ischemic heart failure, type of dam­
aged tissue, the patient's age, sex, and diet, the severity of 
inflammation, time of administration, and other clinical 
factors. 
[0086] Therapeutically effective amounts for administra­
tion to a human subject can be determined in animal tests 
and any art-accepted methods for scaling an amount deter­
mined to be effective for an animal for human administra­
tion. For example, an amount can be initially measured to be 
effective in an animal model (e.g., to achieve a beneficial or 
desired clinical result). The amount obtained from the ani­
mal model can be used in formulating an effective amount 
for humans by using conversion factors known in the art. 
The effective amount obtained in one animal model can also 
be converted for another animal by using suitable conver­
sion factors such as, for example, body surface area factors. 
[0087] It is to be understood that, for any particular 
subject, specific dosage regimes should be adjusted over 
time according to the individual need and the professional 
judgment of the person administering or supervising the 
administration of the educated macrophages. For example, 
an educated macrophage dosage for a particular subject 
which ischemic heart failure can be increased if the lower 
dose does not elicit a detectable or sufficient improvement in 
heart function. Conversely, the dosage can be decreased if 
the ischemic heart failure is treated or eliminated. 
[0088] In some cases, therapeutically effective amounts of 
educated macrophages can be determined by, for example, 
measuring the effects of a therapeutic in a subject by 
incrementally increasing the dosage until the desired symp­
tomatic relief level is achieved. A continuing or repeated 
dose regimen can also be used to achieve or maintain the 
desired result. Any other techniques known in the art can be 
used as well in determining the effective amount range. Of 
course, the specific effective amount will vary with such 
factors as the particular disease state being treated, the 
physical condition of the subject, the type of animal being 
treated, the duration of the treatment, route of administra­
tion, and the nature of any concurrent therapy. 
[0089] Following administration of educated macro­
phages to an individual subject afflicted by, prone to, or 
likely to develop a disease or injury described herein, a 
clinical symptom or feature associated with the disease or 
injury is observed and assessed for a positive or negative 
change. For example, for methods of treating ischemic heart 
failure in a subject, positive or negative changes in the 
subject's heart function during or following treatment may 

9 
Oct. 4, 2018 

be determined by any measure known to those of skill in the 
art including, without limitation, measuring end systolic 
pressure, measuring end diastolic pressure, measuring end 
diastolic volume, measuring end systolic volume, measuring 
cardiac ejection fraction, measuring cardiac output, measur­
ing contractility ( end systolic pressure volume relationship, 
stroke work or preload recruitable stroke work), and mea­
suring infarct size. 
[0090] In some embodiments, the disclosed injectable 
compositions may include one or more fragments of the 
engineered CF-ECMs and a population of educated macro­
phages, along with an injectable pharmaceutically-accept­
able carrier, where the fragments of the CF-ECM are suffi­
ciently small to be able to freely pass through a hypodermic 
needle opening. Methods of making the engineered CF­
ECM and information regarding its use in injectable com­
positions are disclosed in, for example, U.S. Pat. No. 8,802, 
144 and U.S. Patent Publication No. US 2016/0354447, both 
of which are incorporated herein by reference. 
[0091] In some embodiments, cardiac specific educated 
macrophages are administered with an injectable CF-ECM 
in a treatment in which the CF-ECM is administered prior to 
macrophage administration to provide an in situ niche for 
macrophage engraftment, retention and functionality. In 
some embodiments, the CF-ECM is administered simulta­
neously in a single composition with the macrophages. In 
some embodiments, the CF-ECM is infused or implanted 
with tissue-specific extracellular factors prior to use as a 
carrier for the educated macrophages. 
[0092] In some embodiments, the injectable composition 
may be used to treat cardiac disease or injury, ischemic limb 
injury, or other injury due to the interruption of blood supply 
to a tissue. In some cases, the injectable composition is 
delivered into an endocardial wall of a heart chamber using 
any appropriate means for trans-endocardial delivery. For 
example, a delivery catheter can be used to deliver the 
injectable composition for treatment of a cardiac disease or 
condition. Other delivery devices can be used to achieve 
therapeutic or diagnostic delivery of an injectable compo­
sition as described herein. For example, the injectable com­
position can be delivered using a cardiac needle tip injection 
catheter such as the Myostar (Biosense Webster), Helix 
(Biocardia), Bullfrog (Mercator MedSystems) or C-Cath 
(Cardio3Biosciences ). Advantageously, delivery of an 
injectable composition by the injection methods described 
herein is minimally invasive and can be achieved without 
general anesthesia, extracorporeal circulation (e.g., circula­
tion via a heart-lung machine), circulatory support, or a 
chest opening. Accordingly, complication prospects and 
risks to the patient are substantially lower. 
[0093] In some cases, the injectable composition is deliv­
ered to the outer heart wall (epicardium) using any appro­
priate means for epicardial delivery. For example, epicardial 
delivery of an injectable composition described herein can 
be achieved using a delivery device comprising a needle 
and/or syringe. In one embodiment, a suitable delivery 
vehicle may be cardiac fibroblast derived extracellular 
matrix. In one embodiment, a suitable delivery vehicle may 
be cardiac fibroblast derived extracellular matrix embedded 
with cardiac fibroblast exosomes. 
[0094] In any of the methods of the present invention, the 
donor and the recipient of the educated macrophages can be 
a single individual or different individuals, for example, 
allogeneic or xenogeneic individuals. As used herein, the 
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term "allogeneic" refers to something that is genetically 
different although belonging to or obtained from the same 
species ( e.g., allogeneic tissue grafts or organ transplants). 
"Xenogeneic" means the cells could be derived from a 
different species. 
[0095] The present invention has been described in terms 
of one or more preferred embodiments, and it should be 
appreciated that many equivalents, alternatives, variations, 
and modifications, aside from those expressly stated, are 
possible and within the scope of the invention. 
[0096] The invention will be more fully understood upon 
consideration of the following non-limiting Examples. 

