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SUMMARY

Study of disease-relevant immune cells, namely monocytes and macrophages, is
limited based on availability of primary tissue, a limitation that can be remedied
using human induced pluripotent stem cell (hiPSC) technology. Here, we present
a protocol for differentiation of monocytes and macrophages from hiPSCs. We
describe steps for hiPSC maintenance, mesoderm lineage induction, hematopoi-
etic progenitor cells (HPCs) commitment and expansion, and myeloid lineage in-
duction. We then detail procedures for monocyte formation and functional
macrophage formation and polarization.
For complete details on the use and execution of this protocol, please refer to
Chen et al.1
BEFORE YOU BEGIN

This protocol describes differentiation of myeloid lineage cells from human iPSCs obtained from

multiple donors. Extensive characterization was performed on cell lines that consistently produced

the largest number of floating hematopoietic progenitor cells (HPCs), monocytes andmacrophages.

In total, all seven lines that were tested were capable of producing myeloid lineage cells. We outline

potential sources of variability to address difficultly in differentiating lines, primarily being flexible on

the timelines for cells to reach each stage outlined in the protocol. All cells were cultured in standard

incubators at 37�C (5% CO2, 20% O2) and all medium changes/non-terminal characterization steps

were performed in sterile conditions.
Preparation of reagents for human iPSC (hiPSC) culture

Timing: �1 day

1. Prepare hiPSC culture StemFlex medium.
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Note: We have had success with this protocol using hiPSCs maintained with E8 medium as

well but prefer StemFlex for its pluripotency maintaining ability.

a. Thaw 450 mL StemFlex basal medium at 4�C overnight.

b. Thaw 50 mL StemFlex supplement in 37�C water bath for 1 h or at 4�C overnight.

c. Add entire volume of StemFlex supplement to 450 mL basal medium to make complete

medium.

d. Store completed StemFlex media at 4�C for up to 4 weeks.

e. Make separate 50 mL StemFlex medium aliquot supplemented with Rock inhibitor (Y-27632)

by adding 50 mL of 10 mM Rock inhibitor stock solution (10 mM final concentration).

2. Prepare Matrigel human Embryonic Stem Cell (hESC) qualified matrix solution-coated plates.

Note: Alternative solutions such as Vitronectin may be used as well.

a. Thaw one 5 mL vial of Matrigel hESC-qualified matrix stock at 4�C overnight.

b. Thaw one 500 mL bottle of DMEM/F12 at 4�C overnight. Aliquot 50 mL into conical tube for

use in the next step.

c. Dilute Matrigel stock 1:100 in DMEM/F12 medium in 50 mL conical tube.

d. To coat one 6-well plate, add 1 mL diluted Matrigel to each well.

e. Incubate coated plate at 37�C for at least 30 min before use to culture cells if immediate use is

required. For longer term storage, coated plates can be kept at 37�C for up to �1 week prior

to use.
Preparation of growth factor stocks

All growth factor stocks are reconstituted in PBS containing + 0.1% low endotoxin bovine serum al-

bumin (BSA) to generate stock solutions of 100 mg/mL. To avoid repeated freeze-thaw cycles, it is

recommended to aliquot the growth factor stock solutions in small volumes (�100 mL), aliquots

are stable for up to 1 year at �20�C to �80�C.
Preparation of glass coverslips

Timing: 2 days

3. Carefully clean glass coverslips before proceeding with cell seeding.

a. Transfer coverslips to glass container containing 1 M HCl.

b. Incubate 16–20 h at 20�C–22�C.
c. Transfer coverslips to glass container containing 70% EtOH.

d. Incubate 16–20 h at 20�C–22�C. Longer is optional.
e. Before use, dry coverslips in a sterile environment.
Preparation of pHrodo Green Zymosan BioParticles conjugate for phagocytosis assessment

Timing: �60 min

4. Reconstitute pHrodo bioparticles in DPBS +/+ with 20 mM HEPES (IMPORTANT: Check pH 7.4).

a. Warm pHrodo bioparticles and the buffer to 20�C–25�C.
b. Resuspend the pHrodo Bioparticles by adding 2.5 mL of PBS +/+ with 20 mM HEPES (pH 7.4)

to a vial to generate a 0.4 mg/mL stock.

5. Vortex or sonicate the vial to homogeneously disperse the particles. For best results, sonicate the

vial of resuspended particles for 10 min.

a. If particle aggregates are still evident Vortex or sonication, repeat this step.
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Note: This passage is critical as particle aggregation immediately after resuspension is normal

and particles monodispersion is required to improve the quality of the results obtained in the

subsequent analysis.

6. Once reconstituted, pHrodo Bioparticles Conjugates can be stored at 2�C–8�C for several weeks

by adding sodium azide (2 mM). Do not freeze the resuspended pHrodo bioparticle conjugates.
Preparation of Zombie Aqua Fixable viability kit

Timing: �30 min

7. Prepare stock solution by adding 100 mL of DMSO to one vial of Zombie Aqua dye.

8. Prepare 1:800 working solution by adding 1 mL Zombie Aqua dye stock to 39 mL H2O and 760 mL

HBSS �/�.

Note: After reconstitution, use the reagent immediately, or store it up to one month at�20�C
in a dry place and protected from light. Store reconstituted Zombie Aqua dye in aliquots to

avoid freeze-thaw cycles.
Institutional permissions

This study was approved by the National Heart Lung and Blood Institute’s institutional review board.

Primary monocytes were obtained from peripheral blood mononuclear cells (PBMCs) isolated from

buffy coats of four healthy volunteers who signed consent forms in accordance with the Declaration

of Helsinki and with clinical protocols approved by the Institutional Review Board of Humanitas

Research Hospital (Ethical Committee of 30/01/2007, name of the protocol ‘‘Impiego di buffycoat

nella ricerca corrente ‘‘processamento dei campioni di sangue’’).
KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

PE-conjugated mouse monoclonal antibody anti-human
CD34 (clone: 561, 1:20)

BioLegend Cat# 343606; RRID: AB_1732033

APC-conjugated mouse monoclonal antibody anti-human
CD45 (clone: H130, 1:20)

BioLegend Cat# 304012; RRID: AB_314399

FITC-conjugated mouse monoclonal antibody anti-human
CD14 (clone: GCD14, 1:20)

BioLegend Cat# 325604; RRID: AB_830677

PE Cy5-conjugated mouse monoclonal antibody anti-
human CD11b (clone: IRCF44, 1:20)

