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Project Outline Aims and objectives 
It is abundantly clear that cell populations with distinct clonogenic behaviours (stem 
vs differentiated) and cycling speeds (dividing vs dormant) exist in parallel within 
tumours.  Our current findings have demonstrated that dormant colorectal cancer 
(CRC) cells are a sub-population of differentiated cells that retain an in vitro 
contextual clonogenic capacity to revert to a stem-like state.  Recently published and 
supportive data shows that generally the many other differentiated tumour cell 
populations also display similar clonogenic properties in vitro and in vivo, yet it 
remains unknown whether all ‘differentiated’ cells behave similarly and if not what 
determines these differences (Shimokawa et al. Nature 2017).  This question has 
translational relevance as it has now been shown that simple targetting of 
proliferating stem-like cells fails to achieve complete eradication of all clonogenic 
cancer cells as a consequence of dedifferentiation. 
We seek to ascertain the relative in vivo and in vitro clonogenic capacity of 
differentiated cells from primary human CRCs.  One of the key questions we wish to 
address is whether mutational background or clonal interactions determines the 
differences seen in molecular identity between stem and differentiated cells in CRCs 
and further understand whether this is reflected in the differences in clonogenic 
capacity that have been described. 

Experimental plan 1.Initially, we will perform, using a robust set of cell surface markers compatible with 
flow cytometric sorting (FACS), single cell expression profiling of stem and 
differentiated cells from multiple primary CRCs to look for differentiated cell sub-
populations.  For these experiments we will utilise the 10X Genomics Chromium 
system.  Should sub-populations be present we will then seek, using the expression 
data, to identify and validate further FACS markers suitable for isolating these. 
2.Next using FACS, we will characterise the relative in vitro organoid forming 
efficiency of stem cells and differentiated cells (+/- sub-populations) from multiple 
CRCs.  In addition to cells being sorted for organoid culture, a further paired sorted 
population will also be analysed using NGS (RNAseq) in combination with targeted 
mutational hot-spot sequencing (Ion Torrent/AmpliSeq Cancer Hotspot Panel).  These 
experiments will help broadly ascertain whether there are differences in proportions 
and in vitro clonogenic behaviour between stem and differentiated cells from 
different tumours and if present whether there is any correlation with expression 
profile or mutational background. 
3.Finally, we wish to understand whether distinct genetic clones and cell types 
(differentiated/stem) derived from these clones interact cooperatively or 
competitively.  Primary human organoids will be grown from normal colonic 
epithelium derived from surgical resection specimens (ethics in place).  Using 
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contemporary CRISPR technology we will then introduce separate mutations in the 
four main driver genes of CRC, namely Apc, p53, k-Ras and PIK3CA.  Clonal 
organoids/spheroids containing each of these mutations will then be FACS sorted for 
stem and differentiated populations and then mixed into the 36 combinations 
thereof.  Cells mixtures will then be implanted into NSG immunodeficient mice and 
grown as PDXs.  Tumours that engraft will then be analysed using FACS/Microscopy 
for proportions of stem and differentiated cells derived and quantitative PCR 
performed to quantify the relative mutational frequency as a read out of relative 
clonal expansion. 

Main Techniques  Primary human organoid culture 

 Single cell RNAseq 

 Flow cytometry 

 CRISPR 
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