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To the editors: 
 
 

We were invited by Dr. Ronald Meyer to submit our manuscript entitled "Ex Vivo 

Expansion of Hematopoietic Stem Cells from Human Umbilical Cord Blood-derived CD34+ 

Cells Using Valproic Acid” for publication in the Journal of Visualized Experiments.  

 

Umbilical cord blood (UCB) is an alternative source of hematopoietic stem cells 

(HSCs) for patients who require allogeneic stem cell transplantation. The use of UCB 

for this purpose is restricted due to the limited number of HSCs within a single UCB 

unit. Others and us have utilized different strategies and protocols to overcome this 

limitation. Such methods result in various degrees of expansion in HSC numbers. 

Importantly, ex vivo culture conditions in these protocols induce stress, leading to 

rapid cell proliferation, increased metabolic activity and loss of the primitive 

characteristics that define primary HSCs. Therefore, there is a great need to develop 

strategies and protocols that lead to expansion of fully functional HSC with 

characteristics that closely resemble primary primitive HSCs.  

 

The method described in this manuscript utilizes a combination of a cytokine cocktail 

with a histone deacetylase inhibitor, valproic acid (VPA) that allows for the expansion 

of great numbers of HSCs from UCB-derived CD34+ cells. Ex vivo expanded HSCs 

exhibit both phenotypic and primitive metabolic characteristics that resemble those of 

primary HSCs.  Importantly, expanded HSC grafts generated with this protocol have 

the capacity to regenerate the hematopoietic system since they can differentiate into 

all hematopoietic cell lineages and establish long-term engraftment following 

Cover letter



transplantation into myeloablated NSG mouse models. This strategy has been up-

scaled into GMP grade and a NYSTEM-supported clinical trial is planned to start 

within 2018.  

 

This protocol is rapid and relatively simple and cost effective. It is highly reproducible 

and generates two types of HSCs. The 7-day expansion protocol allows generation of 

HSCs that can be used for allogeneic HSC transplantation where more rapid as well 

as sustained multilineage engraftment is required. The 4-day expansion protocol can 

be used for genetic modification strategies that target long-term repopulation cells. 

This protocol might be beneficial for improving existing gene editing protocols and 

enable correction of genetic mutations in HSC transplantation-based therapies for 

diseases including β-thalassemia and sickle cell disease. Moreover, it can be applied 

to maintain great numbers of HSCs during manipulation of genes for studies focused 

on elucidation of gene functions in HSCs and in hematopoiesis.  

  

Thus, the method described here can be used for ex vivo expansion of both human 

and murine HSCs and can be tailored to specific clinical applications as well as to a 

wide spectrum of investigations in basic research. 
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SUMMARY:  27 

Here, we describe the ex vivo expansion of hematopoietic stem cells from CD34+ cells derived 28 

from umbilical cord blood treated with a combination of a cytokine cocktail and VPA. This method 29 

leads to a significant degree of ex vivo expansion of primitive HSCs for either clinical or laboratory 30 

applications. 31 

 32 

ABSTRACT: 33 

 34 

Umbilical cord blood (UCB) units provide an alternative source of human hematopoietic stem 35 

cells (HSCs) for patients who require allogeneic bone marrow transplantation. While UCB has 36 

several unique advantages, the limited numbers of HSCs within each UCB unit limits their use in 37 

regenerative medicine and HSC transplantation in adults. Efficient expansion of functional human 38 

HSCs can be achieved by ex vivo culturing of CD34+ cells isolated from UCBs and treated with a 39 

deacetylase inhibitor, valproic acid (VPA). The protocol detailed here describes the culture 40 

conditions and methodology to rapidly isolate CD34+ cells and expand to a high degree a pool of 41 

primitive HSCs. The expanded HSCs are capable of establishing both short-term and long-term 42 

engraftment and are able to give rise to all types of differentiated hematopoietic cells. This 43 
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method also holds potential for clinical application in autologous HSC gene therapy and provides 44 

an attractive approach to overcome the loss of functional HSCs associated with gene editing.  45 

 46 

INTRODUCTION: 47 

Ex vivo expansion of hematopoietic stem cells (HSCs) from umbilical cord blood (UCB) units holds 48 

great promise for HSC applications in regenerative medicine and transplantation therapy. 49 

Transplantation with UCB units has several unique advantages such as easy collection, high 50 

availability, minimal risk of infection, low risk of disease relapse, and low frequency of graft-51 

versus host disease (GVHD). However, the major disadvantages of their use in clinical settings are 52 

the limited number of HSCs present within each UCB unit1. The insufficient number of HSCs 53 

results in delayed engraftment and hematopoietic recovery, risk of graft rejection, and aberrant 54 

immune reconstitution. 55 

 56 

Currently, various methods and strategies have been developed to ex vivo expand the limited 57 

number of HSCs from UCBs. Combinations of different cytokine cocktails with small molecules or 58 

compounds in ex vivo cultures result in various degrees of expansion in HSC numbers2-8. 59 

Importantly, ex vivo culture conditions induce stress, leading to rapid cell proliferation, increased 60 

metabolic activity and loss of the primitive characteristics that define primary HSCs. Therefore, 61 

developing protocols that lead to expansion of a great number of functional HSCs with 62 

characteristics that closely resemble primary primitive HSCs are needed.  63 

 64 

Serum-free cultures of CD34+ cells isolated from UCBs and treated with valproic acid (VPA) result 65 

in the expansion of large numbers of primitive HSCs4,9,10. The HSC expansion is not solely due to 66 

the proliferation of the existing HSCs derived from UCBs. Instead, this expansion is due to the 67 

acquisition of a primitive phenotype combined with a limited number of cell divisions and 68 

proliferation9. Within the initial 24–48 h of incubation with a combination of cytokines and VPA, 69 