BioLegend Cat# 301308; RRID: AB_314160

PE-conjugated mouse monoclonal antibody anti-human
CD209 (clone: DCN46, 1:20)

BD Cat# 551265; RRID: AB_394123

FITC-conjugated mouse monoclonal antibody anti-human
CD80 (clone: L307-4, 1:20)

BD Cat# 557226; RRID: AB_396605

Mouse monoclonal antibody anti-human CD68
(clone: KP1, 1:200)

Dako Cat# M0814; RRID: AB_2314148

AF568-conjugated goat anti-mouse antibody (1:1,000) Invitrogen Cat# A-11004; RRID: AB_2534072

Chemicals, peptides, and recombinant proteins

Matrigel hESC-qualified matrix Corning 354277

DMEM/F-12 Thermo Fisher Scientific 11320033

StemFlex medium Thermo Fisher Scientific A3349401

STEMdiff APEL 2 medium STEMCELL Technologies 05275

Protein-free hybridoma mixture II (PFHMII) Invitrogen 12040-077

Penicillin/streptomycin (50 U Pen G/50 mg streptomycin
sulfate)

Invitrogen 15140122

ReLeSR (enzyme-free dissociation reagent) STEMCELL Technologies 100-0483

(Continued on next page)
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Continued

REAGENT or RESOURCE SOURCE IDENTIFIER

Y-27632 dihydrochloride (Rock inhibitor) Tocris 1254

Recombinant human (rh) vascular endothelial growth factor
(rhVEGF)

PeproTech 100-20

rh bone morphogenetic protein 4 (rhBMP4) R&D Systems 314-BP-050

rh basic fibroblast growth factor (rhbFGF) PeproTech 100-18B

rh stem cell factor (rhSCF) STEMCELL Technologies 02830

rh Flt-3 ligand (rhFlt-3L) STEMCELL Technologies 02941

rh thrombopoietin (rhTPO) STEMCELL Technologies 02720

rh granulocyte-macrophage colony-stimulating factor
(rhGM-CSF)

PeproTech 300-03

rh macrophage colony-stimulating factor (rhM-CSF) PeproTech 300-25

Lipopolysaccharides (LPS) purified from Escherichia coli
(E. coli) 055:B5

Sigma-Aldrich L2880-10MG

rh interferon-gamma (rhIFN-g) PeproTech 300-02

rh interleukin-4 (rhIL-4) PeproTech 200-04

RPMI 1640 medium without L-glutamine with phenol red Euroclone ECB9006L

L-glutamine 200 mM PAN-Biotech P04-80100

PENICILLIN-STREPTOMICIN 100X Euroclone ECB3001D

Fetal bovine serum (FBS) Sigma-Aldrich F0926

Accutase Merck-Millipore SCR005

Low endotoxin bovine serum albumin (BSA) Sigma-Aldrich A9418-5G

Dulbecco’s phosphate-buffered saline (PBS) without
calcium (Ca++) and magnesium (Mg++) (DPBS �/�)

Sigma-Aldrich D8537

H2O

Glass coverslip (round, 14 mm) Thermo Fisher Scientific 10337423

Deionized H2O

Hydrochloric acid (HCl) Sigma-Aldrich 320331-500ML

Ethyl alcohol (EtOH) Sigma-Aldrich 792802

Dulbecco’s phosphate-buffered saline (DPBS) containing
calcium (Ca++) and magnesium (Mg++) (DPBS +/+)

Sigma-Aldrich D1283

Paraformaldehyde solution (PFA) 4% in PBS Santa Cruz 30525-89-4

Tween 20 Sigma-Aldrich P1379-100ML

Triton X-100 Sigma-Aldrich X100-100ML

Normal goat serum (NGS) Abcam ab7481

DAPI (40,6-diamidino-2-phenylindole, dihydrochloride) Invitrogen D1306

ProLong Gold antifade reagent Invitrogen P36934

EDTA solution pH 8.0 (0.5 M) Euroclone APA48920500

Human TruStain FcX (Fc receptor blocking solution) BioLegend 422301

Zombie Aqua fixable viability kit BioLegend 423102

BD CompBeads anti-mouse Ig, k/negative control
compensation particles set

BD 552843

HEPES Sigma-Aldrich H4034-25G

Hanks’ balanced salt solution (HBSS) without calcium
(Ca++) and magnesium (Mg++) (HBSS �/�)

Thermo Fisher Scientific 14170120

Critical commercial assays

pHrodo Green Zymosan BioParticles conjugate for
phagocytosis

Invitrogen P35365

Experimental models: Cell lines

hiPSC NC6 (line 1 in figures, protocol 10-H-0126, control) In-house generated N/A

hiPSC NC8 (line 2 in figures, protocol 10-H-0126, control) In-house generated N/A

hiPSC ND7C (line 3 in figures, protocol 10-H-0126,
disease)

In-house generated N/A

hiPSC NC10 (protocol 10-H-0126, control) In-house generated N/A

hiPSC NC4 (protocol 10-H-0126, control) In-house generated N/A

hiPSC ND7B (protocol 10-H-0126, disease) In-house generated N/A

hiPSC ND7D (protocol 10-H-0126, disease) In-house generated N/A

Human primary monocytes In-house generated N/A

(Continued on next page)
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Continued

REAGENT or RESOURCE SOURCE IDENTIFIER

Software and algorithms

FlowJo X 10.0.7r2 software BD https://www.bdbiosciences.com/en-us/products/
software/flowjo-v10-software; RRID: SCR_008520

Other

Non-pyrogenic Costar clear TC-treatedmultiple well tissue
culture plates

Corning 3506 (6-well), 3512 (12-well), 3527 (24-well)

Corning 100 mm (10 cm) TC-treated culture dish Corning 430167

0.22 mm filter units-50 mL Sigma SCGP00525

ZEISS Primovert inverted cell culture dissection
microscope

ZEISS N/A

TC20 automated cell counter Bio-Rad 1450102

Cell counting slides for TC20 Bio-Rad 1450015

Olympus Fluoview FV1000 (laser scanning confocal
microscopy)

Olympus N/A

MACSQuant Analyzer 10 flow cytometer Miltenyi Biotec N/A

LSRFortessa flow cytometer Beckton Dickinson N/A

FACSAria Beckton Dickinson N/A
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MATERIALS AND EQUIPMENT
Matrigel hESC-qualified matrix solution

Reagent Final concentration Amount

Matrigel hESC-qualified matrix stock N/A 500 mL

DMEM/F12 N/A 49.5 mL

Total N/A 50 mL

Note: Store at 4�C for maximum 4 weeks. Pre-warm the culture medium for 15 min at room temperature before use.

hiPSC culture StemFlex medium

Reagent Final concentration Amount

StemFlex Basal Medium N/A 450 mL

StemFlex Supplement 10% 50 mL

Rock inhibitor, 10 mM (the day of passage only) 10 mM 10 mL in 10 mL medium

Total N/A 500 mL

Note: Sterilize media using a 0.22 mmmembrane filter and store at 4�C for maximum 14 days. Pre-warm the culture medium

for 15 min at room temperature before use.

