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SUMMARY:  19 
Here, we present a protocol to precisely form hemogenic endothelium from human pluripotent 20 
stem cells in a feeder- and xeno- free condition. This method will have broad applications in 21 
disease modeling and screening for therapeutic compounds. 22 
 23 
ABSTRACT: 24 
Deriving functional hematopoietic stem and progenitor cells (HSPCs) from human pluripotent 25 
stem cells (PSCs) have been an elusive goal for autologous transplants to treat hematological and 26 
malignant disorders. Hemogenic endothelium (HE) is an amenable platform to produce 27 
functional HSPCs by transcription factors or to induce lymphocytes in a robust manner. However, 28 
current methods to derive HE are either costly or variable in yield. In this protocol, we established 29 
a cost-effective and precise method to derive HE within 4 days in a feeder- and xeno-free defined 30 
condition. The resultant HE underwent an endothelial-to-hematopoietic transition and produced 31 
CD34+CD45+ clonogenic hematopoietic progenitors. The potential capacity of our platform for 32 
generating functional HSPCs will have broad applications in disease modeling and screening for 33 
therapeutic compounds. 34 
 35 
INTRODUCTION:  36 
The development of new therapeutics for hematological and immunological disorders has been 37 
hampered by the lack of robust platforms for disease modeling and high throughput drug 38 
screening with autologous hematopoietic stem cells (HSCs) derived from patient pluripotent 39 
stem cells (PSCs). The breakthrough of induced (i)PSC technology holds promise to model 40 
diseases from patients’ cells, but the establishment of functional HSCs from patient iPSCs has 41 
been elusive. In order to derive HSCs from human PSCs, the proper induction of embryonic 42 
patterning and transcriptional programs is key1-8. Recent progress in hematopoietic development 43 
has demonstrated the role of hemogenic endothelium (HE) in HSC development9. HE can be 44 
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induced from PSCs and is amenable to downstream intervention such as gene transfer10-13. Using 45 
HE as a platform, the combination of 5 transcription factors (ERG, HOXA5, HOXA9, LCOR, RUNX1) 46 
successfully induced functional HSCs that engraft long-term and differentiate into multiple 47 
lineages14. However, variable and inefficient generation of HE from PSCs have hampered the 48 
systematic manipulation and analysis of cells along with the off-the-shelf production and large-49 
scale induction of hematopoietic cells for clinical use.  50 
 51 
Here, we describe a cost-effective and precise method to derive HE in 4 days with a feeder- and 52 
xeno-free defined condition. In this method, spheroid formation and spontaneous re-flattening 53 
on iMarix-511 ensures a consistent density of PSC colonies, which is crucial for the efficient 54 
induction of HE cells. 55 
 56 
PROTOCOL: 57 
 58 
1. Reagents 59 
 60 
1.1. Cell lines (human PSCs): obtain either embryonic stem cells (ESCs) or iPSC lines 409B2 and 61 
201B7(317-9)) and CBA11. 62 
 63 
1.2. Reagent preparation 64 
 65 
1.2.1. PSC plating medium: mix PSC maintenance medium with 10 µM Y-27632 and store at 4 66 
°C.  67 
 68 
1.2.2. PSC Spheroid tiling medium: mix PSC maintenance medium with 625–1,250 ng/mL human 69 
recombinant Laminin-511 E8 fragment (LM511-E8)(depending on cell line) just prior to use.  70 

 71 
NOTE: LM511-E8 can be mixed in media15.  Other matrix such as full-length laminin-511 needs to 72 
be pre-coated, and even did so, they do not sustain mesodermal organoids adhered during 73 
differentiation process. 74 
 75 
1.2.3. Day 0 differentiation medium: mix Mesodermal basal medium with 2 µM CHIR99021, 80 76 
ng/mL Bone morphogenetic protein 4 (BMP4) and 80 ng/mL Vascular endothelial growth factor 77 
(VEGF). 78 
 79 
1.2.4. Day 2 differentiation medium: mix Hemogenic basal medium with 1 µM SB431542, 80 80 
ng/mL VEGF and 100 ng/mL Stem cell factor (SCF). 81 
 82 
1.2.5.  Prepare phosphate buffer saline (PBS) without calcium or magnesium (See Table of 83 
Materials). 84 
 85 
1.2.6. 1 mM ethylenediaminetetraacetic acid (EDTA) buffer: add 1 mL of 0.5 M EDTA to 500 mL 86 
of PBS. 87 
 88 
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1.2.7. EHT medium: mix Hematopoietic basal medium with 50 ng/mL SCF, 20 ng/mL 89 
thrombopoietin (TPO), 50 ng/mL Fms-related tyrosine kinase 3 ligand (Flt-3L), 20 ng/mL 90 
Interleukin-6/Interleukin-6 receptor alpha (IL-6/IL-6Rα), insulin-transferrin-selenium-91 
ethanolamine, L-glutamine and Penicillin/Streptomycin/Amphotericin B. 92 
 93 
1.2.8. FACS buffer: mix PBS with 2% fetal calf serum and 1 mM EDTA. 94 
 95 
1.2.9. Prepare magnetic separation buffer (See Table of Materials). 96 

