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SUMMARY

Pericytes play a critical role in promoting, regulating, and maintaining numerous
vascular functions. Their dysfunction is a major contributor to the progression of
vascular and neurodegenerative diseases, making them an ideal candidate for
large-scale production for disease modeling and regenerative cell therapy. This
protocol describes the rapid and robust differentiation of pericytes from human
induced pluripotent stem cells (hiPSCs) while simultaneously generating a popu-
lation of hiPSC-derived endothelial progenitor cells.

For complete details on the use and execution of this protocol, please refer to
Zhang et al. (2017).

BEFORE YOU BEGIN

hiPSCs are obtained and used according to legal and ethical guidelines. All procedures are per-
formed in a Class Il biological hood using sterile technique. hiPSCs and derivatives thereof are
cultured in a humidified 37°C incubator and 5% CO..

hiPSCs must be thawed at least 7 days prior to differentiation and passaged regularly before the
beginning of the differentiation procedure. Different hiPSC lines may proliferate at different rates,
therefore, the protocol may need to be adapted for each cell line.

Prior to beginning the differentiation protocol, prepare media, solutions, and matrix-coated culture
plates. Cell-culture treated dishes or plates must be coated with extracellular matrix proteins or pro-
tein mixes for enhanced attachment of cells.

Note: E8 and Versene are used for hiPSC culture and passaging in this protocol. Other com-
mercial reagents such as mTesR1 and ReLeSR may be suitable alternatives, however, have not
been tested. We cannot guarantee similar results using these alternative reagents, and addi-
tional modifications of the protocol may be necessary.

Fibronectin-collagen coating of culture plates

1. Thaw fibronectin (1 mg/mL) and collagen IV (3.35 mg/mL) on ice.
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2. Prepare coating solution by combining fibronectin and collagen IV to DME/F12 for a final concen-
tration of 15 pg/mL and 15 pg/mL, respectively.

3. Add coating solution (15 pg/mL fibronectin, 15 pg/mL collagen IV in DME/F12) to a 10 cm dish for
a final concentration of 0.25 ug/cm? fibronectin and 0.25 ug/cm? collagen IV. Ensure the entire

surface is covered.
4. Incubate for 60 min at 37°C.

Note: Fibronectin-collagen coated dishes can be used after 60 min or can be stored for up to
1 week at 37°C with media to prevent drying. Coated dishes should not be used if the dish has

dried out.

Matrigel coating of culture plates

5. Thaw Matrigel (7-10 mg/mL) on ice.

o~

. Resuspend Matrigel in cold DME/F12 (1:120 dilution).

7. Add 1 mL of diluted Matrigel per well of a 6-well plate (6-9 pg/cm?) and 1 mL DME/F12, ensuring

the entire surface is covered.
8. Incubate for 60 min at 37°C.

Note: Matrigel-coated dishes can be used after 60 min or can be stored for up to 1 week at
37°C with media to prevent drying. Coated dishes should not be used if the dish has dried out.

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER
Antibodies

PE mouse anti-human CD13 BD Pharmingen 555394

PE mouse anti-human CD140b BD Pharmingen 558821
Anti-a-smooth muscle actin (1A4) mouse mAb Cell Signaling Technology 48938
Anti-CD31 hamster mAb Abcam ab119341
Anti-TAGLN (SM22) rabbit polyclonal antibody Thermo Fisher PA5-27463
Alexa Fluor 488 donkey anti-mouse I1gG Life Technologies A21202

Alexa Fluor 568 donkey anti-rabbit IgG Life Technologies A10042

Alex Fluor 657 goat anti-hamster IgG Life Technologies A21451
Chemicals, peptides, and recombinant proteins

Accutase Corning 25-058-Cl
Essential 8 Medium Thermo Fisher A1517001
Versene Life Technologies 15040-066
Matrigel Corning 354277
Geltrex Matrigel Gibco A14133-02
Tocris Bioscience DAPI Fisher Scientific 5748

