Milestone Cellular  Culture  Pluripotency Dissociation Differentiation Timeline, growth factors, small molecules, and basal media Eficiency  Reference
model  substrate media reagent
@ a1 @ @ da s a4 @ a8 2 di0 dan diz
20% FBS
Spontaneous differentiation hESC MEF KO-DMEM,  Collagenase EB 8% OF EBs Kehat et al., 2001
200 FBS v @Y
20% FBS, END-2 cells
Co-culture differentiation hEsC mer  OMEM.20% s Colonies NIS Mummery et al.,
FBS Y 2003
Activin A, FGF2 | 20% FBS
Growth-factor Ebs hESC Matrigel  MEF-CM Trypsin =3 ———— 249% of EBs Burridge et al,, 2007
acid, 176, insuin, ransferrin, PVA) EiEY)
Activin A BMP4.
Collagenase 30% Laflamme et al,
Growth factor monolayer hESC Marigel  MEFCM  ((NS0ETEE Monolayer R freist 007
SB203580
KO-DMEM,
First application of a small molecule ¢ - . ow Kk, Colagenase . 22% oichen etal, 2008
(SB203580) FGF2 v END-2 conditioned: DMEM, NEAA, insulin, transferrin, sodium selenite, 2ME MYH6+
First chemically-defined medium, KODMEM, PGI2, SB203580 .
insulin has negative effects earlyin ~ hESC MEF 20% KSR, ol a?ve"ase EB it Xu et al., 2008
differentiation FGF2 DMEM, NEAA, transfertin, sodium selenite, 2VE
OVEMFL2, BMP4. BMP4, Activin A, FGF2 | DKK1, VEGFA DKK1, VEGFA, FGF2
Increased efficiency via Wit hESC MEF 20% KSR, Trypsin EB 50% Yang et al., 2008
inhibition FGF2 StemPro-34, ascorbic acid TNNT2+
BMP4, 20% FBS | 20% FBS
ReproCELL 5
Concentration opiimization leads to e mer  OMEM 20% - piccociation €8 98%of EBs  Takel et al,, 2009
increased efficiency (SN T DMEM, NEAA, 2ME
ol BMP4 DKKL.
Stage specific effects of Wnt/8- MEF-CM,  Collagenase 9%
i modulation hESC Matrigel ore " Monolayer o Wi,  Pageetal,2010
dentiication of developmentally- oo DMEMFLZ, o BwPd | ENp AV RGE2 | DKKTIVEGER VECEATRGR2) 50.70%
relevant stage-specific signaling hiped it E"‘ 20% KSR, g lagenase EB TNNT2e  Katmanetal, 2011
requirements. i atrigel FGF2 > trypsin StemPro-34, ascorbic acid, L-glutamine, 1TG
BMP4, FGF2 | 20%FBSOrHSA |
Optimization of chemicallydefined | o Geltrex MEF-CM TypLE EB 94% of EBs Burridge et al., 2011
media leads to higher efficiency RPMI+PVA RPMI, ascorbic acid RPMI, insulin, lipids
oMEMFLZ, 200 FBS, BMP4 | 20%F8s |  20%FBS, IWR1 20% FBS | 2.5 FBS
wntinhibition via small molecule  hiPSC MEF 20% KSR, o =3 Ren et al, 2011
FGF2 v KO-DMEM, NEAA, BME TNNT2+
Forz
BMP4. BMP4, Activin A, FGF2 WR1 IWR-L, FGF2, VEGFA 2 29 FB
Serum-free, small molecule-based KO-DMEM,  1agenase : Actiin A, FG! ‘ I MRCE2} ] s
. hESC MEF 200 KSR, =3 Willems et al., 2011
Wt inhibition o % StemPro-34 DMEM MYHG+
OVEMFL2, BMP4, WNT3A, Activin A, VEGFA, SCF
Differentiation in both EB and pesc  Lowdensiy GICNEC TypLE €8 and 2% pponeral, 2011
monolayer formats MEF FGF2 monolayer LI-APEL (IMDM/F12, PFHM-II, PVA, BSA, lipids, ITS, 1TG), ascorbic acid LI-AEL (IMDM/F12, PFHM-II, BSA, lipids, ITS, 1TG), ascorbic acid GFP+
CHIR99021 | IWR-L, SB431542, purmorphamine
First protocol uiilzing solely small Matigel  MEFOM  Accutase Monolayer 70-80%  Gonzalez etal.,
molecules DMEM/F12+N2+B27 RPMI+B27 NKX2:5+ 2011
CHIR99021, BIO | KY02111, XAV939
Use of dual GSK3B inhibitors anda ~ hESC,  Gelatinor  DMEMF12, . =f. - % . Minami etal, 2012
novel Wnt-inhibitor hiPSC  laminin-211  20% KSR o IMDM, NEAA, BME, HSA or BSA TNNT2+ '
CHIR99021 | | IWP-4 |
Definied pluripotent media, small ~ hESC,  Matrigel or 85% Lian etal., 2012
molecule-based differentiation hPSC  Synthemax  MTeSRE TOpLE Monolayer i — . TNNT2+  Lian etal, 2013
Activin A | ISL1, BMP4 | IsL1
Protein transduction-based %
ifterentiation hESC  Suspension  MEF-CM Trypsin EB R TNNT2s  Fonoudietal, 2013
First chemically-defined, small hesc,  Syihemax CHIR99021 ST | o5
molecule-based differentiaiton in hped  orlaminin- E8 EDTA Monolayer TNNT2s  BuTdge etal, 2014
multiple lines and various matrices i 521 (CDM3 (RPMI, recombinant HSA, ascorbic acid 2-phosphate)
CHIR99021 | DMH1 |
BMP inhibition-based differentiation ~ "E5C: Matrigel mTeSR1 ReLeSR Monolayer 7% pguilar et al, 2015
hiPSC DMEM/F12+827 TNNT2+
CR]] IWP-2 or Wnt-C59 |
Albumin-free hEsC, Matrigel FTDA Accutase EB and 80-95%  pongetal., 2015
hipsc monolayer KO-DMEM, ascorbic acid, transfertin, sodium selenite (insulin and Y27632 for first day) TNNT2+
CHIR99021 | | WP-2
Albumin-free, small molecule-based ~ "ESCt synthemax E8ormTeSRL  Accutase Monolayer 8898% | eral, 2015
hipsc RPMI, putrescine, progesterone, sodium selenite RPMI, insulin, ascorbic acid 2-phosphate TNNT2+
CHIR99021 | | we-2
Use of heparin in lieu of albumin, E8-  hESC, 949% Lin etal., 2017
hped Matrigel E8 EDTA Monolayer TNNT2+ Lin and Zou, 2020