EXAMPLE 1 

[0097] The embodiment described here demonstrates the 
concept that cardiac-specific anti-inflammatory tissue-re­
parative macrophages can be bioengineered by conditioning 
circulating monocytes with cardiac fibroblast-derived exo­
somes and cardiac fibroblast derived extracellular matrix. 
We describe these macrophages as Cardiac Fibroblast Exo­
some-Educated Macrophages (CF-EEM). In preliminary 
studies described herein, we observed that CF-EEM has a 
unique cell surface immunophenotype that is different than 
any other known macrophage population. In a proof of 
concept in vivo study, CF-EEM were injected into an 
immunocompetent rat myocardial infarction model. We 
observed a significant reduction in infarct size, a significant 
improvement in heart function and no evidence of immune 
rejection in the CF-EEM treated rats compared to historical 
control animals. 
[0098] We discovered that bone marrow mesenchymal 
stem cells (BM-MSC) (Hematti et al.), cardiac fibroblasts 
(CF) and cardiac fibroblast-derived extracellular matrix 
(CF-ECM) can educate monocytes to become unique edu­
cated macrophages. Our results suggest significant mono­
cyte-to-macrophage conversion using exosomes isolated 
from human CFs and using human CF derived extra-cellular 
matrix. These cardiac-specific anti-inflammatory tissue-re­
parative subpopulations offer a novel immunotherapeutic 
approach to repair the injured cardiac microenvironment. 
[0099] In the example described herein, human CF-EEMs 
are generated by co-culturing macrophages with cardiac 
fibroblast-derived exosomes and subsequently administered 
into immunocompromised rats that have undergone coro­
nary artery ligation to induce a large MI. Ejection fraction, 
infarct size, pressure-volume hemodynamics, angiogenic 
responses, fibro-healing responses, and CF-EEM retention 
are measured. 

Methods 

[0100] Isolation and cultivation of MSCs, macrophages 
and cardio-fibroblasts (CF)-We used human blood and 
bone marrow to derive monocytes and MSCs, respectively. 
All protocols were approved by the Health Sciences Insti­
tutional Review Board of University of Wisconsin-Madison 
School of Medicine and Public Health. Monocytes were 
isolated from human peripheral blood by using magnetic 
bead separation methods according to manufacturers' pro­
tocols. Briefly, peripheral blood mononuclear cells were 
collected from the blood of healthy donors by density 
gradient separation using Percoll™ (GE Healthcare Bio­
Sciences, Piscataway, N.J., USA). Red blood cells were 
lysed by incubating cells in ACK lysis buffer (Lonza, 
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Walkersville, Md.) for 3 minutes and mononuclear cells 
were washed with phosphate-buffered saline (PBS). To 
reduce platelet contamination, cell suspensions were centri­
fuged at 300-700 rpm for 10 minutes and cell pellets were 
re-suspended in autoMACS™ running buffer (Miltenyi Bio­
tec, cat #130-091-221). To isolate monocytes, the cells were 
incubated with anti-human CD14 micro beads (Miltenyi Bio­
tech, Auburn, Calif., USA) for 15 minutes at 4° C. After 
washing to remove unbound antibody, cell separation was 
done using autoMACS™ Pro Separator (Miltenyi Biotech). 
Purity of isolated CD 14 + cells was >95% when checked with 
flow cytometry. Purified CD14+ monocytes were plated 
either into six-well cell culture plates for flow cytometry or 
in 75-cm2 filter cap cell culture flask (Greiner Bio-One, 
Monroe, N.C., USA) for exosome isolation or in vitro assays 
at a concentration of 0.5-lxl06 per well or flask in Iscove's 
modified Dulbecco's medium (IMDM) without phenol 
(Gibco Life Technologies/ThermoFisher Scientific, Grand 
Island, N.Y.) supplemented with 10% human serum blood 
type AB (Mediatech, Herndon, Va., USA), lx nonessential 
amino acids (Lonza, Walkersville, Md., USA), 1 mM 
sodium pyruvate (Mediatech), and 4 µg/mL recombinant 
human insulin (Invitrogen). Cells were cultured for 7 days to 
differentiate to macrophages at 37° C. with 5% CO2 . 

[0101] Mesenchymal stem cells (MSCs) were isolated 
from bone marrow filters left over after bone marrow harvest 
from normal healthy donors. Briefly, leftover bone marrow 
cells trapped in filter were washed with PBS and mononu­
clear cells were separated using Ficoll-Hypaque 1.073 (GE 
Healthcare Bio-Sciences, USA) according to manufacturer's 
protocol. Red blood cells were lysed with 3-minute incuba­
tion in ACK lysis buffer and mononuclear cells were sus­
pended in a-Minimum Essential Medium (Corning CellGro, 
Manassas, Va.) supplemented with 10% fetal bovine serum 
(FBS) (US origin, uncharacterized; Hyclone, Logan, Utah, 
USA), lx nonessential amino acids, and 4 mM L-glutamine 
(Invitrogen, Carlsbad, Calif., USA). Cells were cultured in 
75-cm2 filter cap cell culture flasks. Cells (passage 0) were 
harvested by removing medium, washing with phosphate­
buffered saline (PBS) then using TrypLE™ cell dissociation 
enzyme (Invitrogen) to detach the adherent cells and then 
re-plated into new flasks. 

[0102] Tissue collection protocols have been reviewed and 
approved by the UW School of Medicine and Public Health 
institutional review board (IRB). Cadaveric cardiac tissue 
was harvested from recently deceased brain-dead donors at 
the University of Wisconsin-Madison Hospital & Clinics 
(UWHC) in Madison, Wis. under aseptic surgical conditions 
by the UW Organ Procurement Organization (OPO) and 
delivered to the investigators for cardiac fibroblast isolation. 

