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ABSTRACT 

The disclosure generally relates to methods for producing 
macrophages and neutrophils serum-free and feeder-free 
conditions from SIRPa inhibited pluripotent stem cells. The 
disclosure further relates to SIRPa inhibited macrophages 
and neutrophils and uses thereof. 

Specification includes a Sequence Listing. 
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SIRPALPHA INHIBITED MACROPHAGES 
AND NEUTROPHILS AND USES THEREOF 

RELATED APPLICATION 

[0001] This application claims priority to U.S. provisional 
application No. 63/306,830, filed Feb. 4, 2022, the disclo­
sure of which is expressly incorporated by reference herein. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0002] This invention was made with govermnent support 
under HL142665 and OD011106 awarded by the National 
Institute of Health. The government has certain rights in the 
invention. 

INCORPORATION BY REFERENCE OF 
SEQUENCE LISTING PROVIDED 

ELECTRONICALLY 

[0003] This application contains a Sequence Listing sub­
mitted as an electronic text file named "21-1677-US_se­
quence_listing.xml" having a size in bytes of 7.62 kb, and 
created on Feb. 6, 2023. The information contained in this 
electronic file is hereby incorporated by reference in its 
entirety. 

FIELD OF THE DISCLOSURE 

[0004] The disclosure generally relates to methods for 
producing macrophages and neutrophils in serum-free and 
feeder-free conditions from SIRPa inhibited pluripotent 
stem cells. The disclosure further relates to SIRPa inhibited 
macrophages and neutrophils and uses thereof. 

BACKGROUND 

[0005] Current cancer immunotherapies concentrate on 
targeting cancer-specific antigens by the use of chimeric 
antigen receptors (CAR) T cells or monoclonal antibodies 
(mAb). There is an urgent need to develop novel immuno­
therapies that can treat patients with solid tumor cancers. 
Indiscriminately, solid cancers contain extremely complex 
tumor microenvironments (TME) that circumvent the innate 
and adaptive immune systems' anti-tumoral mechanisms. 
The heterogeneous nature of the tumor and the ability to 
shield from the immune system are the main reasons why 
current immunotherapies have not had much success target­
ing solid cancers. CAR-T cells and mAbs rely on the 
specificity of the cancer antigen which limits the targeting 
abilities to mainly circulatory cancers. Other mechanisms 
such as T cell exclusion, hypoxic milieu, and immunosup­
pressive myeloid cells create a hostile environment for the 
adaptive immune system to have any robust anti-tumori­
genic effect (Joyce & Fearon (2015) Science (New York, 
N.Y), 348(6230), 74-80). 
[0006] Macrophages are a group of diverse and active 
immune cells that are found across the body as either 
tissue-resident macrophages (TR-Macs) or circulating 
monocyte-derived macrophages (MD-Macs) (Davies, et al., 
(2013) Nature Immunology, 14(10), 986-995). Developing 
from the common myeloid progenitor lineage, macrophages 
are innate antigen presenting immune cells with an incred­
ible appetite for phagocytosis. Upon activation, macro­
phages polarize into pro-inflammatory Ml subtype, or anti­
inflammatory M2 subtype in which there are many other 
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subtypes on a polarization spectrum (Kielbassa, et al., 
(2019) Frontiers in Immunology, 10:2215). Within the TME, 
tumor cells recruit macrophages via chemokine signaling, 
such as the CCL2/CCR2 pathway, and polarize the macro­
phages into a pathological, pro-tumorigenic state called 
tumor associated macrophages (TAMs) (Chen, et al., (2019) 
Journal of Biomedical Science, 26(1 ), 78). Through analyz­
ing the role of macrophages in the TME, it has been found 
that TAMs mainly resemble M2 macrophages with 
increased anti-inflammatory and wound-healing signatures 
(Chanmee, et al., (2014) Cancers, 6(3), 1670-1690). TAMs 
produce many inhibitory factors including TGF-beta, IL-10, 
Argl, IDO, and HIF-lalpha that inhibit and starve the 
existing T cell population within the TME (Zhu, et al., 
(2021) Journal of Cancer, 12(1), 54-64). The tumor cells 
within the TME circumvent the anti-tumorigenic properties 
of macrophages by the upregulation of immunosuppressive 
signals, including "don't eat me" cell receptors. One of the 
"don't eat me" receptors, CD47, was discovered by Weiss­
man and colleagues as a mechanism for both hematological 
and solid tumor cancer cells to escape phagocytosis by 
TAMs (Chao, et al., (2010) Cell, 142(5), 699-713; Majeti, et 
al., (2009) Cell, 138(2), 286-299; Willingham, et al., (2012) 
Proceedings of the National Academy of Sciences, 109(17), 
6662-6667). This cell surface receptor on tumor cells is 
recognized by the myeloid-specific receptor: signal regula­
tory protein alpha (SIRPa). SIRPa is abundantly expressed 
in macrophages, dendritic cells, and neutrophils. SIRPa is a 
ligand for the ubiquitously expressed "don't-eat-me" signal 
molecule CD47. SIRPa also promotes M2 polarization of 
tumor-associated macrophages. In physiological state, 
CD47 is expressed ubiquitously on normal, healthy cells as 
a marker of self; notably red blood cells (RBC) express 
CD47 to prevent macrophages from phagocytosing them as 
they mature (Oldenborg, et al., (2000) Science (New York, 
NY), 288(5473), 2051-2054; Oldenborg, et al., (2001) The 
Journal of Experimental Medicine, 193(7), 855-862). When 
CD47 and SIRPa interaction occurs, a signal is transduced 
to the immunoreceptor tyrosine-based inhibitory motifs (IT­
IMs) on the cytosolic tail of SIRPa. The ITIMs recruit 
SHP-1 and SHP-2 domain-containing phosphatases which 
block Myosin Ila and subsequent cytoskeletal rearrange­
ment (Murata, et al., (2018) Cancer Science, 109(8), 2349-
2357). Therefore, CD4 7 /SIRPa activation specifically 
blocks phagocytosis from occurring when activating phago­
cytic stimuli is present. 

[0007] Due to the vast upregulation ofCD47 across many 
solid tumor cancers, targeting this signaling pathway by 
knocking out SIRPa in macrophages to generate cellular 
immunotherapy has the potential for widespread cancer 
treatment. In addition, macrophages have unique advantages 
for use cellular immunotherapy due to their access to the 
TME, phagocytic capabilities, and direct communication to 
the adaptive immune system via antigen presentation. Deriv­
ing macrophages from human donor peripheral blood mono­
cytic cells (PBMCs) would be tedious and inefficient for 
genetic alteration and clinical use. Accordingly, there is a 
need in the art for efficient and cost-effective protocols. 

SUMMARY 

[0008] Provided herein is a method of producing modified 
macrophages from pluripotent stem cells, the method com­
prising: 
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[0009] (a) culturing human pluripotent stem cells hav­
ing inhibited expression of signal regulatory protein 
alpha (SIRPa) in normoxic conditions for about 24 
hours in serum-free culture medium comprising of 
L-ascorbic acid-2-phosphate magnesium, sodium sele­
nium, transferrin, insulin, NaHCO3 , fibroblast growth 
factor 2 (FGF2), transforming growth factor beta 1 
(TGF~l), and a Rho kinase (ROCK) inhibitor; 

[001 OJ (b) further culturing the human pluripotent stem 
cells of (a) in hypoxia conditions for about 48 hours in 
serum-free culture medium comprising bone morpho­
genetic protein 4 (BMP4), FGF2, ActivinA, an inhibi­
tor of glycogen synthase 3 (GSK3), and a ROCK 
inhibitor to induce mesoderm formation; 

[0011] ( c) further culturing the cultured cells of (b) in 
hypoxic conditions for about 48 hours in serum-free 
culture medium comprising FGF2, a vascular endothe­
lium growth factor (VEGF), and an inhibitor ofTGF~­
mediated signaling to induce hemogenic endothelium 
formation; 

[0012] ( d) further culturing the cultured cells of ( c) in 
normoxic conditions for about 6 days in serum-free 
culture medium comprising FGF2, a VEGF, stem cell 
factor (SCF), thrombopoietin (TPO), interleukin-6 (IL-
6), and interleukin-3 (IL-3), wherein the hemogenic 
endothelium differentiate into HPCs; 

[0013] (e) culturing the HPCs of (d) in normoxic con­
ditions for about 6 days in serum-free culture medium 
comprising macrophage colony-stimulating factor 
(M-CSF), IL-3, and IL-6 to obtain myeloid progenitors 
and monocytic cells; and 

[0014] (f) further culturing the cultured cells of (e) in 
normoxic conditions for about 4 days in serum-free 
culture medium comprising M-CSF, whereby the cul­
tured myeloid progenitors and monocytes differentiate 
into a cell population comprising modified macro­
phages. 

[0015] In particular embodiments the inhibitor of TGF~­
mediated signaling is SB431542. In other particular embodi­
ments the inhibitor of GSK3 is lithium chloride (LiCl). In 
certain embodiments the ROCK inhibitor used in the prac­
tice of the methods disclosed herein is Y-27632. 
[0016] In certain embodiments the pluripotent stem cells 
are induced pluripotent stem cells (iPSCs ). 
[0017] Advantageously expression of SIRPa is inhibited 
in the human pluripotent stem cells by gene mutation, 
RNA-mediated inhibition, RNA editing, DNA gene editing 
or base editing. Particular gene editing methods useful in the 
practice of these methods use a nuclease that includes but are 
not limited to a meganuclease, zinc-finger nucleases (ZFN s ), 
transcription activator-like effector nucleases (TALENs), 
and Cas enzyme, particularly embodiments using Cas9. 
Advantageously gene editing results in knocking out SIRPa 
expression. 
[0018] Also provided herein are modified macrophages 
produced according to the disclosed methods 
[0019] Further provided herein is a method of producing 
modified macrophages from pluripotent stem cells, the 
method comprising: 

[0020] (a) transiently introducing exogenous ETV2 in 
human pluripotent stem cells having inhibited expres­
sion of SIRPa and culturing the ETV2-induced 
pluripotent stem cells in serum-free culture medium 
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comprising FGF-2 to produce a population of ETV2-
induced hematoendothelial progenitor cells (ETV2-
induced HEPs ); 

[0021] (b) culturing the ETV2-induced HEPs in serum­
free and xeno-free culture medium comprising granu­
locyte-macrophage colony-stimulating factor (GM­
CSF) and FGF2 for a sufficient time to produce non­
adherent myeloid progenitors; 

[0022] (c) culturing the non-adherent myeloid progeni­
tors in serum-free and xeno-free culture medium com­
prising M-CSF, IL-6, and IL-3; and 

[0023] (d) further culturing the cultured cells of (c) in 
serum-free and xeno-free culture medium comprising 
M-CSF for a sufficient time to differentiate the non­
adherent myeloid progenitors into modified macro­
phages. 

[0024] In particular embodiments, step (a) of the method 
comprises culturing the ETV2-induced pluripotent stem 
cells for about 1-2 days; step (b) of the method comprises 
culturing the ETV2-induced HEPs for about 6-7 days; and 
step ( c) and step ( d) comprises culturing myeloid progenitor 
cells for about 9 to 10 days. 
[0025] In particular embodiments the serum-free and 
xeno-free culture medium in step (b) further comprises 
UM171. 
[0026] In certain embodiments the pluripotent stem cells 
are induced pluripotent stem cells (iPSCs ). 
[0027] Advantageously expression of SIRPa is inhibited 
in the human pluripotent stem cells by gene mutation, 
RNA-mediated inhibition, RNA editing, DNA gene editing 
or base editing. Particular gene editing methods useful in the 
practice of these methods use a nuclease that includes but are 
not limited to a meganuclease, zinc-finger nucleases (ZFNs), 
transcription activator-like effector nucleases (TALENs), 
and Cas enzyme, particularly embodiments using Cas9. 
Advantageously gene editing results in knocking out SIRPa 
expression. 
[0028] Also provided herein are modified macrophages 
produced according to these disclosed methods. 
[0029] Further provided herein is a method of producing 
modified neutrophils from pluripotent stem cells, the method 
comprising: 

[0030] (a) transiently introducing exogenous ETV2 in 
human pluripotent stem cells having inhibited expres­
sion of SIRPa and culturing the ETV2-induced 
pluripotent stem cells in serum-free culture medium 
comprising FGF-2 to produce a population of ETV2-
induced hematoendothelial progenitor cells (ETV2-
induced HEPs ); 

[0031] (b) culturing the ETV2-induced HEPs in serum­
free and xeno-free culture medium comprising GM­
CSF and FGF2 for a sufficient time to produce non­
adherent myeloid progenitors; and 

[0032] (c) culturing the non-adherent myeloid progeni­
tors in serum-free and xeno-free culture medium com­
prising granulocyte-colony stimulating factor (G-CSF) 
and retinoic acid receptor agonist for a time sufficient 
to differentiate the myeloid progenitors into neutro­
phils. 