DMEM/F12, ascorbic acid,

ids, transferrin, sodium selenite, sodium bicarbonate (heparin from d1-d7)




Cardiomyocyte subtype differentiation

Cellular

_Subtype Pluripotency  Differentiatio Differentiation protocol, growth factors, small molecules, and media by day of protocol Efficiency Reference
differentation model media n format
do d1 d2 d3 d4 d5 dé d7 ds d9 d10 d11 di2
1 | 1 1 1 1 1 1 1 1 1 1
BMP4, FGF2 ‘ Activin A ‘ ‘ Noggin ‘ retinoic acid, DKK1 ‘ DKK1 ‘ 50%
hESCs MEF-CM Monolayer Zhang et al., 2011
TNNT2+
RPMI+B27
Activin A, BMP4, stem cell factor, VEGFA, e ]
hESCs BPEL EB CHIR99021 50% NKX2-  Devalla etal.,
5+ 2015
BPEL
Atrial
B ‘ Activin A, BMP4, FGF2 ‘ retinol, IWP-2, VEGFA ‘ VEGFA ‘ 85%
hESC, hiPSC  StemPro-34 EB TNNT2+ Lee etal., 2017
StemPro-34, L-glutamine, ascorbic acid, transferrin, 1TG, hypoxia
©8 Stem CHIR99021 ‘ 2 iz inoif id
. MACS iPS- IWP- e ] retinoic aci 87% Kleinsorge et al.,
PSC Brew xF /stem  Monolaver TNNT2+
Flex RPMI, ascorbic acid 2-phosphate, recombinant HSA RPMI+B27
L BMP4, SB-431542, retinoic acid, IWP-2, 50%
BMP4 Activin A, BMP4, FGF2 VEGFA °
hESC, hiPSC  StemPro-34 EB ‘ VEGFA, PD173074 ‘ ‘ TNNT2+  Protze et al., 2017
StemPro-34, L-glutamine, ascorbic acid, transferrin, 1TG, hypoxia /SHOX2+
BMP4, PD173074, [
i i CHIR99021 IWP-2 ; ' 55 %
hESC, hiPSC h'P;‘;C"f'Seg“m Monolayer ‘ ‘ ‘ BMS189453 ‘ TNNT2+  Liuetal, 2020
RPMI+B27 without insulin | RPMI+B27 INKX2-5-
Nodal
. CHIR99021 ‘ ‘ IWP-2 ‘ CHIR99021 ‘ 50%
hESC, hiPSC E8 Monolayer TNNT2+ Renetal., 2019
RPMI+B27 without insulin | RPMI+B27 INKX2-5-
. CHIR99021 ‘ ‘ Wnt-C59 ‘ 20-30% ,
hESC, hiPSC E8 Monolayer TNNT2+  Liang etal., 2020
INKX2-5-