Basal early-stage differentiation medium

Reagent Final concentration Amount

STEMdiff APEL 2 medium N/A 47.5 mL

Protein free hybridoma medium (PFHM-II) 5% 2.5 mL

Total N/A 50 mL

Note: Store at 4�C for maximum 14 days. Pre-warm the culture medium for 15 min at room temperature before use.

Mesoderm induction medium (days 0–3)

Reagent Final concentration Amount

BMP4 10 ng/mL 5 mL

VEGF 10 ng/mL 5 mL

bFGF 10 ng/mL 5 mL

Basal early-stage differentiation medium N/A 50 mL

Total N/A 50 mL

Note: Sterilize media using a 0.22 mmmembrane filter and store at 4�C formaximum 7 days. Pre-warm the culture medium for

15 min at room temperature before use.
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HPC commitment medium (days 3–7)

Reagent Final concentration Amount

BMP4 10 ng/mL 5 mL

VEGF 10 ng/mL 5 mL

bFGF 10 ng/mL 5 mL

SCF 50 ng/mL 25 mL

TPO 50 ng/mL 25 mL

FLT-3L 50 ng/mL 25 mL

Basal early-stage differentiation medium N/A 50 mL

Total N/A 50 mL

Note: Sterilizemedia using a 0.22 mmmembrane filter and store at 4�C formaximum 7 days . Pre-warm the culturemedium for

15 min at room temperature before use.

HPC expansion medium (days 7–10)

Reagent Final concentration Amount

BMP4 10 ng/mL 5 mL

VEGF 10 ng/mL 5 mL

bFGF 10 ng/mL 5 mL

SCF 50 ng/mL 25 mL

TPO 50 ng/mL 25 mL

FLT-3L 50 ng/mL 25 mL

GM-CSF 100 ng/mL 50 mL

Basal early-stage differentiation medium N/A 50 mL

Total N/A 50 mL

Note: Sterilize media using a 0.22 mmmembrane filter and store at 4�C formaximum 7 days. Pre-warm the culture medium for

15 min at room temperature before use.

Basal late-stage differentiation medium

Reagent Final concentration Amount

Fetal bovine serum (FBS) 10% 5 mL

RPMI 1640 medium N/A 45 mL

Total N/A 50 mL

Note: Sterilize media using a 0.22 mmmembrane filter and store at 4�C formaximum 7 days. Pre-warm the culture medium for

15 min at room temperature before use.

Myeloid lineage induction medium (days 10–14)

Reagent Final concentration Amount

SCF 50 ng/mL 25 mL

TPO 50 ng/mL 25 mL

FLT-3L 50 ng/mL 25 mL

GM-CSF 100 ng/mL 50 mL

Basal late-stage differentiation medium N/A 50 mL

Total N/A 50 mL

Note: Sterilize media using a 0.22 mmmembrane filter and store at 4�C formaximum 7 days. Pre-warm the culture medium for

15 min at room temperature before use.

Monocyte formation medium (days 14–21)

Reagent Final concentration Amount

GM-CSF 100 ng/mL 50 mL

M-CSF 100 ng/mL 50 mL

Basal late stage differentiation medium N/A 50 mL

Total N/A 50 mL

Note: Sterilize media using a 0.22 mmmembrane filter and store at 4�C formaximum 7 days. Pre-warm the culture medium for

15 min at room temperature before use.
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Basal macrophage M0 medium (days 21–28)

Reagent Final concentration Amount

L-Glutamine N/A 500 mL

Penicillin-streptomycin N/A 500 mL

M-CSF 100 ng/mL 50 mL

Basal late stage differentiation medium N/A 50 mL

Total N/A 51 mL

Note: Sterilize media using a 0.22 mmmembrane filter and store at 4�C formaximum 7 days. Pre-warm the culture medium for

15 min at room temperature before use.

M1 differentiation medium (days 28–29)

Reagent Final concentration Amount

Lipopolysaccharides 100 ng/mL 50 mL

IFN-g 20 ng/mL 10 mL

Basal macrophage M0 medium N/A 50 mL

Total N/A 50 mL

Note: Sterilize media using a 0.22 mmmembrane filter and store at 4�C formaximum 7 days. Pre-warm the culture medium for

15 min at room temperature before use.

M2 polarization media (days 28–29)

Reagent Final concentration Amount

IL-4 20 ng/mL 10 mL

Basal macrophage M0 medium N/A 50 mL

Total N/A 50 mL

Note: Sterilize media using a 0.22 mmmembrane filter and store at 4�C formaximum 7 days. Pre-warm the culture medium for

15 min at room temperature before use.
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STEP-BY-STEP METHOD DETAILS

This protocol describes a method to induce several specific stages of hiPSC differentiation to

myeloid lineage cells akin to the myeloid cell maturation process in human embryos in vivo that

sequentially express markers such as CD34, CD45, CD11b, and CD14.2 These steps include: (1) for-

mation of mesoderm progenitor cells, (2) formation of floating HPCs, (3) formation of myeloid pro-

genitor cells, (4) formation of mature monocytes, and finally (5) formation of macrophages that can

be polarized to either M1 or M2 macrophages (Figure 1).
hiPSC passage prior to differentiation (stage 0, day �1 to 0)

Timing: 1 day

Undifferentiated hiPSCs should be regularly passaged once every �3–4 days when reaching �80%

confluency at dilution rations of between 1:5-1:10 in order to maintain pluripotency. It is also critical

to regularly replace hiPSC culture medium between passages (at least every 2 days) to avoid

possible auto-differentiation prior to cell passaging (Figure 2). To begin a differentiation, passage

hiPSCs for maintenance as normal and additionally split cells into a new plate for differentiation us-

ing the below protocol.