[0103] Cardiac fibroblasts were isolated from a modified 
protocol previously described. Briefly, hearts were obtained 
by the UWHC OPO using aseptic technique. Upon receipt, 
the fresh organ was removed from the transport container 
and the sterile packaging opened in a biological safety 
cabinet. 20-200 grams of left ventricle was dissected out. 
The dissected tissue was then coarsely chopped and 5-6 
grams processed in gentleMACS™ C tubes (MACS Milte­
nyi Biotech/130-093-235). The tissue was then run through 
a standard cardiac dispersion protocol on the Miltenyi 
gentleMACS™ Dissociator. 1.25 g Liberase™ (Roche 
Diagnostics/05401119001) was then added to each C tube 
and incubated at 37° C. with constant agitation for up to 120 
minutes to form a single cell suspension. The cell suspension 
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was then sieved through a 200 µm Pluristrainer (PluriBead/ 
43-50200-03). The resulting cell suspension was centrifuged 
at l000xg for 30 minutes. The cell suspension was then 
suspended in complete Lonza FGF-3 medium (Lonza-CC-
4526) and plated on to T75 tissue culture treated flasks 
(Falcon) for 120 minutes. The plates were then aspirated and 
fresh Lonza FGF-3 medium added to the flask. The cardiac 
fibroblasts were cultured under standard conditions (5% 
CO2 , 37° C., 100% Humidity) and the medium was changed 
every 2-3 days until the cardiac fibroblasts reached 50%-
90% confluency when they were passaged using TrypLE™ 
E select. 
[0104] Isolation of extracellular vesicles (EV s) containing 
exosomes and micro-vesicles----Cells grown to confluence in 
75-cm2 filter cap cell culture flasks were then washed once 
with PBS, and the medium was replaced with STEMPRO™ 
MSC serum-free medium (SFM) CTS (A103332-01, Gibco 
Life Technologies). Cell were incubated for 18-24 hours and 
the conditioned culture medium was harvested and centri­
fuged using a Beckman Coulter Allegra® X-15R centrifuge 
at 2000xg at 4 ° C. for 20 minutes to remove any detached 
cells, apoptotic bodies and cell debris. Clarified supernatant 
culture medium was then centrifuged in a Beckman Coulter 
Optima™ L-80XP Ultracentrifuge at 100,000 g average at 
4 ° C. for 2 hours with a SW 28 rotor to pellet exosomes. The 
supernatant was carefully removed, and EV-containing pel­
lets were re-suspended PBS and pooled. Typically we re­
suspended the EV pellet at 100 µl PBS/10 ml of CM. 
[0105] Cardiac fibroblast exosome characterization-Car­
diac fibroblast exosomes were characterized using a Thermo 
NanoDrop spectrophotometer for protein determination and 
approximate RNA concentration by direct absorbance; exo­
somes were not lysed, stained, or RNA extracted prior to 
measurements. Particle diameter and concentration were 
assessed by tunable resistive pulse sensing (TRPS; (qNano, 
Izon Science Ltd) using a NP150 nanopore membrane at a 
47 mm stretch. The concentration of particles was standard­
ized using multi-pressure calibration with 110 nm carboxy­
lated polystyrene beads at a concentration of 1.lxl013 

particles/mL. The results of the CF exosome characteriza­
tion are shown in FIG. 16. 
[0106] Exosome total RNA isolation-Exosomes from the 
cardiac fibroblasts were processed for total RNA isolation 
using the SeraMir Exosome RNA Purification Colunm kit 
(Cat #RA808A-1, System Biosciences, Palo Alto, Calif.) 
according to the manufacturer's instructions. For each 
sample, 1 µl of the final RNA eluate was used for measure­
ment of small RNA concentration by Agilent Bioanalyzer 
Small RNA Assay using Bioanalyzer 2100 Expert instru­
ment (Agilent Technologies, Santa Clara, Calif.). 
[0107] NGS Library generation and sequencing-From 
the exosome RNA isolations, small RNA libraries were 
constructed with the CleanTag Small RNA Library Prepa­
ration Kit (TriLink, Cat #L-3206) according to the manu­
facturer's protocol. The final purified library was quantified 
with High Sensitivity DNA Reagents (Agilent Technologies, 
PO #G2933-85004) and High Sensitivity DNA Chips (Agi­
lent Technologies, PO #5067-4626). The libraries were 
pooled, and the 140 bp to 300 bp region was size selected on 
an 8% TBE gel (Invitrogen by Life Technologies, Ref 
#EC6215). The size-selected library is quantified with High 
Sensitivity DNA 1000 Screen Tape (Agilent Technologies, 
PO #5067-5584), High Sensitivity Dl000 reagents (Agilent 
Technologies, PO #5067-5585), and the TailorMix HT! 
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qPCR assay (SeqMatic, Cat #TM-505), followed by a Next­
Seq High Output single-end sequencing run at SR75 using 
NextSeq 500/550 High Output v2 kit (Cat #FC-404-2005, 
Illumina, San Diego, Calif.) according to the manufacturer's 
instructions. For data analysis on the total RNA isolation and 
NGS libraries, per gene expected counts in each sample 
were estimated using RSEM. These counts were filtered, 
keeping only those genes that had at least one expected 
count (per gene) in all three samples. Next, the TMM 
( trimmed method of means) was computed to normalize the 
counts. Finally, the counts per million (CPM) were com­
puted and the coefficient of variation (CV=stdev/mean) 
calculated for each gene cross the three samples. The results 
of the RNA-Seq from the CF exosome total RNA isolation 
are shown in FIG. 17. 
[0108] Education of macrophages with MSCs (MEM) or 
using EVs from MSCs, CF or macrophages (EEMs)-For 
education of macrophages by co-culture with MSCs to 
produce MSC-educated macrophages (MEMs), macro­
phages on day 7 were supplemented with fresh macrophage 
medium containing MSCs at a ratio of 10:1 macrophages to 
MSCs and cultivated for 3 days. For education using EVs, 
EVs from MSCs, CFs, or macrophages were added to 
macrophages on day 7 and cultivated for 3 days. Typically, 
cells were educated in either 6 well plates (2 ml) or 75-cm2 

filter cap cell culture flasks (10 ml) using either 60 µl or 300 
µl ofEVs respectively. Cell were harvested by removing the 
medium, washing with phosphate-buffered saline (PBS) 
then using TrypLE™ cell dissociation enzyme (Invitrogen) 
and/or a cell scraper. 
[0109] Flow cytometry-Macrophages, MEMs or EV 
educated macrophages (EEMs) at day +10 of culture were 
collected, counted and incubated with Fe block (BD 
Pharmingen, cat#: 564220) and stained at 4° C. for 20 
minutes in antibody diluent (PBS with 2% FBS) with 
anti-human antibodies including PE-Cy7-CD90 (5E10, cat 
#328124), FITC-CD163 (GHI/61, cat #333618), FITC­
CD39 (Al, cat #328206), PE-CD206 (15-2, cat #321106), 
PerCP/Cy5.5-CD14 (HCD14, cat #325622, APC-PD-Ll 
(29E.2A3, cat #329708), APC-PD-L2 (24F.10C12, cat 
#329608), Pacific Blue-HLA-DR/MHC II (L234, cat 
#307633), BV421-CD16 (3G8, cat #302038), and BV510-
CD86 (IT2.2, cat #305432). All antibodies were purchased 
from BioLegend (San Diego, Calif.) except BV510-CD73 
(AD2, cat #563198) from BD Pharmingen (San Jose, Calif.). 
Compensation was performed using Ultracomp e-beads (Cat 
#01-2222-42) ebiosciences, (San Diego, Calif.). Gating of 
MSCs and macrophages was achieved using CD90 antibod­
ies, specific for MSC and CD14 antibodies, specific for 
macrophages. Flow cytometry data were acquired on an 
Accuri C6 cytometer (BD Biosciences, San Jose Calif.) or 
MACSQuant analyzer 10 (Miltenyi Biotec Inc, San Diego 
Calif.). MACSQuant files were converted to .fcs files using 
The MACSQuantify™ Software. The data were analyzed 
using FlowJo™ software (TreeStar). 