 97 
1.2.10. Prepare methylcellulose-based media (See Table of Materials). 98 
 99 
2. PSC colony formation 100 
 101 
2.1. Grow hPSCs to 70 – 80% confluency on a 0.5 µg cm-2 LM511-E8-coated 6-well plate in 102 
mTeSR1 in a 37 °C incubator with 5% CO2. 103 
 104 
2.2. PSC dissociation (Day -4) 105 
 106 
2.2.1. Aspirate the medium and wash the cells with PBS twice.  Rinse the cells with dissociation 107 
solution. Incubate at 37 °C for 15 min (cells will not desiccate in this time). 108 
 109 
2.2.2. Suspend the cells in PSC maintenance medium, transfer the suspension to an 110 
appropriately sized tube and centrifuge the cells at 200 x g for 3 min. Aspirate the supernatant 111 
and suspend the cells in PSC plating medium. 112 
 113 
2.3. Plate the PSC suspension at a density of 48,000 – 70,000 cells cm-2 (depending on the cell 114 
line) onto a micro-fabricated plastic vessel and incubate overnight in the 37 °C incubator with 5% 115 
CO2.  116 
 117 
NOTE: We recommend 100 μL well-1 of cell suspension in a 96-well micro-fabricated plastic 118 
vessel. You will typically seed 20,000 cells well-1 in a 96-well plate to yield approximately 100 119 
spheroids. 120 
 121 
2.4. Tiling PSC spheroids on LM511-E8 (Day -3) 122 
 123 
2.4.1. Collect the PSC spheroids in a 15 mL conical tube by gently pipetting using P1000 124 
micropipetter and leave the spheroids to stand at room temperature for 2 min to precipitate by 125 
gravity. Aspirate the supernatant. 126 
 127 
2.4.2. Suspend in spheroid plating medium, dispense the suspension into a non-coated 6-well 128 
culture plate at a density of 4-spheroids cm-2 and culture in the 37 °C incubator with 5% CO2 for 129 
three days. 130 
 131 
3. Hemogenic induction (Day 0) 132 
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 133 
3.1. Aspirate the medium, add Day0 differentiation medium and culture in the 37 °C incubator 134 
with 5% O2 and 5% CO2 (hypoxic incubator). 135 
 136 
3.2. After two days of culture in Day0 differentiation medium, aspirate the medium, then add 137 
Day2 differentiation medium and culture in the hypoxic incubator. 138 
 139 
4. Isolation of hemogenic endothelium (Day 4) 140 
 141 
4.1. Two days later, aspirate the medium and wash the cells with PBS twice. Rinse the cells 142 
with dissociation solution. Incubate in the 37 °C incubator with 5% CO2 for 30 min. 143 
 144 
4.2. Gently suspend the cells in 1 mM EDTA to dissociate to the single-cell level, transfer the 145 
suspension into a 50 mL conical tube and centrifuge the cells at 200 x g for 3 min. Aspirate the 146 
supernatant and suspend the cell pellet with 300 µL of magnetic separation buffer. 147 
 148 
4.3. Add 100 µL of CD34+ microbeads and gently pipet. Incubate for 30 min at room 149 
temperature. Up to 20 million cells per 100 μL CD34+ beads can be used. 150 
 151 
4.4. Filter the suspension through a 40 µm cell strainer. 152 
 153 
4.5. Separate the CD34+ cells using a magnetic separator. 154 
 155 
5. Induction of endothelial-to-hematopoietic transition (EHT) 156 
 157 
5.1. Fibronectin coating 158 
 159 
5.1.1. Prepare the required volume of 5 µg/mL fibronectin-coating solution by diluting 1 mg/mL 160 
fibronectin in PBS. 161 
 162 
5.1.2. Dispense 0.5 mL of the coating solution into each well of a 24-well culture plate. Incubate 163 
the plate at room temperature for 30 min. 164 
 165 
5.2. Centrifuge the sorted CD34+ cells at 200 x g for 3 min. Resuspend the cell pellet in 1 mL 166 
of EHT medium. 167 
 168 
5.3. Determine the viable cell density with the cell counter. Adjust the cell density to 200,000 169 
cells mL-1 by adding EHT medium. 170 