[0033] In particular embodiments the serum-free and 
xeno-free culture medium in step (b) further comprises 
UM! 71. In particular embodiments the retinoic acid recep­
tor agonist is AM580. 
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[0034] In particular embodiments, step (a) of the method 
comprises culturing the ETV2-induced pluripotent stem 
cells for about 1-2 days; step (b) of the method comprises 
culturing the ETV2-induced HEPs for about 6-7 days; and 
step ( c) and step ( d) comprises culturing myeloid progenitor 
cells for about 8 to 9 days. 
[0035] Advantageously expression of SIRPa is inhibited 
in the human pluripotent stem cells by gene mutation, 
RNA-mediated inhibition, RNA editing, DNA gene editing 
or base editing. Particular gene editing methods useful in the 
practice of these methods use a nuclease that includes but are 
not limited to a meganuclease, zinc-finger nucleases (ZFN s ), 
transcription activator-like effector nucleases (TALENs), 
and Cas enzyme, particularly embodiments using Cas9. 
Advantageously gene editing results in knocking out SIRPa 
expression. 
[0036] Also provided herein are modified neutrophils pro­
duced according to these disclosed methods. 
[0037] Also provided herein are methods for treating 
cancer by administering a therapeutically effective amount 
of the modified macrophages produced by the methods 
disclosed herein. In certain embodiments these methods also 
include administering a tumor-specific antibody. Also pro­
vided are methods for treating cancer by administering a 
therapeutically effective amount of the modified neutrophils 
produced by the methods disclosed herein. 
[0038] In certain embodiments the neutrophils produced 
by these methods are useful for treating an infection, in 
particular a bacterial infection and particularly advanta­
geously wherein the bacterial infection is a systematic 
infection. 
[0039] These and other features, objects, and advantages 
of the present invention will become better understood from 
the description that follows. In the description, reference is 
made to the accompanying drawings, which form a part 
hereof and in which there is shown by way of illustration, 
not limitation, embodiments of the invention. The descrip­
tion of preferred embodiments is not intended to limit the 
invention to cover all modifications, equivalents, and alter­
natives. Reference should therefore be made to the claims 
recited herein for interpreting the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. lA-lD show the generation of SIRPa-Knock­
out (KO) induced pluripotent stem cells (iPSCs ). FIG. lA is 
a schematic of CRISPR/Cas9 driven knockout of SIRPa 
gene at exon 3 using two sgRNAs. FIG. 1B shows DNA 
extractions for genomic PCR on an agar gel for each clone. 
Specifically, nucleofection of hiPSCs with sgRNAs and 
Cas9 protein was performed. After several days, clones were 
selected and expanded. FIG. lC shows phase-contrast 
images of WT and SIRPa-KO iPSCs. FIG. lD shows a 
western blotting of collected cell lysates from WT and 
SIRPa-KO iPSCs differentiated into macrophages. 
[0041] FIG. 2A-2E show hematopoietic differentiation of 
SIRPa-KO iPSCs. FIG. 2A shows a 2D monolayer differ­
entiation schematic for generation of iPSC-Macrophages. 
FIG. 2B shows phase-contrast microscope images taken on 
day 6, 7, and 9 of differentiation to show the floating 
hematopoietic progenitors (HPs) arise from the hemogenic 
endothelium. FIG. 2C shows the number of HPs generated 
from a singular iPSC, which was calculated by: (# of live 
floating cells generated on day 9/# of iPSCs plated on day 
-1 ). A students t-test was performed to calculate the p-value 
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at alpha=0.05. FIGS. 2D & 2E show day 9 floating cells 
collected and stained for flow cytometry analysis. Gates 
were drawn from FMO controls and compensation was 
performed in FlowJo software using single color controls 
with BD beads. 
[0042] FIG. 3A-3F show SIRPa-KO iPSC-myeloid cells. 
FIG. 3A shows cytospin and Wright-Giemsa stain of day 15 
WT and SIRPa-KO iPSC-myeloid cells. Confocal micro­
scope images were taken. FIGS. 3B and 3C show Day 15 
WT and SIRPa-KO iPSC-myeloid cells collected for flow 
cytometry analysis for CD45, CD14, CDllb, CD16, and 
CD18. The cells were gated on single, live cells using Ghost 
Dye 540 and Flow Jo software. The populations were plotted 
and a two-way ANOVA was performed in Prism 9, showing 
no significance between the WT and SIRPa-KO (n=5). FIG. 
3D shows Ml and M2 polarization schematic. FIG. 3E 
shows phase contrast images of MO, Ml, and M2 i-Macs 
taken for morphology. FIG. 3F shows unstained (top), MO 
(second), Ml (third), and M2 (bottom) i-Macs collected and 
analyzed in flow cytometry for CD14, CD263, CD206, 
CD86, CD80, and HLA-DR. Flow cytometry dot plots and 
histograms were made in FlowJo 10. 
[0043] FIG. 4A-4G show that SIRPa-KO i-Macs have 
superior phagocytosis of CD47+ cancer cells. FIG. 4A 
shows WT and SIRPa-KO i-Macs co-cultured with SKOV3 
GFP+ cancer cells in 2:1, 4:1, 8:1 effector to target ratios, 
SKOV3 cell number remaining the same. The cells were 
either cultured with or without anti-HER2 monoclonal anti­
body, then collected for flow cytometry analysis 24 hours 
later. Percentage (%) of phagocytosed SKOV3 cells was 
calculated by: (# of GFP+ CD45+ cells/# of total GFP+ 
cells )x 100. Flow plots are representative of two independent 
experiments. FIG. 4B shows a chart depicting mean and 
SEM of % phagocytosed SKOV3 cells after 24-hour co­
culture created in Prism 9. FIG. 4C shows a fluorescent 
microscopy image that was performed 1 hour post co-culture 
to capture active phagocytosis, shown by the white arrows. 
White cells are SKOV3-GFP+and grey cells are unstained 
SIRPa-KO i-Macs. FIG. 4D shows a chart depicting mean 
and SEM of% phagocytosed WM266-4 cells after 6-hour 
co-culture created in Prism 9. FIG. 4E shows a fluorescent 
microscopy image that was performed 1 hour post co-culture 
to capture active phagocytosis, shown by the white arrows. 
White cells are WM266-4 stained with Cell Trace Violet and 
grey cells are unstained SIRPa-KO i-Macs. FIGS. 4F and 
4G show iMacs co-cultured with GFP-expressing SKOV-3 
ovarian cancer for 6 hours and analyzed by flow cytometry 
using CD45 APC antibody. FIG. 4F depicts the percentage 
(%) of GFP+ cells depleted by iMacs through phagocytosis. 
FIG. 4G depicts the percentage(%) of actively phagocyto­
sing iMacs out of the total pool of iMacs. For statistical 
analyses, two-way ANOVA tests were used to determine 
significance with alpha=0.05. 
[0044] FIG. SA-SJ show that SIRPa-KO i-Macs are cyto­
toxic against MCF7 cancer spheroids with anti-HER2 mono­
clonal antibody. FIG. SA shows MCF7 spheroids co-cul­
tured with 5xl06 i-Macs/mL for 4 days. C/PI staining was 
performed post co-culture to assess live and dead cells. Dead 
cells are highlighted with white arrows. FIG. 5B shows the 
number of dead cells per spheroid counted by hand under 
microscope and graphed. FIG. SC-FIG. SE show the results 
when iMacs were co-cultured with GFP-Luc2+SKOV-3 or 
WM266-4 cells for 24, 48, or 96 hours and analyzed by 
SpectraMax plate reader to evaluate bioluminescence. FIG. 
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SC depicts antibody-dependent cellular cytotox1c1ty 
(ADCC) of SKOV-3 cells at 48 hours. FIG. SD depicts 
analysis at only 10: 1 effector to target ratio. FIG. SE depicts 
ADCC of WM266-4 cells at 48 hours. For statistical analy­
ses, two-way ANOVA tests were used to determine signifi­
cance with alpha=0.05. FIG. SF-FIG. SJ show results illus­
trating SIRPa-KO and wildtype (WT) iMacs that were 
either cultured alone or co-cultured with SKOV-3 ovarian 
cancer for 48 hrs and supematants were collected for Human 
Inflammation 20-Plex ProcartaPlex Panel. Supematants 
were tested in technical duplicates and raw values were 
produced on MAGPIX xMAP instrument plotted against a 
standardized curve. FIG. SF shows a heatmap that depicts 
normalized expression of 20 different cytokines across all 
groups. (shown in FIG. SG-SJ). Plots represent means of 
concentration (pg/mL) of IL-1 beta, IL-1 alpha, IFN-gamma 
and TNF-alpha within supernatant samples. 
[0045] FIG. 6A-6C show ETV2 mmRNA hematopoietic 
differentiation and macrophage generation. FIG. 6A shows 
the ETV2 mmRNAdifferentiation schematic from day 0-19. 
FIG. 6B shows the flow cytometry analysis ofCD45, CD206 
CD163, CD80, CDllb and CD18 expression in macro­
phages generated from ETV2 mmRNA transfected IISH2i­
BM9 hiPSCs on day 19. FIG. 6C is a representative image 
of Wright stained cytospins showing the morphology of 
macrophages. 
[0046] FIG. 7 shows CD47 expression on WM266-4. 
WM266-4 cancer cells were collected and analyzed by flow 
cytometry with anti-human CD47-PE antibody. WM266-4 
cells are right histogram and unstained control is left histo­
gram. 
[0047] FIG. 8 is a schematic diagram of the ETV2 
mmRNA constructs disclosed herein. 
[0048] FIG. 9 is a schematic diagram of the methods 
disclosed herein for generation of wild type and SIRPa-1

-

neutrophils in defined serum free and feeder free conditions 
using ETV2 mmRNA. 
[0049] FIG. 10 shows representative phase contrast 
images showing the difference in morphology during the 
hematoendothelial development and neutrophil differentia­
tion following transduction wild type and SIRPa-1

- hiPSCs 
with ETV2 mmRNA. 
[0050] FIG. 11 shows the flow cytometric analysis of 
CD45 expression in myeloid progenitors generated from 
ETV2 mmRNA transfected wild type and SIRPA-1

- hiPSCs 
on day 9. 
[0051] FIG. 12A-12H show the flow cytometric analysis 
of CD45, CD16 and CDllb expression in generated wild 
type and SIRPa-1

- neutrophils. FIG. 12G-12H show repre­
sentative images of Wright staining showing the morphol­
ogy of wild type and SIRPa-1

- neutrophils. 
[0052] FIG. 13 shows the results of an in vitro cytotoxicity 
assay of neutrophils generated from wild type and SIRPa-1

-

hiPSCs. 
[0053] FIG. 14A shows the analysis of phagocytosis of 
pHrodo Green E. coli particles by wild type (WT) vs 
SIRPA-1

- (SIRPa) neutrophils. The bar graph is from 3 
independent experiments showing fold change of cells from 
37° C. incubation with phagocytosed acidified E. coli bio­
particles. Bars show±SEM. Differences in lines are statisti­
cally significant (p=0.0385) as determined by unpaired t test. 
FIG. 14B shows the analysis of the Candida auris plank­
tonic yeast kill assay. The percentage of viable yeast was 
quantified relative to yeast with no neutrophils. Neutrophil-
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only controls were subtracted from that value. Bar graph 
show±SEM from 3 independent experiments showing per­
cent yeast survival. Differences compared to wild type were 
not significant (p=0.1755) as determined by unpaired t test. 
FIG. 14C shows the 123 DHR ROS production from iPSC 
neutrophils of cells treated with 50 ng/ml PMA. Graph bars 
show±SEM from three independent experiments. Fold 
change was calculated from initial time to two hours incu­
bation. Difference of wild type vs SIRPA-1

- (SIRPa) were 
not significant (p=0.2102) as determined by unpaired t test. 
FIG. 14D shows the quantification of chemotactic index and 
velocity of iPSC neutrophils, showing significant differences 
of iPSC neutrophils exposed to the chemoattractant fMLP. 
Graph bars show±SEM from three independent experi­
ments. P values for chemotactic index 0.0312 and velocity 
in urn/min<0.0001 as determined by unpaired t test. 

