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A Simple Multistep Protocol for Differentiating Human
Induced Pluripotent Stem Cells into Functional
Macrophages
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Abstract

Macrophages differentiated from human induced pluripotent stem cells (hiPSCs) provide an alternative
new tool overcoming some of the limitations of existing models for human macrophages, such as human
macrophage-like cell lines and primary monocyte-derived macrophages. A combination of different cyto-
kines and growth factors can differentiate hiPSCs toward myeloid lineage. Here we describe a simple
multistep protocol for differentiating hiPSCs into functional macrophages. This includes derivation of
three germ-line containing embryoid bodies (EBs) from iPSCs, generation of myeloid precursors from
EBs, and finally maturation of myeloid precursors into functional macrophages. Technical procedure and
specific culture conditions associated with each of these steps are discussed in detail.
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1 Introduction

Macrophages are a key component of the innate immune system,
populate different tissues and organs during development, and are
maintained throughout life by local proliferation and steady-state
recruitment [1]. These resident macrophage populations play a cen-
tral role in a variety of tissue-specific physiological and pathophysi-
ological processes [2]. Macrophages also provide first-line defense
against invading pathogens, orchestrate innate immune responses,
and initiate adaptive immunity [ 3]. Thus, characterization of macro-
phage function is a major focus of many investigators, in the context
of both fundamental biology as well as human diseases.
Immortalized or leukemia-derived human macrophage-like
cell lines and primary monocyte-derived macrophages (MDM)
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differentiated from human blood are two commonly used model
systems to study human macrophage functions. Although useful,
these systems have inherent limitations. Existing macrophage-like
cell lines often show chromosomal abnormalities and do not reca-
pitulate all the phenotypic and functional characteristics of primary
macrophages [4, 5]. By contrast, although MDMs are currently
the gold standard, they show high levels of variability on the basis
of genetic makeup and physiological state of individual donors.
There are also significant practical and ethical constraints in terms
of how frequently and what volumes of blood can be drawn from
individual donors, as well as in genetic analysis of such material.

Development of human induced pluripotent stem cell (hiPSC)
technology provides a novel tool for disease modeling and to study
human cellular function in a controlled environment [6]. Adult
somatic cells can be reprogrammed into an embryonic pluripotent
state by forced expression of a defined set of transcription factors
[7]. These cells retain their original genetic architecture, able to
self-renew and differentiate into virtually any cell types in the pres-
ence of optimal conditions. Recently, our group and others have
developed methods to differentiate hiPSCs into macrophage-like
cells that share characteristics of primary human macrophages and
overcome some of the limitations of the existing models in human
macrophage biology [8-11].

Macrophages are highly resistant to genetic manipulation and
induce a robust antiviral response to exogenous nucleic acid [12,
13]. By contrast iPSCs are immunologically unresponsive and
more amenable to genetic manipulation [14]. Once genetically
modified at iPSC stage, they can be subsequently differentiated
into macrophages without inducing a response to foreign nucleic
acid [15]. Macrophages differentiated from patient-derived iPSCs
harboring rare genetic mutations phenocopy original macrophage
defects observed in patients [16-18]. Similarly, large numbers of
iPSCs from healthy donors have been differentiated into macro-
phages to study how common genetic variation influences innate
immune responses to pathogens. Furthermore, iPSC-derived mac-
rophages are especially useful to study human-adapted pathogens
for which currently no animal models are available [8, 19]. In a
more translational context, proof-of-principle evidence is now
emerging that iPSC-derived macrophages can be potentially
exploited to treat certain types of cancer by cellular therapy [20].
Different tissue-resident macrophages are difficult to access espe-
cially from healthy individuals. Human iPSC-derived macrophages
follow a similar developmental pathway as described for tissue-
resident populations in vivo, and can be further differentiated into
specific tissue-resident populations [21-23]. Thus hiPSC provide
an alternative source for tissue-specific macrophage populations
which are difficult to obtain from primary tissues.
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Here we provide a simple, stepwise protocol for differentiating
hiPSCs that can be scaled up to produce large numbers of func-
tional macrophages according to individual requirements. The pro-
tocol follows a continuous culture method that produces individual
batches of macrophages every 5-7 days that can be maintained for
several months, particularly convenient for repeated experiments.
Some variations of this protocol have been reported by our group
and others, but the current protocol is technically less challenging,
reproducible, and economic and can be easily adapted for use by
nonspecialist laboratories. The protocol involves several key steps:
(1) expansion of iPSCs in feeder-free conditions using chemically
defined medium, (2) adapting iPSCs in feeder-dependent culture,
(3) formation of three germ layers (ectoderm, mesoderm, and
endoderm) containing embryoid bodies (EBs), (4) generation of
myeloid precursor cells from EBs in the presence of IL-3 and
M-CSF, and (5) terminal differentiation of myeloid precursors into
mature macrophages in the presence of higher concentrations of