 171 
5.4. Aspirate and discard the coating solution from the fibronectin-coated well. Dispense 0.5 172 
mL of CD34+ cell suspension into each fibronectin-coated well. 173 
 174 
5.5. Incubate in the hypoxic incubator for one week. 175 
 176 
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6. Flow cytometry analysis of hematopoietic cells. 177 
 178 
6.1. Floating cell collection: Transfer the culture medium to a 15 mL conical tube. Centrifuge 179 
the medium at 200 x g for 3 min. Aspirate the supernatant.  180 
 181 
6.2. Adherent cell collection 182 
 183 
6.2.1. Wash the cells with 0.5 mL of PBS twice. 184 
 185 
6.2.2. Rinse the cells with dissociating solution and aspirate the surplus liquid. 186 
 187 
6.2.3. Incubate the plate in the 37 °C incubator for 5 min. 188 
 189 
6.2.4. Resuspend the cells in 1 mL of FACS buffer. 190 
 191 
6.3. Mix the floating cells and adherent cells. 192 
 193 
6.4. Centrifuge the cells at 200 x g for 3 min. Aspirate the supernatant. Resuspend in 50 µL of 194 
FACS buffer. Incubate the cells with anti-CD34 and anti-CD45 antibodies for 1 h at room 195 
temperature in the dark. 196 
 197 
6.5. Wash the cells with PBS twice and centrifuge at 200 x g for 3 min. Aspirate the supernatant 198 
and resuspend in 0.5 mL of FACS buffer with 0.5 µg/mL 4',6-diamidino-2-phenylindole. 199 
 200 
6.6. Measure CD34 and CD45 expression by flow cytometer. 201 
 202 
7. Colony forming unit (CFU) assay of hematopoietic cells 203 
 204 
7.1. Hematopoietic cell collection: Transfer the medium from the culture to a 15 mL conical 205 
tube. Gently rinse the well twice with PBS. 206 
 207 
7.2. Centrifuge the cells at 200 x g for 3 min. Aspirate the supernatant. Resuspend in 1 mL of 208 
EHT medium. Determine cell number with the cell counter. 209 
 210 
7.3. Add a suspension volume equivalent of 10,000 cells to 3 mL of methylcellulose-based 211 
media supplemented with antibiotics and mix well 5 times with a 16 G or 18 G syringe. 212 
 213 
7.4. Dispense the whole methylcellulose-based media suspension into each well of a 6-well 214 
plate. 215 
 216 
7.5. Incubate in the 37 °C incubator with 5% CO2 for two weeks while keeping moist. Do not 217 
disturb the dish. Colonies are motion-sensitive. 218 
 219 
7.6. After two weeks, count the colonies under a microscope.  220 
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 221 
REPRESENTATIVE RESULTS: 222 
A schematic of forming PSC colonies is depicted in Figure 1A. PSC spheroids are formed on a 223 
micro-fabricated plastic vessel for one day. As a representative result, 20,000 409B2 cells could 224 
be handled per 96-well of micro-fabricated plastic vessel, although other cell lines may require a 225 
higher density (30,000-40,000 cells per 96-well of micro-fabricated plastic vessel). Those spheres 226 
are spontaneously flattened to a nearly two-dimensional culture when plated onto a culture dish 227 
in the presence of LM511-E8.  228 
 229 
A schematic of hemogenic induction is illustrated in Figure 1B. When PSC colonies grow to a 230 
diameter of 750 µm, the medium is sequentially changed to induce mesodermal organoids. The 231 
PSC colonies will gradually become a sunny side up structure during differentiation to 232 
mesodermal organoids by sequential medium change until Day 4. On Day 4, hemogenic 233 
endothelia are specified from mesodermal organoids by magnetic sorting and subsequently 234 
plated onto fibronectin in EHT medium.  5-10 million CD34+ CD45-cells are expected from 235 
spheroids containing 1 million PSCs (Figure 1C). 236 
 237 
It is observed that the cells morphologically change from endothelial to hematopoietic cells 238 
(Supplementary Video 1). A representative phase-contrast image of hematopoietic progenitor 239 
cells upon stimulation with hematopoietic cocktail on day 7 is shown in Figure 2A. Hematopoietic 240 
cell colonies emerged in the culture. 241 
 242 
A representative flow cytometry plot is shown in Figure 2B. The whole culture is stimulated with 243 
hematopoietic cocktail and on day 7 is analyzed for the expression of CD34 and CD45 by flow 244 
cytometry. Hematopoietic progenitor cells express CD34 and CD45.  245 
 246 
A CFU assay showed the generation of granulocytes/macrophage colonies from the CD34+ CD45+ 247 
hematopoietic progenitor cells (Figure 2C). The estimated colony number is 38 CFU-G/M per 248 
10,000 cells (Figure 2D) 249 
 250 
FIGURE & TABLE LEGENDS: 251 
 252 
Figure 1. Schematic of tiling PSC colonies and subsequent hematopoietic differentiation via 253 
hemogenic endothelia. (A) Schematic process of forming PSC colonies. PSCs are maintained on a 254 
LM511-E8-coated 6-well plate in PSC maintenance medium. On Day -4, cells are detached and 255 
dissociated to the single-cell level using dissociating solution, subsequently plated onto micro-256 
fabricated plastic vessel in PSC maintenance medium with Y-27632 and cultured overnight to 257 
form spheroids. On Day -3, spheroids are plated in PSC maintenance medium with LM511-E8 and 258 
cultured for three days. By Day 0, spheroids are spontaneously flattened to a nearly two-259 
dimensional culture. Scale bars = 200 µm. (B) On Day 0, the medium is replaced with Day0 260 
differentiation medium and cultured in the hypoxic incubator. On Day 2 of the differentiation, 261 
the medium is replaced with Day2 differentiation medium. On Day 4 of the hemogenic 262 
endothelium enrichment, CD34+ cells are magnetically sorted and cultured on a fibronectin-263 
coated 12-well plate in EHT medium for 6 days. (C) Representative flowcytometry plot of CD45 264 