DETAILED DESCRIPTION 

[0054] The disclosure generally relates to methods for 
producing macrophages and neutrophils in serum-free and 
feeder-free conditions from SIRPa inhibited pluripotent 
stem cells. The disclosure further relates to SIRPa inhibited 
macrophages and neutrophils and uses thereof. 
[0055] All publications, including but not limited to pat­
ents and patent applications, cited in this specification are 
herein incorporated by reference as though set forth in their 
entirety in the present application. 
[0056] As utilized in accordance with the present disclo­
sure, unless otherwise indicated, all technical and scientific 
terms shall be understood to have the same meaning as 
commonly understood by one of ordinary skill in the art. 
Unless otherwise required by context, singular terms shall 
include pluralities and plural terms shall include the singu­
lar. 
[0057] "Pluripotent stem cells" refer to cells having the 
capacity to differentiate into cells of all three germ layers. 
"Embryonic stem cells" or "ESCs" mean a pluripotent cell 
or population of pluripotent cells derived from an inner cell 
mass of a blastocyst. See Thomson et al., (1998) Science 
282:1145-1147. 
[0058] "Induced pluripotent stem cells" or "iPS cells" 
refer to a pluripotent cell or population of pluripotent cells 
that may vary with respect to their differentiated somatic cell 
of origin, that may vary with respect to a specific set of 
potency-determining factors and that may vary with respect 
to culture conditions used to isolate them, but nonetheless 
are substantially genetically identical to their respective 
differentiated somatic cell of origin and display character­
istics similar to higher potency cells, such as ESCs. See, e.g., 
Yu et al., (2007) Science 318:1917-1920. 
[0059] "Hematopoietic precursor cells (HPCs)" and 
"hematopoietic progenitors (HPs)" refer to immature mul­
tipotent progenitor cells of the hematopoietic lineage. HPCs 
are characterized by surface expression of CD45 and, in 
some cases, CD34, and a capacity to differentiate into 
myeloid and lymphoid progenitors and terminally differen­
tiated lymphoid and myeloid cells. 
[0060] "Myeloid progenitors" are cells capable of differ­
entiating into cell types of the myeloid lineages. 
[0061] "Chemically-defined culture" "fully defined, 
growth factor free culture conditions," and "fully-defined 
conditions" indicate that the identity and quantity of each 
medium ingredient is known and the identity and quantity of 
supportive surface is known. 
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[0062] "Xena-free culture medium" refers to medium that 
does not contain any components derived from animal 
sources, such as, for example, serum. 
[0063] As used herein, an "SIRPa knockout" or "SIRPa­
KO" is intended to encompass any disruption or deletion of 
SIRPA gene that results in the dysfunction or nonfunction of 
the SIRPa protein as it pertains to binding to CD47 or other 
SIRPa binding partners and/or as it pertains to the signaling 
within the SIRPa-expressing cell. This definition includes 
the insertion of an external plasmid/gene within the SIRPA 
gene locus or deleting a portion or the entire region of the 
SIRPA gene. 

Methods for Production of Macrophages Using 
Morphogen-Driven Differentiation Systems 

[0064] The methods provided herein comprise differenti­
ating human pluripotent stem cells under conditions that 
promote differentiation of the pluripotent stem cells into 
hematopoietic progenitor cells and macrophages. 
[0065] In some embodiments provided herein is a method 
of producing modified macrophages from pluripotent stem 
cells, the method comprising: 

[0066] (a) culturing human pluripotent stem cells hav­
ing inhibited expression of signal regulatory protein 
alpha (SIRPa) in normoxic conditions for about 24 
hours in a serum-free culture medium comprising of 
L-ascorbic acid-2-phosphate magnesium, sodium sele­
nium, transferrin, insulin, NaHCO3 , fibroblast growth 
factor 2 (FGF2), transforming growth factor beta 1 
(TGF~l), and a Rho kinase (ROCK) inhibitor; 

[0067] (b) further culturing the human pluripotent stem 
cells of (a) in hypoxia conditions for about 48 hours in 
a serum-free culture medium comprising bone morpho­
genetic protein 4 (BMP4), FGF2, ActivinA, an inhibi­
tor of glycogen synthase 3 (GSK3), and a ROCK 
inhibitor to induce mesoderm formation; 

[0068] ( c) further culturing the cultured cells of (b) in 
hypoxic conditions for about 48 hours in a serum-free 
culture medium comprising FGF2, a vascular endothe­
lium growth factor (VEGF), and an inhibitor ofTGF~­
mediated signaling to induce hemogenic endothelium 
formation; 

[0069] ( d) further culturing the cultured cells of ( c) in 
normoxic conditions for about 6 days in a serum-free 
culture medium comprising FGF2, a VEGF, stem cell 
factor (SCF), thrombopoietin (TPO), interleukin-6 (IL-
6), and interleukin-3 (IL-3), wherein the hemogenic 
endothelium generates HPCs; 

[0070] (e) culturing the HPCs of (d) in normoxic con­
ditions for about 6 days in a serum-free culture medium 
comprising macrophage colony-stimulating factor 
(M-CSF), IL-3, and IL-6 to generate myeloid progeni­
tors and monocytes; and 

[0071] (f) further culturing the cultured cells of (e) in 
normoxic conditions for about 4 days in a serum-free 
culture medium comprising M-CSF, whereby the cul­
tured myeloid progenitors and monocytes differentiate 
into a cell population comprising modified macro­
phages. 

[0072] Suitable pluripotent cells for use herein include 
human embryonic stem cells (hESCs) and human induced 
pluripotent stem (iPS) cells. ESCs are commercially avail­
able from sources such as WiCell Research Institute (Madi-
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son, Wis.). In particular embodiments, the pluripotent stem 
cells are induced pluripotent stem cells. 
[0073] The pluripotent stem cells used in the methods 
disclosed herein have inhibited expression of SIRPa. SIRPa 
is abundantly expressed in macrophages, dendritic cells, and 
neutrophils. SIRPa is a ligand for the ubiquitously 
expressed "don't-eat-me" signal molecule CD47. SIRPa 
also promotes M2 polarization of tumor-associated macro­
phages. 
[0074] "Having inhibited expression of SIRPa," indicates 
the gene is repressed or not expressed in a functional protein 
form. In particular embodiments, the expression of SIRPa is 
knocked out such that there is no expression of SIRPa. This 
inhibition or knockout can be obtained by gene mutation, 
RNA-mediated inhibition, RNA editing, DNA gene editing 
or base editing. 
[0075] In particular embodiments, the gene editing 
method comprises the use of a nuclease selected from a 
meganuclease, zinc-finger nucleases (ZFNs), transcription 
activator-like effector nucleases (TALENs), and Cas 
enzyme. In particular embodiments, the nuclease is a Cas9 
enzyme. 
[0076] In some embodiments, normoxic conditions refer 
to conditions where oxygen is provided at or about standard 
atmospheric levels. In some embodiments, normoxic con­
ditions refer to oxygen conditions of about 15% to about 
20% oxygen (e.g., about 15%, 16%, 17%, 18%, 19%, 20% 
02)-
(0077] In some embodiments, hypoxic conditions refer to 
a level of environmental oxygen (e.g., a cell culture incu­
bator gas mixture) of about 3% Otto about 10% 0 2 . In some 
embodiments, hypoxic conditions are about 5% 0 2 . 

[0078] In some embodiments, the culture is "serum-free" 
which refers to cell culture materials that are free of serum 
obtained from animal or human (e.g., fetal bovine) blood. 
[0079] In some embodiments, the culture conditions are 
feeder-free, meaning that the culture does not use feeder 
cells. In particular embodiments, the culture conditions are 
serum-free and feeder-free. 
[0080] In particular embodiments, the method disclosed 
herein comprises an attachment step comprising culturing 
human pluripotent stem cells in a culture medium in nor­
moxie conditions (i.e., where oxygen is provided at or about 
standard atmospheric levels) for about 24 hours. In particu­
lar embodiments, the culture medium is ES-TeSR. "ES 
culture medium" and "ES" are used interchangeably and 
refer to the chemically defined culture medium having the 
following defined components: DMEM/F12, L-ascorbic 
acid-2-phosphate magnesium, sodium selenium, and 
NaHCO3 , transferrin, insulin, FGF2 and TGF~l. 
[0081] In some embodiments, the culture medium used for 
culturing hPSCs to HPCs and/or myeloid progenitors to 
macrophages is "IF9S" media, which comprises IMDM/ 
F12, L-ascorbic acid 2-phosphate Mg2

+ salt, monothioglyc­
erol, sodium selenite, polyvinyl alcohol, Glutamax™, non­
essential amino acids (NEAA), chemically defined lipid 
concentrate (Life Technologies; Cat. No. 1905031), Holo­
Transferrin, and insulin. 
[0082] In particular embodiments, the culture medium 
comprises a Rho kinase (ROCK) inhibitor. Rock inhibitors, 
which are known in the art and include, but are not limited 
to, for example, Y27 632 ( commercially available from Stem 
Cell Technologies), and those found in Liao J K, Seto M, 
Noma K. Rho kinase (ROCK) inhibitors. J Cardiovasc 
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Pharmacol. 2007; 50(1):17-24, the contents of which are 
incorporated by reference in its entirety. 
[0083] In some embodiments, the inhibitor of TGF~­
mediated signaling is SB431542. In some embodiments, the 
inhibitor of GSK3 is lithium chloride (LiCl). 
[0084] Also provided herein is a population of modified 
macrophages produced by the methods disclosed herein. 
The modified macrophages have inhibited expression of 
SIRPa as well as superior anti-tumor activity for therapeutic 
purposes. 

Uses of Macrophages and Neutrophils Using ETV2 
Modified mRNA Differentiation Systems 

[0085] The present disclosure also provides methods for 
efficient macrophage and neutrophil production from 
pluripotent stem cells using direct prograrmning with tran­
sient expression of ETV2, e.g., by addition of modified 
mRNA (mmRNA) of ETV2 into the hiPSCs. Initially, hiP­
SCs are directly programmed into hematoendothelial pro­
genitors using ETV2 mmRNA which transiently produced 
ETV2 within the cells. Next, the hematoendothelial progeni­
tors are then differentiated into myeloid progenitors in the 
presence of GM-CSF, FGF2 and optionally UMl 71 (the 
presence of UMl 71 in combination with GM-CSF and 
FGF2 increases the number of macrophages neutrophils 
produced by the methods). Myeloid progenitors which are 
non-adherent could be continuously collected from cultures 
every 8-10 days for up to 30 days of post ETV2 transfection. 
Finally, these myeloid progenitors are subsequently differ­
entiated into macrophages or neutrophils. The methods for 
macrophage and neutrophil production from pluripotent 
stem cells using direct programming with transient expres­
sion of ETV 2 are described in U.S. Publication No. 
20200385676, the contents of which are incorporated by 
reference in its entirety. 
[0086] In particular embodiments disclosed herein is a 
method of producing modified macrophages from pluripo­
tent stem cells, the method comprising: 

[0087] (a) transiently introducing exogenous ETV2 in 
human pluripotent stem cells having inhibited expres­
sion of SIRPa and culturing the ETV2-induced 
pluripotent stem cells in serum-free and xeno-free 
culture medium comprising FGF-2 to produce a popu­
lation of ETV2-induced hematoendothelial progenitor 
cells (ETV2-induced HEPs); 

[0088] (b) culturing the ETV2-induced HEPs in serum­
free and xeno-free culture medium comprising granu­
locyte-macrophage colony-stimulating factor (GM­
CSF) and FGF2 for a sufficient time to produce non­
adherent myeloid progenitors; 

[0089] (c) culturing the non-adherent myeloid progeni­
tors in serum-free and xeno-free culture medium com­
prising M-CSF, IL-6, and IL-3; and 

[0090] ( d) further culturing the cultured cells of ( c) in 
serum-free and xeno-free culture medium comprising 
M-CSF for a sufficient time to differentiate the non­
adherent myeloid progenitors into modified macro­
phages. 

[0091] In particular embodiments provided herein is a 
method of producing modified neutrophils from pluripotent 
stem cells, the method comprising: 

[0092] (a) transiently introducing exogenous ETV2 in 
human pluripotent stem cells having inhibited expres­
sion of SIRPa and culturing the ETV2-induced 
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pluripotent stem cells in serum-free and xeno-free 
culture medium comprising FGF-2 to produce a popu­
lation of ETV2-induced hematoendothelial progenitor 
cells (ETV2-induced HEPs); 

[0093] (b) culturing the ETV2-induced HEPs in serum­
free and xeno-free culture medium comprising GM­
CSF and FGF2 for a sufficient time to produce non­
adherent myeloid progenitors; and 

[0094] (c) culturing the non-adherent myeloid progeni­
tors in serum-free and xeno-free culture medium com­
prising granulocyte-colony stimulating factor (G-CSF) 
and retinoic acid receptor agonist for a time sufficient 
to differentiate the myeloid progenitors into neutro­
phils. 