Note: If obtaining hiPSCs through purchase of a frozen stock, follow manufacturer’s instruc-

tions to set up initial hiPSC culture and passage at least 2 times before differentiation.

1. Prepare a Matrigel coated plate prior to passaging hiPSCs as described in the before you begin

section.

2. Split hiPSCs into each well of a 6-well plate when cells reach �80% confluency.
STAR Protocols 5, 103217, September 20, 2024 7



Figure 1. Summary of differentiation protocol

hiPSCs are passaged to form small colonies, the next day at day 0, treatment with the first growth factor combination is

induced from days 0–3 to form mesoderm progenitor cells. From days 3–7, new growth factors are introduced to form

hematopoietic progenitor cells (HPCs). From days 7–10 new growth factors are introduced to enhance HPC

proliferation. From days 10–14 new growth factors are introduced to promote development of myeloid progenitor

cells that float on top of the monolayer culture. Floating myeloid cells are replated on low-attached plates and treated

with growth factors from day 14–21 to enhance production of monocytes and other mature myeloid lineage cells.

Monocytes can be further cultured to resting M0 macrophages from days 21–28 and these cells can be polarized to

classical M1 and M2 states by additional growth factor treatment for 24 h. Created with license from BioRender.

Fig

(A)

(B)

Sca
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a. Aspirate StemFlex medium from plates.

b. Wash cells with 1 mL DPBS by adding to the well and aspirating.

c. Add 0.5 mL of ReLeSR cell passaging reagent to and swirl for �30 s.

d. Aspirate ReLeSR and place cells at 37�C for �5 min to allow cells to detach.

e. Add 1 mL hiPSC culture StemFlex medium and pipette gently to detach cells.

f. Remove Matrigel from previously coated well and add 1.5 mL StemFlex medium with Rock In-

hibitor as described in the materials and equipment section.

g. Add cells from prior well to new well at dilution ratio of �1:100 (10 mL from 1 mL) and swirl the

plate to mix and ensure even distribution throughout the well.

h. Place cells at 37�C overnight until starting mesodermal induction the next day (the next day is

defined at day 0 when treatment with differentiation media begins).

CRITICAL: In this step, the size of colonies and density prior to start of differentiation is
critical. In our experience, splitting at 1:100 from 80% confluency yields an ideal density.
Note: It is recommended to view cells under a dissection microscope to ensure small (10–30

cell) colony sizes that we have found to be optimal for promoting differentiation efficiency

(Figure 3A,1 see troubleshooting problem 1 for more details).
ure 2. Healthy and unhealthy hiPSC colony examples

Example of healthy hiPSCs at typical confluence for cell passaging prior to differentiation.

Example of unhealthy hiPSCs colonies with evidence of auto-differentiation.

le bar = 200 mm and is applicable to all images.

STAR Protocols 5, 103217, September 20, 2024



Figure 3. Examples of cell morphology through monocyte formation

(A) Day 0 hiPSCs following passaging one day before.

(B) Day 2: cells during mesoderm induction.

(C) Day 5 cells during HPC induction, monolayer culture often grows rapidly and may reach near full confluency at this

stage.

(D) Day 9: floating HPCs on top of monolayer culture.

(E) Day 14: myeloid progenitor cells at day 14 derived from replated floating HPCs.

(F) Day 21: mature myeloid cells with noteworthy cell size increase from prior stages.

Scale bar = 200 mm and is applicable to all images.
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Mesoderm induction (stage 1, day 0–3)

Timing: 0–3 days

The first step in this differentiation process is designed to inducemesoderm lineage cells that can be

further directed to hematopoietic progenitor cells. From the small starting colonies derived from

hiPSC passaging, cell clusters should grow steadily in size through this stage (see Figure 3B for

example of day 2 cell colonies).

Note: This is defined as day 0 of the differentiation process.

3. Prepare basal early-stage differentiation medium as described in the materials and equipment

section, this will be used as the basis for medium for days 0–10 (3 stages).

4. Prepare mesoderm induction medium for days 0–3 as described in the materials and equipment

section.

5. Gently aspirate StemFlex medium from the prior day.

6. Add 1.5 mL mesoderm induction medium and place the cells back at 37�C from day 0–2.

7. At day 2, aspirate mesoderm induction medium and replace with 1.5 mL fresh mesoderm induc-

tion medium.

HPC commitment and expansion (stage 2 and 3, day 3–10)

Timing: 3–10 days
STAR Protocols 5, 103217, September 20, 2024 9



Table 1. Recommended density for floating HPC seeding per plate type

Plates Surface area (cm2) Number of seeded cells Volume of medium (mL)

Standard 10 cm plate 58.1 4.7 3 106 12

6-well 9.6 7.7 3 105 2

12-well 3.5 2.8 3 105 1

24-well 1.9 1.5 3 105 0.5
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The second stage in this process is designed to commit cells to the hematopoietic lineage. During

the early days (�day 3–7), the monolayer culture should grow significantly and may reach near

confluence (Figure 3C). During the later phases (�day 7–10), characteristic hematopoietic progen-

itor cells (HPCs) start appear to be ‘‘floating’’ above monolayer culture cells (Figure 3D). We have

defined two media necessary for these stages noted above, the first is designed to enhance commit-

ment of HPCs and the second to promote HPC expansion.

Note: At this stage, variability between cell lines in their timeframe and capability to produce

HPCs becomes readily apparent. In robustly differentiating lines, floating HPCs are apparent

typically by day 8–10 but some lines may lack these cells by day 10 (See troubleshooting prob-

lem 2 for more details).

8. Prepare HPC commitment medium as described in the materials and equipment section.

9. At day 3, aspirate mesoderm induction medium and replace with 2 mL HPC commitment me-

dium. Place cells at 37�C from day 3–5.

10. At day 5, aspirate medium and replace with 2 mL HPC commitment medium. Place cells at 37�C
from day 5–7.

11. At day 7, check cells under dissection microscope and determine if HPCs are visible on top of

monolayer culture.

12. Prepare HPC expansion medium as described in the materials and equipment section.

13. At day 7, aspirate medium and replace with 2 mL HPC expansion medium. Place cells at 37�C
from day 7–9.

14. At day 9, aspirate and replace with 2 mL HPC expansion medium.

15. At day 10, determine if floating HPCs are present on top of monolayer culture and collect into a

separate plate (size determined by density via cell count (based on Table 1).
10
a. Swirl the plate to detach floating HPCs.