Page 6 of 13 
 

and CD34 expression of day 4 cells sorted by CD34. 265 
  266 
Figure 2. Analysis of hematopoietic property. (A) Representative phase-contrast image of 267 
hematopoietic progenitor cells after stimulation with hematopoietic cocktail on day 7. Scale bar 268 
= 200 µm. (B) Representative flow cytometry plot of CD45 and CD34 expression of whole culture 269 
upon stimulation with hematopoietic cocktail on day 7. (C) Representative phase-contrast image 270 
of a granulocyte/macrophage colony generated from Day 11 hematopoietic progenitor cells. 271 
Scale bar = 500 µm. (D) Number of CFUs per 10,000 cells. 272 
 273 
Supplementary video 1. EHT video. 274 
 275 
DISCUSSION: 276 
Our feeder- and xeno-free defined induction method offers a precise and cost-effective platform 277 
to induce HE cells in a scalable manner. The faithful formation of hemogenic endothelium in 278 
conventional protocols10-14 have been hampered by lack of precise control of PSC colony density 279 
and size, which affects efficiency of morphogen/cytokine-based directed differentiation. We had 280 
experienced inconsistency of hemogenic endothelium induction in each independent batch from 281 
conventional protocols. The new protocol enables tight regulation of PSC colony density and size, 282 
thus overcomes the inconsistency of hemogenic endothelium induction.   283 
 284 
We exploited the uniformed formation of spheroids and subsequently conveyed a feeder- and 285 
xeno-free defined condition to form HE in a total of 4 days. We confirmed using three 286 
independent cell lines that the spheroid formation assures the consistent formation of HE cells. 287 
As a representative result, the 409B2 cell lines yielded 12.7%-23.6% CD34+ cell efficiency based 288 
on three independent experiments. The critical factor to tile PSC spheroids is LM511-E8. We do 289 
not recommend substituting this with other matrix, such as Matrigel or full-length laminin 290 
products in our experiences. We experienced that mesodermal organoids were easily detached 291 
from Matrigel and lost during differentiation process. And neither Matrigel or full-length laminin 292 
do not anchor cells without pre-coating.   293 
 294 
The potential limitation of this protocol is that we depend on PSC maintenance medium to 295 
maintain PSCs. We have tested other media such as StemFit, but we compromised hemogenic 296 
induction. Presumably cells were resistant to exit from pluripotent state in our short time (4 days) 297 
induction protocol. If one maintains PSCs in other media, we recommend adapting cells in PSC 298 
maintenance medium and conduct a couple of passages prior to differentiation. This platform 299 
will allow the systematic manipulation and analysis of cells, and the off-the-shelf production and 300 
large-scale induction of hematopoietic cells for potential clinical use. A long-term goal of this 301 
system is to model immunodeficiency diseases in humanized mouse models to investigate the 302 
responsible cellular and molecular mechanisms and conduct drug screenings.  303 
 304 
ACKNOWLEDGMENTS:  305 
We are grateful to Alina Li and Seiko Benno for their technical assistance. We would also like to 306 
thank Ms. Harumi Watanabe for providing administrative assistance and Dr. Peter Karagiannis 307 
for editing the paper. This work was supported by the Core Center for iPS Cell Research of 308 