PBS Fisher Scientific 1419144
EDTA Invitrogen 130-036-702
Fibronectin Corning 356008
Collagen IV Corning 354245
EGM-2 Medium Kit Promocell C-22111
TrypLE Life Technologies 12563-029

PM Media Kit ScienCell 1201,1252,0010
FBS Gibco 16000044
Normal Donkey Serum Fisher Scientific 50-413-115
DMSO Fisher Scientific BP231

BMP4 R&D Systems 314-BP-010/CF
Activin A R&D Systems 338-AC-50/CF
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Continued

REAGENT or RESOURCE SOURCE IDENTIFIER
CHIR 99021 R&D Systems 4423

DF3S medium Gibco A14535DJ
SB431542 R&D Systems 1614
VEGFA165 R&D Systems 293-VE-500/CF
FGF2 R&D Systems 233-FB-500/CF
Transferrin R&D Systems 2914-HT
Insulin Sigma 19278
Paraformaldehyde Fisher Scientific 18612139
Rock Inhibitor Y27632 R&D Systems 1254/10
Critical commercial assays

Miltenyi Biotech MACS 34 microbead kit Miltenyi Biotech 130046702
MACS LS Column Miltenyi Biotech 130042401
MACS MS Column Miltenyi Biotech 130042201
Experimental models: cell lines

iPSC line WTC-11 (GM25256) Coriell Institute GM25256
iPSC line WT-83 University of California San Diego N/A

iPSC line Q83X University of California San Diego N/A

iPSC line M2 University of California San Diego N/A
Human Brain Vascular Pericytes ScienCell 1200

Other

6-well tissue culture plate Corning 3516

100 mm tissue culture dish Corning 353003
Angiogenesis Plate Ibidi 89646

MATERIALS AND EQUIPMENT

All media and solutions are filter sterilized through a membrane of 0.2 pm or smaller pore size.

DAPI 5 mg/mL

Dissolve 1 mg of DAPI in 200 pL of DMSO to obtain a stock solution of 5 mg/mL. Aliquot and store at

—20°C for up to 12 months.

Fibronectin 1 mg/mL

Add 1 mL of sterile distilled water to 1 mg of fibronectin and incubate for 30 min at RT without agita-
tion to obtain a stock solution of 1 mg/mL. Aliquot and store at —20°C for up to 2 weeks.

Collagen IV 3.35 mg/mL

Aliquot and store at —80°C for up to 12 months.

BMP4 100 pg/mL

Dissolve 100 ng of BMP4 in 4 mM HCl and 0.1% BSA to obtain a stock solution of 100 pg/mL. Aliquot
and store at —80°C for up to 3 months.

Activin A 100 pg/mL
Dissolve 50 pg of Activin A in 500 pL of 4 mM HCI to obtain a stock solution of 100 pg/mL. Aliquot
and store at —80°C for up to 3 months.

CHIR 99021 10 mM
Dissolve 10 mg of CHIR 99021 in 2,149 pL of DMSO to obtain a stock solution of 10 mM. Aliquot and
store at —20°C for up to 6 months.

STAR Protocols 2, 100261, March 19, 2021



¢ CellPress STAR Protocols

OPEN ACCESS

SB431542 10 mM
Dissolve 1 mg of SB431542 in 260.152 pL of DMSO to obtain a stock solution of 10 mM. Aliquot and
store at —80°C for up to 1 month.

VEGFA165 100 pg/mL
Dissolve 100 ng of VEGFA165 in 1T mL of PBS and 0.1% BSA to obtain a stock solution of 100 pg/mL.
Aliquot and store at —20°C for up to 3 months.

FGF2 100 png/mL
Dissolve 100 pg in 1 mL of PBS and 0.1% BSA to obtain a stock solution of 100 ng/mL. Aliquot and
store at —20°C for up to 3 months.

Transferrin 10.7 mg/mL
Dissolve 100 mg of Transferrin in 9,350 uL of sterile distilled water to obtain a stock solution of
10.7 mg/mL. Aliquot and store at —80°C for up to 3 months.

