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The Institute of Cancer Research  

PHD STUDENTSHIP PROJECT PROPOSAL 

PROJECT DETAILS 

Project Title: Evaluation of the role of DDB1-CUL4 associated factors (DCAFs) in the 
progression and metastatic dissemination of NSCLC: enabling the 
discovery of new targets and small molecule modulators of the Cullin–
Ring Ligase 4 (CRL4) family. 

Short Project Title:  Defining the place of the CRL4 substrate receptors (DCAFs) in NSCLC 
for the discovery of novel targets and small molecule modulators 

  

SUPERVISORY TEAM  

Primary Supervisor(s): Professor Raj Chopra and Dr Jyoti Choudhary 

Other supervisory team members: Professor Ian Collins and Dr Amine Sadok 

 

DIVISIONAL AFFILIATION  

Primary Division:  Cancer Therapeutics 

Primary Team:  Translational Cancer Discovery 

PROJECT PROPOSAL 

 

BACKGROUND TO THE PROJECT  

The Ubiquitin Proteasome System (UPS) regulates a variety of basic cellular pathways associated with 

cancer development and adaptation. The Cullin-RING Ligases (CRLs) are the largest E3 ligase family 

involved in the UPS. In mammals, there are eight different cullins (CUL1, 2, 3, 4A, 4B, 5, 7 and 9) and two 

rings (RBX1 and 2). Most of the Cullin-RING E3 ligases functional complexes consist of four subunits. The 

CUL4 family of E3 ligases consists of the DNA Damage-Binding protein 1 (DDB1) which act as adaptor 

proteins with CUL4 as the scaffold. Substrate receptors interacting with DDB1 are also known as DDB1- 

and CUL4-Associated Factors (DCAFs). Roc1 (also called Rbx1) is the RING finger E3 ligase that is part 

of the CRL4 complex (Fig1). There are a large number of DCAFs (over 30), that are involved in the 

targeting of a wide range of substrates for ubiquitination, resulting in the regulation of essential cellular 

processes including DNA repair, DNA replication, and chromatin remodelling. We and others have shown 

that the binding of thalidomide and its analogues to the DCAF, Cereblon (CRBN) recruits neo-substrates 

to the CRL4CRBN E3 ligase and causes their degradation leading to anti-proliferative activities in multiple 

myeloma1-3.  
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                                               Figure1- Components of the CUL-RING ligase 4 (CRL4) 

Importantly, a recent study published in Science showed that such neo-degradation is not restricted to the 

thalidomide/CRBN system as it showed that Indisulam promotes the recruitment of RBM39 to DCAF15 

leading to its poly-ubiquitination and subsequent degradation by the proteasome machinery4. It has also 

been shown that CUL4A amplification or overexpression occurs in a wide variety of cancers5. A recent 

integrative mutli-omic analysis revealed that 19 DCAFs are dysregulated in Non-Small Cell Lung Cancer 

(NSLCC) and have prognostic consequences in terms of overall survival across independent datasets6. 

Irrespective of treatment modality, almost all patients with NSCLC eventually relapse, which highlights the 

need for the identification of such novel targets. 

PROJECT AIMS  

Overall aim: Understand the role of DCAFs in the progression and metastatic dissemination of NSCLC to 
enable the optimisation a “CRBN-like” approach for the discovery of new targets and small molecule 
modulators. 

Required steps: 

 Identification of cell-line models that recapitulates the molecular features and DCAF expression 
patterns of NSCLC tumours- (Year1) 

 CRISPR KO of the overexpressed DCAFs in the selected NSCLC cell line(s)- (Year2) 

 Evaluation of the functional and molecular consequences of DCAF KO- (Year2-3) 

 Characterisation of endogenous substrates for selected DCAF(s)- (Year3) 

 Identification of small molecule binders to selected DCAF(s)- (Year3-4) 

RESEARCH PROPOSAL  

1-The candidate will perform RNA seq analysis of a panel of NSCLC cell lines. This will guide selection of 
the most clinically-representative cell lines that recapitulate the NSCLC tumours gene expression profiles 
(data will be evaluated from TCGA, Cell line encyclopaedia, and from the Madrid Cancer Tissue Bank in 
collaboration with Dr Luis Paz-Ares). 