[0095] Suitable pluripotent cells for use herein include 
human embryonic stem cells (hESCs) and human induced 
pluripotent stem (iPS) cells. ESCs are commercially avail­
able from sources such as WiCell Research Institute (Madi­
son, Wis.). In particular embodiments, the pluripotent stem 
cells are induced pluripotent stem cells. 
[0096] The pluripotent stem cells used in the methods 
disclosed herein have inhibited expression of SIRPa. 
[0097] "Having inhibited expression of SIRPa," indicates 
the gene is repressed or not expressed in a functional protein 
form. In particular embodiments, the expression of SIRPa is 
knocked out such that there is no expression of SIRPa. This 
inhibition or knockout can be obtained by gene mutation, 
RNA-mediated inhibition, RNA editing, DNA gene editing 
or base editing. 
[0098] In particular embodiments, the gene editing 
method comprises the use of a nuclease selected from a 
meganuclease, zinc-finger nucleases (ZFNs), transcription 
activator-like effector nucleases (TALENs), and Cas 
enzyme. In particular embodiments, the nuclease is a Cas9 
enzyme. 
[0099] ETV2 can be transiently introduced into the PSCs 
by methods known in the art. Methods of transiently 
expressing ETV2 in PSCs are known in the art, and include, 
but are not limited to, for example, introducing transiently 
exogenous nucleic acids encoding the protein of interest 
( e.g., by plasmid expression vector transfection, or modified 
mRNA transfection); protein transduction, among others. In 
one embodiment, mmRNA of ETV-2 (e.g., Accession No: 
NM_014209.2; SEQ ID NO:4) is introduced into the PSCs 
by suitable methods. Methods of transiently expressing 
ETV2 in PSCs are described in U.S. Pat. No. 9,382,531, the 
contents of which are incorporated by reference in its 
entirety. Methods of introducing mmRNA into PSCs are 
known in the art, and include, but are not limited to, the 
method described in the Examples, for example, by trans­
fection or electroporation. The methods of introducing 
mmRNA or DNA to transiently express ETV-2 protein is 
within the skill of one in the art and are not limited to what 
is demonstrated in the examples 
[0100] After initiating transient expression of ETV2 in the 
hPSCs, these cells are cultured for a sufficient time to 
produce a population of ETV2-induced hematoendothelial 
progenitor cells (ETV2-induced HEPs). In particular 
embodiments, a sufficient time is a period of about 24 hours 
to about 4 days. In some embodiments, a sufficient amount 
of time to produce a population of ETV2-induced hema­
toendothelial progenitor cells comprises culturing the 
ETV2-induced cells for about 1-2 days. In some embodi­
ments, a sufficient amount of time to produce a population 
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of ETV2-induced hematoendothelial progenitor cells com­
prises culturing the ETV2-induced cells for about 3-8 days, 
for example, for about 4 days. For example, in some 
embodiments, the step to produce a population of ETV2-
induced hematoendothelial progenitor cells comprises cul­
turing for 3 days, alternatively 4 days, alternatively 5 days, 
alternatively 6 days, alternatively 7 days, alternatively 8 
days to produce ETV2-induced hematoendothelial progeni­
tor cells. 
[0101] In some embodiments, the culture medium is 
"serum-free" which refers to cell culture materials that are 
free of serum obtained from animal or human (e.g., fetal 
bovine) blood. 
[0102] In some embodiments, the culture conditions are 
feeder-free, meaning that the conditions do not use feeder 
cells. In particular embodiments, the culture conditions are 
serum-free and feeder-free. 
[0103] In particular embodiments, the methods disclosed 
herein use a maintenance culture medium for culturing the 
hPSCs after transfection with ETV2 mmRNA. In particular 
embodiments the culture medium is ES-TeSR. ES culture 
medium" and "ES" are used interchangeably and refer to the 
chemically defined culture medium having the following 
defined components: DMEM/F12, L-ascorbic acid-2-phos­
phate magnesium, sodium selenium, and NaHCO3 in a final 
volume of 200, transferrin, insulin, FGF2 and TGF~l. 
[0104] In some embodiments, the culture medium is a 
xeno-free cell culture medium. In some embodiments, the 
culture condition is xeno-free, serum free and feeder-free. 
[0105] Serum-free and xeno-free medium suitable for cul­
turing the ETV2-induced hematoendothelial progenitor cells 
to produce non-adherent myeloid progenitors are known in 
the art and include, but are not limited to, for example, 
StemLine II (commercially available from Sigma Aldrich). 
[0106] In some embodiments, a sufficient amount of time 
for culturing the ETV2-induced HEPs to produce non­
adherent myeloid progenitors is at least 4 days, for example, 
at least 4-23 days. In some embodiments, a sufficient amount 
of time for culturing the ETV2-induced HEPs to produce 
non-adherent myeloid progenitors is about 6 to 7 days. 
[0107] In some embodiments, the methods disclosed 
herein comprise isolating the non-adherent myeloid cells 
from the culture. Suitable methods of isolating the cells are 
known in the art. In one example, non-adherent cells can be 
collected from the culture leaving the adherent cells behind. 
In some embodiments, the adherent cells isolated from the 
non-adherent myeloid cells, may be used in methods of 
producing macrophages. 
[0108] For production of macrophages, the methods com­
prise the step of culturing the myeloid progenitors in a 
culture medium comprising M-CSF, IL-6, and IL-3 and 
further culturing the cultured cells comprising M-CSF for a 
sufficient time to differentiate the myeloid progenitors into 
modified macrophages. A suitable time to differentiate the 
myeloid progenitors into modified macrophages includes for 
at least 9 days, for example at least 9-21 days. In some 
embodiments, a suitable time for culturing the myeloid 
progenitors to differentiate into modified macrophages is 
about 9 to 10 days. 
[0109] Serum-free and xeno-free medium suitable for cul­
turing the myeloid progenitors to differentiate into modified 
macrophages are known in the art and include, but are not 
limited to, for example, StemLine II (commercially avail­
able from Sigma Aldrich). 
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[0110] For production of neutrophils, the methods com­
prise the step of culturing the myeloid progenitors in a 
culture medium comprising granulocyte-colony stimulating 
factor (G-CSF) and retinoic acid receptor agonist for a 
sufficient time to differentiate the myeloid progenitors into 
modified neutrophils. In some embodiments the retinoic acid 
receptor agonist is AM580. 
[0111] A suitable time to differentiate the myeloid pro­
genitors into modified neutrophils includes for at least 9 
days, for example at least 9-21 days. In some embodiments, 
a suitable time for culturing the myeloid progenitors to 
differentiate into modified macrophages is about 9 to 10 
days. 
[0112] Serum-free and xeno-free medium suitable for cul­
turing the myeloid progenitors to differentiate into modified 
neutrophils are known in the art and include, but are not 
limited to, for example, StemSpan™ H3000 (StemCell 
Technologies). 
[0113] Also provided herein is a population of modified 
macrophages produced by the methods disclosed herein. 
The modified macrophages have inhibited expression of 
SIRPa as well as superior anti-tumor activity for therapeutic 
purposes. 
[0114] Also provided herein is a population of modified 
neutrophils produced by the methods disclosed herein. The 
modified neutrophils have inhibited expression of SIRPa as 
well as superior anti-bacterial and anti-tumor activity for 
therapeutic purposes. While the methods disclosed herein 
include ordered, sequential events, the timing of the events 
may be varied by at least 20%. For example, while a 
particular step may be disclosed in one embodiment as 
lasting one day, the event may last for more or less than one 
day. For example, "one day" may include a period of about 
18 to about 30 hours. Periods of time indicated that are 
multiple day periods may be multiples of"one day," such as, 
for example, two days may span a period of about 36 to 
about 60 hours, and the like. In another embodiment, time 
variation may be lessened, for example, where day 2 is 
48+/-3 hours from d0; day 4 is 96+/-3 hours from d0, and 
day 5 is 120 hours+/-3 hours from d0. 

Methods for Use of the Modified Macrophages and 
Neutrophils 

[0115] In particular embodiments, SIRPa knockout mac­
rophages and neutrophils disclosed herein are useful for 
treating or preventing various disorders such as a cancer or 
an infection. In particular embodiments provided herein is a 
method of treating cancer comprising administering the 
SIRPa knockout macrophages disclosed herein. In particu­
lar embodiments provided herein is a method of treating 
cancer comprising administering the SIRPa knockout neu­
trophils disclosed herein. In some embodiments, the method 
comprises administering the SIRPa knockout macrophages 
disclosed herein together with a tumor-specific antibody. 
[0116] In particular embodiments provided herein is a 
method of treating an infection comprising administering the 
SIRPa knockout neutrophils disclosed herein. In some 
embodiments, the infection is a systematic infection. 
[0117] The terms "treatment" or "treat," as used herein, 
refer to both therapeutic treatment and prophylactic or 
preventative measures. Those in need of treatment include 
subjects having cancer as well as those prone to having 
cancer or those in cancer is to be prevented. In some 
embodiments, the methods, compositions, and combinations 
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disclosed herein can be used for the treatment of cancer. In 
other embodiments, those in need of treatment include 
subjects having an infection as well as those prone to have 
an infection or those in which an infection is to be prevented. 
In certain embodiments, the methods, compositions, and 
combinations disclosed herein can be used for the treatment 
of infections. 
[0118] In some cases, macrophages and neutrophils 
obtained according to a method provided herein can be 
administered as a pharmaceutical composition comprising a 
therapeutically effective amount of macrophages and neu­
trophils as a therapeutic agent (i.e., for therapeutic applica­
tions). 
[0119] The terms "pharmaceutical composition" or "thera­
peutic composition," as used herein, refer to a compound or 
composition capable of inducing a desired therapeutic effect 
when properly administered to a subject. In some embodi­
ments, the disclosure provides a pharmaceutical composi­
tion comprising a pharmaceutically acceptable carrier and a 
therapeutically effective amount of the macrophages or 
neutrophils of the disclosure. 
[0120] The terms "pharmaceutically acceptable carrier" or 
"physiologically acceptable carrier," as used herein, refer to 
one or more formulation materials suitable for accomplish­
ing or enhancing the delivery of the macrophages or neu­
trophils of the disclosure. 
[0121] The term "subject" is intended to include human 
and non-human animals, particularly mammals. In certain 
embodiments, the subject is a human patient. 
[0122] The terms "administration" or "administering," as 
used herein, refer to providing, contacting, and/or delivering 
a compound or compounds by any appropriate route to 
achieve the desired effect. Administration may include, but 
is not limited to, oral, sublingual, parenteral ( e.g., intrave­
nous, subcutaneous, intracutaneous, intramuscular, intraar­
ticular, intraarterial, intrasynovial, intrasternal, intrathecal, 
intralesional, or intracranial injection), transdermal, topical, 
buccal, rectal, vaginal, nasal, ophthalmic, via inhalation, and 
implants. 
[0123] Without limiting the disclosure, a number of 
embodiments of the disclosure are described below for 
purpose of illustration. 

EXAMPLES 

[0124] The Examples that follow are illustrative of spe­
cific embodiments of the disclosure, and various uses 
thereof. They are set forth for explanatory purposes only and 
should not be construed as limiting the scope of the disclo­
sure in any way. 

