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Induction of adult levels of β-globin in human erythroid cells that intrinsically express 

embryonic or fetal globin by transduction with KLF1 and BCL11A-XL 

• Transfection of K562 cells with KLF1 and BCL11A-XL induces β-globin expression 

Figure 1. Co-transfection of K562 cells with KLF1 and BCL11A-XL induces β-globin 

expression. K562 cells were transfected with 10 μg of pCDNA3-3Flag-BCL11A-XL (B-XL), 10 μg of pBp HA-

KLF1 (K) or co-transfected with 5 or 10 μg of each plasmid. Control (Ctrl) K562 cells were mock transfected . 
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Figure 2. Expression of KLF1, BCL11A and globin subunits by erythroid 

cells differentiated in vitro from adult, cord blood and C19 iPSC progenitors 

and HiDEP-1 cells. *Non-specific band detected by antibody (B) undifferentiated HiDEP-1 

(undif), HiDEP-1 differentiated for 3, 5, 8, 10 and 12 days in erythroid culture medium and adult 

(PB) and cord blood (CB) in vitro derived erythroid cells at Day 8 and/or 11 in culture. Blots 

were probed with antibodies to KLF1, BCL11A, α, β and γ globin, stripped and re-probed with 

an antibody to tubulin as a protein loading control. For analysis of β-globin in C19 and HiDEP-1 

cells, 20 μg protein was resolved by SDS-PAGE. For all other samples and analysis 3 μg 

protein was used. Box indicates cord blood (CB) erythroid sample. Top image in panel A from 

Trakarnsanga et al. 

• Expression of KLF1 and BCL11A in erythroid cells generated in 

vitro from adult, cord blood and iPSC progenitors 

Western blots  

• Tubulin antisera = protein loading 

control 
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Western blots of (A) undifferentiated (undif) C19 

iPSCs, and C19, adult (PB) and cord blood (CB) 

CD34+ cells differentiated for 8 and 17 days in 

erythroid culture media 

More than 5 fold lower 



Induction of adult levels of β-globin in human erythroid cells that intrinsically express 

embryonic or fetal globin by transduction with KLF1 and BCL11A-XL 

• Differentiated HiDEP-1 cells exhibit an erythroid phenotype 

Figure 3. Induced expression of β-globin in HiDEP-1 cells transduced with 

BCL11A-XL. (A) HiDEP-1 cells before and 9 days after transduction with BCL11A-XL 

(HiDEP-1:B-XL) and erythroid cells differentiated from adult PB progenitors at Day 8 in 

erythroid culture (PB) stained with May-Grunwald Giemsa reagent and analyzed by light 

microscopy. (B) Western blots of cytoplasmic and nuclear fraction of cells in (A) probed with 

antibodies to KLF1 and BCL11A. Antibodies to tubulin and lamin were used to determine 

purity of the subcellular fractions, (C) whole cell lysate of HiDEP-1 cells (C) and HiDEP-1 cells 

transduced with BCL11A-XL (B-XL) before, 3, and 5 days after differentiation in erythroid 

culture medium, probed with antibody to β-globin. Antibody to β-actin was used as a protein 

loading control. For all blots, 20 μg protein was resolved by SDS-PAGE. 

• Transduction of HiDEP-1 cells with BCL11A-XL induces adult 

level β-globin expression 

Figure 4. Expression of β-globin in HiDEP-1 erythroid cells transduced with 

eGFP-BCL11A-XL. (A) Western blot of whole cell lysates (20 μg) of HiDEP-1 cells (Ctrl) 

and HiDEP-1 cells 9 days post transduction with eGFP-BCL11A-XL (HiDEP-1:eGFP-B-XL) 

probed with antibody to BCL11A. (B) Western blot of whole cell lysates (3 μg) of HiDEP-1 

cells (Ctrl) and HiDEP-1 cells 9 days post transduction with eGFP-BCL11A-XL (HiDEP-

1:eGFP-B-XL) before and after selection for cells with the highest level of GFP expression 

(top 35%) and adult erythroid cells (PB) at the same developmental stage in culture (Day 8), 

probed with antibody to β-globin. Blots were stripped and re-probed with antibody to β-actin 

as a protein loading control. (C) level of β-globin in right hand panel of western blot shown in 

(B) normalized to respective β-actin control and calibrated to level in PB d8 cells. (D) 

Confocal images of HiDEP-1 cells and HiDEP-1 cells transduced with eGFP-BCL11A-XL 

(green) probed with antibody to β-globin (red). Nuclei were stained with DAPI (blue). 

1.5 fold higher equal 
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Induction of adult levels of β-globin in human erythroid cells that intrinsically express 

embryonic or fetal globin by transduction with KLF1 and BCL11A-XL 

• Increased expression of both BCL11A-XL and KLF1 is required to increase 

the expression of β-globin by erythroid cells differentiated from cord 

blood progenitors 

Figure 5. Level of β-, γ- and ε-globin in HiDEP-1 cells before 

and after transduction with eGFP-BCL11A-XL. Western blot of 

whole cell lysates (10 μg) of HiDEP-1 cells (Ctrl) and HiDEP-1 cells 9 

days post transduction with eGFP-BCL11A-XL (HiDEP-1:eGFP-B-XL) 

probed with antibodies to β-, γ- and ε-globin and β-actin. 

Figure 6. Co-transfection of erythroid cells differentiated in vitro from cord 

blood progenitors with KLF1 and BCL11A-XL increases β-globin expression. 

Erythroid cells differentiated in vitro from cord blood (CB) CD34+ cells were 

transfected with 5 μg of pCDNA3-3Flag-BCL11A-XL (B-XL), 5 μg of pBp HA-KLF1 

(K) or co-transfected with 5 μg of each plasmid. Control cells were mock 

transfected. Cells were collected 17 h post transfection. (A) Western blot of total 

protein (3 μg) from transfected cells probed with BCL11A and KLF1 antisera, then 

sequentially stripped and re-probed with β-globin and tubulin antisera. (B) Relative 

β-globin protein levels in single and co-transfected cells normalized to tubulin 

expression and calibrated to level in control cells (mean±SEM; n=3). 

• Transduction of HiDEP-1 cells with BCL11A-XL induces 

adult level β-globin expression 
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• Transduction of HiDEP-1 cells with BCL11A-XL induces adult level β-globin expression 
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• Expression of Mi2β in K562 cells and erythroid cells generated in vitro from adult, cord blood and iPSC progenitors 

• Comparative proteomic data obtained from tandem mass tag (TMT) labeling of cord blood, iPSC and adult erythroid cell peptides 

(J Frayne, unpublished data, 2013) shows no variation in the level of Mi2β between the different erythroid cells. 