Y27632 5 mM
Dissolve 1 mg of Y27632 in 624.492 ul of sterile distilled water to obtain a stock solution of 5 mM.
Aliquot and store at —20°C for up to 1 month.

hiPSC culture medium (essential 8 (E8))

Reagent Final concentration Volume
Essential 8 Media n/a 50 mL
E8 Supplement 2% 1TmL

When plating cells from thaw or passaging, add Rock inhibitor Y27632 to media for a final concentration of 10 uM for the initial
24 h.
Store at 4°C for up to 2 weeks.

E8BAC medium

Reagent Final concentration Volume
Essential 8 Media n/a 50 mL
E8 Supplement 2% 1 mL
BMP4 5 ng/mL 2.5l
Activin A 25 ng/mL 12.5uL
CHIR 99021 1 uM 5puL

When plating cells from thaw or passaging, add Rock inhibitor Y27632 to media for a final concentration of 10 uM for the initial
24 h.
Store at 4°C for up to 2 weeks.

E7Vi medium

Reagent Final concentration Volume/Mass
DF3S n/a 100 mL
SB431542 5uM 50 pL
VEGFA165 50 ng/mL 50 pL

FGF2 100 ng/mL 100 pL
Transferrin 10.7 pg/mL 50 pL

Insulin 20 pg/mL 100 uL

Store at 4°C for up to 2 weeks.
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EGM-2 medium

Reagent

Final concentration

Volume/Mass

Endothelial Cell Growth Basal Medium 2
Epidermal Growth Factor

bFGF

Insulin-like Growth Factor (R3 IGF-1)
VEGF 165

Ascorbic Acid

Heparin

Hydrocortisone

n/a
5ng/mL
10 ng/mL
20 ng/mL
0.5 ng/mL
1 pg/mL
22.5 ug/mL
0.2 ug/mL

500 mL

Kit aliquot
Kit aliquot
Kit aliquot
Kit aliquot
Kit aliquot
Kit aliquot
Kit aliquot

Store at 4°C for up to 6 weeks.

PM medium (without antibiotic solution)

Reagent Final concentration Volume/Mass
Pericyte Media (PM) n/a 500 mL

FBS 2% 10 mL
Pericyte growth supplement (PGS) 1% 5mL

Store at 4°C for up to 4 weeks.

E7V medium

Reagent Final concentration Volume/Mass
DF3S n/a 100 mL
Insulin 20 pg/mL 100 plL
VEGFA165 50 ng/mL 50 pL

FGF2 100 ng/mL 100 pL
Transferrin 10.7 pg/mL 50 pL

Store at 4°C for up to 2 weeks.

Cryopreservation medium

Reagent Final concentration Volume/Mass
FBS 90% 9 mL

DMSO 10% 1 mL

Total n/a 10 mL

Store at 4°C for up to 2 weeks.

MACS buffer

Reagent Final concentration
PBS n/a

BSA 5 mg/mL

EDTA 2mM

Store at 4°C for up to 4 weeks.

FACS Buffer

Reagent Final concentration
PBS n/a
FBS 2%

Store at 4°C for up to 4 weeks.
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IF blocking buffer

Reagent Final concentration
PBS n/a

Normal Donkey Serum 10%

BSA 1%

Triton X 0.25%

Store at —20°C for up to 8 weeks.

IF antibody buffer

Reagent Final concentration
PBS n/a

Normal Donkey Serum 1%

BSA 1%

Triton X 0.25%

Store at —20°C for up to 8 weeks.

STEP-BY-STEP METHOD DETAILS

hiPSCs passaging and maintenance

O® Timing: 2 days

This step is required to ensure cells are in an active growth phase before beginning the differentia-

tion protocol on day 0.

1. Day —2. Pass hiPSCs using Versene.
a. Wash each well with PBS.

b. 1 mL of warm Versene was added per well and incubated for 7 min at 37°C.
c. Remove Versene via aspiration and add 3 mL of media to each well. Pipet up and down vigor-

ously.

d. Splitcells ata 1:3 splitand plate onto a Matrigel-coated 6 well tissue culture plate in E8 media

with 10 uM Rock Inhibitor Y27632.