[0110] Gene expression analysis-RNA was isolated from 
cells using RNeasy micro kit (Qiagen, Valencia, Calif., 
USA), and the quality of isolated RNA was checked using 
Nanodrop 1000 (Fisher Scientific, Pittsburgh, Pa., USA). 
RNA was converted to cDNA using Quantitect reverse 
transcription kit (Qiagen). Quantitative polymerase chain 
reaction ( qPCR) was performed using Power SYBR green 
master mix (Applied Biosystems, Foster City, Calif., USA) 
on StepOne Plus instrument (Applied Biosystems) using 
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standard protocols. Verified primers were purchased from 
Qiagen. The threshold cycle (Ct) value for each gene was 
normalized by the average Ct number of a common house­
keeping gene (GAPDH). 

[0111] Activated T-cell suppression assay-The activated 
T-cell suppression assay was performed in 48 well tissue 
culture plates. Frozen stocks of peripheral blood mononu­
clear cells (PBMCs) containing T cells and MSCs, macro­
phages and BM-EEMs were freshly cultivated in medium 
(IPA medium) consisting of RPMI-1640 containing 10% 
heat inactivated FBS, lx non-essential amino acids (NEAA) 
(Mediatech, Inc., Manassas, Va.), lx Glutamine (Mediatech, 
Inc.), lx Na Pyruvate (Sigma-Aldrich), and lx HEPES 
buffer (Sigma-Aldrich, St. Louis, Mo.). To measure prolif­
eration, PBMCs were first labeled with carboxyfluorescein 
succinate-ester (CFSE) at a final concentration of 1 uM for 
10 minutes, at 37° C. in the dark, mixing at the 5 minute time 
point to ensure homogeneous labeling. An equal volume of 
cold FBS was added for 1 minute to stop the CFSE labeling 
reaction. PBMCs were then washed twice with IPA medium 
before reconstitution at 4xl06/ml. One hundred microliters 
( 4x 105

) of CF SE-labeled PBMCs was added to each well 
containing MSCs, macrophages and BM-EEMs. Ratios of 
antibody-activated PBMCs to MSC, macrophages and BM­
EEMs evaluated in this assay include 1:0 (positive control­
no suppression), 1:1, 1:0.5, 1:0.2, 1:0.1, and 1:0.05. MSCs 
were included in this assay to serve as a positive control cell 
group because MSCs are known to strongly inhibit PBMC 
proliferation. For a 1:1 (PBMC:MSC) ratio, 4xl05 MSCs 
(100 µl) were plated and then titrated further to 2xl04 to 
achieve a 1:0.05 (PBMC:MSC) ratio. To establish a reliable 
gating strategy, non-activated control was used consisting of 
a 1 :0.05 PBMC:MSC cell ratio without the addition of 
activation antibodies (anti-CD3 and anti-CD28) (negative 
control-no T-cell activation). The various ratios of cells from 
each group (PBMC:MSC), (PBMC:macrophages) and 
(PBMC:BM-EEMs) were added to wells in the plate and the 
cells were then allowed to settle at 37° C. The PBMCs in the 
cell mixture were then activated with anti-CD3 and anti­
CD28 antibodies (clones UCHTl and 37407, respectively) 
(R&D Systems, Inc., Minneapolis, Minn.). Specifically a 
100 µl mixture of 4x concentrated anti-huCD3 and anti­
huCD28 antibodies (10 ug/mL and 2 ug/mL, respectively) 
was added to each well except for the 1 :0.05 (PBMC:MSC) 
non-activated control which received 100 µl of IPA medium 
for a total volume of 400 µl per well. The cell mixture was 
cultured for 4 days at 37° C. with 5% CO2. The PBMCs 
were recovered from each well by pipetting up and down to 
mix and added to a 5 ml flow tube. CD4+ T helper cells and 
CDS+ cytotoxic cells were each analyzed for proliferation 
using standard flow cytometry methodology. Anti-human 
APC-CD4 or CDS- (R&D Systems, Inc.) was used to gate 
the T-cell types. All proliferation analyses were performed 
using an Accuri C6 flow cytometer (BD Biosciences, Inc., 
San Jose, Calif.) and the associated C6 Plus software was 
used for the CFSE analysis. 

[0112] We also tested whether either macrophages or 
BM-EEMs mixed at highest ratio with the PBMCs (1:1 
ratio) could themselves promote proliferation of the PBMCs 
without requiring antibody activation with anti-huCD3 and 
anti-huCD28 antibodies. As with the non-activation group 
above, 100 µl of medium without the activating antibodies 
were added to the mixture of cells. As above the cell mixture 
was cultured for 4 days at 37° C., harvested and both the 
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CD4+ T helper cells and CDS+ cytotoxic cells were ana­
lyzed for proliferation using standard flow cytometry meth­
odology. Anti-human APC-CD4 or CDS- (R&D Systems, 
Inc.) was used to gate the T-cell types. 
[0113] Ischemic heart failure animal model-A pilot of 
n=l0 rats underwent treatment with human CF-EEM 
injected into the infarct border zone 2 days post MI. After 28 
days, there was a significant improvement in contractility, 
fractional shortening and a reduction in infarct size com­
pared to baseline (FIGS. 12A-12E), and compared to his­
torical controls in our past experience with this model. 
[0114] Immunocompetent Lewis rats were purchased from 
Harlan Laboratories. Following induction of isoflurane anes­
thesia (3% ), the rat was intubated and placed on a rat 
ventilator and maintained on 2% isoflurane. A left lateral 
incision through the fourth intercostal space was made to 
expose the heart. After visualizing the left anterior descend­
ing coronary artery, a 7-0 or 8-0 Prolene suture was placed 
through the myocardium in the anterolateral wall and 
secured. Coronary artery entrapment was confirmed by 
observing blanching of the distal circulation at the ventricu­
lar apex. Absorbable sutures were used to close the ribs and 
muscle layers. The overlying skin was closed by additional 
6-0 nylon or silk sutures, after which rats were recovered. 
[0115] Two days post myocardial infarction surviving rats 
were anesthetized, intubated and the heart exposed as 
described above. lxl06 human CF-EEM were injected into 
the border zone of the infarct and the incision closed as 
described above. Animals were followed and then sacrificed 
28 days post treatment. 
[0116] Rats underwent transthoracic echocardiography at 
baseline day 0 (treatment day), and day 28. Measurements 
include: infarct size, fractional shortening, end systolic 
volume, end diastolic volume and wall thickness. Prior to 
sacrifice, invasive pressure volume loop assessment was 
carried out, end systolic pressure, end diastolic pressure, end 
systolic volume, end diastolic volume, preload independent 
contractility and pressure-volume relationships were mea­
sured using a conductance catheter with inferior vena cava 
clamp. Measurements were performed by the UW Animal 
Physiology Core lab who were blinded to treatment assign­
ment. 