M-CSF (Fig. 1).
A
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Fig. 1 Directed differentiation of macrophages from human iPSCs: (a) A schematic diagram showing specific
culture conditions required for each differentiation step from iPSCs to generation of macrophages, as well as
phase-contrast photomicrographs of each differentiation step (b). (¢) Phase-contrast micrographs showing
distinct size and morphologies of EBs generated in 10 cm? dish, 96 round-bottomed wells and AggreWell
plates (reproduced and adapted from [8])
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Fig. 2 Comparison of mRNA expression of selected macrophage-specific markers between undifferentiated
iPS cells and fully differentiated macrophages: RNA was extracted and sequenced from undifferentiated iPS
cells; differentiated iPSDMs and log2-normalized expression value for indicated macrophage surface markers
were plotted. Data from three independent replicate is presented (reproduced and adapted from [8])

Macrophages generated by this protocol closely share gene
expression profiles of MDMs [9], express well-established markers of
human macrophages (Fig. 2), and can be polarized into classical or
alternatively activated phenotypes after stimulation with IEN-y and
11-4, respectively (Fig. 3). Functionally, these macrophages respond
to microbial stimulation and support pathogen infection [8, 9].

2 Materials

2.1 Human iPSC 1. Essential 8 (E8) medium: This reagent comes in two compo-
Culture in Feeder-Free nents—490 mL base media at 4 °C and 10 mL supplement at
System —20 °C. To reconstitute the media thaw whole 10 mL supple-

ment at room temperature, add in to 490 mL base media, and
store at 4 °C. Alternatively, aliquot the supplement in small
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Fig. 3 hiPS-derived macrophages express pan-macrophage lineage markers in the resting state and induce
specific activation markers after classical and alternative activation: (a) Histograms showing expression of
established markers of resting Mps CD14, CD16, CD44, CD64, CD200, CD206, CD54, CD68, CD11c, and
CD163 and activation markers HLA-DR and CD86 in unstimulated iPS-derived Mgs. (b) Histogram showing
expression of classical activation (M1) marker HLA-DR, DP, and DQ and alternative activation marker and

CD206 after overnight stimulation with 20 ng/mL IFN-y and 50 ng/mL IL-4, respectively (reproduced and
adapted from [8])
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2.2 Human iPSC
Gulture on Inactivated
Mouse Embryonic
Fibroblast

volumes and store at —80 °C; reconstitute small volumes of
media as required using same as above (see Notes 1 and 2).

. Recombinant human vitronectin (rhVITN-N): Aliquot vitro-

nectin in appropriate volumes in sterile tubes and store at
—80 °C (stable up to 1 year).

. D-PBS without calcium and magnesium.
4. Water for embryo transfer.
. Rock inhibitor Y-27632 dihydrochloride: Prepare a 10 mM

stock of Rock inhibitor in ultrapure water and store at =20 °C
in small aliquots. Final concentration of Rock inhibitor
required in cell culture medium is 10 pM; this can be achieved
by adding 1 pL of 10 mM stock per 1 mL of culture medium.

. Irradiated mouse embryonic fibroblast: Store frozen stock

vials of irradiated MEFs in liquid nitrogen or —80 °C.

. 0.1% Gelatine solution: Add 500 mg porcine gelatine powder

into 500 mL endotoxin-free embryo transfer water and mix
gently. Place the bottle in a 56 °C water bath for 30—45 min
with regular mixing to ensure that gelatine is dissolved. Once
gelatine is fully dissolved transfer solution to a 500 mL sterile
vacuum filter unit and filter sterilize. Store gelatine solution at
4 °C for up to 2 months.