2. Day —1. Feed cells with E8 media.

Note: We suggest a confluency of 50%-60% by day 0 to ensure that colonies of hiPSCs are not

too large and that cells maintain an active growth phase before beginning differentiation. We
have observed this step to be important for differentiation and obtaining a high yield of

CD34— cells.

Differentiating hiPSCs to vascular cells

O® Timing: 6 days

This step differentiates hiPSCs to a mixed population of CD34+ and CD34— vascular cells through a

mesoderm intermediate step (Figure 1).

3. Day 0. hiPSCs are passaged using Versene.
a. Prior to the addition of Versene, wash each well with PBS.
b. Add 1 mL of warm Versene per well and incubate for 7 min at 37°C.

c. Remove Versene via aspiration and add 3 mL of media to each well. Cells should remain in

small colonies and should not be singular.

6 STAR Protocols 2, 100261, March 19, 2021



STAR Protocols ¢? CellP’ress

OPEN ACCESS

Day 1 Day 2 Day 3
Day 4 Day 5 Day 6

Figure 1. hiPSCs (WTC11) undergoing differentiation to vascular cells through a mesoderm intermediate step
hiPSCs are differentiated into mesoderm in chemically defined ESBAC medium (days 0-2). At day 3, chemically
defined E7Vi medium induces the differentiation of CD34+ and CD34— vascular cells (days 3-6). Scale bar represents
200 pm.

d. Plate cells at a seeding density of 1.0-1.5 x 10° cells per well onto Matrigel-coated 6 well tis-
sue culture plates in 2 mL/well EBBAC media with the addition of 10 uM Rock Inhibitor Y27632.
. Day 1. Feed cells with 2 mL per well EBBAC media.
. Day 2. Once cells have reached 100% confluency (40-48 h post seeding), aspirate the ESBAC me-
dia and replace with E7Vi media.

[GEES

. Day 3. Feed cells with 3 mL per well of E7Vi media.
. Day 4. Feed cells with 4 mL per well of E7Vi media.
. Day 5 Feed cells with 5 mL per well of E7Vi media.
. Day 6. Follow CD34 MACS sorting protocol.

O 0N O

Note: Volumes reported are for one well of a 6-well tissue culture plate and will need to be
adjusted for other sizes.

A CRITICAL: We suggest the media change on day 2 (step 5) occur between 40 and 48 h post
seeding, when the cells have reach 100% confluency. It is important to not allow the cells to
become overly confluent, as it may result in a lower yield of CD34— cells.

CD34 magnetic-activated cell sorting (MACS)
®© Timing: 2-3 h

This step sorts the CD34+ endothelial progenitor cells from the CD34— vascular cells. CD34 is widely
recognized as a marker of vascular endothelial progenitor cells (Fina et al., 1990; Hristov and Weber,
2008; Sidney et al., 2014). Pericytes, including cerebral pericytes, umbilical pericytes, skeletal mus-
cle pericytes, and microvascular cardiac pericytes, do not express CD34 (Cathery et al., 2018; Faal
et al., 2019; Wang et al., 2019).

10. Day 6. Dissociate cells using Accutase for 10 min at 37°C to produce a single cell suspension.

11. Collect cells using an equal volume of 2% FBS in PBS, centrifuge at 300 x g for 10 min and re-
suspend cells at 1 x 108 total cells (live and dead) in 300 pL of cold MACS buffer.

12. Add 100 pL of FcR blocking reagent and 100 pL of CD34 magnetic microbeads to the cell sus-
pension.

STAR Protocols 2, 100261, March 19, 2021 7
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13. Mix well and incubate at 4°C for 30 min.
14. Wash cells with 10 mL MACS buffer and centrifuge at 300 x g for 10 min.
15. Remove supernatant completely and resuspend in 500 pL MACS buffer.

A CRITICAL: Keep cells on ice before and after MACS sorting and in between steps when
necessary to ensure greater cell viability.