Page 7 of 13 
 

Research Center Network for Realization of Regenerative Medicine from the Japan Agency for 309 
Medical Research and Development (AMED) [M.K.S.], the Program for Intractable Diseases 310 
Research utilizing. Disease-specific iPS cells of AMED (17935423) [M.K.S.] and Center for 311 
Innovation program of Japan Science and Technology Agency (JST) [R.O. and M.K.S.]. 312 
 313 
DISCLOSURES: 314 
The authors declare no conflicts of interest. 315 
 316 
REFERENCES: 317 
1 Pereira, C. F. et al. Induction of a hemogenic program in mouse fibroblasts. Cell Stem Cell 318 
13, 205-218, doi:10.1016/j.stem.2013.05.024 (2013). 319 
2 Lancrin, C. et al. The haemangioblast generates haematopoietic cells through a 320 
haemogenic endothelium stage. Nature 457, 892-895, doi:10.1038/nature07679 (2009). 321 
3 Loh, K. M. et al. Mapping the Pairwise Choices Leading from Pluripotency to Human Bone, 322 
Heart, and Other Mesoderm Cell Types. Cell 166, 451-467, doi:10.1016/j.cell.2016.06.011 (2016). 323 
4 Ng, E. S. et al. Differentiation of human embryonic stem cells to HOXA+ hemogenic 324 
vasculature that resembles the aorta-gonad-mesonephros. Nature Biotechnology 34, 1168-1179, 325 
doi:10.1038/nbt.3702 (2016). 326 
5 Batta, K. et al.  Direct reprogramming of murine fibroblasts to hematopoietic progenitor 327 
cells. Cell Reports  9, 1871-1884, doi:10.1016/j.celrep.2014.11.002 (2014). 328 
6 Sturgeon, C. M. et al. Defining the path to hematopoietic stem cells. Nature Biotechnology  329 
31, 416-418, doi:10.1038/nbt.2571 (2013). 330 
7 Ivanovs, A. et al. Human haematopoietic stem cell development: from the embryo to the 331 
dish. Development  144, 2323-2337, doi:10.1242/dev.134866 (2017). 332 
8 Blaser, B, W. and Zon, L, I. Making HSCs in vitro: don’t forget the hemogenic endothelium. 333 
Blood (2018). 334 
9 Speck, N. and Dzierzak, E. Of lineage and legacy: the development of mammalian 335 
hematopoietic stem cells. Nature imunology (2008). 336 
10 Niwa, A. et al. A novel serum-free monolayer culture for orderly hematopoietic 337 
differentiation of human pluripotent cells via mesodermal progenitors. PLoS One 6, e22261, 338 
doi:10.1371/journal.pone.0022261 (2011). 339 
11 Sturgeon, C. M. et al.  Wnt signaling controls the specification of definitive and primitive 340 
hematopoiesis from human pluripotent stem cells. Nature Biotechnology 32, 554-561, 341 
doi:10.1038/nbt.2915 (2014). 342 
12 Ditadi, A. et al. Human definitive haemogenic endothelium and arterial vascular 343 
endothelium represent distinct lineages. Nature Cell Biology 17, 580-591, doi:10.1038/ncb3161 344 
(2015). 345 
13 Kennedy, M. et al. T lymphocyte potential marks the emergence of definitive 346 
hematopoietic progenitors in human pluripotent stem cell differentiation cultures. Cell Reports 2, 347 
1722-1735, doi:10.1016/j.celrep.2012.11.003 (2012). 348 
14 Sugimura, R. et al. Haematopoietic stem and progenitor cells from human pluripotent 349 
stem cells. Nature 545, 432-438, doi: 10.1038/nature22370 (2017). 350 
15 Miyazaki, T. et al. Efficient Adhesion Culture of Human Pluripotent Stem Cells Using 351 
Laminin Fragments in an Uncoated Manner. Scientific Reports 7, 41165, doi:10.1038/srep41165 352 



Page 8 of 13 
 

(2017). 353 
 354 



Figure. 1

Day -4 Day -3 Day 0

A)

Essential 8 Essential 6 Stemline Ⅱ

CHIR99021
BMP4
VEGF VEGF

SCF
SB431542 SCF

TPO
FLT-L3
IL-6

Day 0 Day 2 Day 4 Day 11

Hemogenic induction Hematopoietic induction

iMatrix-511 Fibronectin

MACS (CD34+)

HE

Day 4

B)

CD45

C
D

34

C)

97.6 % 1.3 %

Figure Click here to access/download;Figure;190210.hemogenic
induction.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1005166&guid=ce5cc325-80df-40d7-ad2c-3267ca9babb6&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1005166&guid=ce5cc325-80df-40d7-ad2c-3267ca9babb6&scheme=1


Figure. 2

A) B)

C)

CD45

C
D

34

59.4 %

D)



  

Video or Animated Figure

Click here to access/download
Video or Animated Figure

180713-a_8.10x_Ph EHT movie compressed.avi

https://www.editorialmanager.com/jove/download.aspx?id=1005174&guid=6519d6c6-9911-4e90-a6f9-60d8e417782c&scheme=1