Example 1: Generation of SIRPA Knockout 
Macrophages and Characterization Thereof 

Materials and Method 

hiPSC Maintenance 

[0125] hiPSCs were cultured on Matrigel-treated 6-well 
plates with mTeSR media in normoxic conditions. Media 
was changed every day until cells grew to 60-70% conflu­
ency. Cells were dissociated into small clumps by treatment 
with EDTA and passaged 1 :6 into a new Matrigel-treated 
6-well plate. 
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Generating SIRPa-Knockout iPSCs 

[0126] hiPSCs were grown to 60-70% confluency on 
Matrigel-coated plates in mTeSRl media and isolated in a 
single cell suspension by treatment with TrypLE. Cas9 
protein and sgRNAs (gRNAl: GUGCUCCUUUCCAG­
GAGUGG (SEQ ID NO: 1) and gRNA2: ACUUAAACUC­
CACGUCAUCG (SEQ ID NO: 2)) were diluted in Stem cell 
Nucleofector Solution 2 and incubated on ice for 20 mins. 
105 cells were diluted into the Cas9/sgRNA solution and 
immediately placed in a cuvette for electroporation using 
Lonza Nucleofector 2b device on setting A-23. The cells 
were serially diluted into 6-well Matrigel-coated plate with 
mTeSR media supplemented with lx CloneR (STEMCELL 
Technologies). After 10-14 days, colonies formed from 
single cells were isolated and expanded in separate wells of 
a 24-well plate. After the clones were 60-70% confluent, 
cells were collected by EDTA-PBS dissociation for cryo­
preservation and isolating DNA extracts for genomic PCR. 
Each clone was genotyped by using SIRPA primers: 
aAATCTTAACACCTTGTACAGCCCCA (SEQ ID NO: 5) 
and AGTGCCTGCTCCAGACTTAAA (SEQ ID NO: 6). 

hiPSC Hematopoietic Differentiation 

[0127] The day prior to differentiation, single cell suspen­
sion of hiPSCs were acquired by TrypLE treatment of 
60-80% confluent iPSCs. Washed single cells were plated on 
Collagen IV-treated 6-well plates at a density of 3000 
cells/cm2 in TeSR-E8 media with 10 uM Rho kinase inhibi­
tor (Y-27632 Tocris) and placed in the normoxic incubator. 
On day O and thereafter, component-defined IF9S media was 
used. To initiate differentiation into early mesoderm, hiPSCs 
were treated with BMP4 (50 ng/ml), FGF2 (50 ng/ml), 
Activin A (15 ng/ml), Li Cl (2 mM), and 10 uM Rho kinase 
inhibitor (Y-27632 Tocris) on Day O and placed in hypoxic 
conditions (5% oxygen) for 48 hours. To continue differen­
tiation into the hematovascular mesoderm, a full media 
change was performed on Day 2 and cells were treated with 
FGF2 (50 ng/ml), VEGF (50 ng/ml), and SB431542 (5 uM) 
and placed in hypoxic conditions for an additional 48 hours. 
On days 4 and 6, cells were treated with FGF2 (50 ng/ml), 
VEGF (50 ng/ml), SCF (50 ng/ml), TPO (50 ng/ml), IL3 
(long/ml), and IL6 (50 ng/ml) to continue differentiation into 
hemogenic endothelial and hematopoietic progenitors (HPs) 
until day 9 in normoxic conditions. On day 9, floating 
hematopoietic progenitors (HPs)/hematopoietic precursor 
cells (HPCs) were collected for flow cytometry analysis or 
further differentiation. 

hiPSC Macrophage Generation 

[0128] For macrophage generation, IF9S media and nor­
moxie conditions were used throughout. To initiate 
myelopoiesis, day 9 floating hematopoietic progenitors were 
plated on ultra-low attachment (ULA) 6-well plates (Com­
ing Costar) at a density of lxl05 live HPs/well and treated 
with M-CSF (80 ng/ml), IL-3 (long/ml) and IL-6 (50 ng/ml) 
for 72 hours. On day 12, cells were treated with additional 
media containing M-CSF, IL-3 and IL-6 for another 72 
hours to generate monocytic cell clumps. On day 15, ter­
minal macrophage differentiation was performed by collect­
ing all cells from the ULA 6-well plates and resuspending in 
fresh media treated with 80 ng/ml M-CSF and plated at a 
density of2xl05 cells/well on uncoated tissue culture 6-well 
plates for 96 hours. On day 19, macrophages were collected 
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by vigorous pipetting to dissociate any adhered cells to be 
used for analysis and experiments. 

mmRNA Synthesis and Transfection 

[0129] Human ETV2 transcript variant 1 (NM_014209.3) 
was cloned into a 5'-MCS-1~ construct as described previ­
ously (Suknuntha et al., 2018, Stem Cell Rev. 14, 525-534). 
To generate IVT templates with a 180-A tract, a reverse 
primer containing 180 T base pairs and an 
ATCGGTGCGGGCCTCTTCGCTA (SEQ ID NO: 3) for­
ward primer including T7 promoter were used in a PCR 
reaction. All PCR reactions were carried out using Phusion 
(Thermo Fisher Scientific). The mmRNA was synthesized 
using the MEGAscript T7 Kit (Ambion, Austin, TX), using 
a custom ribonucleoside cocktail comprised of 3'-0-Me­
m7G(5')ppp(5')G ARCA cap analog, pseudouridine triphos­
phate (TriLink BioTechnologies, San Diego, CA), ATP, 
guanosine triphosphate, and cytidine triphosphate. The syn­
thesis reactions were set up according to the manufacturer's 
instructions. Reactions were incubated for 2 hat 37° C. and 
treated with DNAse. RNA was purified using a PureLink 
RNA Mini Kit (Thermo Fisher Scientific) and adjusted with 
RNase-free water to 100 ng/µL working concentration 
before being stored at -80° C. Undifferentiated hiPSCs were 
transfected with using TransIT-mRNA reagent in ES 
medium containing ROCK inhibitor (Suknuntha et al., 2018, 
Stem Cell Rev. 14, 525-534). In brief, for transfection, 
single-cell suspension was prepared using HyQtase (Thermo 
Fisher Scientific). Per one well of transfection, a total of 
2xl05 cells in 1 mL complete ES medium with 10 µM 
ROCK inhibitor (STEMCELL Technologies) were plated 
into a collagen IV-coated 6-well plate; 30-60 min later, a 
mixture of200 ng ETV2: Trans!T-mRNA(Minis Bio, Madi­
son, WI) was added to each well according to the manufac­
turer's instructions. 

ETV2-mmRNA Generation of Macrophages from 
hiPSCs 

[0130] The day after transfection ( day 1 ), the medium was 
changed with 1 mL of Stemline II (Sigma) supplemented 
with 20 ng/mL of human FGF2 (PeproTech). On day 2, 1 mL 
of the same medium was added. On day 3, the medium was 
changed and 1 mL of Stemline II supplemented with FGF2 
(20 ng/mL), GM-CSF (25 ng/mL) (PeproTech), and UM! 71 
(50 nM; Xcess Biosciences) were added. This medium was 
added daily up to days 8. On day 9, floating cells were gently 
harvested and used for macrophage differentiation. To 
induce specification to monocyte/macrophage lineages, 
floating cells were cultured in Stemline II, supplemented 
with M-CSF (80 ng/mL; Amgen), IL6 (50 ng/mL; Amgen), 
IL3 (10 ng/mL; Amgen) at lxl05 cells/well density in 
ultra-low attachment 6 well plate. After 3 days, 2 mL of the 
same medium with all components and cytokines was added 
on the top of existing culture. At day 15, to induce macro­
phage differentiation, cells were transferred to a 6 well plate 
containing Stemline II, supplemented with M-CSF (80 
ng/mL; Amgen) for 4 days. At day 19, macrophages were 
gently harvested and filtered through a 70-µM mesh (Falcon, 
Life Sciences) before analysis. 

Results 

Generation of SIRPa-Knockout iPS Cell Line 

[0131] To develop the SIRPa-Knockout iPS cell line, 
exon 3 of the SIRPA gene was targeted with two flanking 
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sgRNAs. The CD47 binding region of SIRPa lies on exon 
3, making it an ideal target for a functional SIRPa protein 
knockout (FIG. lA). After electroporation and clonal selec­
tion, four independent SIRPa-KO clones were genotyped by 
PCR and expanded for further use (FIG. 18). The morphol­
ogy of the SIRPa-KO iPSC clones 1 and 4 resembled the 
WT iPSCs by forming adherent colonies on Matrigel coated 
plates (FIG. lB), suggesting no off-target effects occurred at 
the level of pluripotency. To validate the SIRPa knockout, 
WT and SIRPa-KOl iPSCs were differentiated into iPSC­
Macrophages (i-Macs) and whole cell lysates were collected 
for immunoblotting. Due to the lack of SIRPa expression on 
stem cells, WT iPSCs were used as a negative control. 
SIRPa protein was absent in the SIRPa-KO i-Macs com­
pared to WT i-Macs, substantiating the successful knockout 
of SIRPa. 

Hematopoietic Differentiation of SIRPa-KO iPSCs 

[0132] Previously, a serum-free, xeno-free, component­
defined method was developed for in vitro hematopoietic 
differentiation that utilizes morphogen-driven formation of 
the hemogenic endothelium (Uenishi et al., 2014, Stem Cell 
Reports, 3: 1073-1084). These methods allow for the gen­
eration ofmultipotent hematopoietic progenitors (HPs) with 
lymphoid and myeloid potential by day 9. With adaptations 
to the protocol using similar myelopoiesis-driving cytokines 
disclosed in Cao et al., 2019, Stem Cell Reports, 12: 1282-
1297, SIRPa-KO iPSC-macrophages (i-Macs) were gener­
ated in 19 days in serum-free conditions (FIG. 2A). 
[0133] The generation of the hemogenic endothelium 
(HE) was observed in SIRPa-KO iPSC-HE with morphol­
ogy resembling WT iPSC-HE (FIG. 2B). On day 5-6 of 
hematopoietic differentiation, the endothelial to hematopoi­
etic cell transition was observed when round floating hema­
topoietic progenitors (HPs) arise from the adherent hemo­
genic endothelium, saturating the culture plate by day 9 
(FIG. 2B). The number of HPs generated from a singular 
iPSC, or iPSC to HP yield, was discovered to be unaffected 
by the knockout of SIRPa (FIG. 2C). To further investigate 
the phenotype of SIRPa-KO iPSC-HPs, flow cytometry 
analysis of the floating cells was performed. CD43+ popu­
lation ofSIRPa-KO iPSC-HPs were around 93%, indicating 
the floating cells on day 9 were a nearly pure population of 
hematopoietic progenitors. When further probed, the CD43+ 
subpopulation of SIRPa-KO iPSC-HPs showed the same 
distribution of lineage markers CD235a/41a and CD45 as 
the WT iPSC-HPs (FIG. 2D). Together, these findings indi­
cate that genetic knockout of SIRPa in iPSCs does not affect 
the specification to the hemogenic endothelium or genera­
tion of multipotent hematopoietic progenitors. 

Differentiation into SIRPa iPSC-Macrophages 

[0134] To generate macrophages from SIRPa-KO iPSC­
HPs, the day 9 floating progenitor cells were collected and 
resuspended in IF9S media with M-CSF, IL-3, and IL-6. 
They were then plated on ultra-low attachment 6-well plates 
at a density of lxl05 cells/well and placed in the normoxic 
incubator for 72 hours. On day 12, the media was replen­
ished, and myeloid cells formed in clumps until day 15. 
Myelopoiesis is essential for the generation of macrophages, 
so analysis of the heterozygous SIRPa-KO iPSC-myeloid 
cells on day 15 is critical for understanding the myeloid 
potential of said cells. The morphology of the SIRPa-KO 
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iPSC-myeloid cells showed the population is not purely 
iPSC-monocytes, but rather a mix of myeloid progenitors, 
granulocytes, and macrophages (FIG. 3A). These findings 
suggest that in vitro hematopoiesis does not give rise to a 
stage of pure peripheral blood mononuclear cells (PBMCs) 
as found in adult humans, but rather a heterozygous mix of 
myeloid progenitors that differentiate into macrophages at 
varying time points (FIG. 3A). 
[0135] The day 15 SIRPa-KO iPSC-myeloid cells were 
investigated further through flow cytometry analysis. The 
CD45+ population of SIRPa-KO iPSC-myeloid cells was 
around 90%, indicating at this time-point, the cells were 
committed to the blood lineage (FIG. 3B and FIG. 3C). 
CD45+ subpopulation was analyzed for macrophage mark­
ers: CD14, CDllb, CD16, and pan-myeloid marker CD18. 
The CD14+CD11 b+CDl 6+ population of SIRPA-KO iPSC­
myeloid cells was around 40%, meaning on day 15 of 
differentiation, approximately 40% of the cells were com­
mitted to macrophages, also seen in the morphology of the 
larger, foamy cytoplasmic cells in the stained sample indi­
cated by the arrowheads (FIG. 3A, FIG. 3B, and FIG. 3C). 
SIRPa-KO iPSC-myeloid cells resembled the same mor­
phology and myeloid markers as WT iPSC-myeloid cells, 
suggesting that knocking out SIRPa had no effect on 
myelopoiesis. 