2-The candidate will generate CRISPR Knock-Out of the overexpressed DCAFs in the NSCLC cell line(s) 
selected in 1. It is anticipated that at least 6 gRNAs will be used to robustly target relevant DCAFs. Based 
on the study from Yan et al 6, this would involve the Knocking-Out of at least 19 DCAFs.  

3-The graduate student will then evaluate the functional consequences of DCAF Knock-Out using 
proliferation, viability and invasion endpoints in 2D and 3D culture systems.  Furthermore, the molecular 
consequences for each of the cell lines will be evaluated using global quantitative proteomics and 
metabolic analysis. Proteomics design and analyses will be co-directed by Dr Jyoti Choudhary. The 
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candidate will be trained in state of the art quantitative high resolution hybrid mass spectrometry 
approaches for shotgun peptide sequencing and sample multiplexing using Tandem-Mass-Tag (TMT) and 
Combinatorial Mass Tags (CMT)7. The latter approach developed by the Gygi laboratory in Harvard 
(established collaboration) enables multiplexing of greater than 10 samples and has the ability to measure 
low abundance proteins.  

4-The PhD candidate will then characterise the endogenous substrates for the DCAFs with the most 
consequential phenotypes (proliferation, viability, invasion and alterations in metabolic/proteomic profiles) 
as well as clinical correlates such as progression free/overall survival. This will be undertaken using a 
ligase trap approach routinely used in the laboratory for the identification of the CRL4CRBN endogenous 
substrates8.  Furthermore kinetic analysis of degradation profiles will be established in WT and DCAF KO 
cell lines using metabolic pulse-chase experiments on a proteome-wide scale. The “pulse” is based on the 
ability of cells to incorporate an artificial amino acid azidohomoalanine (AHA) into newly synthesized 
proteins instead of methionine. AHA contains an azide group enabling capture of proteins via click 
chemistry followed by Mass Spectrometry analysis9. These assays together will enable the definition of 
either direct substrate of the relevant DCAF or down-stream molecular effectors. The dependency of the 
substrates on molecular effectors will be further validated by rescue experiments of the relevant DCAF 
Knock-Out. These experiments will also enable definition of potential protein recognition motifs found on 
substrates; the so called degron. 

5-Based on data from 4; selected DCAFs will be expressed in protein expression systems for screening 
against our fragment library using surface plasmon resonance (SPR). This will aim to define potential 
scaffolds that bind DCAFs of consequence for further drug discovery approaches. 

This PhD will complement on-going work in the Translational Cancer Discovery team for discovery of 
modulators of CUL4CRBN.  As such the PhD will determine whether novel DCAFs  may be targeted for drug 
discovery in a similar way to thalidomide and its analogues. 

This PhD will offer a broad range of  training in molecular biology (cloning, protein technologies, 
CRISPR/Cas 9 editing); State of the art proteomics, Cell biology, tissue culture in 2 and 3D as well as 
relevant assays such as invasion).  Training will also be given in handling of patient data. There will also 
be exposure to the use of surface plasmon resonance and interaction with Professor Ian Collin’s chemistry 
group, which will provide a highly multidisciplinary training. 
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CANDIDATE PROFILE 

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First 
or 2:1) 

Pre-requisite qualifications of applicants: 

e.g. BSc or equivalent in specific subject 
area(s) 

Bsc/ MSc or equivalent in Cell Biology, Molecular 
biology, Biochemistry or Genetics 

Intended learning outcomes: 

 Molecular cloning 

 Protein expression and purification 

 TMT proteomics 

 Ligase trap assays 

 Knowledge of 2D-3Dcellular assays  

 Surface plasma resonance (SPR) 

 Introduction to handling patient data including Kalan Meier plots 
 

 

 

 

 

 