16. Place the LS column on the MACS magnet.
17. Wash the LS column carefully with 3 mL MACS buffer to avoid bubbles.
18. Collect CD34— cells
a. Add the cell suspension to the column.
b. Collect unbound, CD34— cells in the flow through.
c. Wash the cell suspension tube with 500 pL. MACS buffer to remove any residual cells and add
to the column.
d. Wash the column with an additional 9 mL MACS buffer.
e. Collect the flow through and place on ice.
19. Collect CD34+ cells
a. Remove the column from the magnet.
b. Add 5 mL MACS buffer and slowly push the column plunger to flush out the attached CD34+
cells.
c. Add an additional 5 mL of buffer to the column and plunge to remove any residual CD34+
cells.

00 Pause point: The CD34+ cells (endothelial progenitor cells) can continue culture or be cry-
opreserved and stored in liquid nitrogen.

A CRITICAL: It is important to have a single-cell suspension to prevent blocking of the
column. If blocking does occur, the flow through will be slow and could lead to cell
death. Similarly, any bubbles present in the column could also block the column and
slow the flow through. When plunging the column, it is important to maintain a steady
flow through. Too slow or too fast could lead to cell death and decrease the yield of
CD34+ cells.

Note: The Miltenyi Biotech MACS CD34 microbead kit protocol recommends using 2 x 107
total cells per LS column. We have found that this cell density can clump and block the column
and have reduced the number to 1 x 108 total cells per column. If cell numbers are low MS
columns (Miltenyi Biotech #130042201) can be used in place of the LS columns.

Differentiating CD34— cells to pericytes
O® Timing: 4 days

20. Day 6. After MACS sorting, count and plate the CD34— cells at 2 x 10* cells/cm? on to fibro-
nectin-collagen coated 10 cm tissue culture dishes in EGM-2 media.
21. Day 7. Feed cells with EGM-2 media.
22. Day 8. Passage pericyte precursors
a. Dissociate cells with warm TrypLE for 5 min at 37°C. Dilute TrypLE with media (1:1), collect,
centrifuge at 300 x g for 5 min, remove supernatant, and resuspend in PM media.
b. Plate cells on to fibronectin-collagen coated 10 cm tissue culture dishes at 1.5 x 10* cells/
cm?
23. Day 9. Feed cells with PM media.

24. Day 10. Characterize, cryopreserve, or continue cells for further experiments.
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Expanding and maintaining hiPSC-derived pericytes
® Timing: up to passage 10
hiPSC-derived pericytes can be expanded and maintained for at least ten passages.

25. Passage pericytes
a. Atapproximately 80% confluency, dissociate cells with warm TrypLE for 5 min at 37°C. Dilute
TrypLE with media (1:1), collect cells, centrifuge at 300 x g for 5 min, remove supernatant,
and resuspend in PM Media.
b. Plate pericytes on fibronectin-collagen coated tissue culture plates at a 1:3 split.
26. Maintain pericytes by feeding every other day with PM medium.
27. When 80% confluent, passage cells up to passage 10.

Cryopreserving hiPSC-derived pericytes

00 Pause point: hiPSC-derived pericytes can be cryopreserved for future use. Cells can success-
fully be preserved as pericyte precursors (day 6 immediately following column sorting) or as
pericytes (day 10 and later).

28. For hiPSC-derived pericytes, freeze when approximately 80% confluent (generally day 10).
a. Dissociate cells from the plate using warm TrypLE for 5 min at 37°C. Dilute TrypLE in media
(1:1), collect cells, and centrifuge at 300 x g for 5 min.
b. Remove supernatant and in a dropwise manner add Cryopreservation media.
Transfer cells into cryogenic vials (1 x 10° cells per vial in 0.5-1 mL Cryopreservation Media).
d. Freeze at —80°C in a Mr. Frosty Freezing Container for 2-24 h, then store in a liquid nitrogen

0

freezer.
29. For hiPSC-derived pericyte precursors, freeze cellsimmediately after sorting following the same
procedure.
a. Remove supernatant and in a dropwise manner add Cryopreservation media.
b. Transfer cells into cryogenic vials (2 x 10° cells per vial in 0.5-1 mL Cryopreservation Media).
c. Freeze at —80°C in a Mr. Frosty Freezing Container for 2-24 h, then store in a liquid nitrogen
freezer.