. Human iPSC base medium: Advanced DMEM /F12 medium;

20% knockout serum replacement (KSR), 2 mM L-glutamine;
100 TU/mL penicillin-streptomycin (Pen/Strep); 0.1 mM
p-mercaptoethanol (2 ME); filter sterilize and store at 4 °C
(see Note 3).

. Dispase: Add 500 mg of dispase powder into 500 mL advanced

DMEM/F12 medium and mix well to dissolve. Once powder
is fully dissolved transfer solution into a 500 mL sterile vac-
uum filter unit and filter sterilize. Aliquot in appropriate vol-
umes and store at —20 °C for up to 8 months.

. Collagenase: Add 500 mg of collagenase IV powder into

500 mL of supplemented hiPSC base medium and mix well to
dissolve. Once powder is fully dissolved transfer solution into
a 500 mL sterile vacuum filter unit and filter sterilize. Aliquot
in appropriate volumes and store at —20 °C for up to 8 months.

. 0.1% Bovine serum albumin (BSA) solution: Add 100 mg

endotoxin-free tissue culture-grade BSA powder into 100 mL
D-PBS and mix well; keep solution at 37 °C water bath until
BSA powder is fully dissolved, filter sterilize, and store at 4 °C
tor up to 2 months.

. Recombinant human basic fibroblast growth factor (rhFGF,

25 pg/mL stock concentration): Add 1 mL of 0.1% BSA



2.3 Embryoid Body,
Myeloid Precursors,
and Macrophage
Differentiation

Human iPSC-Derived Macrophages 19

solution directly into vial containing 25 pg lyophilized FGF
and mix gently. Make 8 pL aliquots in sterile tubes and store
at —80 °C for up to 1 year (see Note 4).

1. Recombinant human interleukin 3 (rhIL-3, 0.5 mg/mL stock
concentration): Add 1 mL of 0.1% BSA solution directly into
vial containing 0.5 mg lyophilized rhIL-3 to achieve 0.5 mg/
mL stock concentration. Mix gently, aliquot in sterile tubes at
desired volume, and store at —80 °C, stable up to 1 year (see
Note 4).

2. Recombinant human macrophage colony-stimulating factor
(rhM-CSF, 1 mg/mL stock concentration): Add 500 pL 0.1%
BSA solution directly into vial containing 0.5 mg lyophilized
rhM-CSF to achieve 1 mg/mL stock concentration. Mix gen-
tly, aliquot in desired volumes, and store at —80 °C (stable up
to 1 year) (see Note 5).

3. Myeloid precursor base medium: X-VIVO 15 serum-free
medium; 2 mM L-glutamine; 100 IU/mL penicillin-
streptomycin (Pen/Strep); 0.1 mM p-mercaptoethanol (2
ME); filter sterilize and store at 4 °C (see Note 6).

4. Macrophage differentiation base medium: RPMI 1640; 10%
heat-inactivated fetal calf serum; 2 mM L-glutamine; 100 IU/
mL penicillin-streptomycin; filter sterilize and store at 4 °C.

3 Methods

3.1 General
Considerations

Perform all cell culture in a class two microbiological cabinet under
aseptic conditions. We recommend after thawing the iPSCs from
frozen stock, cells are cultured in feeder-free conditions using E8
medium for initial expansion. Once the cells have adapted to
feeder-free culture and expanded in sufficient numbers they are
transferred into feeder-dependent culture conditions before pro-
ceeding with subsequent differentiation steps.

1. Human iPSCs are delicate and more difficult to maintain in
culture compared to most other conventional human cell
lines. They show a natural tendency to spontaneously differen-
tiate into fibroblast like cells. Cytokines and growth factors
present in the medium allow them to be kept in pluripotent
state; hence, daily change of media is essential.

2. iPSCs grow in individual colonies. During handling, it is
critical that iPSCs remain as small clumps and not broken
down into single cells. Hence, iPSC colonies should be
always treated gently; do not pipette too harshly or too
many times as this will result in single-cell colonies. Use
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3.2 hiPSC Culture
in Feeder-Free System

1.

wide-bore stripettes, and centrifuge slowly and with shorter
duration where possible.