RPMI+B27 without insulin



Cell types

Features Cocktails Efficiency Reference
From To
GMT-based . rrp MYH6-GFP+ GMT ~20%  ledaetal, 2010
cocktalil
. CF, MEF Beating cells GMT, miR-133 7 fold more Muraoka et al.,
microRNA .
HCF TNNT2+ GMT, MESP1, MYOCD, miR-133 23-27% 2014
CF MYH6-GFP+ GMT ~ 30%
GMT, MYOCD, ESRRG, MESP1 Mohamed et al.,
HCF TNNT2-GCaMP5+ ! ' ! ! ~12% 2017
ZFPM2
Chemical v K tal
compound MEF, TTF Beating cells GMT or GHMT 100 fold amaZ%vi/g etal,
TTF Beating cells GMT or GHMT 4 fold Muraoka etal.,
2019
Ponustror_uc CF Beating cells polycistronic MGT 10 fold Wang et al., 2014
puro selection
CFs,TTFs MYH6-GFP+/TNNT2+ GHMT 5-20% Song et al., 2012
MEF . 50.0%
_ Beating cells GHMT Aktl Zhou et al., 2015
Optimized CF, TTF 9 ~0.8%
GHMT-based
. _ 0
cocktalil ME_II_:_I,_'SF, MYH6 GFP+/TNNT2+ GHMT, Aktl, PHF7 > 20%
Beating cells ~2 fold Garry et al., 2021
HCF MYH6-GFP+/TNNT2+ GHMT, Myocd, PHF7 ~ 3%
Sarcomere+/HCN4-GFP+ 1% x ~32%
MEF, TTF  Sarcomere+/HCN4-GFP-/MYL2+ GHMT 1% x ~22%  Nam et al., 2014
Chamber- Sarcomere+/HCN4-GFP-/NPPA+ 1% x ~35%
specific subtype MYL7+/TNNI3+ ~26% Jhang et al
. . ang et al.,
-G-T- ~ 0,
MEF MYL2+/TNN|.3+ Polycistronic M-G-T-H 16% 2019, 2021
Sarcomere+, beating cells ~5-6 fold
HOF MYH6-mCherry+/TNNT2+ GMT, ESRRG, MESP1, MYOCD, 13.0% +9.3%
Fuetal.,, 2013
HCF, HDF ACTN2+/TNNT2+ ZFPM2 (7F) 1-4%
HFF, AHCF, TNNT2+ GHT, Myocd, miR-1, miR-133 (6F)  ~10-35%  Nam et al., 2013
H AHDF
uman
Fibroblasts
HCF, HDF ACTN2+ or TNNT2+ GMT, Mesp1, Myocd (GMTMM) ~5% Wada et al., 2013
Polycistronic hMGT + miR-133 0 Garbutt et al.,
HI9F, HCF TNNT2+ (MGT133) 40-60% 2020
MicroRNA miR-1, miR-133, miR-208, 12970 Jayawardena et
combo MEF, CF MYHe-CFP+ miR-499 (miRcombo) 13-27% al., 2012
small-molecule
-~ - 0,
MEF, TTF ACTN2+ or MYH6+ combination CREVPT 10-15% Fu et al., 2015
Chemical only
approach HFF , 6.6 + 0.4%
TNNT2+ cells 9 chemical compounds (9C) Cao et al., 2016
HLF 5.5%