CD34+ cells acquire a transcriptomic and phenotypic profile that characterize long-term HSCs. 70 

The significant increase in the percentage of HSCs is accompanied by a prompt increase in the 71 

number of HSCs (63 fold increase within 24 h of VPA treatment)9. Notably, the VPA-ex vivo 72 

expansion strategy expands HSCs with low metabolic activity, which further highlights their 73 

primitive characteristics.  74 

 75 

The method described here provides conditions and treatments that lead to a significant degree 76 

of ex vivo expansion of primitive HSCs for either clinical or laboratory applications. This ex vivo 77 

expansion strategy uses a cytokine cocktail combined with VPA treatment. VPA is an FDA 78 

approved drug for treatment of bipolar disorders and other neurological diseases. The HSC 79 

expansion with VPA is prompt and occurs within 7 days, minimizing both the time of manipulation 80 

and the risk of contamination. Importantly, this protocol allows for the acquisition of long-term 81 

HSC phenotypic markers such as CD90 and CD49f within 24-48 h following treatment with VPA9. 82 

Expanded HSC grafts created with this protocol have the capacity to regenerate the 83 

hematopoietic system since they can differentiate into all hematopoietic cell lineages and 84 

establish long-term engraftment following transplantation into myeloablated NSG mouse 85 

models4. Moreover, this protocol is highly reproducible and allows efficient and rapid isolation 86 

of viable CD34+ cells from UCBs, which is critical for industrialization of this procedure. 87 



 

 88 

The VPA ex vivo expansion protocol also has the potential to overcome the significant loss of 89 

HSCs which occurs during gene editing11. Gene editing requires exposure to cytokines, which are 90 

necessary for cycling cells and activation of DNA-repair mechanisms. Due to the prompt effects 91 

of VPA treatment, this method might be beneficial for generation of a higher number of 92 

genetically modified cells within a period of time that is relevant for currently utilized gene 93 

modification protocols.  94 

 95 

PROTOCOL: 96 

 97 

The HSC ex vivo expansion protocol follows the guidelines of the Research Ethics Committee at 98 

Mount Sinai School of Medicine. 99 

 100 

1. Buffer and media preparation 101 

 102 

1.1. Prepare separation buffer 24 h prior to isolation of CD34+ cells from UBCs by adding 2 mL of 103 

0.5 M Ethylene Diamine Tetra-acetic Acid (EDTA) and 33 mL of 7.5% Bovine Serum Albumin (BSA) 104 

to 465 mL buffered saline (1x PBS). Mix gently and maintain the buffer overnight at 4 °C. 105 

 106 

1.2. Warm media at room temperature on the day of purification. 107 

 108 

2. Isolation of Mononuclear Cells (MNCs) from UCB unit  109 

 110 

2.1. Dispense the whole UCB unit into a 75 cm2 flask. Dilute and gently mix the UCB with an equal 111 

volume of PBS at room temperature.  112 

 113 

2.2. Determine the number of tubes required for processing the whole UCB unit (one 50 mL 114 

conical tube can be used to process 35 mL of diluted UCB). Add 15 mL of density gradient media 115 

(see Table of Materials) to each tube and dispense the diluted UCB on the top of the density 116 

gradient media creating two layers.  117 

 118 

NOTE: Dispense the diluted UCB very slowly while holding the tube at a 45-degree angle to 119 

prevent mixing of the density gradient media layer with the UCB. 120 

 121 

2.3. Centrifuge at 400 x g for 30 min at a low acceleration and deceleration rate. After 122 

centrifugation, MNCs locate in the white layer (buffy coat) between the plasma and density 123 

gradient media layer. 124 

 125 

2.4. Slowly aspirate 2/3 of the plasma without disturbing the buffy coat layer. Carefully transfer 126 

the buffy coat layer into a new 50 mL tube. Collect all MNCs from the same UCB unit into a 50 127 

mL tube until reaching 25 mL. Use a new tube if the volume of collected MNCs exceeds 25 mL. 128 

 129 

2.5. Add 25 mL of cold PBS into the tube containing 25 mL of MNCs and mix well. Centrifuge at 130 

400 x g for 10 min at 4 °C.  131 



 

 132 

NOTE: Cold PBS is important to prevent capping of antibodies on the cell surface and reduce non-133 

specific labeling. 134 

 135 

2.6. Carefully aspirate the supernatant and gently re-suspend the cell pellet in 50 mL of cold PBS. 136 

 137 

2.7. Remove 20 μL of the cell suspension for counting. Count the cell number stained with 138 

acridine orange/propidium iodide staining by using an automated cell counter. Calculate the total 139 

number of MNCs.  140 

 141 

NOTE: The cell count can be also performed by the trypan blue exclusion method using a 142 

hemocytometer. 143 

 144 

2.8. Centrifuge at 400 x g for 15 min at 4 °C.  145 

 146 

NOTE: If not required immediately, MNCs can be frozen at this stage. 147 

 148 

3. Isolation of CD34+ cells from UCBs  149 

 150 

3.1. Prepare the CD34+ antibody coupled with magnetic beads solution for isolation of CD34+ cells 151 

from MNCs. Mix 300 µL of separation buffer with 100 µL of human FcR human IgG (blocking 152 

reagent) and 100 µL of CD34 magnetic beads for isolation of CD34+ cells from each 108 MNCs. For 153 

isolation of a higher number of CD34+ cells from (>108) MNCs, scale up reagents accordingly.  154 