Note: Not all cells with HPC morphology will detach, but later collection time points should

collect these cells as they mature.

b. Collect medium including detached HPCs into 15 mL conical tube.

c. Add 1 mL DPBS to monolayer and collect that into the same 15 mL conical tube.

d. Centrifuge 15 mL conical tube of HPCs at 600 g for 3 min at room temperature.

Note: All centrifugation steps should be performed at room temperature.

e. Count cells and plate in new, regular tissue culture plate based on cell density determined by

Table 1, based on established work from alternative differentiation protocols.3

f. Keep the monolayer culture and continually collect floating HPCs.

CRITICAL: Starting� day 10, floating HPCs will be moved to new plate(s) while themono-
layer culture is still cultured separately. Plating the floating HPCs at the recommended den-

sities below are seen to enhanced proliferation of HPCs while they are further committed

to the myeloid lineage.
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Myeloid lineage induction (stage 3, day 10–14)

Timing: 10–14 days

This stage in the differentiation process is designed to induce floating HPCs to becomemyeloid line-

age committed cells. Following collection of floating HPCs and plating at the recommended den-

sities above, HPCs proliferate but appear to stay in small clusters or as isolated cells (Figure 3E).

Note: At this stage, ideally HPCs, that were attached to the monolayer culture, have been

collected and are now re-plated at the appropriate density. We recommend maintaining

the monolayer culture using the same medium for the resuspended HPCs in order to collect

additional batches of HPCs that may arise.

16. Prepare basal late-stage differentiation medium as in the materials and equipment section, this

will be used as the basis for medium for day 10 to the end of differentiation (3 stages).

17. Prepare myeloid lineage induction medium for days 10–14 as described in the materials and

equipment section.

18. [Monolayer] At day 10, aspirate media and add 2mLmyeloid lineage induction medium to cells.

Place cells back in 37�C incubator until day 12.

19. [Isolated HPCs] At day 10, plate HPCs in appropriate volumemyeloid lineage induction medium

(based on Table 1). Place cells back in 37�C incubator until day 12.

20. At day 12, analyze monolayer culture under dissection microscope and determine if there are

more floating HPCs to collect. If so, perform same steps as noted above in stage 2 and combine

with already collected HPCs.

21. [Monolayer] If not collecting additional HSCPs, aspirate medium and replace with the same vol-

ume of myeloid lineage induction medium.

Note: In most cells lines we observed floating HPCs being produced through day 14 and thus

would continue culture past day 12 even if there are not HPCs to collect.

22. [Isolated HPCs] Refresh medium for HPCs.
a. Collect medium/resuspended cells in 15 mL conical tubes.

b. Add 1/2 the appropriate volume (based on Table 1) myeloid lineage induction medium to the

wells while performing centrifugation to maintain resuspended cells.

c. Centrifuge collected cells at 600 g for 3 min.

d. Aspirate supernatant and add the same volume of myeloid lineage induction medium as (b).

e. Pipette to mix cells and add back to original plate.

f. Place cells back in 37�C incubator until day 14.
23. At day 14, analyze monolayer culture under dissection microscope and determine if there are

more floating HPCs to collect. If so, perform same steps as noted above in stage 2 and combine

with already collected HPCs.

Note: This is typically the last collection point for HPCs in the cell lines tested.

Optional: Hematopoietic/early myeloid-cell phenotypic characterization

Timing: �3 h

Floating HPCs collected at any time point (day 10, 12, 14, etc) may be analyzed for expression of he-

matopoietic and myeloid-cell markers CD34 and CD45. We recommend using at least 20,000 cells

for analysis and adding additional controls for non-stained cells as well as isogenic antibody staining

if enough cells are present. In robustly differentiating lines, we typically see �85% CD34+ and 90%

CD45+ cells at this stage (Figure 4).
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Figure 4. Phenotypic assessment of hiPSC-derived HPCs

(A) Representative overlay showing expression of hematopoietic progenitor cell marker CD34 across 3 genetically

independent hiPSC-derived cells lines at day 14 in floating HPCs (Average = 86.5%, N = 3).

(B) Representative overlay showing expression of leukocyte marker CD45 across 3 genetically independent hiPSC-

derived cells lines at day 14 in floating HPCs (Average = 93.7%, N = 3). Expression from staining with the appropriate

isotype antibodies is shown as negative control for all groups (gray).
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24. Label cells for flow cytometry to assess expression of markers CD34 and CD45.
12
a. Collect HPCs from unattached plate following separation from monolayer into 15 mL conical

tube.

b. Centrifuge cells at 600 g for 3 min.

c. Aspirate medium and resuspend cells in 1 mL DPBS.

Optional: Count cells to estimate volume needed for 20,000 cells.

d. Resuspend to obtain a single-cell suspension and transfer appropriate volume of cells to

1.5 mL Eppendorf tube.

e. Centrifuge cells at 600 g for 3 min.

f. Aspirate medium and replace with 50 mL DPBS.

g. Incubate cells with appropriate CD34 and CD45 antibodies, at the concentration defined by

manufacturer’s instructions, for 30 min at 4�C.

Note: As negative controls to define positivity threshold, incubate cells with isogenic anti-

bodies or prepare a Fluorescence minus one (FMO) control for each analyzed marker.

h. Add 1 mL DPBS and centrifuge at 600 g for 3 min.

i. Aspirate medium and add 200 mL of MACS buffer (1000 mL PBS, 5 g BSA, 4 mL 0.5 M EDTA).
25. Run flow cytometry according to manufacturer’s instructions.
Monocyte formation (stage 4, day 14–21)

Timing: �7 days

Following production of HPCs, the next stage aims to develop mature myeloid cells and in particular

monocyte cells. During this stage, differentiating cells become larger in size and often form cell clus-

ters toward the bottom of the low-attached plates (Figure 3F).

Note: We observe variability in the maturation time required for different cells lines once

switched into monocyte formation medium. Phenotypic measurement of the pan-leukocyte

marker CD45, the myeloid marker CD11b and the monocyte marker CD144 can be used to

evaluate when cells may be ready for downstream stages (see troubleshooting problem 3

for more details).
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Note: The total amount of hiPSC-derived monocytes at this stage varies by line in a correlated

manner to differentiation efficiency. Robustly differentiating lines produced �12–18 million

cells starting from 2 wells of a 6-well plate whereas poorly differentiating lines varied from

�0.5–5 million cells.

26. Prepare monocyte formation medium as described in the materials and equipment section.

27. Add 1/2 appropriate medium volume (based on Table 1) to new plate (same size from prior

stage).