. It is important to ensure that iPSC colonies remain separate

in culture and do not fuse to each other during expansion to
prevent spontaneous differentiation. However, low levels of
spontaneous differentiation are sometimes unavoidable
especially on feeder-dependent culture. Culture can be
cleaned up by carefully selecting only pluripotent colonies
during passage steps—this will eventually clean up the cul-
ture after few passages.

Prepare vitronectin-coated maintenance plate at least 2 h
before plating the hiPSCs. Thaw 250 pL aliquot of vitronectin
at room temperature and dilute it in 6 mL of D-PBS. Add
1 mL of diluted vitronectin into each well of 6-well tissue cul-
ture plates or add whole 6 mL into 100 mm tissue culture
dish. Make sure that the vitronectin solution covers the whole
surface of the plastic vessel and incubate at room temperature
tor atleast 2 h or at 4 °C overnight tightly sealed with Parafilm.
It necessary, scaled plates can be stored at 4 °C for up to 5 days
without removing the vitronectin solution (se¢ Note 7).

. Prepare a 15 mL centrifuge tube with 9 mL E8 media supple-

mented with 1 pM Rock inhibitor for each vial of iPSC that
will be defrosted. Thaw the vial at 37 °C in water bath. Gently
transfer the defrosted cells into 9 mL E8 media and slowly
invert the tube to evenly mix the cells and to dilute out
DMSO. DMSO is toxic for cells at room temperature; there-
fore the thawing process needs to be as quick as possible; keep
frozen vial in water bath for minimum time required to defrost
but do not warm up cells to 37 °C.

. Centrifuge the tube at 290 x g for 3 min at 20 °C. Resuspend

the cell pellet into desired volume of E8 medium supple-
mented with 10 pM Rock inhibitor (final concentration). Plate
1 mL of cell suspension into each wells of a 6-well plate.
Content of one frozen vial (equivalent to 1 well of ~70-80%
confluent 6-well plate or 1/10th of a 100 mm dish) can be
distributed into 2-3 wells of a 6-well plate with 1 mL medium.
Alternatively, if a specific iPSC line shows good recovery and
growth characteristics, cells can be seeded less densely—for
example one vial can be directly seeded onto a 100 mm dish
using 8 mL of total media. Generally it is better to seed the
colonies densely after thawing to ensure better recovery (see

Notes 8 and 9).

Place the plate into a humidified 37 °C incubator with 5%
CO,. Once inside the incubator gently rock the plate in differ-
ent directions to make sure that colonies are evenly distributed
throughout the surface of the dish. Keep the plate undisturbed
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for at least 24 h to allow colonies to attach to the vitronectin-
coated surface.

. After 24 h majority of the colonies will attach to the surface.

Remove all media from the dish to discard any unattached
colonies and dead cells, and add 2-3 mL of fresh E8 media
without Rock inhibitor for each well of a 6-well plate or
10-12 mL for each 100 mm dish (se¢ Note 10).

Change medium every day and replace with fresh E§ medium
until cells are ~70-80% confluent and ready for passaging.

For passaging, start by preparing vitronectin-coated plates as
before.

. Once cells are sufficiently confluent, remove the spent media

and gently wash the plate twice with an appropriate volume
(~5 mL) of D-PBS.

Remove the D-PBS and add required volume of 5 mM PBS-
EDTA solution to cover the entire surface of the dish (1 mL
for each well of a 6-well plate, and 8 mL for 100 mm dish).

Look under the microscope every 2 min to confirm that colo-
nies are detaching and have changed their morphologies but
do not wait too long such that the colonies are fully detached
or broken up into single cells.

Carefully remove PBS-EDTA solution without disturbing
iPSC colonies and add same volume of fresh E§ media. Gently
pipette up and down using a 10 mL stripette to dislodge the
colonies from the surface. If necessary repeat this step two
more times to recover as many iPSC colonies as possible.

Collect the media and detached iPSC colonies into a new
15 mL centrifuge tube and centrifuge at 290 x g for 3 min at
20 °C. Resuspend the colonies in 2 mL of fresh E§ media
supplemented with 10 pM Rock inhibitor. If colonies are too
big at this stage pipette up and down 2-3 times to break them
into smaller clumps.