Reagent Maker Catalog # Name in manuscript

0.5 M EDTA Thermo Fisher Scientific 15575 0.5M EDTA

40 μm cell strainer Corning 352340 40μM cell 

strainer6 well plate Corning 353046 6 well plate

Antibiotic-antimycotic Thermo Fisher Scientific 15240-112 Penicillin/ 

Streptomycin/Aanti-CD34 antibody Beckman Coulter A07776 anti-CD34 

antibodyanti-CD45 antibody Biolegend 304012 anti-CD45 

antibodyBMP4 R&D Systems 314-BP-010 BMP4

CD34 microbeads Miltenyi 130-046-703 CD34 microbeads

CHIR99021 Wako 038-23101 CHIR99021

Essential 6 Thermo Fisher Scientific A15165-01 Hemogenic basal 

mediumEssential 8 Thermo Fisher Scientific A15169-01 Mesodermal 

basal mediumEzsphere SP Microplate 

96well

AGC 4860-900SP micro-fabricated 

plastic vessel 

FCS Biosera FB-1365/500 FCS

Fibronectin Millipore FC010-100MG Fibronectin

Flt-3L R&D Systems 308-FK-005 Flt-3L

Glutamax Thermo Fisher Scientific 35050-061 L-Glutamine

IL-6/IL-6Rα R&D Systems 8954-SR IL-6/IL-6Rα

iMatrix-511 Matrixome 892 001 LM511-E8

ITS-X Thermo Fisher Scientific 51500-056 Insulin-

Transferrin-MACS buffer Miltenyi 130-091-221 magnetic 

separation bufferMethocult 

4435MethoCult™ H4435 

STEMCELL TECHNOLOGIES 04435 Methylcellulose-

based mediamTeSR1 STEMCELL TECHNOLOGIES 85850 PSC maintenance 

mediumPBS nacalai tesque 14249-24 PBS

SB431542 Wako 031-24291 SB431542

SCF R&D Systems 255-SC-010 SCF

Stemline Ⅱ 

Hematopoietic Stem Cell 

Sigma Aldrich S0192-500ML Hematopoietic 

basal mediumTPO R&D Systems 288-TPN TPO

TrypLE Express Thermo Fisher Scientific 12604-021 dissociation 

solutionVEGF R&D Systems 293-VE-010 VEGF

Y-27632 Wako 253-00513 Y-27632

1

Table of Materials Click here to access/download;Table of
Materials;20190320.Reagent table Rio edit 32019.xlsx

https://www.editorialmanager.com/jove/download.aspx?id=1005958&guid=c321b781-53bb-49ce-9b85-88992ed3ff78&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1005958&guid=c321b781-53bb-49ce-9b85-88992ed3ff78&scheme=1


 ARTICLE AND VIDEO LICENSE AGREEMENT  

  

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.  

Title of Article:   
  
Author(s):   
  
  
Item 1: The 
Author elects to have the Materials be made available (as described at http://www.jove.com/publish) via:  

 X Standard Access     

Item 2: Please select one of the following items:  

 X The Author is NOT a United States government employee.  

 The Author is a United States government employee and the Materials were prepared in the 

course of his or her duties as a United States government employee.  The Author is a United 

States government employee but the Materials were NOT prepared in the course of his or her 

duties as a United States government employee.  

  
ARTICLE AND VIDEO LICENSE AGREEMENT  

  
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” means 
the author who is a signatory to this Agreement; “Collective 
Work” means a work, such as a periodical issue, anthology 
or encyclopedia, in which the Materials in their entirety in 
unmodified form, along with a number of other 
contributions, constituting separate and independent works 
in themselves, are assembled into a collective whole; “CRC 
License” means the Creative Commons AttributionNon 
Commercial-No Derivs 3.0 Unported Agreement, the terms 
and conditions of which can be found at: 
http://creativecommons.org/licenses/by-
ncnd/3.0/legalcode; “Derivative Work” means a work 
based upon the Materials or upon the Materials and other 
preexisting works, such as a translation, musical 
arrangement, dramatization, fictionalization, motion 
picture version, sound recording, art reproduction, 
abridgment, condensation, or any other form in which the 
Materials may be recast, transformed, or adapted; 
“Institution” means the institution, listed on the last page 
of this Agreement, by which the Author was employed at 
the time of the creation of the Materials; “JoVE” means 
MyJove Corporation, a Massachusetts corporation and the 
publisher of The Journal of Visualized Experiments; 

“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) 
made by the Author, alone or in conjunction with any other 
parties, or by JoVE or its affiliates or agents, individually or 
in collaboration with the Author or any other parties, 
incorporating all or any portion of the Article, and in which 
the Author may or may not appear.  

2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video.  

3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
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or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications as 
are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License.  

4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the 
nonexclusive right to use all or part of the Article for the 
noncommercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author.  

5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE.  

6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 

the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License.  

7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 
rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute.  

8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or might 
infringe the copyright of either the Author’s Article and/or 
Video.  

9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under all 
applicable privacy, likeness, personality or similar laws. 10. 
Author Warranties. The Author represents and warrants 
that the Article is original, that it has not been published, 
that the copyright interest is owned by the Author (or, if 
more than one author is listed at the beginning of this 
Agreement, by such authors collectively) and has not been 
assigned, licensed, or otherwise transferred to any other 
party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed at 
the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will continue 
to comply with all government, institutional and other 
regulations, including, without limitation all institutional, 
laboratory, hospital, ethical, human and animal treatment, 
privacy, and all other rules, regulations, laws, procedures or 
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guidelines, applicable to the Materials, and that all research 
involving human and animal subjects has been approved by 
the Author's relevant institutional review board.  

