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ABSTRACT 
 

Background & Aim: Since numbers of harvested hematopoietic stem cells (HSCs) 

continues to limit not only laboratory research but also clinical HSC transplantation 

and gene therapies, development of ex vivo culture systems to expand harvested 

human hematopoietic stem-progenitor cells (HSPCs) remains a critical translational 

research quest. To address the barrier that HSCs generally die or differentiate in 

current ex vivo culture media, we have developed a xeno-free, serum-free medium – 

CTS™ StemPro™ HSC Expansion Medium by extensive evaluation of iterative 

modification of medium constituents. 

 

Methods, Results & Conclusion: Cultures of primary human CD34+ HSPCs 

immunopurified from cord blood, mobilized peripheral blood and bone marrow 

harvests generated greatly increased numbers of immunphenotyped-defined HSPC in 

CTS™ StemPro™ HSC Expansion Medium supplemented with FLT3L, KITL (also 

known as SCF), TPO, IL-3, and IL-6 (FKT36), as compared to either uncultured day 0 

cells or cells cultured in industry-standard culture media containing FKT36. For 

example, culture of primary human CD34+ cells from mobilized peripheral blood for 7 

days in FKT36-containing CTS™ StemPro™ HSC Expansion Medium resulted in 

~100-fold increased numbers of CD34+CD45+Lin- cells and ~2000-fold increased 

numbers of CD34+Lin-CD90+CD45RA- cells (an early HSPC immunophenotype), as 

compared to uncultured day 0 cells. The ex vivo-cultured cells contained high 

frequencies of aldehyde dehydrogenase-containing cells and formed erythroid and 

non-erythroid hematopoietic colonies in vitro. In an ongoing in vivo hematopoietic 

chimera experiment, ex vivo-cultured mPB CD34+ HSPCs harbored robust in vivo-

engrafting capacity at the 24-weeks (6 months) post-transplant long-term HSC time 

point. Thus, it appears that CTS™ StemPro™ HSC Expansion Medium supports 

superior HSPC expansion that includes self-renewal of long-term-HSCs.  

 

INTRODUCTION 
The goal of this research was to develop a hematopoietic stem and progenitor cell 

(HSPC) expansion media that fulfills the needs for customers interested in therapies 

that treat cancer, blood disorders, immunological disorders, in addition to generation of 

iPSC and cardiomyocyte. 

 

 

 

 

 

 
 

 

Current systems used for the ex vivo expansion of HSPC result in the expansion and 

differentiation of CD34+ cells, at the expense of the most primitive multipotent long-

term stem cells CD34+CD90+CD45RA– cells that provide life-long immunity.  

 

Adapted from Bhattacharya et al.  

MATERIALS AND METHODS 

Figure 1.  Process Workflow for Expansion of CD34+ cells with CTS StemPro 

HSC Expansion Medium 

Figure 1: Three human single donor purified CD34+ mobilized peripheral blood (mPB) samples were cultured in CTS 

StemPro HSC Expansion Medium (CTS™ StemPro™ HSC Basal and 50X Supplement) and three commercial 

media, all supplemented with SCF, Flt3L, TPO, IL-3, and IL-6 (SFT36) cytokines. Cells were cultured for 7 days, 

following which  total nucleated cells (TNC) and % viability were determined using a Countess II, and phenotype 

assessed as described in Fig. 2. 

Figure 2: Phenotypic Characterization of Expanded HSC Cultured in 

CTS StemPro HSC Expansion Medium. 

RESULTS 

Figure 2: Purified human CD34+ mPB samples cultured as described in Fig. 1 were assessed by flow cytometry for 

expression of CD45, Lineage Negative (CD3, CD14, CD16, CD19, CD20, CD56), CD34, CD90, and CD45RA. 

Doublets and dead cells were excluded from analysis, and gates identifying CD34+ cells and CD90+CD45RA- cells 

were demarcated based on fluorescent minus one (FMO) controls. 

Figure 3: CTS StemPro HSC Expansion Medium provides a ~100-fold 

increase in CD34+ cells and ~2000-fold increase in 

CD34+CD90+CD45RA- cells using mPB from donors tested. 

Figure 3: Expansion of CD34+ mPB samples in CTS StemPro HSC Expansion Medium has been demonstrated to 

show significantly higher levels in expansion of (A) CD34+ cells and (B) TNC, with cells demonstrating (C) > 80% 

viability. Expanded cells were  (D) > 60% CD34+, with significantly higher levels of (E) percent CD34+CD90+CD45RA- 

and (F) fold-increase in CD34+CD90+CD45RA- long term HSC. Percentages of CD34+ and CD34+CD90+CD45RA- 

shown are from the total live TNC population. Error bars denote standard deviation (A – C) and standard error (D – E).  

