
Introduction: The Pc-TF protein, a synthetic transcription factor developed by Dr. Karmella A. Haynes (1), can 
be used to activate anti-cancer genes and tissue regrowth pathways. Since Pc-TF has a defined target gene binding 
function (H3K27me3 specificity), and transcription activation function, we can predict how it will affect cell 
behavior.  
 
Materials and Methods: My project employed a variety of bioinformatics tools for biomedical research. The 
Encyclopedia of DNA Elements (ENCODE) (2) provided a comprehensive parts list of functional elements in the 
human genome, including DNA-protein complexes that control gene activity. The histone methylation marker 
H3K27me3 has a central role in silencing the expression of tumor suppressor and cell development genes. 
H3K27me3-associated genes were identified in three different human cell lines (HepG2, K562, and SK-N-SH 
RA) using GALAXY (3), an open web-based platform for data-intensive biomedical research. Microsoft Excel 
was used to filter out redundancies in positive hits. The final output was a list of genes that had a H3K27me3 
signal at the transcription start site (promoter). Venny Venn Diagram (4), an interactive tool for comparing lists, 
was used to see which genes amongst the three cell lines were shared and unique. H3K27me3-associated genes 
are potential targets for the synthetic transcription activator, Pc-TF. String (5), a database of known and predicted 
protein interactions, was then used to identfy cell phenotypes that are controlled by predicted Pc-TF targets. 
 
Results and Discussion: Preliminary research on a variety of cell lines was carried out to determine what an 
appropriate signal value of H3K27me3 would be the determinate of a silenced gene. Calibration with a number of 
known active and silenced genes showed that non-cancerous cell lines exhibit much higher signal values of 
H3K27me3 than cancerous cell lines (HepG2, K562, and SK-N-SH RA). This phenomenon might be due to the 
age of the cell lines. A majority of the H3K27me3-associated genes were unique to each cell line, as shown in 
Figure 1. This suggests that Pc-TF will induce a different change in phenotype depending on the type of cell it is 
expressed in. To further investigate this theory, a sample set of genes unique to each cell line were analyzed in the 
String database. For instance, Pc-TF may activate DDB2 only in HepG2, which would lead to DNA repair, 
whereas CDKN2A may be activated only in SK-N-SH RA, which would cause tumor suppression. Expression of 
the synthetic Pc-TF protein in the three cell lines will be used to test these hypotheses. 

 
Conclusions: Bioinformatics allows us to make educated predictions on what genes will be activated in each cell 
line and how their phenotype will be affected. In continuance of this project, Pc-TF will be overexpressed in 
HepG2, K562, and SK-N-SH RA to validate the bioinformatics protocol created. Overall, my work will lead to an 
efficient, effective, and broadly applicable procedure for using bioinformatics to predict the effect of synthetic 
transcription factors on gene expression and cell physiology.  
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Figure 1. The Venn diagram shows the 
overlap in H3K27me3-associated gene 
promoters as well as a sample set of 
genes for cell lines HepG2 (liver 
carcinoma), SK-N-SH RA 
(neuroblastoma), and K562 
(erythroleukemia).   