11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
discretion, elect not take any action with respect to the 
Article until such time as it has received complete, 
executed Article and Video License Agreements from 
each such author. JoVE reserves the right, in its absolute 
and sole discretion and without giving any reason 
therefore, to accept or decline any work submitted to 
JoVE. JoVE and its employees, agents and independent 
contractors shall have full, unfettered access to the 
facilities of the Author or of the Author’s institution as 
necessary to make the Video, whether actually published 
or not. JoVE has sole discretion as to the method of 
making and publishing the Materials, including, without 
limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, 
content and the like.   

12. Indemnification. The Author agrees to 
indemnify JoVE and/or its successors and assigns from 
and against any and all claims, costs, and expenses, 
including attorney’s fees, arising out of any breach of any 
warranty or other representations contained herein. The 
Author further agrees to indemnify and hold harmless 
JoVE from and against any and all claims, costs, and 
expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of 
violation of intellectual property rights, damage to the 
Author’s or the Author’s institution’s facilities, fraud, libel, 
defamation, research, equipment, experiments, property 
damage, personal injury, violations of institutional, 
laboratory, hospital, ethical, human and animal 
treatment, privacy or other rules, regulations, laws, 

procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, 
and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by 
contamination due to the making of a video by JoVE its 
employees, agents or independent contractors. All 
sterilization, cleanliness or decontamination procedures 
shall be solely the responsibility of the Author and shall 
be undertaken at the Author’s expense. All 
indemnifications provided herein shall include JoVE’s 
attorney’s fees and costs related to said losses or 
damages. Such indemnification and holding harmless 
shall include such losses or damages incurred by, or in 
connection with, acts or omissions of JoVE, its employees, 
agents or independent contractors. 13. Fees. To cover 
the cost incurred for publication, JoVE must receive 
payment before production and publication of the 
Materials. Payment is due in 21 days of invoice. Should 
the Materials not be published due to an editorial or 
production decision, these funds will be returned to the 
Author. Withdrawal by the Author of any submitted 
Materials after final peer review approval will result in a 
US$1,200 fee to cover pre-production expenses incurred 
by JoVE. If payment is not received by the completion of 
filming, production and publication of the Materials will 
be suspended until payment is received. 14. Transfer, 
Governing Law. This Agreement may be assigned by JoVE 
and shall inure to the benefits of any of JoVE’s successors 
and assignees. This Agreement shall be governed and 
construed by the internal laws of the Commonwealth of 
Massachusetts without giving effect to any conflict of law 
provision thereunder. This Agreement may be executed 
in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me 
one and the same agreement. A signed copy of this 
Agreement delivered by facsimile, e-mail or other means 
of electronic transmission shall be deemed to have the 
same legal effect as delivery of an original signed copy of 
this Agreement. 
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Please submit a signed and dated copy of this license by one of the following three methods:  

1. Upload an electronic version on the JoVE submission site  

2. Fax the document to +1.866.381.2236  

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140  

 Ryohichi Sugimura 
Date:   
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1. Please take this opportunity to thoroughly proofread the manuscript to ensure that 

there are no spelling or grammar issues. 

2. Please obtain explicit copyright permission to reuse any figures from a previous 

publication. Explicit permission can be expressed in the form of a letter from the 

editor or a link to the editorial policy that allows re-prints. Please upload this 

information as a .doc or .docx file to your Editorial Manager account. The Figure 

must be cited appropriately in the Figure Legend, i.e. “This figure has been modified 

from [citation].” 

There is no figure requiring copyright permission. 

 

3. Please add a Summary section to clearly describe the protocol and its applications 

in complete sentences between 10-50 words: “Here, we present a protocol to …”. 

We have included Summary section. “Here, we present a protocol to precisely form 
hemogenic endothelium from human pluripotent stem cells in a feeder- and xeno- 
free condition. This method will have broad applications in disease modeling and 
screening for therapeutic compounds.” 

 

4. Please provide at least 6 keywords or phrases in the manuscript. 

Hemogenic endothelium, hematopoiesis, human pluripotent stem cells, PSC spheroids, 

mesoderm organoids, directed differentiation, xeno-free, feeder-free 

 

5. Please use standard SI unit symbols and prefixes such as µL, mL, L, g, m, etc., and h, 

min, s for time units. 

We have revised the units as suggested by editor.  