SIRPa-KO iMacs Polarize in Response to Stimuli 

[0136] Macrophages have impressive diversity and plas­
ticity, depending on the environment they reside. Based on 
cues that macrophages receive from their environment, they 
possess the ability to polarize into an array of phenotypes 
which differ in function and morphology. Classically acti­
vated macrophages, or Ml macrophages (Ml-Macs), are 
stimulated by pathogens during infection and pro-inflam­
matory cytokines secreted from other immune cells. They 
possess pro-inflammatory and anti-tumorigenic capabilities, 
and highly express markers CD80, CD86 and antigen­
presenting machinery HLA-DR. Alternatively activated 
macrophages, or M2 macrophages (M2-Macs), are stimu­
lated by an immunosuppressive milieu and cytokines IL-4, 
IL-10 and TGF-beta. M2-Macs highly express markers 
CD163 and CD206 and are responsible for wound healing 
and regeneration of tissues, and therefore are anti-inflam­
matory. In the context of the TME, immunosuppressive 
signaling alters the TAM phenotype towards an M2, pro­
tumorigenic state. 
[0137] To test the plasticity and response to stimuli, day 19 
SIRPa-KO i-Macs 19 cells were polarized into Ml and M2 
phenotypes by the addition ofIFN-y+LPS and IL-4, respec­
tively, for 48 hours (FIG. 3D). The morphology of the WT 
and SIRPa-KO i-Macs were visibly altered after the polar­
ization period, notably the Ml polarized i-Macs were tightly 
clumped and adhered to the bottom of the plate, while the 
M2 polarized i-Macs were mostly floating and displayed 
only a few elongated and adhered cells (FIG. 3E). By 
utilizing flow cytometry analysis, the cell surface expression 
of Ml markers, CD86 and CD80, and M2 markers, CD163 
and CD206 of the i-Macs were analyzed post-polarization. 
Surprisingly, M2-polarized WT and SIRPa-KO iMacs had 
the highest expression of the Ml-marker CD86 and no 
upregulation of M2-marker CD163 (FIG. 3F). This finding 
suggests that hiPSC-Macrophages may possess a more pro­
inflammatory phenotype even when stimulated with IL-4. 
This may be an advantage for the clinical use of SIRPa-KO 
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i-Macs against solid tumors as they may be resistant to the 
immunosuppressive milieu containing IL-4 in the TME. 
However, the M2 SIRPa-KO i-Macs had an expected 
increased expression of CD206 and downregulation of 
CD14 and CD80 (FIG. 3F). Ml-polarized SIRPa-KO 
i-Macs upregulated CD14 and CD80 expression, compared 
to both MO and M2 phenotypes. Most interestingly, Ml 
polarization increases HLA-DR expression on the i-Macs, 
implicating that SIRPa-KO i-Macs possess antigen-presen­
tation machinery and the ability to communicate with the 
adaptive immune system (FIG. 3F). This suggests with the 
TME, activated SIRPa-KO i-Macs would have the potential 
to present phagocytosed tumor antigen to nearby T cells. 
Overall, these data display that SIRPa-KO i-Macs upregu­
late and/or downregulate the same cell surface markers as 
WT i-Macs in response to Ml and M2 polarization, vali­
dating that knocking out SIRPa has no effect on macrophage 
plasticity or response to stimuli. 

SIRPa-KO i-Macs Have Superior 
Anti-Tumorigenic Properties Against CD47+ 

Cancer Cells 

[0138] The most crucial qualities of SIRPa-KO i-Macs to 
assess is their ability to phagocytose cancer and overall 
anti-tumorigenic properties. CD47 is overexpressed by 
many solid tumor cancers including ovarian, pancreatic, 
breast, lung, and melanoma cancers, and subsequently 
blocks macrophage phagocytosis. It would be expected to 
see an increase of phagocytosis by SIRPa-KO i-Macs 
against CD47-expressing cancer cells. However, because 
CD47/SIRPa signaling only blocks an activating signal, 
simply knocking out SIRPa should not initiate non-specific 
phagocytosis. Thus, to direct the SIRPa-KO i-Macs to 
phagocytose cancer cells, therapeutic monoclonal antibodies 
(mAb) were used. The Fe-receptors on macrophages bind to 
mAbs that target specific cancer-antigens and stimulate 
antibody-dependent cellular phagocytosis (ADCP), conse­
quently killing the tumor cells. 
[0139] CD47 overexpression has previously been shown 
to predict poor prognosis in patients and promote cancer cell 
invasion in high-grade serous ovarian carcinoma and is 
expressed on ovarian cancer cell line SKOV-3 (Li, et al., 
American Journal of Translational Research, 9(6), 2901-
2910). In an in vitro cancer challenge, SKOV-3 GFP+ 
ovarian cancer cells were cultured with WT or SIRPa-KO 
i-Macs in varying effector to target (E:T) ratios with or 
without anti-HER2 for 24 hours. Without the addition of 
anti-HER2, both the WT and SIRPa-KO i-Macs only phago­
cytosed a maximum of 3-4% of the cancer cells at 8:1 
effector to target ratio (FIG. 4A and FIG. 4B). When 
anti-HER2 was added to the 24-hour co-culture, the SIRPa­
KO i-Macs phagocytosed around 25%, 35% and 42% of the 
SKOV-3 cells at a 2:1, 4:1 and 8:1 effector to target ratio, 
respectively; significantly more than the WT i-Macs phago­
cytosis with anti-HER2 across all ratios (FIG. 4A and FIG. 
4B). The SIRPa-KO i-Macs visibly attached to the SKOV-3 
GFP+ cells in addition of the anti-HER2 mAb as seen by the 
white arrows in FIG. 4C. Even with merely 2: 1 effector to 
target ratio, SIRPa-KO i-Macs phagocytosed nearly 3x the 
WT i-Macs with antibody. 
[0140] To test the phagocytic capability across multiple 
cancers, GD2-expressing WM266-4 melanoma cancer cells 
stained with CellTrace Violet were co-cultured with i-Macs 
with or without anti-GD2 Ch14.18 mAb. Since WM266-4 
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highly express CD47, similar results of enhanced phagocy­
tosis by the SIRPa-KO i-Macs (FIG. 7) were expected. Flow 
cytometry was performed to quantify double-positive Cell­
Trace Violet+CD14+ phagocytic macrophages. After only 6 
hours, SIRPa-KO i-Macs+anti-GD2 phagocytosed approxi­
mately 80% of the WM266-4 cells at an 8: 1 effector to target 
ratio, significantly more than WT i-Macs with or without 
anti-GD2 (FIG. 4D and FIG. 4E). These findings indicate 
that SIRPa-KO i-Macs have superior phagocytosis of mul­
tiple CD47-expressing cancers with the addition of cancer­
specific therapeutic monoclonal antibodies. 

[0141] To capture a smaller time frame for antibody­
dependent phagocytosis (ADCP), HER2-expressing 
SKOV-3 GFP+ovarian cancer cells were cultured with wild­
type (WT) or SIRPa-KO iMacs with or without anti-HER2 
monoclonal antibody for a total of 6 hours. As seen in the 
24-hour assay, without the addition of anti-HER2, both WT 
and SIRPa-KO iMacs phagocytosed little to none of the 
cancer cells at all effector-to-target (E:T) ratios, suggesting 
the safety of SIRPa-KO iMacs against healthy CD47+ cells 
(FIG. 4F). However, when anti-HER2 was added, the 
SIRPa-KO iMacs phagocytosed SKOV-3 cells at a signifi­
cantly higher rate than WT (FIG. 4F). Additionally, at only 
1:1 E:T ratio, SIRPa-KO iMacs have significantly higher 
percentage(%) of actively phagocytes than WT when anti­
HER2 was added, with 13.6%±0.60 of SIRPa-KO iMacs 
phagocytosing compared to only 4.77%±0.41 of WT iMacs 
(FIG. 4G). These data suggested that knocking out SIRPa in 
iMacs triggered a larger proportion of macrophages to 
engage in phagocytosis when exposed to SKOV-3 cancer 
and anti-HER2 mAb, as opposed to WT iMacs, resulting in 
higher % of SKOV-3 cells to be depleted by antibody­
dependent phagocytosis in as little as 6 hours. 

[0142] Macrophages also have the capability for cytotox­
icity through antibody-dependent cellular cytotoxicity 
(ADCC), an appealing quality for cancer immunotherapy. 
When SIRPa-KO i-Macs+anti-HER2 mAb were co-cul­
tured with HER2+CD47+MCF7 breast cancer spheroids for 
4 days, there were significantly more dead cells, as shown by 
the white arrows, within the MCF7 cancer spheroid than 
wildtype (WT) counterparts (FIG. SA and FIG. 5B). There 
was little to no cytotoxicity in the cancer cells without the 
anti-HER2 monoclonal antibody in either SIRPa-KO or WT 
i-Macs (FIG. SA and FIG. 5B). These preliminary data 
suggested that CD47/SIRPa signaling blocked more than 
just an activating phagocytic signal, but also blocked any 
antibody-dependent anti-tumorigenic properties from mac­
rophages. Together, these findings suggested that the novel 
SIRPa-KO i-Macs are an attractive candidate for clinical 
treatment of solid tumors and may be used as an inducible 
in combination with therapeutic monoclonal antibodies. 

[0143] Current in vitro antibody-dependent phagocytosis 
assays only consider the GFP+ cells within CD45+ iMacs 
during flow cytometric analysis and disregard any cancer 
cells that were killed or destroyed by mechanisms other than 
phagocytosis. To assess in vitro ADCC, iMacs were co­
cultured with a fixed number of luciferase-expressing 
SKOV-3 cells over varying E:T ratios and time points, 
bioluminescence using SpectraMax plate reader serving to 
quantify the viability of SKOV-3 cells. Percent (%) cyto­
toxicity was calculated by the following formula: 

l00x(baseline tumor growth-experimental value)/ 
(baseline-maximum lysis control). 
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[0144] In these experiments, SIRPa-KO iMacs were sig­
nificantly better at killing SKOV-3 cells under any condition 
with addition of anti-HER2 as compared to wildtype (WT) 
iMacs+anti-HER2 (FIG. SC and FIG. SD). After 96 hours 
post co-culture, SIRPa-KO iMacs killed 93%±1.47 of 
SKOV-3 cells in 96hrs compared to 27.3%±8.73 SIRPa-KO 
iMacs that killed nearly 100% of the ovarian cancer (FIG. 
SD). This data also showed that within the confines of an in 
vitro assay, SIRPa-KO iMacs with anti-HER2 mAb were 
able to overcome inherent growth of the ovarian cancer over 
96 hours that was witnessed when SIRPa-KO or WT iMacs 
were co-cultured with SKOV-3 without antibody, repre­
sented as negative % cytotoxicity in FIG. SD. 

[0145] To test SIRPa KO iMacs' cytotoxic capacity 
across multiple cancer types, GD2+GD3+ WM266-4 mela­
noma cancer cells were co-cultured with iMacs with or 
without anti-GD3 mAb for 48 hours. With the addition of 
anti-GD3, SIRPa-KO iMacs displayed significantly higher 
cytotoxicity than WT iMacs at the 10: 1 ratio, and showed 
steady increase of cytotoxicity across all ratios, unlike any 
other iMac group (FIG. SE). WT iMacs instead displayed 
"negative" cytotoxicity, representing the growth of the 
WM266-4 melanoma cells from baseline. These data indi­
cated that the tumor-promoting quality of WT iMacs that 
SIRPa-KO iMacs do not possess. To conclude the in vitro 
ADCC assays, SIRPa KO iMacs were challenged with 3D 
MCF-7 spheroids, a low-HER2-expressing breast cancer 
cell line. After 4 days of co-culture, SIRPa-KO iMacs with 
anti-HER2 killed a higher number of tumor cells within the 
spheroid than WT+anti-HER2, supporting that SIRPa-KO 
iMacs have increased capacity to infiltrate and kill cancerous 
cells within a 3D TME structure, even against tumors with 
low antigen expression (FIG. SA-FIG. 5B). This spheroid 
model was particularly useful because it is both quantitative 
and spatially qualitative. These results showed that in vitro, 
SIRPa-KO iMacs had superior antibody-dependent antitu­
mor activities, including phagocytosis and cytotoxicity 
against SKOV-3, WM266-4, and MCF-7 solid tumor cancer 
cell lines, and enhanced the potency of FDA-approved 
monoclonal antibody therapies. 

[0146] Macrophages within the tumor microenvironment 
have been implicated in promoting growth, metastases, and 
survival of solid tumors through a multitude of mechanisms 
including direct cell-to-cell signaling, and cytokine signal­
ing (Chen et al., 2019, Journal of Biomedical Science 26: 78; 
Chanmee et al., 2014, Cancers 6: 1670-1690; and Zhu et al., 
2021, Journal of Cancer 12: 54-64). Many anti-inflamma­
tory cytokines and factors expressed by macrophages such 
as TGF-beta, IL-10, Argl, IDO, and HIF-lalpha have been 
associated with solid tumor progression. Due to the myriad 
of anti-inflammatory cytokine expression, pro-inflammatory 
cytokines that promote activation of immune cells to an 
anti-tumorigenic state are suppressed or over-powered. 
SIRPa- and CD4 7-signaling between tumor associated mac­
rophages within the tumor microenvironment has not been 
thoroughly assessed in the context of cytokine signaling 
pathways. To evaluate if the SIRPa-KO iMacs possessed the 
same cytokine signaling in response to tumor as WT iMacs, 
iMacs and SKOV-3 ovarian cancer cells were co-cultured 
together for 48 hours and 20 different cytokines were 
evaluated through a multiplex assay (FIG. SF). Surprisingly, 
SIRPa-KO iMacs were found to upregulate many pro­
inflammatory cytokines in the presence of anti-HER2 mAb 
and SKOV-3 tumor as compared to WT iMacs. Specifically, 
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IL-lalpha, IL-lbeta, IFN-gamma, and TNF-alpha were all 
upregulated in the SIRPa-KO iMac+anti-HER2 treatment 
group (FIG. SG through SJ, respectively). These data sug­
gested that SIRPa may play a larger role in the macrophage­
tumor axis than just direct cell to cell blocking of phago­
cytosis. Another possibility is that without the presence of 
SIRPa, macrophages are more readily engaging with anti­
body-dependent tumor killing or phagocytosis and have 
subsequent changes in the cytokines being released within 
the milieu. These results indicated an increased expression 
of pro-inflammatory cytokines in the SIRPa-KO iMacs+ 
anti-HER2 group as compared to WT+anti-HER2, further 
supporting the enhancement of antibody-dependent func­
tions within SIRPa-KO iMacs. 