Recovering hiPSC-derived pericytes
Cryopreserved hiPSC-derived pericyte precursors (cryopreserved at day 6 immediately after column
sorting) and hiPSC-derived pericytes (day 10) can be recovered as described.

30. hiPSC-derived pericyte precursors are recovered from cryopreservation by thawing 1 vial
(approximately 2 x 10° cells) onto a fibronectin-collagen coated 10 cm tissue culture dish in
EGM-2 media.

a. After 24 h, feed with EGM-2 medium.
b. Atday 2, passage cells (as done on day 8 of differentiation protocol) and plate into PM medium.
c. Continue expanding in PM media up to passage 10.

31. hiPSC-derived pericytes are recovered from cryopreservation by thawing 1 vial (approximately
1 % 10° cells) onto a fibronectin-collagen coated 10 cm tissue culture dish in PM media.

a. Feed cells every other day with PM medium.
b. Passage at 80% confluency
c. Continue expanding in PM media up to passage 10.

Note: The recovery rate of pericyte precursors (cryopreserved at day 6) is estimated to be be-

tween 50% and 70%. The recovery rate of pericytes (day 10 or later) is estimated to be be-
tween 60%-90%. Recovery rates may vary between cell lines.
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Table 1. Antibodies for immunofluorescence

Antibody Dilution Supplier
Conjugated antibody

PE Mouse anti-human CD31 1:5 BD Pharmingen
PE Mouse anti-human CD140b 1:5 BD Pharmingen
Primary antibody

Anti-a-Smooth Muscle Acting (1A4) monoclonal mouse 1:200 Cell Signaling Technology
Anti-CD31 monoclonal hamster 1:250 Abcam
Anti-TAGLN (SM22) polyclonal rabbit 1:200 Thermo Fisher
Anti-collagen IV monoclonal mouse 1:62.5 R&D Systems
Anti-PDGFR beta monoclonal rabbit 1:100 Abcam
Secondary antibody

Alex Fluor 488 donkey anti-mouse 1:200 Life Technologies
Alexa Fluor 568 donkey anti-rabbit 1:200 Life Technologies
Alexa Fluor 647 goat anti-hamster 1:200 Life Technologies

Characterizing cells: flow cytometry
O Timing: 1-2 h

Flow cytometry is used to characterize the cells and confirm their differentiation to pericytes.
CD140b, also known as PDGFRB, is a ubiquitous marker of pericytes and its expression is essential
for pericyte function (Armulik et al., 2011; Crisan et al., 2009; Geevarghese and Herman, 2014).
CD13 is also a marker of pericytes and it plays a vital role in cell migration, survival, and angiogenesis
(Armulik et al., 2011; Cathery et al., 2018; Ramsauer et al., 1998).

32. Detach pericytes from the fibronectin-collagen coated tissue culture plates using warm TrypLE
for 5 min at 37°C. Deactivate TrypLE with 2 x volume of FACS buffer. Centrifuge cells for 5 min at
300 x g and resuspend in FACs buffer at 5 x 10° cells/100 L per tube.

33. Incubate cells with primary conjugated antibodies CD13-PE and CD140b-PE at 20°C-25°C for
30 min.

34. Wash cells, centrifuge, and resuspend in FACS buffer.

35. Run flow cytometry.

Note: A LSRII Flow Cytometer was used in these experiments.
Characterizing cells: immunofluorescence
O® Timing: 2 days

Immunofluorescence can also be used to characterize the differentiated pericytes. Here, cells were
stained for the contractile proteins, aSMA (Bergers and Song, 2005; Crisan et al., 2009; Verbeek
et al., 1994) and SM22 (Orlova et al., 2014a; Pierantozzi et al., 2016), which are involved in the
vascular remodeling and vasoconstriction functions of pericytes. CD31, a widely regarded marker
for endothelial cells, was also used as a negative control to ensure effective sorting of pericytes
from CD34+ endothelial progenitor cells (Lertkiatmongkol et al., 2016; Liu and Shi, 2012; van Mourik
etal., 1985).