28. Collect cells from myeloid lineage induction medium and centrifuge at 600 g for 3 min.

29. Aspirate medium following centrifugation and add 1/2 appropriate volume (based on Table 1) of

monocyte formation medium.

30. Transfer cells to the new plate prepared above, place cells back in 37�C incubator until day 16.

31. At day 16, carefully aspirate 1/2 medium on top of cells.

Note: If handled gently, cells should stay toward bottom of the plate and thus this aspiration

step should not remove cells. If cells do not appear to be attached at all then collect all cells for

centrifugation as above and replate in new monocyte formation medium.

32. Add 1/2 volume monocyte formation medium (based on Table 1) on top of cells, place cells back

in 37�C incubator until day 18.

33. At day 18, repeat medium refreshment steps 31–32.

34. At day 20 repeat medium refreshment steps 31–32.

Optional: Hematopoietic/early myeloid-cell phenotypic characterization

Timing: �3 h

At this stage, we strongly recommend phenotypic characterization of pan-leukocyte marker CD45,

mature myeloid marker CD11b and monocyte marker CD14. This may be done as early as day 20–22

where robustly differentiating lines achieves �90% expression of CD45 and CD11b and �80% of

CD14. These expression levels were on par with primary PBMC-derivedmonocytes as well (Figure 5).

Note: By this stage the vast majority of cells should be attached or partially attached to the

bottom of the culture plate and will require chemical dissociation for cell collection.

35. Label cells for flow cytometry to assess expression of markers CD45, CD11b and CD14.
a. Carefully aspirate as much medium as possible from the plate, this should leave fully or

partially attached cells behind.

b. Add appropriate volume of Accutase to the well (i.e., 1 mL for one well of a 6-well plate, 4 mL

for 10 cm plate). Place cells at 37�C for 5 min.

c. Add double the Accutase volume of DMEM with 10% FBS.

d. Pipette cells to mix and then collect in 15 mL conical tube.

e. Centrifuge cells at 600 g for 3 min.

f. Aspirate medium and resuspend cells in 1 mL PBS.

Optional: Count cells to estimate volume needed for 20,000 cells.

g. Resuspend to obtain a single-cell suspension and transfer appropriate volume of cells to

1.5 mL Eppendorf tube.

h. Centrifuge cells at 600 g for 3 min.

i. Aspirate medium and replace with 50 mL PBS.

j. Incubate cells with appropriate CD45, CD11b and CD14 antibodies, at the concentration

defined by manufacturer’s instructions, for 30 min at 4�C.
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Figure 5. Phenotypic assessment of hiPSC-derived and primary monocytes

(A) Representative overlay showing expression of leukocyte marker CD45 across 3 genetically independent hiPSC-

derived cells lines at day 14 in monocytes (Average = 92.4%, N = 3).

(B) Representative overlay showing expression of mature myeloid cell marker CD11b across 3 genetically independent

hiPSC-derived cells lines at day 14 in monocytes (Average = 92.0%, N = 3).

(C) Representative overlay showing expression of monocyte cell marker CD14 across 3 genetically independent

hiPSC-derived cells lines at day 14 in monocytes (Average = 82.4%, N = 3).

(D–F) Expression of same markers from (A-C) in primary PBMC-derived monocytes. Expression from staining with the

appropriate isotype antibodies is shown as negative control for all groups (gray).
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Note: As negative controls to define positivity threshold, incubate cells with isogenic anti-

bodies or prepare a Fluorescence minus one (FMO) control for each analyzed marker.

k. Add 1 mL PBS and centrifuge at 600 g for 3 min.

l. Aspirate medium and add 200 mL of MACS buffer (1000 mL PBS, 5g BSA, 4 mL 0.5 M EDTA).
36. Run flow cytometry according to manufacturer’s instructions.

Optional: Freeze monocytes, recommended 1–3 million per vial, in 200 mL of CryoStor CS10

medium.
Macrophage production and polarization (stage 5, day 21–28)

Timing: 8 days

Following production of monocytes as characterized above, this stage describes how to further

develop monocytes into macrophages. Macrophages can then be polarized from typical M0 states

in either M1 or M2 states to study varying facets of inflammatory function.

37. Prepare basal macrophage M0 medium as described in the materials and equipment section.

38. Add 1/2 appropriate medium volume of basal macrophage M0 medium to new plate (based on

Table 1) .

39. Collect cells from prior stage medium and centrifuge at 600 g for 3 min.
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Figure 6. Phenotypic and functional assessment of hiPSC-derived and primary macrophages

(A) Representative images of immunofluorescence CD68 staining observed in primary macrophages (pMac, n = 5; first

column) and iPSC-derived macrophages (iMac, n = 3; second column) polarized in M0, M1, and M2 macrophages

(First, second and third row, respectively). Cells were stained for CD68 (red) and with DAPI for nuclear staining (blue).

(B and C) Representative overlay showing the expression of the M1 marker CD80 (B) and the M2 marker CD209 (C) on

primary macrophages (pMac, n = 4; empty histograms) and iPSC-derived macrophages (iMac, n = 3; filled histograms)

polarized in M0 (orange), M1 (red), and M2 (green) macrophages. The fluorescence minus one (FMO) used as negative

control is shown (gray, filled histogram). (D-E) Phagocytic ability of M0, M1 and M2 primary macrophages (pMac) and

iPSC-derived macrophages (iMac) was evaluated by using pHrodo Green Zymosan A Bioparticles and was assessed by

flow cytometry and confocal microscopy.

(D) Representative images showing phagocytized Zymosan particles (in green) in primary macrophages (pMac, n = 3;

first column) and iMac (iMac-Con, n = 3; second column) polarized in M0, M1, and M2 macrophages (First, second and

third row, respectively). Nuclei were stained with DAPI (blue).
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Figure 6. Continued

(E) Representative overlay showing the Zymosan phagocytosis in primary macrophages (pMac, n = 4; empty histograms) and

iPSC-derivedmacrophages (iMac, n= 3; filled histograms) polarized inM0 (in orange, first graph), M1 (in red, secondgraph), and

M2 (in green, third graph)macrophages. Samples incubated without Zymosan (gray histograms) andwith Zymosan incubated at

4�C (light blue histograms), which were used as negative controls, are shown.

Scale bars = 25 mm and are applicable to all images.
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40. Aspirate medium following centrifugation and add 1/2 appropriate volume of basal macrophage

M0 medium (based on Table 1).