[0117] At time of sacrifice, hearts were excised and sec­
tioned. LV mass and infarct size were measured. Sections 
were stained and quantitatively graded for vascular density, 
tissue necrosis, and myocardial fibrosis by a blinded board­
certified UW RARC veterinary pathologist. 

Results 

[0118] Exosomes were isolated from human bone marrow 
mesenchymal stem cells and human cardiac fibroblasts and 
characterized for particle size (diameter), protein and RNA 
concentration and exosome concentrations (FIGS. 2A-2B, 
Table 2). We found that exosomes derived from MSCs and 
cardiac fibroblasts were different in diameter and protein/ 
RNA concentration. In general, cardiac fibroblast-derived 
exosomes were larger than MSC-derived exosomes, but had 
less protein and RNA. Sample transmission electron micros­
copy images of exosomes derived from mesenchymal stem 
cells (FIG. 3A) and cardiac fibroblasts (FIG. 3B) were taken. 
Additionally, functionality testing of the MSC-derived exo­
somes (FIGS. 4A-4B) shows the exosomes are functional 
and capable of lipophilic dye transfer into endothelial cells. 



US 2018/0282698 Al Oct. 4, 2018 
13 

TABLE 2 

Characterization by IZON gNano System of exosomes generated from multiple sources 

Mean Mode Particle 
Culture particle particle concentration/ 

Cell type lot round size (nm) size (nm) ml 

BM MSC 15PH05 first 123 93 6.0 X 10 11 

P3 
BM MSC 15PH05 first 92 64 7.6 X 10 10 

P3 (repeat)* 
BM MSC 15PH07 first 85 84 1.8 X 10 11 

P4 
BM MSC 15PH09 first 86 61 2.0 X 10 11 

P3 
BM MSC 15PH05 first 169 114 1.3 X 10 11 

P4 
BM MSC 15PH05 third 175 114 ).4 X 10 11 

P4 
BM MSC 15PH05 third 181 131 1.2 X 10 11 

P4(LPS) 
CF Ml P2 161 114 1.9 X 10 11 

CF Ml P3 165 131 3.2 X 10 11 

CF L1 P4 170 115 2.6 X 10 11 

CF L1 P5 182 113 3.5 X 10 11 

CF Fl P3 160 128 2.4 X 10 11 

CF Fl P4 158 146 2.3 X 10 11 

Macrophage first 159 116 6.5 X 10 11 

Corneal 2- first 149 119 1.) X 10 12 

MSC 224337 
PS 

A375 first 153 121 5.8 X 10 12 

Melanoma 

*repeated analysis 

[0119] Human cardiac fibroblasts were characterized by 
flow cytometry and compared to MSCs and dermal fibro­
blasts. As depicted in FIG. 15, human cardiac fibroblasts 
differentially express CD90, CD34, SUSD2, w67C, and 
TNAP compared to either BM-MSCs or dermal fibroblasts. 
In addition, cardiac fibroblasts also express GATA 4, which 
is not expressed in MSCs or dermal fibroblasts. 
[0120] Following co-culture of macrophages with bone 
marrow-MSC exosomes or cardiac fibroblast exosomes, 
expression profiles and phenotypes of the educated macro­
phages were analyzed as depicted in FIGS. SA-SJ. Canoni­
cal M2 macrophage surface markers were examined by flow 
cytometry. Significant difference was found in both surface 
marker percentages and fluorescence intensity of the mark­
ers. Specifically, exosome education results in significant 
difference among bone marrow MSC (BM-MEM), BM­
EEM and CF-EEM groups. Importantly, bone marrow exo­
some- and cardiac fibroblast exosome-educated macro­
phages display different phenotypes. In a control 
experiment, exosomes isolated from macrophage cultures 
were used in co-culture with CD14+ cells but were unable to 
induce an anti-inflammatory phenotype in the educated 
macrophages, and displayed the same surface marker phe­
notype as the untreated control macrophages, thus showing 
that the anti-inflammatory phenotype education is unique to 
tissue-specific (i.e., MSC or CF) exosomes (FIGS. 7A-7E) 
[0121] Also, Ml (inflammatory) macrophage surface 
markers in the educated macrophages were examined by 
flow cytometry, as depicted in FIGS. 6A-6D. Significant 
difference was found in both surface marker percentages and 
fluorescence intensity of the markers. Specifically, exosome 
education results in significant difference among bone mar­
row MSC (BM-MEM), BM-EEM and CF-EEM groups. 
Bone marrow and cardiac fibroblast exosome educated 