 155 

3.2. Carefully aspirate the supernatant from the tube centrifuged at step 2.8. Resuspend the 156 

pellet in the CD34 magnetic beads solution prepared in step 3.1 (use 500 µL of solution per 108 157 

cells). 158 

 159 

3.3. Mix gently and incubate at 4 °C for 30 min.  160 

 161 

NOTE: Prepare the cell separator device (see Table of Materials) during the incubation period. 162 

Replace the storage solution with the working buffer as indicated by the manufacturer’s 163 

instructions and run a washing program followed by a rinsing program.  164 

 165 

3.4. Add cold cell separator running buffer to the tube containing the cell mixture until the tube 166 

is fully filled. Centrifuge at 400 x g for 15 min at 4 °C. 167 

 168 

3.5. Aspirate the supernatant and resuspend the cell pellet in cold cell separator running buffer 169 

(2 mL/108 cells). Transfer the 2 mL of cell suspension mixture into 15 mL tubes. 170 

 171 

3.6. Load 3 sets of 15 mL tubes into the cell separator rack prechilled at 4 °C. One set of tubes 172 

contains MNCs, the second set of tubes will be used to collect the negative fraction and the third 173 

set of tubes will be used to collect purified CD34+ cells.  174 



 

 175 

3.7. Load the rack into the cell separator device and run the posseld2 preset program.  176 

 177 

NOTE: An alternative method that utilizes manual magnetic separator can be used to replace the 178 

cell separator device12 .  179 

 180 

3.8. Centrifuge tubes with the positive fraction at 400 x g for 15 min at 4 °C. Aspirate the 181 

supernatant and resuspend purified CD34+ cells in 1 mL of serum-free media. 182 

 183 

3.9. Count the cells stained with acridine orange/propidium iodide using an automated cell 184 

counter.  185 

 186 

NOTE: If not required immediately, purified CD34+ cells can be frozen at this stage. 187 

 188 

4. VPA ex vivo expansion of purified UCB-CD34+ cells 189 

 190 

4.1. Prepare sufficient volume of media to plate the purified CD34+ cells at a density of 3.3 x 104 191 

cells/mL. The culture media composition is serum Free culture medium (see Table of Materials) 192 

supplemented with 10 µL/mL pen/strep, 150 ng/mL stem cell factor (SCF), 100 ng/mL fms-like 193 

tyrosine kinase receptor 3 (FLT3 ligand), 100 ng/mL thrombopoietin (TPO), and 50 ng/mL 194 

interleukin 3 (IL-3). 195 

 196 

4.2. Plate purified CD34+ cells in a 12-well plate (5 x 104 CD34+ cells/ 1.5 mL of media/ well) and 197 

culture at 37 °C in a 5% CO2 humidified incubator. 198 

 199 

4.3. Assess the purity of isolated CD34+ cells and cell composition by FACS analysis as described 200 

below in step 6.3. 201 

 202 

4.4. Add VPA at a final concentration of 1 mM into the cultures of cells treated for 16 h with 203 

cytokine cocktail.  204 

 205 

4.5. Culture the cells for an additional 7 days at 37 °C in a 5% CO2 humidified incubator.  206 

 207 

NOTE: Media remains unchanged during the duration of the ex vivo expansion.  208 

 209 

5. Antibody staining for flow cytometry analysis 210 

 211 

5.1.  Prepare antibody-staining solution to stain 2 x 104–6 x 104 cells and isotype solution to 212 

determine FACS gating strategy and determine the level of non-specific binding. Dilute antibodies 213 

(1/100 APC anti-CD34, 1/200 FITC anti-CD90) and the respective isotypes into 50 µL of separation 214 

buffer (composition of separation buffer is defined in step 1.1).  215 

 216 



 

NOTE: Perform single staining of cells with each antibody for a FMO gating strategy. Total 217 

antibody compensation bead kit (see Table of Materials) can be used for compensation setup. 218 

 219 

5.2. Homogenize the cell culture by pipetting multiple times. Count cells and pipet 5 x 104 cells 220 

into a 1.5 mL tube. 221 

 222 

5.3. Add 1 mL of separation buffer and centrifuge at 400 x g for 15 min at room temperature. 223 

 224 

5.4. Aspirate the supernatant and resuspend the pellet in 50 µL of the staining solution. Incubate 225 

cells for 30 min at room temperature. 226 

 227 

5.5. Add 450 µL of separation buffer and centrifuge at 400 x g for 15 min at room temperature. 228 

 229 

5.6. Aspirate the supernatant and resuspend the pellet in 100 µL of separation buffer. Keep cells 230 

on ice for at least 5 min until performing FACS analysis. Add 1 µL of 7-AAD to gate viable cells. 231 

 232 

5.7. Load the stained cell sample on the FACS machine and acquire cells at the lowest flow rate.  233 

 234 

5.8. For each fluorophore, analyze the isotype controls and single stained cells to set up gating 235 

for FITC (CD90), APC (CD34), and PerCP/Cy5.5 (7-AAD) staining. 236 

 237 

5.9. Gate PerCP/Cy5.5 negative fraction and plot APC vs FITC to determine the percent of viable 238 

CD34+, CD90+, and CD34+CD90+ cells that defines the HSPC/HSC population in the culture. 239 

