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MRes project outline: 
 
Small Cell Lung Cancers (SCLC) are highly phenotypically heterogeneous and rapidly become 
refractory to chemotherapy with a 5 year survival rate of <7% (Byers and Rudin 2015). There are 
four major histological types defined by expression of key transcription factors (TFs): ASCL1+, 
NEUROD1+, POU2F3+ and TF-low (Gay et al. 2021). However, despite the phenotypic 
heterogeneity, nearly all tumours result from loss of P53 and RB. Mouse models suggest that the 
ASCL1+ and NEUROD1+ sub-types arise from neuroendocrine cells and are associated with 
distinct levels of MYC activation (Ireland et al. 2020). Whereas the rarer POU2F3+ sub-type is 
believed to arise in the rare chemosensory brush cells. NEUROD1 expression has never been 
detected in the normal adult human airways, or the developing and adult mouse lung. Our lab 
has just completed a single cell RNA sequencing atlas study of the developing human lungs 
which has revealed the existence of two neuroendocrine cell types with distinct ASCL1+, or 
NEUROD1+, gene expression profiles (He et al. 2022). This leads to two hypotheses. Firstly, that 
in the human adult lungs two distinct neuroendocrine cell populations are the cell of origin of the 
ASCL1+ and NEUROD1+ NSCLCs respectively. Alternatively, although not mutually exclusively, 
the SCLCs exploit developmental mechanisms to exhibit phenotypic plasticity (Gupta et al. 
2019). Both scenarios have implications for developing targeted cancer treatment strategies. 
 
In this rotation project we aim to test the hypothesis that activating the same pattern of 
oncogenes in the two neuroendocrine cell types in organoid models will result in tumoroids with 
distinct cancer phenotypes. 
 
MRes experimental plan: 
 
We have already developed unpublished methods for differentiating both types of human 
neuroendocrine cell sub-types from our easily-manipulable human lung organoid system (Sun et 
al. 2021; Nikolić et al. 2017). 
 
We will use CRISPR-editing to sequentially introduce mutations in P53, RB and MYC into the 
neuroendocrine cell organoids and assess the phenotype of the resulting tumoroids. Analysis will 
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include organoid and cell morphology, proliferation rates, colony forming assays, and gene 
expression profiling via qRT-PCR. 
 
 
PhD project outline: 
 
In the longer-term this project will investigate the roles of developmental pathways and external 
perturbations in the observed phenotypic plasticity of SCLCs, using in vitro and xenografted 
human cell models and analyses of primary resected tumours. 
 
PhD experimental plan: 
 
SCLC phenotypic plasticity will be investigated using organoid models, incorporation of tumour 
microenvironment, and the response to drug treatment. 
 
 
Main techniques: 
  
Organoids, CRISPR, mouse models; histology, single cell sequencing 
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