Approx Particle 
concentration/ 

106 cells 

6.6 X 10 10 

8.4 X 10 9 

2.0 X 10 10 

2.2 X 10 10 

).4 X 10 10 

1.5 X 10 10 

1.3 X 10 10 

3.3 X 10 12 

6.) X 10 10 

2.8 X 10 ll 

anti-inflammatory macrophages have reduced Ml markers 
compared to macrophages generated by co-cultivation with 
bone marrow MSCs. 
[0122] CD206, a specific marker for M2 macrophages was 
assayed by flow cytometry (FIG. 8) in uneducated macro­
phages (control) and compared to macrophages that were 
educated either by co-cultivation with cells, (MSCs (BM­
MSC co-culture) or cardiac fibroblasts (cardiac fibroblasts 
co-culture)) with exosomes, (from either BM-MSCs (BM­
MSC exosome) or CFs (CF exosome) or with extracted 
ECM from a CF culture (CF-ECM culture). Education using 
cells, exosomes, or ECMs increased the level of CD206 
expression in the macrophages as determined based on 
percent cell expression as compared to the control macro­
phages. As expected, very low numbers of control macro­
phages expressed CD206. However, this expression 
increased from approximately 4 to 15 fold in the macro­
phages after education using either BM-MSC exosomes or 
ECMs from CFs. The results indicate that all three methods 
of education (CF-exosomes, BM-exosomes, and CF-ECM) 
could successfully educate the macrophages to an anti­
inflammatory phenotype. Interestingly, the results under 
these conditions indicated that use of the extracellular fac­
tors, either with ECM or exosomes from either cell source, 
gave the strongest level of anti-inflammatory phenotype 
conversion in the macrophages. 
[0123] Gene expression as determined by qPCR (FIG. 9) 
indicated that the expression profile of relevant genes 
involved in tissue repair and immune-suppression were 
different when comparing macrophages educated by co­
cultivation with BM-MSCs (BM-MEM) to either un-edu­
cated macrophages (control) or macrophages educated using 
exosomes from BM-MSCs or CFs (BM-EEM, CF-EEMs, 
respectively). Certain anti-inflammatory cytokines (TGF-~, 
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IL-10), immune-modulatory cytokines (IL-1 b) and immu­
nosuppressive molecules (PD-Ll) involved in tissue repair 
were approximately 2 fold higher or more in both the 
BM-EEMs and the CF-EEMs as compared to the BM­
MEMs. In contrast, other immune-modulatory cytokines 
(IL-6) and growth factors (VEGF-A, SERPINE-1) were at 
least 2-fold lower in both the BM and CF-EEMs. Overall the 
expression profiles for both the BM-EEMs and the CF­
EEMs were similar to each other but distinct when com­
pared to either the control macrophages or the BM-MEMs. 
[0124] The results shown in FIGS. l0A and lOB indicated 
that neither the uneducated macrophages nor the BM-EEMs, 
when mixed with the un-activated PBMCs (that is PBMCs 
without activating antibodies), could spontaneously induce 
proliferation in the T-cells in both (A)T-helper cells (CD4) 
or (B) T-cytotoxic cells (CDS) compared to their respective 
un-activated subtype (unactivated T-cells). This control 
experiment for immunosuppression needs to be determined 
first to rule out the possibility that the test cells themselves 
can stimulate proliferation in the absence of inducing anti­
bodies. As hoped, no increased proliferation of either T-cell 
subtype occurred when co-cultured with macrophages or 
BM-EEMs when compared to the unactivated T cell con­
trols. 
[0125] EEMs educated using exosomes isolated from BM­
MSCs could effectively suppress antibody induced T-cell 
proliferation in both T-helper cells (A) and T-cytotoxic cells 
(B) subtypes when compared to uneducated control macro­
phages (Macrophages) (FIGS. llA and llB). Serving as a 
positive control for suppression, MSCs could effectively 
suppress the percent ofT cell proliferation on both subtypes. 
A dose response at a PBMC to MSCs ratio of 1: 1 to 1 :0.05 
is seen with complete suppression at 1: 1 and approximately 
30 to 35% proliferation (or essentially 65 to 70% growth 
suppression) at a ratio as low as 1:0.05. Much weaker 
suppression of both T-cell subtypes is seen using uneducated 
macrophages. Proliferation at about 50% (or 50% growth 
suppression) only occurs using a ratio of PBMCs to mac­
rophages of 1 :0.5 which then increases when using lower 
numbers of macrophages to PBMCs. In contrast, educated 
macrophages (EEMs) were stronger suppressors of prolif­
eration of activated T-cells compared to uneducated macro­
phages. It is most apparent in both T-cell subtypes when 
comparing the ratio of PBMCs to macrophages or EEMs of 
1 :0.1; where there was about 80% proliferation in the T-cells 
co-cultivated with macrophages but only 15-20% with 
EEMs. Overall the results indicate that EEMs can effectively 
suppress proliferation in both T-cell subtypes in a dose 
dependent fashion and are better at T-cell suppression com­
pared to uneducated macrophages. 
[0126] As shown in FIG. 18, CF-EEMs have a unique 
secretome compared to non-stimulated macrophages and 
bone marrow-MSC EEMs (BM-EEM). CF-EEMs secrete 
EGF, compared to control macrophages (PBS) or BM­
EEMS while BM-EEMs secrete significantly more GRO 
compared to CF-EEMs and control macrophages. These 
results demonstrate that CF-EEMS are functionally distinct 
from BM-EEMS and control macrophages. 
[0127] Macrophages cultured on cardiac fibroblast derived 
extracellular matrix (CF-ECM-EMs) have a unique anti­
inflammatory phenotype. CF-ECM-EMs have significantly 
lower expression of CD86 and HLA-DR, while PDL-1 
expression is significantly increased. PDL-1 is believed to 
play a major role in suppressing the immune system. As 
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shown in FIG. 19, human macrophages were cultured on 
plastic, gelatin or CF-ECM for 3 days then removed from 
the surfaces and flow cytometry used to analyze surface 
marker expression. CF-ECM educated macrophages (CF­
ECM-EM) had a significantly higher expression (by mean 
fluorescent intensity) ofCD14, CD163, CD206 and PDL as 
compared to macrophages cultured on plastic or gelatin. In 
addition, CF-ECM-EM had significantly lower expression 
of inflammatory markers CD68 and HLA-DR as compared 
to macrophages cultured on plastic or gelatin. This data 
shows that CF-ECM education of CD14+ cells generates 
macrophages which are phenotypically different than CD14+ 
cells grown using commonly used methods for coating 
culture plates. 
[0128] Cardiac fibroblast exosome-educated macrophages 
(CF-EEM) were transplanted into infarcted rat hearts using 
injectable cardiac fibroblast-derived extracellular matrix as a 
carrier. Animals treated with CF-EEMs showed a significant 
reduction in ventricular dilation (reduced end systolic and 
diastolic volumes) and a trend toward increased end systolic 
pressures (FIGS. 12A-12E) Most importantly, end systolic 
pressure volume relationship (ESPVR), the gold standard 
measurement for cardiac contractility, was significantly 
improved in CF-EEM treated animals. Taken together, CF­
EEM treatment blunts deleterious post-MI cardiac remod­
eling and improves cardiac contractility. 
[0129] In one embodiment a patient suffering from myo­
cardial infarction or ischemic heart failure is treated as 
follows: 1) biopsy sufficient heart tissue from sick heart 
failure patients and expand the CFs into large quantities in 
culture, or isolate the CFs from healthy donor hearts that 
were not used for heart transplant instead of biopsy speci­
mens from the patients themselves; (This cell harvesting 
method is currently used by a biotech company called 
Capricor Inc. (Beverly Hills, Calif.) backed by Johnson & 
Johnson (New Brunswick, N.J.) to derive "cardio-sphere­
derived cells") ii) isolate CF-exosomes from the CFs; iii) 
harvest monocytes from the patient by performing leuka­
pheresis or by any suitable method known in the art; iv) 
"educate" these monocytes with CF-exosomes to convert to 
cardio-specific anti-inflammatory macrophages using co­
culture methods and; v) deliver the cardio-specific anti­
inflammatory macrophages to the patient using minimally 
invasive, image guided transcatheter methods or other suit­
able methods known in the art. Leukapheresis is a highly 
efficient and safe procedure to obtain large quantities of 
mononuclear cells including monocytes and simply uses two 
IVs in each arm vein. Leukapheresis has been used for 
decades to harvest cells for hematopoietic reconstitution, 
and it also has been used safely for numerous advanced 
cardiovascular disease trials including those by Raval et al. 
A major advantage with our approach includes the ability to 
administer well-defined doses of CF exosome-educated 
macrophages (CF-EEM) to the patient. 