 240 

6. Antibody staining for flow cytometry cell sorting 241 

 242 

6.1. Resuspend the expanded cells by pipetting multiple times. Count the cell number and 243 

transfer the whole culture into a 15 mL or 50 mL tube. 244 

 245 

6.2. Fill up the tube with cold separation buffer 246 

 247 

6.3. Centrifuge at 400 x g for 15 min at 4 °C. 248 

 249 

6.4. Prepare antibody-staining solution to stain 5 x 105–2 x 106 cells and isotype solution to stain 250 

1 x 105 cells and determine FACS gating. Dilute 1/10 (APC anti-CD34), 1/20 (FITC-CD90) antibodies 251 

and the corresponding isotypes into 500 µL of separation buffer per each condition.  252 

 253 

6.5. Prepare the single color compensation controls using a total antibody compensation bead 254 

kit according to manufacturer's instructions. 255 

 256 

6.6. Transfer the supernatant from step 5.2 into a new tube and keep it at 37 °C. This culture 257 

media will be reused to culture the sorted cells.  258 

 259 



 

6.7. Resuspend the cell pellet in cold separation buffer to obtain a concentration of 5 x 105 cells/ 260 

mL. Transfer 1 x 105 cells in 1.5 mL tubes for isotype staining and the remaining cells that will be 261 

sorted into other 1.5 mL tubes. 262 

 263 

6.8. Centrifuge the tubes at 400 x g for 15 min at 4 °C. 264 

 265 

6.9. Discard the supernatant and resuspend pellets of cells in isotype staining solution and the 266 

pellet of cells that will be sorted in the antibody staining solution. 267 

 268 

6.10. Incubate for 30 min at 4 °C. 269 

 270 

6.11. Add 450 µL of separation buffer and centrifuge at 400 x g for 15 min at 4 °C. 271 

 272 

6.12. Resuspend the pellets with 2 mL of cold separation buffer.  273 

 274 

6.13. To prevent clogs, filter the samples through a 40 μm cell strainer and place on ice until 275 

FACS. 276 

 277 

6.14. Set-up cell sorter for sorting with the correct parameters. 278 

 279 

6.15. Run isotype samples to set voltage and gain for forward and side scatter and identify 280 

negative fluorescence populations. 281 

 282 

6.16. Run single color controls to set compensation coefficients and apply compensated 283 

parameter to collection protocol. 284 

 285 

6.17. Run a small aliquot of the (Ab) sample (~50,000 events) to establish the gating strategy.  286 

 287 

6.18. Set up sort decisions to collect the CD34+ CD90- cell fraction. 288 

 289 

6.19. Sort cells into collection tubes coated with 2 mL separation buffer.  290 

 291 

6.20. After sorting, recount the cells and centrifuge them at 400 x g for 15 min at 4 °C. 292 

 293 

6.21. Discard the supernatant and resuspend the pellet in the media recovered in step 5.5 to 294 

reach a final concentration of 3 x 104 cells/mL. 295 

 296 

6.22. Plate CD34+ CD90- purified cells in 12-well plates with 1.5 mL medium/well (5 x 104 CD34+ 297 

CD90- cells/1.5 mL of media/well). 298 

 299 

6.23. Assess the purity by FACS analysis using 50 µL of media containing cells.  300 

 301 

6.24. Treat the cultures of CD34+CD90- cells with VPA at 1mM final concentration. 302 

 303 



 

6.25. Incubate at 37 °C in a 5% CO2 humidified incubator. 304 

 305 

REPRESENTATIVE RESULTS: 306 

 307 

The ex vivo protocol described here increases the number of primitive HSCs generated from 308 

CD34+ cells isolated from UCBs (Figure 1). Priming of CD34+ cells for 16 h with a cytokine cocktail, 309 

followed by treatment with VPA for an additional 7 days, leads to a great degree of HSC 310 

expansion. Remarkably, the pool of expanded cells is highly enriched for HSCs, which are 311 

phenotypically defined by CD34+CD90+ markers. The total number of nucleated cells (TNCs) in 312 

cultures treated with the cytokine cocktail alone is significantly higher than the numbers of cells 313 

observed in cultures treated with cytokine cocktail and VPA (Figure 2A). Despite the higher 314 

number of TNCs, the number of HSCs in the cultures receiving the cytokine cocktail alone remains 315 

low during the entire expansion period compared to cultures treated with cytokine cocktail and 316 

VPA (Figure 2B). The greatest number of HSCs is generated in cultures treated with a combination 317 

of cytokine cocktail and VPA (Figure 2B). In particular, the greatest expansion in the numbers of 318 

HSCs is reached after 5–7 days following VPA treatment (Figure 2B). The increased number of 319 

HSCs correlates with a prompt increase in the percentage of HSCs, which is notable within 24 h 320 

of VPA treatment (Figure 2C). While the increase in the percentage of HSCs is high and 321 

maintained during the first 4 days of ex vivo culture, it declines progressively after 5–7 days of 322 

treatment with VPA (Figure 2C). However, this decrease is inversely correlated with an increase 323 

in the absolute number of HSCs.  324 

 325 

Importantly, the rapid increase in the percentage of HSCs observed in VPA treated cultures is due 326 

to the acquisition of the CD90 phenotype. CD34+ cells expressing CD90 phenotypic marker 327 

reaches almost 40%–45% of cells expanded in ex vivo cultures treated with cytokine cocktail and 328 

VPA for 4 days (Figure 2C,D). The acquisition of the CD90 phenotype is further confirmed by ex 329 

vivo expansion of the highly purified CD34+ cells that lack expression of the CD90 marker. Within 330 

24 h of VPA treatment, almost 75% of the ex vivo expanded cells in cultures initiated with sorted 331 