36. Remove all media from cell culture via aspiration.

37. Fix cells in 4% paraformaldehyde (PFA) for 1 h at 20°C-25°C.

38. Wash with PBS.

39. Block cells with IF blocking buffer for 1 h at 20°C-25°C.

40. Apply primary antibodies diluted in IF antibody buffer (Table 1) and incubate for 16-24 h at 4°C.

10 STAR Protocols 2, 100261, March 19, 2021
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41. Wash cells three times 15 min with PBS

42. Apply secondary antibodies diluted in IF antibody buffer and incubate for 1.5 h at 20°C-25°C
the dark. Counterstain with DAPI at 5 pg/mL for the last 15 min of incubation.

43. Wash cells three times 15 min with PBS and store in PBS at 4°C until imaged.

Characterizing cell function: angiogenesis assay
® Timing: 5 days for assay, 2 days for immunofluorescence staining

44. Add hiPSC-derived endothelial cells only (1.5 x 10* or hiPSC-derived endothelial cells (1.5 x
10% and hiPSC-derived pericytes (3 X 103) from the same cell line per well of a Geltrex-coated
angiogenesis plate and culture in E7V media at standard culture conditions (5% CO,, 37°C).

45. Day 1-4. Feed cells daily with E7V media.

46. At day 5 fix cells with 4% paraformaldehyde for 1 h at 20°C-25°C.

47. Wash cells with PBS and block with blocking buffer for 2 h at 20°C-25°C.

48. Apply primary antibodies diluted in IF antibody buffer (Table 1) for 16-24 h at 4°C.

49. Wash cells three times 15 min in PBS

50. Apply fluorescence-conjugate secondary antibodies diluted in IF antibody buffer for 1.5 h at
20°C-25°C in the dark.

51. Counterstain with DAPI at 5 pg/mL for the last 15 min of incubation.

52. Wash cells with PBS and store in PBS at 4°C until imaged.

EXPECTED OUTCOMES

This protocol for pericyte differentiation of hiPSCs has been adapted and modified from previously
published protocols (Orlova et al., 2014b; Xu et al., 2017; Zhang et al., 2017). In our previous work,
endothelial cells were differentiated from hPSCs through a mesoderm intermediate step using
serum-free, chemically defined media and without the use of feeder cells or embryoid bodies (Zhang
etal., 2017). It was reported that endothelial cells (CD34+CD31+) were present at day 5 of differen-
tiation, and higher purity was achieved by day 7. Here, the protocol employs a similar approach, but
with the addition of CD34 MACS at day 6 of differentiation to separate the CD34+ endothelial pro-
genitor cells from the remaining CD34— vascular cell population. In contrast to alternative protocols
that require 2-3 weeks to generate a substantial pericyte population (Orlova et al., 2014b), this pro-
tocol requires 10 days. Approximately 50%—-75% of cells recovered from MACS are CD34—. By the
10th day of differentiation, approximately 4-6 million pericytes are generated from a single 10 cm
tissue culture dish of plated hiPSCs. At which point, pericytes can either be cryopreserved or
expanded for at least ten passages.

Protein expression of early stage (day 7), late stage (day 10) hiPSC-derived pericytes, and primary
human brain vascular pericytes was evaluated via immunofluorescence (Figure 2). Early stage
hiPSC-derived pericytes (day 7) stained positively for the pericyte markers SM22 and aSMA. Howev-
er, only a fraction expressed the pericyte marker PDGFRB (Figure 2A) and several cells expressed the
endothelial cell marker CD31 (Figure 2B). Following additional differentiation and culture in PM me-
dia, all late stage hiPSC-derived pericytes (day 10) expressed SM22, aSMA, as well as PDGFRB and
did not express CD31. This was similar to primary human brain vascular pericytes which stained posi-
tively for SM22, aSMA and PDGFRp and negatively for CD31.