41. Transfer cells to a new plate prepared above, place cells back in 37�C incubator until day 23.

42. At days 23 and 25, carefully aspirate 1/2 medium on top of cells and refresh with basal macro-

phage M0 medium.

43. At day 27, change cells to M1 or M2 polarization medium.
16
a. Prepare M1 and M2 polarization media as described in the materials and equipment section.

b. Collect medium with cells into 15 mL conical tube.

Note: If cells are attached to plate, collect using the Accutase method noted above (detailed

in step 35).

c. Add 1/2 appropriate medium volume of M1 or M2 polarization medium (based on Table 1) to

the plate.

d. In the meanwhile, centrifuge collected medium with cells at 600 g for 3 min.

e. Aspirate medium following centrifugation, re-suspend the pellet with 1/2 appropriate volume

of M1 or M2 polarization medium (based on Table 1) and add it to the same plate.

f. Place cells back at 37�C incubator for 24 h.

Optional: Freeze macrophages, up to 3 million per vial, in 200 mL of CryoStor CS10 medium.
Optional: Macrophage characterization by assessing CD68 expression by confocal

microscopy

Timing: �1 day

At this stage, macrophages may be characterized by immunofluorescence based on pan-monocyte/

macrophage marker CD68. We have performed this staining on M0, M1 and M2 macrophages and

included a comparison to primary human macrophages as well for comparison. (Figure 6A).

44. Prepare glass coverslips as described in the before you begin section.

45. Seed 0.253106 cells/glass coverslip contained in 24 well plate (0.5 mL/well) with appropriate

medium (M0, M1, or M2).

46. Place cells back at 37�C incubator for 24 h.

47. Stain cells for imaging.
a. Aspirate basal macrophage medium.

b. Fix cells with 0.5 mL/well of 4% paraformaldehyde (PFA) in PBS for 15 min at room

temperature.

c. Wash with 0.5 mL/well of PBS for 5 min at room temperature.

d. Blocking: incubate cells with 0.5 mL/well of Blocking Solution (0.1% Triton X-100 + 10%

Normal Goat Serum (NGS) in DPBS+/+) for 30 min at room temperature.

e. Incubate cells with primary antibody anti-human CD68: incubate cells with 0.5 mL/well of

mouse monoclonal antibody anti-human CD68 diluted 1:200 in Blocking Solution for 1 h

at room temperature.

f. Wash cells with 0.5 mL/well of Wash Buffer (0.05% Tween 20 in DPBS +/+) for 5 min at room

temperature. Repeat this step 3 times.
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g. Incubate with secondary antibody: incubate cells with 0.5 mL/well of AF568-conjugated goat

anti-mouse antibody diluted 1:1000 in Blocking Solution for 1 h at room temperature, in the

dark.

Note: starting from this step minimize the sample light exposure to avoid photo bleaching.

h. Wash cells with 0.5 mL/well of Wash Buffer (0.05% Tween 20 in DPBS+/+) for 5 min at room

temperature. Repeat this step 3 times.

i. Nuclear staining: incubate cells with 0.5 mL/well of DAPI (300 nM) diluted in PBS for 10 min at

room temperature.

j. Wash cells with 0.5 mL/well of Wash Buffer (0.05% Tween 20 in DPBS+/+) for 5 min at room

temperature. Repeat this step for 3 times

k. Mount coverslip with cells on glass slide using mounting reagent.

i. Add 1 drop of the mounting reagent (ProLong Antifade Gold Reagent) onto glass slide;

try to use an amount that will just fill the space under the coverslip.

ii. Remove the coverslip with stained cells from the buffer.

iii. Blot excess buffer from the non-sample surface of the coverslip.

iv. Slowly tip the coverslip sample-side down onto the mounting medium on the glass slide,

avoiding bubble creation.
48. Imaging of stained slides.
a. Use Olympus Fluoview FV1000 (Laser scanning confocal microscopy) or similar confocal mi-

croscope and image as per manufacturer’s instructions.
Optional: Macrophage polarization characterization by flow cytometry

Timing: �3 h

At this stage, polarized macrophages may be characterized by flow cytometry based on M1 marker

CD80 and M2 marker CD209 expression. We have performed this experiment on M0, M1 and M2

macrophages and included a comparison to primary human macrophages as well for comparison

(Figures 6B and 6C).

49. Label cells for flow cytometry to assess expression of markers CD80 and CD209.
a. Carefully aspirate as much medium as possible from the plate, this should leave fully or

partially attached cells behind.

b. Add appropriate volume of Accutase to the well (i.e., 1 mL for one well of a 6-well plate, 4 mL

for 10 cm plate). Place cells at 37�C for 5 min.

c. Add double the Accutase volume of DMEM with 10% FBS.

d. Pipette cells to mix and then collect in 15 mL conical tube.

e. Centrifuge cells at 600 g for 3 min.

f. Aspirate medium and resuspend cells in 1 mL PBS.

Optional: Count cells to estimate volume needed for 20,000 cells.

g. Resuspend to obtain a single-cell suspension and transfer appropriate volume of cells to

1.5 mL Eppendorf tube.

Optional: Stain cells with Aqua Zombie viability dye.

i. Centrifuge cells at 600 g for 3 min.

ii. Resuspend cells in 100 mL Aqua Zombie viability dye working solution prepared as

described in the before you begin section.

iii. Incubate at room temperature for 15 min.
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h. Wash with 1 mL HBSS�/�.
i. Centrifuge cells at 600 g for 3 min.

j. Aspirate medium and replace with 50 mL PBS.

k. Incubate cells with appropriate CD80 and CD209 antibodies, at the concentration defined

by manufacturer’s instructions, for 30 min at 4�C.

Note: As negative controls to define positivity threshold, incubate cells with isogenic anti-

bodies or prepare a Fluorescence minus one (FMO) control for each analyzed marker.

l. Add 1 mL PBS and centrifuge at 600 g for 3 min.

m. Aspirate medium and add 200 mL of MACS buffer (1000 mL PBS, 5g BSA, 4 mL 0.5 M EDTA).
50. Run flow cytometry according to manufacturer’s instructions.
Optional: Macrophage characterization by phagocytosis assay

Timing: �1 day

At this stage, phagocytic activity of macrophages can be assessed by either imaging or flow cytom-

etry using pHrodo Green Zymosan A Bioparticles (Invitrogen), a no-wash fluorogenic reagent. We

have performed this experiment onM0, M1 andM2macrophages and included a comparison to pri-

mary human macrophages as well for comparison (Figures 6D and 6E). In accordance with previous

work that reported that LPS treatment inhibits phagocytosis in human macrophages,4 both hiPSC-

derived and primary macrophages demonstrated reduced phagocytic ability of M1 macrophages

compared to M0 and M2 macrophages.