Transfer colonies in a desired splitting ratio into a fresh
vitronectin-coated dish with appropriate volume of E8 media
supplemented with 10 pM Rock inhibitor. Generally we rec-
ommend a splitting ratio of 1:10; but this depends on growth
rates of individual iPSC lines and how frequently cells are pas-
saged. Thus, the splitting ratio should be adjusted between
1:5 and 1:10 according to the requirement of individual user.

After 24 h remove medium and add fresh E8 medium (with-
out Rock inhibitor); change medium every day until next
passage.

To freeze iPS cells, freshly prepare the freezing mixture—10%
DMSO in KSR (9 mL KSR + 1 mL DMSO) at room
temperature. After lifting oft iPSC colonies as described in
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3.3 Culturing hiPSCs
in Feeder-Dependent
System

Subheading 3.2, resuspend the cell pellet into desired volume
of freezing mixture and quickly transfer 1 mL cell suspension
into each cryovial. We recommend one 100 mm dish (70-80%
confluent) to divide into ten cryovials and each well of'a 6-well
plate into two cryovials for freezing. Immediately transfer the
cryovials into a Mr. Frosty or CoolCell container and place
them into —80 °C freezer overnight. After 24 h transfer the
cryovials into liquid nitrogen for long-term storage.

. At least 24 h before transferring the iPSCs from feeder-free

culture, prepare feeder plates using inactivated mouse embry-
onic fibroblasts (MEFs). First coat the tissue culture plates by
adding 2 mL of 0.1% gelatine solution into each well of 6-well
plates or 8 mL for 100 mm dishes; ensure that whole surface
of the dish is covered and then incubate at room temperature
for at least 2 h.

. Thaw one vial (2 x 10° cell) of irradiated mouse embryonic

fibroblasts into 9 mL of human iPSC basal medium ina 15 mL
centrifuge tube and spin at 290 x g4 at 20 °C. Resuspend the
cell pellet in desired volume of human iPSC base medium.

. Remove the gelatine solution from the plate, seed the MEFs,

and place them in 37 °C incubator overnight. One vial of
MEF (2 x 106 cell) is sufficient for a whole 6-well plate or one
100 mm dish.

. Lift off the iPSC colonies growing under feeder-free condi-

tions as described in Subheading 3.2. Resuspend these colo-
nies into the required volume of human iPSC base medium
supplemented with 4 ng/mL bFGF and 10 pM Rock inhibi-
tor (final concentrations).

. Remove medium and any unattached MEFs from the feeder

plate and transfer iPSC colonies onto the feeder layer. Usually
a splitting ratio of 1:10 works well at this stage. Place the dish
inside the incubator, redistribute colonies evenly on feeder
layer, and keep undisturbed for at least 24 h.

. After 24 h a majority of colonies will have attached to the

feeder layer. Remove medium and add fresh human iPS base
medium supplemented with 4 ng/mL bFGF but no Rock
inhibitor. Change medium every day until colonies are ready
to passage (see Note 10).

. For passaging, thaw collagenase, dispase aliquots at room tem-

perature, and mix them in 1:1 ratio in a tube.

. Remove medium from iPSCs growing on feeder layer, wash

once with D-PBS, and add collagenase-dispase mix on the
dish to cover the whole surface. We recommend 2 mL
enzyme mix for each well of a 6-well feeder plate and 8§ mL
for 100 mm dish.
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. Incubate at 37 °C for 30-60 min until pluripotent colonies

start to lift off but feeder layer and any differentiated cells
remain attached. The duration of incubation varies between
iPSC lines and can take up to 90 min depending on colony
size and level of differentiation. Start checking under a micro-
scope for floating colonies after 20 min and every 5-10 min
subsequently. It is important not to overdigest to prevent col-
onies from breaking up into small fragments.

Gently mix the collagenase-dispase solution up and down few
times using a 10 mL stripette to dislodge loosely adherent
colonies from the feeder layer. Collect collagenase-dispase
mixture along with all floating colonies into a new 50 mL and
add at least same volume of human iPSC basal medium to
neutralize enzyme activity.