cell Pre-

source repmﬁzﬂmmg Reprogramming protocol, viral infection, small molecules and medium Reference
do di d2 d3 d4 ds dé d7 ds do d1o di1 di2 di3 di4 3w 4w 5w 6w
Infection ‘ Flow | ca? flux | Beating ledaetal
CF, TTF DMEM, 10% FBS e zaoioa"
iCM medium (high glucose DMEM/M199(4:1) ,10% FBS)
CF, MEF Infection ‘ Flow ‘ ‘ Beating ‘ | Ca* flux/ Beating Muraoka et
DMEM, 10% FBS o 20ua
HCF iCM medium .
Infection SB431544 XAV939 ‘ ‘ Beating ‘ | Flow | ca?* flux
CF IMDM, 20% FBS
iCM medium, NEAA, sodium pyruvate, Glutamax | Mohamed et
Infection SB431544 XAV939 ‘ | Flow/Ca2+ flux | al., 2017
HCF IMDM, 20% FBS
iCM, NEAA, sodium pyruvate, Glutamax ICM:RPMI+B27 (3:1) ‘ iICM:RPMI+B27 (1:1) iICM:RPMI+B27 (3:1) | iCM |
DMEM, 10% FBS | Infection Beating
MEE, TTF ‘Yamakawa
' . " FFV medium (StemPro-34, Glutamax, etal., 2015
o 3 ,
IMDM, 20% FBS (1Y) R ascorbic acid, FGF2, FGF10, VEGFA)
Infection one dose diclofenac d0-d4 ‘ Flow | | Beating M Ka et
TTF  IMDM, 20% FBS iy
iCM medium | FFV medium N
Infection puromycin ‘ puromycin ‘ Flow ‘
CF  IMDM,15% FBS Wa;gf; a.
iCM medium |
DMEM, 15% FBS | Infection Flow Flow Beating
CE.TTF Song et al.,
' iCM. 15% FBS Cardiac induction medium (DMEM/199 (4:1), 10% FBS, 5% horse serum, NEAA, EAAs, B-27, ITS, vitamin mixture, sodium pyruvate), 10% conditioned medium obtained from neonatal 2012
' rat/mouse CM culture
Flow
MEF Infection 1 & 2 ‘ ‘ Flow ‘ | Flow |
DMEM, 10% FBS /Beating zh%za\ )
CF, TTF Cardiac induction medium, 10% conditioned medium obtained from neonatal rat/mouse CM culture |
2+
Infection 1 & 2 Flow Ca™ flux
MEF, CF, /Beating
TF Cardiac induction medium | Ganyetal
DMEM, 10% FBS o
Infection | Flow
HCF
iCM, NEAA ICM:RPMI+B27 (3:1) ‘ ICM:RPMI+B27 (1:1) ‘ ICM:RPMI+B27 (1:3) | RPMI+B27+FFV
Infection ‘ Flow ‘ | Flow | IBZI:t‘?rg N cal
MEF, TTF DMEM, 10% FBS Y o
Cardiac induction medium, 10% conditioned medium obtained from neonatal ramouse CM culture
" Flow
Infection 1 & 2 ‘ | o
MEF  DMEM, 10% FBS /Beating zzrg;gg Ze:);\\i,
Cardiac induction medium, SB431542, A83-01 ’
H9F Infection | Flow ca* flux | AP (10w)
hce,  DMEM.10%FBs F;gtlg"’
N iCM medium, NEAA RPMI+B27
HDF
2+
HFF, Infection 1 & 2 ‘ | Flow | ea Nam etal
AHCF, DMEM, 10% FBS (8w) azmoisa"
AHDF Cardiac induction medium, 10% conditioned medium obtained from neonatal rat CM culture
HCF Infection Flow/Ca2: Wada et al
HDF’ IMDM, 20% FBS aZSISS -
iCM medium
Infection uromycin 1ug/mi Flow 2+
HOF, HCF DMEM, 20% FBS puromyen 219 ’ ’ i Garbutt et
' ! ; . hiCM medium (RPMI1640, B27, 2% FBS, 0.05% BSA, ascorbic acid 2- al., 2020
iCM medium
phosphate, Glutamax, NEAA)
ransfectio| JAK inhibitor | (5-8 days) ’ Flow 3 rden
MEF, CF DMEM, 15% FBS Pt
DMEM, 15% FBS N
. Beating
CHIR99021 (C), RepSox (R), Forskolin (F), VPA (V), Parnate (P), TTNPB (T)
DMEM, 15%FBS, (d16) Fuetal.,
MEF, TTF "\ amax. NEAA CMIM (DMEM, 15% FBS, 2015
" CRM (DMEM, 15% FBS, 5% KSR, N2, B27, Glutamax, NEAA, 2ME, ascorbic acid 2-phosphate) Aot
22)
HEF CHIR99021, BIX01294, AS8351, SC1, Y27632, OAC2, SU16F, JNJ10198409, A83- CHIR99021, BMP4, activin A, VEGFA
DMEM, 10%FBS, 01 Caoetal,
i Clama NEAA | by soq FBs, 10% KSR, ITS, ascorbic acid 2-phosphate, 2ME, Glutamax, NEAA|  RPMI+B27 without insulin, Glutamax, 1TG hicM medium | 2016