EXAMPLE 2 

Prophetic 

[0130] Macrophages have an important role in tissue 
repair in response to ischemic, traumatic, inflammatory 
injury, and the normal aging process. In nature, alternatively 
activated, pro-regenerative macrophages are "switched on" 
or "polarized" from monocytes that reside in the bone 
marrow, circulation and tissues. However, in most cases, this 
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innate repair response is inadequate as the tissue may be 
overwhelmed by the sheer magnitude of the tissue injury. We 
propose a novel therapeutic approach wherein pro-regenera­
tive macrophages are manufactured in large quantities to 
then be delivered therapeutically. As depicted in FIG. 20, 
once a tissue source is identified (A), cells such as fibro­
blasts, tissue progenitor cells and others are harvested using 
aspiration, biopsy or organ procurement or differentiated 
from pluripotent stem cells, such as embryonic stem cells or 
induced pluripotent stem cells (B). Tissue-specific cells or 
extracellular factors, such as exosomes, micro-vesicles, and 
extracellular matrix, derived from the tissue-specific cells 
(C) are co-cultured with monocytes or macrophages to 
generate tissue-specific educated macrophages (D) that have 
pro-reparative, angiogenic, anti-inflammatory, and immuno­
modulatory phenotypes favorable to those specific tissues. 
Tissue-specific educated macrophages are expected to be 
phenotypically and functionally unique with unique 
cytokine, RNA, surface marker and functional expression. 
These tissue-specific educated macrophages can be deliv­
ered to a subject in need of treatment systemically or directly 
into injured tissues. Methods of delivery can include intra­
venous infusion, intravascular infusion, percutaneous injec­
tion, surgical injection, topical administration or any other 
delivery method described herein. Tissue-specific educated 
macrophages are expected to restore injured tissues as 
demonstrated in a variety of animal models (E) and clinical 
applications (F) in a tissue-specific manner. 

EXAMPLE 3 

Prophetic 

[0131] In this prophetic example, pulmonary fibroblasts, 
pneumocytes, or dust cells are obtained by biopsy or dif­
ferentiation of pluripotent stem cells. Pulmonary fibroblasts, 
pneumocytes, or dust cells or their extracellular factors are 
co-cultured with circulating monocytes obtained through 
leukapheresis to generate lung-specific educated macro­
phages. These lung specific educated macrophages have a 
unique differential cytokine, growth factor, protein and RNA 
expression profile compared to traditional Ml or M2 mac­
rophages or other tissue-specific macrophages. The lung­
specific educated macrophages are administered to a subject, 
such as to recover or repair lung function in a rat inflam­
matory lung injury model and in humans with smoke 
inhalational lung injury, COPD, asthma, pulmonary fibrosis, 
or bronchiolitis obliterans. 

EXAMPLE 4 

Prophetic 

[0132] In this prophetic example, skin stromal cells such 
as keratinocytes or dermal fibroblasts are obtained by biopsy 
or differentiation of pluripotent stem cells. Skin cells or skin 
cell extracellular factors are co-cultured with circulating 
monocytes obtained through leukapheresis to generate skin 
specific educated macrophages. These skin-specific edu­
cated macrophages have a unique differential cytokine, 
growth factor, protein and RNA expression profile compared 
to traditional Ml or M2 macrophages or other tissue-specific 
macrophages. The skin-specific educated macrophages are 
administered to a subject, such as to heal a wound or burn 
in an animal skin injury model and in humans with burns, 
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trauma, inflammatory skin disorders such as psoriasis, skin 
GVHD, systemic scleroderma, ischemic ulcers or neuro­
pathic ulcers. 

EXAMPLE 5 

Prophetic 

[0133] In this prophetic example, pancreatic stromal cells, 
such as MSCs in the pancreas, pancreatic stromal or fibro­
blast cells, or pancreatic islet cells, are obtained by biopsy or 
differentiation of pluripotent stem cells. Pancreatic cells or 
pancreatic cell extracellular factors are co-cultured with 
circulating monocytes obtained through leukapheresis to 
generate pancreas-specific educated macrophages. These 
pancreas-specific educated macrophages have a unique dif­
ferential cytokine, growth factor, protein and RNA expres­
sion profile compared to traditional Ml or M2 macrophages 
or other tissue-specific macrophages. The pancreas-specific 
educated macrophages are administered to a subject, such as 
to recover or repair pancreas function in an animal pancreas 
disease model, such as genetic knockouts or excess caloric 
intake models, and in humans with diabetes. 

EXAMPLE 6 

Prophetic 

[0134] In this prophetic example, liver cells, such as 
hepatocytes, Kuppfer cells, hepatic fibroblasts or MSCs, are 
obtained by biopsy or differentiation of pluripotent stem 
cells. Liver cells or liver cell extracellular factors are co­
cultured with circulating monocytes obtained through leu­
kapheresis to generate liver-specific educated macrophages. 
These liver-specific educated macrophages have a unique 
differential cytokine, growth factor, protein and RNA 
expression profile compared to traditional Ml or M2 mac­
rophages or other tissue-specific macrophages. The liver­
specific educated macrophages are administered to a subject, 
such as to recover or repair liver function in an animal model 
of cirrhosis and in humans with cirrhosis or liver failure. 

EXAMPLE 7 

Prophetic 

[0135] In this prophetic example, kidney cells, such as 
MSCs, fibroblasts, glomerular cells, tubular cells, podocytes 
or mesangial cells, are obtained by biopsy or differentiation 
of pluripotent stem cells. Kidney cells or kidney cell extra­
cellular factors are co-cultured with circulating monocytes 
obtained through leukapheresis to generate kidney-specific 
educated macrophages. These kidney-specific educated 
macrophages have a unique differential cytokine, growth 
factor, protein and RNA expression profile compared to 
traditional Ml or M2 macrophages or other tissue-specific 
macrophages. The kidney-specific educated macrophages 
are administered to a subject, such as to recover or repair 
kidney function in an animal model of acute or chronic renal 
failure and in humans with acute or chronic renal failure, end 
stage renal disease, glomerulonephritis, and lupus nephritis. 