Centrifuge harvested colonies at 290 x g for 3 min at 20 °C
and discard the supernatant. Wash at least two times by resus-
pending colonies in iPSC base medium followed by centrifu-
gation. It is important to make sure that all traces of enzymes
are removed before replating the cells onto a new feeder plate.

After the last wash, if required, break the colonies into smaller
sizes, gently resuspend in desired volume of iPSC base medium
supplemented with bFGF and Rock inhibitor, transfer to new
feeder plates in a desired splitting ratio, and continue as before.

. OnceiPSC colonies are 70-80% confluent on feeder-dependent

culture detach them from the feeder layer using collagenase-
dispase method. Transfer all the floating iPSC colonies with
enzyme mix into a fresh 50 mL tube and add at least twice the
volume of iPSC base medium to neutralize enzyme function.

Keep the tube upright in a tube rack undisturbed for 3-5 min
to allow colonies to settle. A large pellet of iPSC colonies will
become visible at the bottom of the tube and medium on the
top will be clearer. Do not centrifuge at this stage as fragmen-
tation of colonies into smaller pieces will reduce the efficiency
of EB formation in subsequent steps.

. Aspirate medium from the top without disturbing iPSC colo-

nies in the bottom of the tube. Wash 2-3 times by adding
excess volumes of iPSC base media and by allowing the colo-
nies to settle.

Resuspend iPSC colonies in iPSC base medium without any
cytokine supplement, and distribute them to desired numbers
of 100 mm low-adherent bacteriological dishes. We recom-
mend dividing one 100 mm dish of feeder-dependent iPSC
culture into four 100 mm low-adherent bacteriological dishes
for EB formation (se¢ Note 11).
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5.

Add extra medium as necessary to make the final volume of
each 100 mm low-adherent bacteriological dish ~30 mL.
Transfer the dishes to a humidified 37 °C incubator and leave
undisturbed for 4 days to allow EB formation.

On day 5, the EBs should have formed and be visible with the
naked eye. Harvest them by collecting all the media into
50 mL tubes using a 10 mL stripette and leaving the tubes in
an upright position for 3-5 min to let the EBs settle by gravity.
Do not centrifuge at this stage. Carefully aspirate the medium
along with single cell and cell debris and gently resuspend EBs
into desired volume of myeloid precursor base medium sup-
plemented with IL.-3 and M-CSF. Distribute the EBs onto
gelatine-coated 100 mm tissue culture-treated dishes with
final volume of ~12 mL media in each dish.

7. After 4-5 days, the majority of EBs will attach to the gelatine-

coated surface and start to spread out as a stromal layer around
the EB. It is possible that some EBs are still not attached to
the surface at this stage; in such a case add additional 12-15 mL
of cytokine-supplemented myeloid precursor base media and
leave the EBs in culture for another 4-5 days (see Note 12). At
this stage many small apoptotic looking floating cells will arise
in the medium; these are released from underlying EBs, but
are not myeloid precursors and should be regularly removed
from the culture.

. Change the medium every 4-5 days for next 2-3 weeks by

harvesting all media from the EB dish and pass through a
70 pm cell strainer. Discard the flow through as this will mostly
contain contaminating small cells and debris. Any floating EBs
will be retained by the cell strainer and should be transferred
back into the culture dish; invert the cell strainer and directly
pipette the medium onto the bottom surface of the strainer
back into the same dish.

9. Approximately 3—4 weeks after transferring the EBs to gelati-

10.

nized plates, the smaller apoptotic looking cells will disappear
from the culture to be replaced by larger blast-like cells with
dendrite-like structure. These are the myeloid precursor cells
that could be further differentiated into mature macrophages
as described below. From step 8 onwards this is a continuous
culture; myeloid precursors can be harvested every 4-5 days
and as long as cytokine-supplemented fresh medium are added
to EBs they will produce further precursors. This process can
be continued for 6-8 months after which precursor number
drops significantly (see Notes 13-15).

Harvest the myeloid precursor cells by removing spent
medium from EB plates. Filter through a 70 pm cell strainer
and collect the flow through in 50 mL tubes as it will contain
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the precursor cells. Centrifuge at 290 x g4 for 3 min at 20 °C
and resuspend the pellet in macrophage differentiation base
medium supplemented with 100 ng/mL M-CSF.