Cells Overexpressed Genes Virus Backbone Transfection Polybrene Positive selection Induction system Reference
| Platinum E cells GMT Retrovirus pMXs FuGene6 (Roche) leda et al., 2010 |
| Platinum E cells Myc-tagged GHMT Retrovirus pBabeX FuGene6 (Roche) 6 pg/mL Song etal., 2012 |
Lentivirus pLVX-tgtO-cDNA Lipofectamine 2000 4 pg/mL
GMT, ESRRG, MESP1 pLVX-Tight-Puro
HEK293 FT MYOCD, ZFPM2 (7F) _ pMXs _ Fu et al,, 2013
Retrovirus  Retro-X-Tet-ON FuGene6 (Promega) 5 ug/mL puromycin &
pRetro-X-Tight-cDNA neomycin 100 ng/mL Dox
Platinum A cells GMT, Mesp1, Myocd  Retrovirus pBabeX FuGene6 (Promega) 6 pg/mL Nam et al., 2013
PLAT-GP cells Retrovirus pMXs TremeGene 9 (Roche) 4 pg/mL
GMT, MESP1, MYOCD pLVX-Tight-Puro
’ ) . . . Wada et al., 2013
293FT cells (GMTMM) Lentivirus pLVX-rtTA Lipofectamine 2000 4 pg/mL
pLVX-tetO-cDNA
| Platinum A cells Myc-tagged GHMT Retrovirus pBabeX FuGene6 (Promega) 6 pg/mL Nam et al., 2014 |
Platinum E cells GMT Retrovirus pMXs FuGene6 (Roche)
Muraoka et al., 2014
HEK293 human GMT, MESPL, | oivirus  CSI-CMV-RFA  Lipofectamine 2000
MYOCD
| Platinum E cells Polycistronic M-G-T ~ Retrovirus pMXs Lipofectamine 2000 4 pg/mL puromycin 2 pg/mL Wang et al., 2014 |
Platinum A cells GHMT Retrovirus pBabeX FuGene6 (Promega) 6 pg/pL Zhou et al., 2015
Aktl pMxs-MyrAktl
| Platinum E cells GHMT, MESP1, MYOCD Retrovirus pMXs FuGene6 (Promega) Yamakawa et al., 2015 |
| Platinum E cells GMT Retrovirus pMXs FuGene HD (Roche) 0.6 pg/mL Mohamed et al., 2017 |
| Platinum E cells GMT or GHMT Retrovirus pMXs FuGene6 10 uM diclofenac  Muraoka et al., 2019 |
| Platinum E cells polycistronic M-G-T-H  Retrovirus pBabeX FuGene6 (Promega) 6 pg/mL ey f,t‘f: ] |
Polycistronic human M-G- . pMXs .
R N f L 1 L .
293T cells T. MiRNA-133 etrovirus pBabe anofect 8 pug/mL  puromycin 1 pg/m Garbutt et al., 2020
| Platinum E cells GHMT, Myocd, PHF7  Retrovirus pMXs FuGene6 (Promega) 8 ug/mL Garry et al., 2021 |