EXAMPLE 8 

Prophetic 

[0136] In this prophetic example, brain cells, such as glial 
cells, are obtained by biopsy or differentiation of pluripotent 
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stem cells. Brain cells or brain cell extracellular factors are 
co-cultured with circulating monocytes obtained through 
leukapheresis to generate brain-specific educated macro­
phages. These brain-specific educated macrophages have a 
unique differential cytokine, growth factor, protein and RNA 
expression profile compared to traditional Ml or M2 mac­
rophages or other tissue-specific macrophages. The brain­
specific educated macrophages are administered to a subject, 
such as to recover or repair brain function in a rat or mouse 
stroke model and in humans with stroke, neurodegenerative 
diseases such as Alzheimer's, ALS, Parkinson's disease, or 
neurodevelopmental disease. 

EXAMPLE 9 

Prophetic 

[0137] In this prophetic example, cells from endocrine 
organs, such as fibroblasts or other stromal cells, are 
obtained by biopsy or differentiation of pluripotent stem 
cells. Endocrine fibroblasts or stromal cells, or their extra­
cellular factors, are co-cultured with circulating monocytes 
obtained through leukapheresis to generate endocrine-spe­
cific educated macrophages. These endocrine-specific edu­
cated macrophages have a unique differential cytokine, 
growth factor, protein and RNA expression profile compared 
to traditional Ml or M2 macrophages or other tissue-specific 
macrophages. The endocrine-specific educated macro­
phages are administered to a subject, such as to recover or 
repair endocrine function in an animal model of hormone 
deficiency and in humans with hormone deficiency or 
inflammation of the endocrine organ. 

EXAMPLE 10 

Prophetic 

[0138] In this prophetic example, cells from reproductive 
organs, such as Leydig cells, MSCs and other stromal cells, 
are obtained by biopsy or differentiation of pluripotent stem 
cells. Cells from reproductive organs or extracellular factors 
derived therefrom are co-cultured with circulating mono­
cytes obtained through leukapheresis to generate reproduc­
tive organ-specific educated macrophages. These reproduc­
tive organ-specific educated macrophages have a unique 
differential cytokine, growth factor, protein and RNA 
expression profile compared to traditional Ml or M2 mac­
rophages or other tissue-specific macrophages. The repro­
ductive organ-specific educated macrophages are adminis­
tered to a subject, such as to recover or repair reproductive 
organ function in an animal model of infertility and in 
humans with infertility, hormonal imbalance, injury to a 
reproductive organ, menopause or normal aging reproduc­
tive hormonal deficiency such as low testosterone levels. 

EXAMPLE 11 

Prophetic 

[0139] In this prophetic example, vascular cells, such as 
pericytes or endothelial cells, are obtained by biopsy or 
differentiation of pluripotent stem cells. Pericytes, endothe­
lial cells or their extracellular factors are co-cultured with 
circulating monocytes obtained through leukapheresis to 
generate vascular-specific educated macrophages. These 
vascular-specific educated macrophages have a unique dif-
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ferential cytokine, growth factor, protein and RNA expres­
sion profile compared to traditional Ml or M2 macrophages 
or other tissue-specific macrophages. The vascular-specific 
educated macrophages are administered to a subject, such as 
to recover or repair vascular function in an animal model of 
vein or artery ligation and in humans with peripheral artery 
disease. 
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We claim: 
1. A method for generating an anti-inflammatory macro­

phage, the method comprising the step of: 
co-culturing a CD14+ cell with tissue-specific cells or 

tissue-specific extracellular factors in vitro until the 
CD14+ cell acquires an anti-inflammatory macrophage 
phenotype. 

2. The method of claim 1, wherein the tissue-specific cells 
are cardiac fibroblasts. 

3. The method of claim 1, wherein the tissue-specific 
extracellular factor is specific to cardiac tissue. 

4. The method of claim 3, wherein the tissue-specific 
extracellular factor is selected from the group consisting of 
exosomes, micro-vesicles and extracellular matrix. 

5. A population of anti-inflammatory macrophages pro­
duced by the method of claim 1. 

6. The method of claim 1, wherein the CD14+ cell is a 
monocyte. 

7. The method of claim 1, wherein the tissue-specific cells 
are selected from the group consisting of bone marrow cells, 
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skin cells, lung cells, pancreatic cells, liver cells, kidney 
cells, brain cells, endocrine cells, and cells from reproduc­
tive organs. 

8. The method of claim 1, wherein the tissue-specific 
extracellular factor is selected from the group consisting of 
exosomes, micro-vesicles, and extracellular matrix. 

9. A population of anti-inflammatory macrophages pro­
duced by the method of claim 1, the population comprising 
CD163 low, CD206 high, CD16 low, PD-Ll high, PD-L2 
high, TGF-~ high, TNF-a low, IL-6 high, IL-10 high, IL-lb 
high, and Serpine-1 high cardiac fibroblast exosome edu­
cated macrophages (CF-EEM). 

10. A population of anti-inflammatory macrophages pro­
duced by the method of claim 1, the population comprising 
CD163 low, CD206 high, CD16 low, PD-Ll high, PD-L2 
high, TGF-~ high, TNF-a low, IL-6 high, IL-1 b high, and 
Serpine-1 high bone marrow exosome educated macro­
phages (BM-EEM). 

11. A method of treatment to alleviate a condition in a 
subject in need thereof, the method comprising the step of: 
administering to the subject the population of macrophages 
of claim 9, wherein the condition is a cardiovascular disease. 

12. The method of claim 11, wherein the population of 
macrophages is administered by injection. 

13. The method of claim 11, wherein the population of 
macrophages is administered by topical application. 

14. The method of claim 11, wherein the condition is 
ischemic heart failure. 

15. The method of claim 14, wherein the macrophages are 
administered by injection with a pharmaceutically-accept­
able carrier. 

16. The method of claim 15, wherein the carrier is an 
injectable cardiac fibroblast-derived extracellular matrix. 

17. A composition comprising: 
the population of macrophages of claim 9; and 
a pharmaceutically-acceptable carrier. 
18. The composition of claim 17, wherein the carrier is 

selected from the group consisting of liquid, oil, lotion, 
salve, cream, foam, gel, paste, powder, film, and hydrogel. 

19. The composition of claim 17, wherein the carrier is an 
injectable cardiac fibroblast-derived extracellular matrix 
(CF-ECM). 

20. The composition of claim 19, wherein the CF-ECM 
additionally comprises cardiac fibroblast derived exosomes. 

* * * * * 