The pericyte differentiation protocol has been applied successfully to four different hiPSC lines
including two wildtype cell lines (WTC11 and WT83) and two cell lines derived from patients with
neurodevelopmental disorders: Rett syndrome caused by a mutation in the MECP2 gene (Q83x)
and MECP2 duplication syndrome caused by a duplication of the MECP2 gene (M2). This protocol
robustly yields greater than 95% CD13+PDGFRp+ pericyte populations (Figure 3A) and cells stain
positively for both pericyte markers smooth muscle-specific protein 22 (SM22) and alpha-smooth
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Figure 2. Immunofluorescent images of early (day 7) and late (day 10) hiPSC-derived pericytes and primary human brain vascular pericytes
Cells were stained for the pericyte markers (A) PDGFRB (red), aSMA (green), and (B) SM22 (red) and the endothelial cell marker (B) CD31 (green). Nuclei
are counterstained with DAPI (blue). Scale bar represents 50 pm.

muscle actin (a-SMA) (Figure 3B). Additionally, cells did not stain positively for the endothelial
marker CD31.

An angiogenesis assay can be used to assess the function of the hiPSC-derived pericytes. Alone,
hiPSC-derived endothelial cells remained singularized and did not form an interconnected vascular
network after five days (Figure 3C). Conversely, when cultured with pericytes that were derived
following this protocol, endothelial cells and pericytes aligned together to form vascular tubules
(Figure 3D). The tubules stained positively for the endothelial cell marker CD31 and the pericyte
marker PDGFRP. These results suggest pericytes differentiated using the protocol described herein
express pericyte-specific markers and aid in vascular network formation.

LIMITATIONS

Differentiation efficiencies and cell yields can vary between experiments and cell lines. Additionally,
the MACS cell sorting technique can result in low cell viability if guidelines are not followed due to
blocking of the MACS column.

TROUBLESHOOTING

Problem 1

Poor hiPSC viability, proliferation, and/or pluripotency prior to beginning the differentiation
protocol.

Potential solution

Confirm that that Rock inhibitor Y27632 is added to the cells at every passage to ensure cell attach-
ment and enhance viability. Additionally, the pluripotent status of the starting hiPSCs can be eval-
uated through the use of commercially available stem cell characterization kits that assess for
gene and protein expression of pluripotent markers such as NANOG, OCT4, and SOX2.
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Figure 3. Characterization of hiPSC-derived pericytes from WTC11, WT83, Q83X, and M2 hiPSC cell lines

(A) Flow cytometry of pericytes for pericyte markers CD13 and CD140b.

(B) Representative immunofluorescent images of hiPSC-derived pericytes stained positively for markers SM22 (red)
and aSMA (green) and negatively for the endothelial marker CD31 (purple). Nuclei are counterstained with DAPI
(blue). Scale bar represents 100 um.

(C and D) Representative immunofluorescent images of hiPSC (WTC11)-derived endothelial cells (C) and hiPSC
(WTC11)-derived endothelial cells and hiPSC (WTC11)-derived pericytes cocultured (D) at day 5 of an angiogenesis
assay. hiPSC-derived endothelial cells stained positively for the endothelial marked CD31 (C, purple) (D, green) and
hiPSC-derived pericytes stained positively for the pericyte markers SM22 (C, green), collagen IV (C, red) and PDGFRB
(D, red). Nuclei are counterstained with DAPI (blue). Scale bars represent 500 pm and 50 pm.

Problem 2
Low yield of CD34— cells following CD34 MACS sorting on day 6 of the differentiation protocol.

Potential solution

Itis likely that the CD34 MACS column is blocked. To reduce blocking, ensure cells are in a single cell
suspension. Multiple columns can be used to reduce the number of cells per column. Additional
washings with MACS buffer of the column may increase yield.

RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to and will be ful-
filled by the Lead Contact, Dr. William Murphy (wimurphy@ortho.wisc.edu).

Materials availability
This study did not generate any unique materials or reagents.

Data and code availability
This study did not generate any unique datasets or code.
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