Count cells and plate ~150,000 precursor cells in each well of
a 6-well plates or 500,000 cells in a 100 mm tissue culture dish
(see Note 16). Culture cells at 37 °C incubator for another
6 days to differentiate into mature macrophages. From day 7
onwards fully mature macrophages will be ready for pheno-
typic assessment or downstream functional assays.

4 Notes

. All solutions and media should be prepared inside a class 2

microbiological safety cabinet using standard aseptic tech-
niques; unless otherwise specified prepare all reagents at room
temperature. Reconstitute all cytokines in 0.1% BSA solution
in D-PBS, aliquot immediately in appropriate volume, and
store at —80 °C until required. Store all base media at 4 °C and
do not keep reconstituted media longer than 2 weeks. Always
freshly add cytokines into base media immediately before use.

E8 media are light sensitive. Keep individual components and
reconstituted media protected from light.

. Immediately before culturing iPSCs on mouse feeder add

required volume of bFGF (rhFGF2 basic 146aa) into iPSC
base media to obtain 4 ng/mL final concentrations. In addi-
tion, during first-time transfers of hiPSCs onto feeder layers
and during all subsequent passaging steps also add Rock inhib-
itor into hiPSC base medium to obtain 10 pM final
concentrations.

. During reconstitution and aliquoting of cytokines, pipette

carefully to avoid excessive frothing.

. Before transterring the EBs onto gelatinized plates add the

required volume of rhIL-3 (25 ng/mL final concentration)
and rhM-CSF (50 ng/mL final concentration) into myeloid
precursor base medium. This can be easily achieved by further
diluting cytokine aliquots in appropriate volumes of 0.1% BSA
solution before adding to culture medium.

Before culturing myeloid precursors for terminal differentia-
tion into macrophages add required volume of rhM-CSF into
macrophage differentiation base media to obtain100 ng/mlL
final concentration.

. Ensure that vitronectin-coated plates are tightly sealed with

Parafilm to prevent evaporation of solution and ensure that
the entire surface of the plastic dish is fully covered at all times.
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8.

10.

11.

12.

13.

14.

15.

16.

Human iPSCs are sensitive to temperature changes. Always
use media and solutions that are pre-warmed to room tem-
perature. Warm media bottles at room temperature only and
never warm in 37 °C water bath.

During initial seeding of iPSC colonies on vitronectin-coated
plates and feeder layers, use minimum volumes of media for
first 24 h. This enhances the contact of colonies with the sur-
face and facilitates attachment.

Rock inhibitor prevents apoptosis and spontaneous differentia-
tion of iPSCs. Addition of Rock inhibitor during initial plating
and subsequent passaging of iPSCs facilitates attachment and
recovery. However, Rock inhibitor can interfere with cellular
growth and colony expansion and must be removed from
media after first 24 h.

It is critical that during EB formation iPSC colonies are plated
on low-adherent bacteriological dishes without coating, and
no bFGF is added at this stage. EBs generated in this method
may be heterogeneous in size and shape, but that does not
interfere with their ability to produce myeloid precursors in
subsequent steps. There are other methods to generate equal-
size EBs using AggreWell and hanging-drop methods, but
these are technically more involved and not discussed here.

It is not essential that EBs should attach to the gelatine-coated
surface in order to produce myeloid precursors, but attach-
ment makes it easier for weekly media change and harvest of
precursors. Occasionally when EB sizes are too small or too
large they may not attach to gelatine-coated plates; do not
discard such plates as they will generate myeloid precursors as
usual.

Efficiency of myeloid precursor generation from EB is highly
dependent on required levels of nutrients and cytokine con-
centration at all times. Care should be taken that media never
become too yellow at any point during culture. This could be
achieved either by changing media more frequently or adding
additional media as necessary.

Serum components significantly reduce efficiency of EB to
precursor differentiation; only serum-free culture media
should be used at this stage.

Recombinant cytokines from commercial vendors often con-
tain significant levels of endotoxin which reduces precursor
differentiation and also activates them immunologically.

During precursor-to-macrophage differentiation, myeloid
precursors divide 2-3 times before differentiating into mature
macrophages. Therefore, the final number of macrophages
should be at least double compared to the initial number of
precursors seeded.
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