Figure 4: CD34+ cells Expanded in CTS StemPro HSC Expansion 

Medium Engraft  & Exhibit Multi-lineage Chimerism at 6 months post-

transplant 

CONCLUSIONS 
 

• We successfully developed xeno-free, serum-free CTS™ StemPro™ HSC 

Expansion Medium that: 

• Expands short term CD45+Lin-CD34+ cells. 

• Expands primitive  long-term hematopoietic stem cells (CD45+Lin-

CD34+CD90+CD45RA–). 

• Maintains long-term engraftment capacity, with cells exhibiting multi-lineage 

chimerism at 6 months post-transplant. 

• 10-fold greater engraftment capacity with StemPro HSC cultured cells 

versus non-cultured cells. 

• Enables iPS reprogramming of expanded CD34+ cells with CTS CytoTune 

2.1 

• Enables CRISPR-Cas9 Gene Editing of CD34 + cells  with Neon 

electroporation.  
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Figure 5: CTS StemPro HSC Expansion Medium Enables 

Reprogramming of CD34+ cells into iPSC with CTS CytoTune 2.1 

Figure 5: CTS StemPro HSC Enables Reprogramming of CD34+ cells into iPSC with CTS CytoTune 2.1. Single 

donor, cord-blood derived, CD34+ cells obtained were thawed and cultured in either OpTmizer™ containing SCF, IL-

3, and GM-CSF; or StemPro™ HSC containing SCF, Flt3L, TPO, IL-3, and IL-6. During each day of culture, half the 

media was removed and replaced with fresh media containing cytokines. Cells were transduced with CTS™ 

CytoTune™ 2.1-iPS Sendai Reprogramming Kit at an MOI of 5-5-3 (KOS-LMyc-Klf4) in the presence of 

polybrene.  Three days later, cells were plated onto rhVTN-N coated plates containing no cytokines. Seven days 

after transduction, half the media was removed and replaced with Essential 8™ Medium. The following day, and 

every day thereafter, cells were fed with Essential 8™ Medium. Sixteen days after transduction, reprogramming 

efficiency was determined by staining cells for Alkaline Phosphatase using the Vector Red Alkaline Phosphatase 

Substrate Kit. The number of AP positive colonies was counted, and reprogramming efficiency was determined 

relative to the number of cells plated on Day 3 after transduction.  

Figure 6: CTS StemPro HSC Expansion Medium Enables CRISPR-

Cas9 Gene Editing of CD34+ cells  with Neon electroporation  

Figure 6: CTS StemPro HSC Enables CRISPR-Cas9 Gene Editing of CD34+ cells with Neon Electroporation. The 

donor DNA was prepared by PCR which contained a promoterless puro_2A_EmGFP cassette flanked by 35nt 

homology arm on each side. The gRNA targeting the n-terminus of ACTB locus (GCGGCGATATCATCATCCATGG) was 

synthesized.  Single donor, cord-blood derived, CD34+ cells obtained from AllCells were thawed and cultured in CTS 

StemPro HSC expansion media containing SCF, FLT3, TPO, IL3 and IL6 growth factors. For Neon electroporation, cells 

were washed then re-suspended in Resuspension Buffer R. To form the RNP (ribonucleoprotein) complexes, 1.2 µg 

TrueCut™ Cas9 Protein v2 and 300 ng gRNA was added to Resuspension Buffer R.  Donor DNA and the cell 

suspension was added to the RNP complexes and then used for electroporation. The efficiency of in-frame insertion of 

a promoterless puro_2A_EmGFP fragment into the n-terminus of ACTB locus was measured by Attune™ NxT Acoustic 

Focusing Cytometer at 72 hours post transfection. The percentages of EmGFP-positive cells, CD34-positive cells, and 

CD90-positive cells were determined.  For the colony formation assay, the unstained cells and sorted cells were plated 

onto MethoCult™ medium at a cell density of 500 cells/ml medium in a 6-well plate.  Upon incubation at 37°C, in 5% 

CO₂, with ≥ 95% humidity for approximately 14 days, the number of white and red blood cell colonies were counted 

under the microscope.  

Figure 4: LT-HSC-derived NRG engraftment capacity, assessed at 6 months post-transplant, was ~10-fold less on a per 

transplanted cell basis in cultured vs non-cultured cell populations; but there were 100-fold more total cultured cells. 

Therefore, the engraftment capacity of the entire 7d cultured cell population was 10-fold greater than that of the d0 

population.  