Example 2: Generation of SIRPA Knockout 
Neutrophils and Characterization Thereof 

Materials and Method 

Cell Culture 

[0147] Wild type bone marrow-derived IISH2i-BM9 hiP­
SCs (Hu et al., 2011, eBlood 117: e109-e119) was obtained 
from WiCell (Madison, WI). Human induced pluripotent 
stem cells (hiPSCs) with knockout SIRPA gene were gen­
erated using CRISPR/Cas9 technology. Wild type and 
SIRPA_;_ hiPSCs were cultured on Matrigel-coated tissue 
culture plates in ES medium (STEMCELL Technologies). 

mmRNA Synthesis and Transfection 

[0148] Human ETV2 transcript variant 1 (NM_014209.3) 
was cloned into a 5'-MCS-1~ construct as described previ­
ously (Suknuntha et al., 2018, Stem Cell Rev. 14: 525-534). 
To generate IVT templates with a 180-A tract, a reverse 
primer contammg 180 T base pairs and an 
ATCGGTGCGGGCCTCTTCGCTA (SEQ ID NO: 3) for­
ward primer including T7 promoter were used in a PCR 
reaction. All PCR reactions were carried out using Phusion 
(Thermo Fisher Scientific). The mmRNA was synthesized 
using the MEGAscript T7 Kit (Ambion, Austin, TX), using 
a custom ribonucleoside cocktail comprised of 3'-0-Me­
m7G(5')ppp(5')G ARCA cap analog, pseudouridine triphos­
phate (TriLink BioTechnologies, San Diego, CA), ATP, 
guanosine triphosphate, and cytidine triphosphate. The syn­
thesis reactions were set up according to the manufacturer's 
instructions. Reactions were incubated for 2 hat 37° C. and 
treated with DNAse. RNA was purified using a PureLink 
RNA Mini Kit (Thermo Fisher Scientific) and adjusted with 
RNase-free water to 100 ng/µL working concentration 
before being stored at -80° C. Undifferentiated hiPSCs were 
transfected with using TransIT-mRNA reagent in ES 
medium containing ROCK inhibitor (Suknuntha et al., 2018, 
Stem Cell Rev. 14: 525-534). In brief, for transfection, 
single-cell suspension was prepared using HyQtase (Thermo 
Fisher Scientific). Per one well of transfection, a total of 
2xl05 cells in 1 mL complete ES medium with 10 µM 
ROCK inhibitor (STEMCELL Technologies) were plated 
into a collagen IV-coated 6-well plate; 30-60 min later, a 
mixture of200 ng ETV2: Trans!T-mRNA(Minis Bio, Madi­
son, WI) was added to each well according to the manufac­
turer's instructions. 
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Feeder-, Xena-, and Serum-Free Generation of 
Neutrophils from hiPSCs 

[0149] The day after transfection ( day 1 ), the medium was 
changed with 1 mL of Stemline II (Sigma) supplemented 
with 20 ng/mL of human FGF2 (PeproTech). On day 2, 1 mL 
of the same medium was added. On day 3, the medium was 
changed and 1 mL of Stemline II supplemented with FGF2 
(20 ng/mL), GM-CSF (25 ng/mL) (PeproTech), and UMl 71 
(50 nM; Xcess Biosciences) were added. This medium was 
added daily up to days 8. On day 9, floating cells were gently 
harvested and used for terminal neutrophil differentiation. 
Following the first collection of floating cells, 2 mL of 
Stemline II supplemented with FGF2, GM-CSF, and UMl 71 
was added to the remaining adherent cells. To induce neu­
trophil terminal differentiation, floating cells were cultured 
in StemSpanH300 medium (STEMCELL Technologies), 
supplemented with GlutaMAX l00X (Thermo Fisher Sci­
entific), ExCyte 0.2% (Merck Millipore), human G-CSF 
(150 ng/mL; Amgen), Am580 retinoic acid agonist 2.5 µM 
(Sigma-Aldrich), and gentamycin (1,000x) (Life Technolo­
gies) at 5x 105 cells/mL density. After 4 days, 2 mL of the 
same medium with all components and cytokines was added 
on the top of existing culture. Mature neutrophils were 
gently harvested from the supernatant after 8 days of culture, 
leaving the adherent macrophages, and filtered through a 
70-µM mesh (Falcon, Life Sciences) before analysis. 

Flow Cytometry 

[0150] To analyze cell surface markers, 5xl05 cells were 
stained in fluorescence-activated cell sorting buffer with the 
appropriate antibodies (Table 1). Ghost Dye (Tonbo Biosci­
ences, San Diego, CA) was used to analyze the live cell 
population. Cells were analyzed using a MACS Quant 
Analyzer 10 (Miltenyi Biotec, San Diego, CA) or Thermo 
Fisher Scientific Flow Jo software (Tree Star, Ashland, OR). 

TABLE 1 

ANTIBODIES 

Mouse anti-human CD45 APC 
Mouse anti-human CDll b FITC 
Mouse anti-human CD16 PE 

SOURCE 

BD Pharrningen TM 

BD Pharrningen TM 

BD Pharrningen TM 

Wright-Giemsa Staining 

[0151] To assess the morphology of cells within colonies, 
cells were fixed on glass slides using a Cytospin centrifuge 
(Cytospin 2; Thermo Shandon), stained with Wright-Giemsa 
solution (Sigma-Aldrich), and then observed under a light 
microscope (Olympus, Tokyo). 

In Vitro Cytotoxicity Assay 

[0152] WM266-4 LUC2 GFP, CHLA-20_AAVS1-Aka­
Luc-EGFP, SK-BR3 LUC2 GFP and SKOV3 LUC2 GFP 
cells were maintained in tumor specialized media (Sigma­
Aldrich) containing 80% MCDB-153, 20% Leibovitz's 
L-15, 1.68mM CaC12 and 2% FBS. To access the cytotox­
icity, hiPSC derived wild type and SIRPA-1

- neutrophils or 
SIRPa-KO neutrophils or macrophages were incubated with 
target tumor cells (2,000 cells/well) for 4 hours at 37° C., at 
effector: target (E:T) ratios of 1:1, 2:1, 5:1, and 10:1, in a 
final volume of 200 µL, in a 96 well plate. Target cells were 
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used for the maximal lysis with Pierce™ IP Lysis Buffer 
(ThermoFisher). VivoG!o™ Luciferin substrate (100 
ug/well, Promega) was added, and luminescence was mea­
sured immediately after 5 mins incubation. Specific cell 
lysis was measured by % of cell lysis= 1 00x { (Spontaneous 
death relative luminescence unit (RLU)-Test RLU)/(Spon­
taneous death RLU-Maximal killing RLU)}. 

Candida auris Planktonic Yeast Kill Assay 

[0153] Wild type and SIRPA-1
- neutrophils were plated at 

a 1:1 MOI for six hours. hiPSC neutrophils were then lysed 
with ddH2O plus 100 ug/ml DNase 1 solution for 1 hour. 
PrestoB!ue (metabolic assay) reagent was then added and 
incubated for 2 hours at 37c/5% CO2 before reading fluo­
rescence at 560/590 nm. The percentage of viable yeast was 
quantified relative to yeast with no neutrophils. Neutrophil­
only controls were subtracted from that value. Bar graph 
show±SEM from 3 independent experiments showing per­
cent yeast survival. Differences compared to wild type were 
not significant (p=0.1755) as determined by unpaired t test. 

Phagocytosis 

[0154] Phagocytosis was assessed using pHrodo Green E. 
coli BioParticles Conjugate (Invitrogen) according to a 
modified manufacturer's protocol. pHrodo Green E. coli 
beads were resuspended in 2 mL of PBS and sonicated with 
an ultrasonicator 3 times (20% amplitude, 20 s on/10 s off). 
Beads per assay (100 µL) were opsonized by mixing with 
opsonizing reagent at a 1: 1 ratio and incubated at 3 7° C. for 
1 h. Beads were washed 3 times mHBSS buffer by centrifu­
gation at 4° C., 1,500 RCF for 15 min then final resuspen­
sion in mHBSS buffer. Beads were used immediately or 
stored at 4° C. for several days. Wild type and SIRPA-1

-

neutrophils (5xl05
) were resuspended in 100 µL of 

opsonized bead solution and incubated at 37° C. or on ice for 
1 h. Phagocytosis was stopped by placing all samples on ice. 
Analysis was carried out with Thermo Fisher Scientific 
Attune cytometer for fluorescent particles (509/533). Cells 
were gated based on granulocyte population, single cells, 
and live cells using propidium iodine. 

Measurement of Reactive Oxygen Species 
Production in Neutrophils 

[0155] Floating wild type and SIRPA-1
- neutrophils (105

) 

were plated in each well of a black 96-well plate on 10 
µg/mL fibrinogen with 100 µL of mHBSS buffer in the 
presence of 10 ng/mL dihydrorhodamine 123. Cells were 
incubated for 30 min at 37° C./5% CO2. PMA was added to 
a final concentration of 50 ng/mL or vehicle control DMSO 
was added to samples. Optimal reactive oxygen species 
production was determined by time course. Fluorescent 
measurements were taken of samples in triplicate or repli­
cates of four on the Victor3 V plate reader (Ex/Em 500/536). 

Chemotaxis Assay 

[0156] Chemotaxis was assessed using a microfluidic 
device. In brief, polydimethylsiloxane devices were plasma 
treated and adhered to glass coverslips. Devices were coated 
with 10 µg/mL fibrinogen (Sigma) in PBS for 30 min at 37° 
C., 5% CO2. The devices were blocked with 2% BSA-PBS 
for 30 min at 37° C., 5% CO2, to block non-specific binding, 
and then washed twice with mHBSS. Wild type and 
SIRPA_;_ neutrophils were stained with calcein AM (Mo-
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lecular Probes) in PBS for 10 min at room temperature 
followed by resuspension in modified Hank's balanced salt 
solution (mHBSS). Wild type and SIRPA-1

- neutrophils 
were seeded at 5xl06/mL to allow adherence for 30 min 
before addition of chemoattractant. Either 1 µM fMLP 
(Sigma) or 11.25 µM IL-8 (R&D Systems) was loaded onto 
the devices. Cells were imaged for 45-90 min every 30 s on 
a Nikon Eclipse TE300 inverted fluorescent microscope 
with a !Oxµ objective and an automated stage using Meta­
Morph software (Molecular Devices). Automated cell track­
ing analysis was done using JEX software to calculate 
chemotactic index and velocity. 

Human Inflammation 20-Plex ProcartaPlex Panel 

[0157] SIRPa-KO and wildtype (WT) iMacs were either 
cultured alone or co-cultured with SKOV-3 ovarian cancer 
and anti-HER2 monoclonal antibody for 48 hrs. The super­
natants were collected for Human Inflammation 20-Plex 
ProcartaPlex Panel (ThermoFisher). Supernatants were 
tested in technical duplicates and raw values were produced 
on MAGPIX xMAP instrument plotted against a standard­
ized curve. 

Results 

Morphology 

[0158] Transfection of ETV2 mmRNA into the single cell 
of wild type and SIRPA_;_ hiPSCs formed a typical endothe­
lial morphology within 24 hours (FIG. 10). During the 
process of differentiation, cell changes it morphology and 
form floating myeloid progenitors (FIG. 10). After terminal 
differentiation, neutrophil was identified by Wright-Giemsa 
staining (FIG. 12). 

Cell Surface Markers 

[0159] The myeloid progenitors expressed CD45 surface 
markers on day 9 (FIG. 11) in wild type and SIRPA_;_ cells. 
CD 11 b and CD 16 expression in terminal differentiated neu­
trophils proved ETV2 mmRNA induced granulocytic dif­
ferentiation program (FIG. 12). 
[0160] Functional Evaluations 
[0161] Functional characterization of neutrophils was per­
formed using cytotoxicity assay (FIG. 13), phagocytosis and 
migration assay (FIG. 14). As compared to wild type neu­
trophils, SIRPA_;_ neutrophils demonstrated superior motil­
ity and phagocytic capacity of bacterial particles and tumor 
cells. 