CD34+CD90- cells express CD90 as opposed to 0% of the cells in cultures containing cytokine 332 

cocktail alone (Figure 2E). Importantly, the CD90 phenotype is highly retained during the first 4 333 

days in ex vivo cultures treated with VPA (Figure 2E).  334 

 335 

FIGURE LEGENDS: 336 

 337 

Figure 1: Schematic presentation of ex vivo expansion culture. Purified CD34+ cells from UCBs 338 

are primed for 16 h in ex vivo culture supplemented with a combination of the indicated 339 

cytokines. Cultures are treated with VPA (1mM) for an additional 7 days. The ex vivo expanded 340 

cells may then transplanted into myoablated NSG mice. 341 

 342 

Figure 2: VPA treatment triggers acquisition of CD90 resulting in expansion of a great number 343 

of HSCs. (A) Absolute number of total viable nucleated cells expanded in ex vivo cultures9. 344 

Purified CD34+ cells from UCBs described in section 3 treated with cytokine cocktail alone or a 345 

combination of cytokine cocktail and VPA as described in section 4 were counted by acridine 346 

orange/propidium iodide staining (n = 16). Numbers denote days of treatment with VPA, whereas 347 



 

PC denotes the primary uncultured CD34+ cells isolated from UCBs. (B, C) Absolute number and 348 

percentage of cells expanded throughout 7 days in ex vivo cultures treated with cytokine cocktail 349 

alone or a combination of cytokine cocktail and VPA (n = 21). Percentage of CD34+CD90+ cells is 350 

determined by flow cytometry analysis of cells stained as described in section 4. (D) Phenotypic 351 

analysis of sorted CD34+ cells from UCBs (step 5.3) expanded in ex vivo cultures treated as 352 

indicated for 4 days. Left panel indicates the gating strategy using isotype staining whereas the 353 

other panels indicate stained cells expanded in cultures containing cytokine cocktail alone or a 354 

combination of cytokine cocktail with VPA. Numbers denote the percentage of CD34-CD90+ cells, 355 

CD34+CD90- cells and CD34+CD90+ cells. (E) Percentage of CD34+CD90+ cells expanded in cultures 356 

initiated with sorted CD34+CD90- cells from UBCs and treated with cytokine cocktail alone or a 357 

combination of cytokine cocktail and VPA for the indicated days. Percentage is determined by 358 

flow cytometry analysis (n = 4). N: number of biological replicates. Error bars with SEM; ****p ≤ 359 

0.0001 as determined by negative-binomial models for A and B, Beta models for D and 2-way 360 

ANOVA for panel E. Panels A–C and E have been modified from Papa et al.9 361 

 362 

DISCUSSION: 363 

Herein, we present a protocol to rapidly expand to a significant degree the number of functional 364 

human HSCs from UCBs. The pilot and kinetic studies using this protocol indicate that the ex vivo 365 

expanded cells promptly acquire and retain the expression of several HSC phenotypic markers 366 

including CD90 as well as primitive HSC metabolic characteristics9.  367 

 368 

This ex vivo expansion protocol is relatively simple and reliable. Purification of CD34+ cells with 369 

the cell separator device (see Table of Materials) is highly reproducible and rapid, allowing for 370 

fast recovery of isolated cells. This method results in a high yield of purified CD34+ cells (>90%) 371 

as opposed to manual immunomagnetic separation. Moreover, this ex vivo expansion protocol 372 

does not require special and complex devices or fed-batch culture systems that need continuous 373 

supplies of large volumes of fresh media supplemented with cytokines3,13. Accordingly, this 374 

method limits costs. Importantly, this protocol allows expansion of the pool of HSCs within a 375 

short time, which is a key limiting factor for contamination frequency.  376 

 377 

Several points should be considered for achieving primitive HSCs from CD34+ cells using this 378 

protocol. CD34+ cells expanded for 4 days in cultures treated with the cytokine cocktail and VPA 379 

lead to the generation of a pool of primitive long-term HSCs. These HSCs are characterized not 380 

only by the high expression levels of CD34, CD90 and CD49f, but also by a very primitive metabolic 381 

profile, which predominantly relies on glycolysis9. During more prolonged incubation with VPA 382 

for 7 days, expanded cultures however are more heterogeneous and contain a greater number 383 

of both long-term and short-term as well as differentiated cells as opposed to cells expanded for 384 

4 days. This outcome is mainly due to the exhaustion of VPA in culture and increased number of 385 

cell divisions9. Thus, this protocol can be used to achieve expansion of two different pools of cells: 386 

4-day and 7-day expanded cells. The 7-day expansion product can be used for allogeneic HSC 387 

transplantation where more rapid as well as sustained multilineage engraftment is required. The 388 

4-day expansion protocol might be best suited for genetic modification strategies that target 389 

long-term repopulation cells. It is also likely that this combination of VPA and cytokine cocktail 390 



 

can expand the pool of HSCs from CD34+ cells at the same degree or higher when using media 391 

other than media (see Table of Materials) used in this protocol.  392 

 393 

Current gene editing procedures are associated with a significant loss of HSCs, which limit their 394 

clinical application. The great number of primitive HSCs achieved within 2–4 days of VPA 395 

treatment in ex vivo cultures has the potential to overcome this loss in HSC numbers. Thus, this 396 

protocol might be beneficial for improving the existing gene editing protocols and enable 397 

correction of genetic mutations in HSC transplantation-based therapies for β-thalassemia and 398 

sickle cell disease. Moreover, it can be applied to maintain great numbers of HSCs during gene 399 

manipulations for studies focused on elucidation of gene functions in HSCs and in hematopoiesis.  400 

In conclusion, the method described here can be used for ex vivo expansion of both human and 401 

murine HSCs and can be tailored to specific clinical applications as well as to a wide spectrum of 402 

investigations in basic research. 403 
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Name of Material/ Equipment Company Catalog Number

 Expansion Media Sigma-Aldrich
Stemline II stem cell expansion media 

S0192-500ML 

AO/PI (acridine orange / propidium 

iodide) staining solution for 

live/dead Mammalian nucleated cells.