51. Prepare glass coverslips and Zymosan Bioparticles as described in the before you begin section.

52. Seed 0.253106 cells/glass coverslip contained in 24 well plate (0.5 mL/well) with appropriate

medium (M0, M1, or M2).

53. Place cells back at 37�C incubator for 24 h.

54. Aspirate culture medium and add 200 mL of pHrodo Green Zymosan A Bioparticles.
a. Incubate cells for 1h at 37�C.

Note: As a negative control we recommend preparing additional wells with cells (1) untreated

with Zymosan and kept at 37�C, and (2) treated with Zymosan but kept on ice at 4�C.

Note: Following incubation cells may be analyzed by microscopy and/or flow cytometry

methods, both of which are detailed below.

55. Assess phagocytosis by microscopy.
a. Aspirate basal macrophage M0 medium.

b. Fix cells with 0.5 mL/well of 4% paraformaldehyde (PFA) in PBS for 15 min at room

temperature.

c. Wash with 0.5 mL/well of PBS for 5 min at room temperature.

d. Nuclear staining: incubate cells with 0.5 mL/well of DAPI (300 nM) diluted in PBS for 10 min at

room temperature.

e. Wash cells with 0.5 mL/well of Wash Buffer (0.05% Tween 20 in DPBS+/+) for 5 min at room

temperature. Repeat this step for 3 times

f. Mount coverslip with cells on glass slide using mounting reagent.

g. Add 1 drop of themounting reagent (ProLong Antifade Gold Reagent) onto glass slide; try to

use an amount that will just fill the space under the coverslip.

h. Remove the coverslip with stained cells from the buffer.

i. Blot excess buffer from the non-sample surface of the coverslip.
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j. Slowly tip the coverslip sample-side down onto the mounting medium on the glass slide,

avoiding bubble creation.
56. Imaging of stained slides.
a. Use Olympus Fluoview FV1000 (Laser scanning confocal microscopy) or similar confocal mi-

croscope and image as per manufacturer’s instructions.
57. Assess phagocytosis by flow cytometry.
a. Carefully aspirate as much medium as possible from the plate, this should leave fully or

partially attached cells behind.

b. Add appropriate volume of Accutase to the well (i.e., 1 mL for one well of a 6-well plate, 4 mL

for 10 cm plate). Place cells at 37�C for 5 min.

c. Add double the Accutase volume of DMEM with 10% FBS.

d. Pipette cells to mix and then collect in 15 mL conical tube.

e. Centrifuge cells at 600 g for 3 min.

f. Aspirate medium and resuspend cells in 1 mL PBS.

Optional: Count cells to estimate volume needed for 20,000 cells.

g. Transfer Pipette to mix to single-cell mixture and transfer appropriate volume of cells to

1.5 mL eppendorf tube.

h. Centrifuge cells at 600 g for 3 min.

i. Aspirate medium and replace with 200 mL MACS buffer (1000 mL PBS, 5 g BSA, 4 mL 0.5 M

EDTA).
58. Run flow cytometry according to manufacturer’s instructions.
EXPECTED OUTCOMES

This protocol enables to rapid, simple production of maturemyeloid lineage derivedmonocytes and

functional macrophages from hiPSCs. Importantly, this protocol has been thoroughly tested across

seven distinct hiPSC lines, each of which showed the capacity for generating monocytes and mac-

rophages. In lines that consistently show robust differentiation capacity, we generated �12–18 3

106 monocytes from just two wells of a 6-well culture plate. We describe critical stages for pheno-

typic characterization based on established cell markers CD34, CD45, CD11b and CD142 using sim-

ple flow cytometry experiments. Comparisons to human primary monocytes with these markers

showed similarities in phenotype and function to the hiPSC-derived myeloid cells produced with

this protocol. Furthermore, hiPSC-derived macrophages highly expressed the macrophage marker

CD68, similar to primary monocyte-derived macrophages, and the ability of macrophages to

polarize to classically interrogated M1 and M2 states, and function in phagocytic assays was

confirmed as well. Lastly, we have previously identified significant research results from downstream

experiments using cells produced from this protocol.1
LIMITATIONS

The primary limitation involved in this protocol is that different cell lines vary in their capacity to form

floating HPCs (�day 10) and in capacity of those HPCs to differentiate into mature myeloid cells

(�day 21). The next section outlines how to troubleshoot these issues should they arise. Additionally

due to the longer term nature of these cell culture conditions, 3–4 weeks depending on the end goal

of monocytes or polarized macrophages, the introduction of non-sterile conditions and bacterial

contamination must be vigilantly monitored.
TROUBLESHOOTING

Problem 1

Following hiPSC passaging at day �1, colony sizes between 10-30 cells are not formed.
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Potential solution

Varying the amount of time cells are incubated following 30 s treatment with ReLeSR can help control

resulting colony size. Extending the incubation time from�5 to�7 min leads to smaller colonies and

decreasing time leads to larger colonies.
Problem 2

Initial floating HPCs are not produced in expected time range by of day �10.
Potential solution

Extending the cell culture time for the HPC commitment and/or expansion phases may be necessary

for some lines. For example, we have observed extending the day 7–10 treatment window by 48 h

until day 12 to aid in HPC production. Additionally, we recommend tracking HPC production across

separate differentiation attempts, at least 3, within each line to determine if low HPC production can

be attributed to the cell line being used or alternative technical issues such as starting cell density

following hiPSC passaging.
Problem 3

Floating HPCs do not progress to mature myeloid cells/monocytes by � day 21 based on examined

flow cytometry markers CD45, CD11b, CD14.
Potential solution

Line to line and batch to batch variability often leads to varying levels of myeloid maturation at this

stage. For lower efficiency cell lines, extending this treatment stage with the same medium

(refreshing as above every 2 days) can strongly enhance myeloid maturation/monocyte formation.

We have observed cell lines progress from �10-30% expression of CD14 to �40–60% following

just 2 more days of treatment. Another option is to separate HPC collection batches as they are

collected instead of pooling them prior to the monocyte induction stage starting at day 14.
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