Quantification 

[0162] ETV2 mmRNA induction produced 1.7xl07 neu­
trophils from 106 wild type hiPSCs and 3xl07 neutrophils 
from 106 SIRPA-1

- hiPSCs within 3 weeks. 
[0163] Those skilled in the art will recognize or be able to 
ascertain using no more than routine experimentation many 
equivalents to the specific embodiments described herein. 
The scope of the present embodiments described herein is 
not intended to be limited to the above Description, but 
rather is as set forth in the appended claims. Those of 
ordinary skill in the art will appreciate that various changes 
and modifications to this description can be made without 
departing from the spirit or scope of the present invention, 
as defined in the following claims. 
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SEQUENCE LISTING 

Sequence total quantity, 
SEQ ID NO, 1 moltype = RNA length 20 
FEATURE Location/Qualifiers 
source 1. .20 

mol type other RNA 
organism synthetic construct 

SEQUENCE, 1 
gtgctccttt ccaggagtgg 20 

SEQ ID NO, 2 moltype = RNA length 20 
FEATURE Location/Qualifiers 
source 1. .20 

mol type other RNA 
organism synthetic construct 

SEQUENCE, 2 
acttaaactc cacgtcatcg 20 

SEQ ID NO, 3 moltype = DNA length 22 
FEATURE Location/Qualifiers 
source 1. .22 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 3 
atcggtgcgg gcctcttcgc ta 22 

SEQ ID NO, 4 moltype = RNA length 1490 
FEATURE Location/Qualifiers 
source 1. .14 90 

mol type mRNA 
organism Homo sapiens 

SEQUENCE, 4 
gcagataagc ccagcttagc ccagctgacc ccagaccctc tcccctcact ccccccatgt 60 
cgcaggatcg agaccctgag gcagacagcc cgttcaccaa gccccccgcc ccgcccccat 120 
caccccgtaa acttctccca gcctccgccc tgccctcacc cagcccgctg ttccccaagc 180 
ctcgctccaa gcccacgcca cccctgcagc agggcagccc cagaggccag cacctatccc 240 
cgaggctggg gtcgaggctc ggccccgccc ctgcctctgc aacttgagcc tggctgcgac 300 
ccctgctctg acgtctcgga aaattccccc ttgcccaggc ccttggggga gggggtgcat 360 
ggtatgaaat ggggctgaga cccccggctg ggggcagagg aacccgccag agaacattca 420 
gaaggccttc atcgcatcca tggacctgtg gaactgggat gaggcatccc cacaggaagt 480 
gcctccaggg aacaagctgg cagggcttga aggagccaaa ttaggcttct gtttccctga 540 
tctggcactc caaggggaca cgccgacagc gacagcagag acatgctgga aaggtacaag 600 
ctcatccctg gcaagcttcc cacagctgga ctggggctcc gcgttactgc acccagaagt 660 
tccatggggg gcggagcccg actctcaggc tcttccgtgg tccggggact ggacagacat 720 
ggcgtgcaca gcctgggact cttggagcgg cgcctcgcag accctgggcc ccgcccctct 780 
cggcccgggc cccatccccg ccgccggctc cgaaggcgcc gcgggccaga actgcgtccc 840 
cgtggcggga gaggccacct cgtggtcgcg cgcccaggcc gccgggagca acaccagctg 900 
ggactgttct gtggggcccg acggcgatac ctactggggc agtggcctgg gcggggagcc 960 
gcgcacggac tgtaccattt cgtggggcgg gcccgcgggc ccggactgta ccacctcctg 1020 
gaacccgggg ctgcatgcgg gtggcaccac ctctttgaag cggtaccaga gctcagctct 1080 
caccgtttgc tccgaaccga gcccgcagtc ggaccgtgcc agtttggctc gatgccccaa 1140 
aactaaccac cgaggtccca ttcagctgtg gcagttcctc ctggagctgc tccacgacgg 1200 
ggcgcgtagc agctgcatcc gttggactgg caacagccgc gagttccagc tgtgcgaccc 1260 
caaagaggtg gctcggctgt ggggcgagcg caagagaaag ccgggcatga attacgagaa 1320 
gctgagccgg ggccttcgct actactatcg ccgcgacatc gtgcgcaaga gcggggggcg 1380 
aaagtacacg taccgcttcg ggggccgcgt gcccagccta gcctatccgg actgtgcggg 1440 
aggcggacgg ggagcagaga cacaataaaa attcccggtc aaacctcaaa 1490 

SEQ ID NO, 5 moltype = DNA length = 25 
FEATURE Location/Qualifiers 
source 1. .25 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 5 
aatcttaaca ccttgtacag cccca 25 

SEQ ID NO, moltype = DNA length 21 
FEATURE Location/Qualifiers 
source 1. .21 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 
agtgcctgct ccagacttaa a 21 
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1. A method of producing modified macrophages from 
pluripotent stem cells, the method comprising: 

(a) culturing human pluripotent stem cells having inhib­
ited expression of signal regulatory protein alpha 
(SIRPa) in normoxic conditions for about 24 hours in 
serum-free culture medium comprising of L-ascorbic 
acid-2-phosphate magnesium, sodium selenium, trans­
ferrin, insulin, NaHCO3 , fibroblast growth factor 2 
(FGF2), transforming growth factor beta 1 (TGF~l), 
and a Rho kinase (ROCK) inhibitor; 

(b) further culturing the human pluripotent stem cells of 
(a) in hypoxia conditions for about 48 hours in serum­
free culture medium comprising bone morphogenetic 
protein 4 (BMP4), FGF2, Activin A, an inhibitor of 
glycogen synthase 3 (GSK3), and a ROCK inhibitor to 
induce mesoderm formation; 

( c) further culturing the cultured cells of (b) in hypoxic 
conditions for about 48 hours in serum-free culture 
medium comprising FGF2, a vascular endothelium 
growth factor (VEGF), and an inhibitor of TGF~­
mediated signaling to induce hemogenic endothelium 
formation; 

( d) further culturing the cultured cells of ( c) in normoxic 
conditions for about 6 days in serum-free culture 
medium comprising FGF2, a VEGF, stem cell factor 
(SCF), thrombopoietin (TPO), interleukin-6 (IL-6), and 
interleukin-3 (IL-3), wherein the hemogenic endothe­
lium differentiate into HPCs; 

( e) culturing the HPCs of ( d) in normoxic conditions for 
about 6 days in serum-free culture medium comprising 
macrophage colony-stimulating factor (M-CSF), IL-3, 
and IL-6 to obtain myeloid progenitors and monocytic 
cells; and 

(f) further culturing the cultured cells of (e) in normoxic 
conditions for about 4 days in serum-free culture 
medium comprising M-CSF, whereby the cultured 
myeloid progenitors and monocytes differentiate into a 
cell population comprising modified macrophages. 

2. The method of claim 1, wherein the inhibitor of 
TGF~-mediated signaling is SB431542. 

3. The method of claim 1, wherein the inhibitor of GSK3 
is lithium chloride (LiCl). 

4. The method of claim 1, wherein the ROCK inhibitor is 
Y-27632. 

5. The method of claim 1, wherein the expression of 
SIRPa is inhibited in the human pluripotent stem cells by 
gene mutation, RNA-mediated inhibition, RNA editing, 
DNA gene editing or base editing. 

6. The method of claim 5, wherein the gene editing 
method comprises the use of a nuclease selected from a 
meganuclease, zinc-finger nucleases (ZFNs), transcription 
activator-like effector nucleases (TALENs), and Cas 
enzyme. 

7. The method of claim 5, wherein gene editing results in 
knocking out SIRPa expression. 

8. The method of claim 6, wherein the nuclease is a Cas9 
enzyme. 

9. The method of claim 1, wherein the pluripotent stem 
cells are induced pluripotent stem cells. 

10. A population of modified macrophages produced by 
the method of claim 1. 

11. A method of producing modified macrophages from 
pluripotent stem cells, the method comprising: 
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(a) transiently introducing exogenous ETV2 in human 
pluripotent stem cells having inhibited expression of 
SIRPa and culturing the ETV2-induced pluripotent 
stem cells in serum-free culture medium comprising 
FGF-2 to produce a population of ETV2-induced 
hematoendothelial progenitor cells (ETV2-induced 
HEPs); 

(b) culturing the ETV2-induced HEPs in serum-free and 
xeno-free culture medium comprising granulocyte­
macrophage colony-stimulating factor (GM-CSF) and 
FGF2 for a sufficient time to produce non-adherent 
myeloid progenitors; 

( c) culturing the non-adherent myeloid progenitors in 
serum-free and xeno-free culture medium comprising 
M-CSF, IL-6, and IL-3; and 

(d) further culturing the cultured cells of (c) in serum-free 
and xeno-free culture medium comprising M-CSF for a 
sufficient time to differentiate the non-adherent myeloid 
progenitors into modified macrophages. 

12. The method of claim 11, wherein the serum-free and 
xeno-free culture medium in (b) further comprises UM! 71. 

13. The method of claim 11, wherein the expression of 
SIRPa is inhibited in the human pluripotent stem cells by 
gene mutation, RNA-mediated inhibition, RNA editing, 
DNA gene editing or base editing. 

14. The method of claim 13, wherein gene editing results 
in knocking out SIRPa expression. 

15. The method of claim 13, wherein the gene editing 
method comprises the use of a nuclease selected from a 
meganuclease, ZFNs, TALENs, and Cas enzyme. 

16. The method of claim 15, wherein the nuclease is a 
Cas9 enzyme. 

17. The method of claim 11, wherein the method com­
prises one or more of the following: 

step (a) comprises culturing the ETV2-induced pluripo­
tent stem cells for about 1 to 2 days; 

step (b) comprises culturing the ETV2-induced HEPs for 
about 6 to 7 days; and 

steps (c) and (d) comprise culturing the myeloid progeni­
tor cells for about 9 to 10 days. 

18. The method of claim 11, wherein the pluripotent stem 
cells are induced pluripotent stem cells. 

19. A population of modified macrophages produced by 
the method of claim 11. 

20. A method of producing modified neutrophils from 
pluripotent stem cells, the method comprising: 

(a) transiently introducing exogenous ETV2 in human 
pluripotent stem cells having inhibited expression of 
SIRPa and culturing the ETV2-induced pluripotent 
stem cells in serum-free culture medium comprising 
FGF-2 to produce a population of ETV2-induced 
hematoendothelial progenitor cells (ETV2-induced 
HEPs); 

(b) culturing the ETV2-induced HEPs in serum-free and 
xeno-free culture medium comprising GM-CSF and 
FGF2 for a sufficient time to produce non-adherent 
myeloid progenitors; and 

( c) culturing the non-adherent myeloid progenitors in 
serum-free and xeno-free culture medium comprising 
granulocyte-colony stimulating factor (G-CSF) and ret­
inoic acid receptor agonist for a time sufficient to 
differentiate the myeloid progenitors into neutrophils. 

21. The method of claim 20, wherein the serum-free and 
xeno-free culture medium in (b) further comprises UM! 71. 
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22. The method of claim 20, wherein the expression of 
SIRPa is inhibited in the human pluripotent stem cells by 
gene mutation, RNA-mediated inhibition, RNA editing, 
DNA gene editing or base editing. 

23. The method of claim 20, wherein gene editing results 
in knocking out SIRPa expression. 

24. The method of claim 22, wherein the gene editing 
method comprises the use of a nuclease selected from a 
meganuclease, ZFNs, TALENs, and Cas enzyme. 

25. The method of claim 22, wherein the nuclease is a 
Cas9 enzyme. 

26. The method of claim 20, wherein the retinoic acid 
receptor agonist is AM580. 

27. The method of claim 20, wherein the method com­
prises one or more of the following: 

step (a) comprises culturing the ETV2-induced pluripo­
tent stem cells for about 1 to 2 days; 

step (b) comprises culturing the ETV2-induced HPCs for 
about 6 to 7 days; and 

steps ( c) and ( d) comprising culturing the myeloid pro­
genitor cells for about 8 to 9 days. 
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28. The method of claim 20, wherein the pluripotent stem 
cells are induced pluripotent stem cells. 

29. A population of modified neutrophils produced by the 
method of claim 20. 

3 0. A method of treating cancer comprising administering 
the modified macrophages of claim 10 or claim 18. 

31. The method of claim 30 further comprising adminis­
tering a tumor-specific antibody. 

3 2. A method of treating cancer comprising administering 
the modified neutrophils of claim 29. 

33. A method of treating bacterial infection comprising 
administering the modified neutrophils of claim 29. 

34. The method of claim 33, wherein the bacterial infec­
tion is a systematic infection. 

35. A method of treating cancer comprising administering 
the modified macrophages of claim 18. 

36. The method of claim 35 further comprising adminis­
tering a tumor-specific antibody. 

* * * * * 
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