 

6. Please revise the Discussion to explicitly cover the following in detail in 3-6 

paragraphs with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique 

We have revised Discussion to address comments above. 
Our feeder- and xeno-free defined induction method offers a precise and cost-effective 
platform to induce HE cells in a scalable manner. The faithful formation of hemogenic 
endothelium in conventional protocols10-14 have been hampered by lack of precise 
control of PSC colony density and size, which affects efficiency of 
morphogen/cytokine-based directed differentiation. We had experienced inconsistency 
of hemogenic endothelium induction in each independent batch from conventional 
protocols. The new protocol enables tight regulation of PSC colony density and size, 
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thus overcomes the inconsistency of hemogenic endothelium induction.  We exploited 
the uniformed formation of spheroids and subsequently conveyed a feeder- and 
xeno-free defined condition to form HE in a total of 4 days. We confirmed using three 
independent cell lines that the spheroid formation assures the consistent formation of 
HE cells. As a representative result, the 409B2 cell lines yielded 12.7%-23.6% CD34+ 
cell efficiency based on three independent experiments. The critical factor to tile PSC 
spheroids is iMatrix-511. We do not recommend to substitute this with other matrix, such 
as Matrigel or full-length laminin products (e.g.biolamina) in our experiences. We 
experienced that mesodermal organoids were easily detached from Matrigel and lost 
during differentiation process. And neither Matrigel or full-length laminin do not anchor 
cells without pre-coating.  The potential limitation of this protocol is that we depend on 
mTeSR1 media to maintain PSCs. We have tested other media such as StemFit, but we 
compromised hemogenic induction. Presumably cells were resistant to exit from 
pluripotent state in our short time (4 days) induction protocol. If one maintains PSCs in 
other media, we recommend to adapt cells in mTeSR1 and conduct a couple of 
passages prior to differentiation. This platform will allow the systematic manipulation 
and analysis of cells, and the off-the-shelf production and large-scale induction of 
hematopoietic cells for potential clinical use. A long-term goal of this system is to model 
immunodeficiency diseases in humanized mouse models to investigate the responsible 
cellular and molecular mechanisms and conduct drug screenings.  

 

 

7. Please do not abbreviate journal titles for references. 

We have revised journal titles for references as suggested by editor. 

 

8. For each figure, please provide a title for the whole figure in figure legend. Please 

bold the title. 

We have added a title for each figure in Figure Legend. 

 

9. Please include a scale bar for all images taken with a microscope to provide context 

to the magnification used. Define the scale in the appropriate Figure Legend. 

We have added scale bars for all images and defined the scale in Figure Legend. 

 

10. Please define all abbreviations before use, e.g., PBS, EDTA, etc. 

We have defined abbreviations as suggested by editor. 

 

11. Please provide affiliation for each author. 

All authors belong to same laboratory. 

 

12. Step 1.1: Please write this step in complete sentence and ensure that all text is 

written in the imperative tens2. 

We have revised as suggested by editor. 



 

13. Step 1.2.1-1.2.9: Please write each step in complete sentence and ensure that all 

text is written in the imperative tense. 

We have revised as suggested by editor. 

 

14. Please upload each Figure individually to your Editorial Manager account as a .png 

or a .tiff file. 

 

15. There is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of 

the Protocol steps (including headings and spacing) in yellow that identifies the 

essential steps of the protocol for the video, i.e., the steps that should be visualized to 

tell the most cohesive story of the Protocol. 

We have highlighted critical steps in yellow. 
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FIGURE LEGENDS 1 

Figure 1.  2 

(A) Schematic process of forming PSC spheroidss. PSCs are maintained on 3 

iMatrix-511 in mTeSR1 medium. On Day -4, cel ls are detached and dissociated 4 

to the single-cell level using TrypLE Express, and subsequently plated onto 5 

EZsphere in mTeSR1 medium with Y-27632 and cultured overnight to form 6 

spheroids. On Day -3, spheroids are plated in mTeSR1 medium with 7 

iMatrix-511 and cultured for three days. By Day 0, you will see spheroids are 8 

spontaneously f lattened to be nearly two-dimension.  9 

(B) On Day 0 of differentiat ion, the medium is replaced with Essential 8 containing 10 

CHIR99021, BMP4 and VEGF165 and cultured in 5% O 2- and 5%CO2  incubator. 11 

On Day 2 of differentiat ion, the medium is replaced with Essential 6 containing 12 

SB431542, VEGF and SCF. The PSC colonies wil l form mesoderm organoids.  13 

On Day 4, hemogenic endothelium are harvested from mesoderm organoids.  14 

CD34+  hemogenic endothelial cells are magnetically sorted and cultured 15 

f ibronectin in Stemline Ⅱ  supplemented with SCF, TPO, Flt -3L and IL-6/IL-6R16 

α ,  ITS-X and Glutamax for six days.  17 

18 
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2 

 

Figure 2.  1 

(A) Representative phase-contrast image of hematopoietic progenitor cells from 2 

stimulation of hematopoietic cocktail on day 7  (Scale bar = XX µm). (B) 3 

Representative f lowcytometry plot of CD45 and CD34 expression from stimulation 4 

of hematopoietic cocktail on day 7 whole culture.  5 


