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Fig. 2: Transcription Factor Medicated Induction Programs Fig. 3: Cocktail Refining Based on GFP 

Expression 

Research Question/ Hypothesis

Hematopoiesis is a physiologic process wherein 

hematopoietic stem cells (HSCs) give rise to lineage 

restricted progenitors that subsequently give rise to all blood 

cells, such as T cells, B cells, and erythrocytes within the 

body. Bone marrow transplants for treatment of a variety of 

hematopoietic disorders rely on sufficient numbers of HSCs 

per graft, but current sources of these cells are limited. As a 

result of this issue, de novo production of bona fide HSCs in 

vitro has long been sought after, as doing so would allow 

more precise study of normal and defective hematopoiesis, 

thereby allowing robust blood-based disease modeling for a 

wide variety of hematological disorders.

Yamanaka et al., 2006 demonstrated that a cocktail of 

Transcription Factors (TFs)– proteins that increase gene 

expression by loosening DNA a target point, thereby 

increasing coding for said gene– can be used to 

dedifferentiate mature cells. As a results, we strive to 

determine the cocktail of TFs that can be used to promote a 

hematopoietic program.

Methods

• Highly expressed transcription factors (TFs) are identified.

• Optimal conditions are determined and cells are cultured 

using different combinations of TFs.

• Systematic removal of certain TFs is commenced for data 

collection.

• Impact of the removal of each TF is assessed on 

34/H2BGFP+/-.colony numbers.  

• Morphological assay and marker probing is commenced so 

as to confirm results. (Pereira et al. 2013)

• Run Gene PCR

• Perform Post-PCR Gel Electrophoresis

• Extract and Digest Gels

• Purify, Ligate, and Transform Replicated DNA

• Run Colony PCRs

• Perform Minipreps on Positive Bands

• Sequence Sample for Purity 

What combination of TFs will allow for the de novo production of bona fide HSCs in vitro?

This project seeks to identify the transcription factors (TFs) and environmental conditions necessary for inducing a hematopoietic 

program in mouse and eventually human fibroblasts.  

The addition or substitution of transcription factors to the core GGF cocktail identified by Pereira et al. 2013, and/or co-culture with 

various stroma will be required in order to derive bona fide HSCs from reprogramming human fibroblasts.

Research Question- Human and Mouse Hematopoietic Stem Cell Generating System

Hypothesis- Human Hematopoietic Stem Cell Generating System

General TF Identification Protocol 

HSC TF Replication Protocol

Daniel et. al., 2015

Establishment of a Hematopoietic Stem Cell                                                                                

Reprogramming System in Mouse and 

Human Fibroblastshttps://microbiologyspring2011.wikispaces.com/file/view/StemCell-

Under-Microscope.jpg/228614600/423x317/StemCell-Under-

Microscope.jpg

Results- Mouse HSC Generating System 

 TF Removal Renders Increase in GFP+ Colonies:

- Etv3, HoxA9, and Rrd1

 TF Removal Renders No Impact on GFP+ Colonies:

- Lyl1, Scl, Mllt3, and Meis1 

 TF Removal Renders Decrease in GFP+ Colonies:

- Gata2, Gfi1b or cFos 

• Decreased Maker Expression:

- Vim, Acta2, Fn1, and Fbn2 (Fibroblasts)

• Increased Marker Expression:

- Prom1 and Ly6a (Stem Cells)

- Csfr, Il3r, CD43, cKit, Mpl, CD45 and CD41 (HSCs) 

- Vwf, Nos3 and Id1 (Endothelial Markers) 

- CD93/AA4.1, CD41 and Sox17 (Fetal HSCs)

(Pereira et al., 2013)

INDICATES THAT TFs ARE DETRIMENTAL

TO HEMATOPOIESIS INSTIGATION

INDICATES THAT TFs ARE DETRIMENTAL

TO HEMATOPOIESIS INSTIGATION

INDICATES THAT TFs ARE REQUIRED 

FOR HEMATOPOIESIS INSTIGATION

INDICATES MATURATION OF CELLS 

FROM FIBROBLASTS TO HSCS

Gata2, Gfi1b, and cFOS are 

sufficient for establishing a 

hematopoietic program in 

MEFs. 

Fig. 4: GFP+ Colony Rates of a Variety Cocktail 

Combinations

Fig. 5: Prom1+GFP+ Colony Rates of a Variety 

Cocktail Combinations
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Gata2, Gfi1b, and cFos are sufficient for propagating a 

hematopoietic program within MEFs. Etv6 is to be used in 

conjunction with these TFs as it increases production 

efficiency by 6%. The validity of this assessment can be tested 

against the presence of endothelial, blood, and stem cell 

markers in colonies transduced with the above stated 

transcription factors. These findings are of great value as they 

bring us one step closer to an increased understanding of the 

means by which we may treat hematological diseases. 

(Pereira et al., 2013)

The ultimate goal of current research is to replicate the results 

of our studies with MEFs with human fibroblasts so as to allow 

for disease modeling and clinical implementation. The above 

described protocol will serve as the primary format of

translational work with human fibroblasts; however, 

unfortunately, this cannot be discussed in greater detail as a 

result of confidentiality restrictions.

Specifically, the basis of our current work involves determining 

the TFs of use in instigating an HSC propagating program in 

human fibroblasts. In addition, we hope to address:

• Engraftment Potential of Cells Produced

• Production Efficiency

- Vector Optimization– Polycistronic mRNA Vector

- Co-Culture Niche Layers

• Lineage Production Diversity

• Disease Modeling 
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Fig 7 : Applications of HSCS

The development of technology with which to instigate the 

process of hematopoiesis will be of great due to its wide 

clinical applications:

• Disease Modeling

• Transplantation 

• Understanding of HSC Gene Regulation

• Assays for HSC Quality Control

Fig. 8: Applications and Developmental 

Requirements of HSCs

Fig. 6: Hemogenic Disorders and Diseases 

Treatable/ Modelable with HSCs 
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