Nexcelom CS2-0106-25mL

APC Mouse Anti-Human CD34  Clone  

581
BD BIOSCIENCE 555824

APC Mouse IgG1, κ Isotype Control 

Clone  MOPC-21
BD BIOSCIENCE 555751

autoMACS Rinsing Solution MACS Miltenyi Biotec 130-091-222

BD Falcon 15 ml Tube BD Biosciences 352097

BD Falcon 5 ml Polystyrene Round-

Bottom Tube
BD Biosciences 352063

BD Falcon 50 ml Tube BD Biosciences 352098

Bovine serum albumine solution Sigma-Aldrich A8412
CD34 MicroBead Kit, contain cd34 

beads and fcr blocking reagent, 

human

Miltenyi Biotec 130-046-703

Cell analyzer BD Biosciences FACS Canto II

Cell analyzer and sorter BD Biosciences FACS Aria II 

Cell counter Nexcelom
Cellometer Auto 2000 Cell Viability 

Counter

Cell separator device 
autoMACS Pro Separator Miltenyi 

Biotec

Counting Chambers Nexcelom CHT4-PD100-002

Density gradient media GE Healthcare Bio-Sciences AB 17-1440-03
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Ethylene diamine tetra-acetic acid 

(EDTA) 
Sigma-Aldrich E8008-100ML

FITC anti-human CD90 (Thy1) Clone 

5E10
BIOLEGEND 328108

FITC Mouse IgG1, κ Isotype Ctrl (FC) 

Antibody
BIOLEGEND 400109

Inverted microscope

PBS Corning cellgro 21-040-CV

Penicillin-Streptomycin Thermo Fisher Scientific 15140122
Recombinant Human Flt-3 Ligand 

Protein
R&D Systems 308FKN

Recombinant Human IL-3 Protein (IL-

3)
R&D Systems 203-IL

Recombinant Human SCF Protein R&D Systems 255-SC
Recombinant Human Thrombopoietin 

Protein (TPO)
R&D Systems  288-TP

Total Antibody Compensation Bead 

Kit
thermofisher  A10497

Umbilical Cord-blood 
Placental Blood Program at the New 

York Blood Center

http://nybloodcenter.org/products-

services/blood-products/national-cord-

blood-program/cord-blood-101/
Valproic acid sodium salt Sigma-Aldrich  P4543
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Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 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
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing 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 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.
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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 non-
exclusive right to use all or part of the Article for the non-
commercial 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. 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.

9. 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
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.

10. 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
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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. 

11. 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. 

12. Fees.  To cover the cost incurred for publication, JoVE
must receive payment before production and publication 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. 

13. 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.   

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission. 

CORRESPONDING AUTHOR: 

Name:  

Department:  

Institution: 

Article Title: 

Signature:   Date: 

Please submit a signed and dated copy of this license by one of the following three methods: 
1) Upload a scanned copy of the document as a pfd 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 02139

For questions, please email submissions@jove.com or call +1.617.945.9051 
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Dear Dr. Steindel, 
 
We have received the reviewer’s comments and we have addressed all their 
comments and concerns. 
 
Editorial comments: 
Changes to be made by the author(s): 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure 
that there are no spelling or grammar issues. The JoVE editor will not copy-edit your 
manuscript and any errors in the submitted revision may be present in the 
published version. 
 The manuscript has been thoroughly proofread.  
 
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].” 
Permission from Journal of Blood Advances has been received in the form of an 
email and both a link to the editorial policy and the copyright link is uploaded in the 
Editorial Manager account. 
 
3. Figure 1: Please change “16hr” to “16 h”. 
A change from hr to h is applied throughout the manuscript including Figure 1. 
 
4. Table of Materials: Please remove trademark (™) and registered (®) symbols. 
Please sort the items in alphabetical order according to the name of 
material/equipment. 
 Trademark and registered symbols have been removed and the materials are 
sorted in the alphabetic order.  
 
5. Please revise lines 310-311 and 325-333 to avoid previously published text. 
The text has been revised. 
 
6. Please provide an email address for each author. 
Email addresses for all the authors have been included.  
 
7. Please expand the Summary to briefly describe the applications of this protocol. 
Short abstract has been expanded (please refer to lines 68-72). 
 
8. Please define all abbreviations (BSA, GMP, etc.) before use. 
Abbreviations of all the reagents used in this protocol have been defined. 
 
9. Please use SI abbreviations for all units: L, mL, µL, h, min, s, etc. Please use the 
micro symbol µ instead of u. Please abbreviate liters to L to avoid confusion. 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Rebutal
Letter.docx

https://www.editorialmanager.com/jove/download.aspx?id=960489&guid=4f141dd2-0658-42ee-b822-54928b17831b&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=960489&guid=4f141dd2-0658-42ee-b822-54928b17831b&scheme=1


 2 

The correct SI abbreviations have been used for all the units. 
 
10. Please include a space between all numerical values and their corresponding 
units: 15 mL, 37 °C, 60 s; etc. 
 Space has been included between all numerical values. 
 
11. JoVE cannot publish manuscripts containing commercial language. This includes 
trademark symbols (™), registered symbols (®), and company names before an 
instrument or reagent. Please remove all commercial language from your 
manuscript and use generic terms instead. All commercial products should be 
sufficiently referenced in the Table of Materials and Reagents. You may use the 
generic term followed by “(see Table of Materials)” to draw the readers’ attention to 
specific commercial names. Examples of commercial sounding language in your 
manuscript are: Stemline, Ficoll-Paque, Invitrogen, autoMACS, etc. 
All the commercial products have been referenced in the table of Materials and 
Reagents and all the commercial names have been removed from the main text.  
 
 
12. Please include an ethics statement before the numbered protocol steps, 
indicating that the protocol follows the guidelines of your institution’s human 
research ethics committee. 
The ethics statement has been included.  
 
13. Please adjust the numbering of the Protocol to follow the JoVE Instructions for 
Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if 
necessary. Please refrain from using bullets, dashes, or indentations. 
 It has been corrected. 
 
14. Line 205: Please provide the composition of GMP media. If it is purchased, please 
cite the Table of Materials. 
It has been corrected. 
 
15. Line 211: Please specify the source of UCB unit. 
The source of UCB unit is stated in the table of Materials. 
 
16. Line 273: Please describe how to assess the purity and cell composition by FACS 
analysis. 
It has been specified “Assess the purity of isolated CD34+ cells and cell composition 
by FACS analysis as described below in step 6.3”. 
 
17. Line 317: Is the supernatant discarded after centrifugation? Please specify. 
The supernatant is discarded and this is specified in step 6.9.  
 
18. A minimum of 10 references should be cited in the manuscript. For instance, 
please include applicable references to previous studies when describing 
advantages over alternative techniques. 



 3 

Additional references have been included and the number of references is currently 
13. Reference 2, 3,6 and 13 describes the advantages over the alternative 
techniques. 
 
19. Please ensure that the references appear as the following: [Lastname, F.I., 
LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – 
LastPage (YEAR).] For more than 6 authors, list only the first author then et al. 
Please do not abbreviate journal titles. See the example below: 
Bedford, C.D., Harris, R.N., Howd, R.A., Goff, D.A., Koolpe, G.A. Quaternary salts of 2-
[(hydroxyimino)methyl]imidazole. Journal of Medicinal Chemistry. 32 (2), 493-503 
(1998). 
 All references now appear as required. 
 
Reviewers' comments: 
 
 
 
Reviewer #1: 
 
Manuscript Summary: 
This is a very well-written manuscript detailing a straightforward and reproducible 
method for rapidly expanding functional HSC from a single unit of cord blood. The 
protocol is preceded by a well thought-out and informative introduction, and the 
protocol is followed by a succinct, well-written Discussion making readers aware of 
some of the nuances of the expansion system. The protocol is sure to be of great 
interest to many readers in the HSC field. 
 
Major Concerns: 
None 
 
Minor Concerns: 
There are a couple of typos in lines 383 and 474.  
The mistakes have been corrected. 
 
 
Reviewer #2: 
 
Manuscript Summary: This is a detailed protocol of the ex vivo expansion of human 
hematopoietic stem and progenitor cells using a cytokine cocktail and valproic acid. 
 
Minor Concerns: 
 
1. In the introduction the authors should explain in more details why the expansion 
of HSCs is due to the acquisition of a primitive phenotype and not simply 
proliferation. 
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 An explanation has been currently added in the introduction part of this manuscript 
“Within the initial 24-48 h of incubation with a combination of cytokines and VPA, 
CD34+ cells acquire a transcriptomic and phenotypic profile that characterize long-
term HSCs. The significant increase in the percentage of HSCs is accompanied by a 
prompt increase in the number of HSCs (63 fold increase within 24 h of VPA 
treatment)9. Moreover, regarding this point, we have added the appropriate reference 
in which the authors have provided detailed insights and explanations along with a great 
amount of data that includes phenotypic, transcriptomic and metabolic analysis as well 
as cell cycle analysis (Papa et al). 
 
2. Can the authors define how many folds is the ex vivo expansion with VPA? 
 This has been defined in the introduction part of this manuscript “The significant 
increase in the percentage of HSCs is accompanied by a prompt increase in the 
number of HSCs (63 fold increase within 24 h of VPA treatment)9”. 
 
3. Define stemline II in line 205 
Stemline II media has been defined in the table of Materials. 
 
4. Can the authors include some alternative solutions for the readers that do not 
have the exact similar tools. For example for the autoMACS and the "posseld2" 
program. 
The alternative method has been added in step 3.7 as a note followed by the 
appropriate reference. 
  
5. Line 271: How many purified CD34+ cells do you put per well? 
5X104 CD34+ cells were plated in each well. This is clarified in steps 4.1 and 4.2.  
 
6. Define how much antibody solution you need for a certain number of cells (line 
279 etc) 

The antibody solution and the concentration have been described in step 6.3: 
“Prepare antibody-staining solution to stain 5x105-2x106 cells and isotype 
solution to stain 1x105 cells and determine FACS gating. Dilute 1/10 (APC anti-
CD34), 1/20 (FITC-CD90) antibodies and the corresponding isotypes into 500 
µL of separation buffer per each condition”.  

 
 
7. The authors describe a 7-day protocol. Do they change the media? Renew the VPA 
or cytokines? 

Media is not changed. This is currently clarified on line 344 or step 4.5 “Media 
remains unchanged during the duration of the ex-vivo expansion”.  

 
8. Why the total number of TNCs is important? Please explain 
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The total number of TNCs is important to show that the increase in the absolute 
number of HSCs in cultures treated with the combination of cytokine cocktail and 
VPA is not due to the increased number of cells but rather to acquisition of a 
primitive phenotype. We have included the following sentence in the 
“Representative Result” part of this manuscript “The total number of nucleated cells 
(TNCs) in cultures treated with the cytokine cocktail alone is significantly higher than 
the numbers of cells observed in cultures treated with cytokine cocktail and VPA 
(Figure 2A). Despite the higher number of TNCs, the number of HSCs in the cultures 
receiving the cytokine cocktail alone remains low during the entire expansion period 
compared to cultures treated with cytokine cocktail and VPA (Figure 2B)”. Since this 
manuscript does not deliberate on the results but rather on the methods, a paper 
from our group that provides detailed insights on the ex vivo expansion is 
referenced.  
 
 
Reviewer #3: 
 
Manuscript Summary: 
This is a very important method article for human HSC expansion fileld. It is well 
written and detail-oriented. To make it better, I have several concerns. 
 
Major Concerns: 
 
1. The authors claimed that they use 1mM VPA to culture CD34+ cells. This 
concentration sounds very high for expansion experiments. It would be better to 
give more information on how this concentration was determined.  
VPA is an FDA approved drug used for treatment of bipolar disorders and epilepsy 
with very limited side effects. VPA treatment and other deacetylase inhibitors were 
previously tested and these studies have been described in several papers from our 
group including “Epigenetic reprogramming induces the expansion of cord blood 
stem cells” published in JCI, which is referenced in this manuscript. Among all the 
deacetylase inhibitors, VPA at a concentration of 1mM is the most efficient 
treatment to expand at a high degree the pool of very primitive HSCs without 
inducing either cell death or senescence. Interestingly, our evidence is consistent 
with an unbiased in vivo screening of 550 compounds in a transgenic zebrafish 
embryo model. Notably, this screen identified HDAC inhibitors and particularly VPA 
as a potent agonist of HSC expansion in vivo (Zebrafish In-Vivo Screening for 
Compounds Amplifying Hematopoietic Stem and Progenitor Cells: - Preclinical 
Validation in Human CD34+ Stem and Progenitor Cells. Sci Rep. 2017). 
 
 
2. Why StemLineII medium was chosen? What about Stemspam SFEM medium? 
Maybe the authors could add some footnotes on similar questions as this. 
Studies replacing StemlineII with different media including Stemspan SFEM are 
currently being performed and such possibility has been now stated in the 
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discussion part “. It is also likely that this combination of VPA and cytokine 
cocktail can expand the pool of HSCs from CD34+ cells at the same degree or 
higher when using media other than media (see Table of Materials) used in 
this protocol”.  
 
    
Minor Concerns: 
Page 6, Line 205, mediamedia might be media? 
 
Mediamedia has been now corrected and replaced with media. 
 
 
 
Reviewer #4: 
 
Manuscript Summary: 
The paper by Papa et al. describe a culture protocol to support the production of 
stem and progenitor cells in culture. The paper is well written, and the strength of 
this protocol is its simplicity, which I have to admit is admirable. So it could be very 
useful for labs with limited experience or for investigators looking for a straight 
forward protocol. A few minor recommendations are made. 
 
Major Concerns: 
none 
 
Minor Concerns: 
 
1. Introduction; if applicable, the author should direct readers to a good review on 
the matter of HSC expansion ex vivo. 
Reviews focused on ex vivo expansions of HSCs are now added in the current 
manuscript as references numbered 1, 7 and 8. 
 
2. Line 205; correct spelling error for "mediamedia" 
Mediamedia has been now corrected and replaced with media. 
 
3. For cell counts, not all labs are equipped with automated cell counters (on the 
contrary); author should provide alternative of manual cell counts with dilution of 
MNC samples in 3% acetic acid and use of hemocytometer. 

The alternative method has now been mentioned in line: 281 or step 2.7.  “Note: 
The cell count can be also performed by using the trypan blue exclusion 
method with a hemocytometer”. 

 
 
4. Controls for FACS; author should describe preparation of fluorescent minus one 
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(FMO) samples to appropriately set up regions/gates for cytometry. Isotype 
controls are better suited to determine the level of non-specific binding. 
This has now been clarified in step 5.1. 
 
5. Line 302; is it normal that the bullet is at 1, when it seems it should be at 7? 
 This has been corrected and number 6 replaces the bullet number 1.  
 
6. The purpose of the sorting of the CD34+CD90- is to show that VPA culture 
promote the emergence of CD34+CD90+ cells. Am not sure that the whole section on 
this in the M&M is valuable. Most readers would probably want to produce 
CD34+CD90+ from CD34+ cells. Maybe this subsection can be removed, or else the 
context explained by a brief note. The results on that can be retained and presented 
as is. I leave it to the authors to make the final decision on this.’ 
The reason of including this data is to indicate and confirm that cultures 
supplemented with cytokine cocktail and VPA trigger transcriptomic alterations in 
CD34+ cells that are associated with expression of primitive HSC markers. We have 
left unchanged this section as it appears in the previous submitted manuscript. 
 
 
7. There is no mention in the text on feeding the culture…maybe the author need to 
state this as most would assume that the culture is fed with fresh media at least 
once. 

This point is now clarified in the manuscript in step 4.5 “Media remains unchanged 
during the duration of the ex-vivo expansion”.  

 
Thank you for your consideration.  

 

Luena Papa, Ph.D. 

Assistant Professor  
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