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Novel p21-disrupting peptides to prevent quiescence and resistance to
chemotherapy

Supervisors:

Dr Anna Barnard, Imperial College London, Department of Chemistry

Dr Alexis Barr, MRC-LMS, Institute of Clinical Sciences

Dr Claudio Alfieri, Institute of Cancer Research, Division of Structural Biology
Research Summary

Lung cancer is the deadliest cancer worldwide and non-small cell lung cancer (NSCLC) accounts
for 85% of cases. 80% of these are inoperable and 5-year survival rates are ~15%. We need new
mechanisms to reduce the burden of this disease. Cell proliferation is driven by Cyclin/cyclin-
dependent kinase (CDK) activity. High expression of CDK inhibitor p21Cip1/Waf1 correlates with
a poor NSCLC prognosis. Our work suggests that high p21 expression allows NSCLC cells to
enter quiescence - a reversible, non-proliferative state, which allows cancer cells to resist
chemotherapy. We hypothesise that by preventing p21 binding to and inhibiting CDKs, we can
prevent NSCLC cell quiescence and reduce chemotherapy resistance. We will develop first-in-
class stabilised peptides that inhibit p21 binding to CDK (“p21 tides”). Our approach has
the dual advantage of increasing fractional killing in the primary tumour and reducing the
possibility of tumour relapse by eliminating a source of dormant tumour cells.

The student will develop novel p21-tides based on the following timeline:

e Year 1 - Identification of binding peptides
Expression of recombinant p21 and design and synthesis of p21-tides. Testing of
peptide affinity, CDK2 kinase activity inhibition and competition with p21 (AB).
Crystallisation of p21 in complex with CyclinA/CDK2 (CA). Cell uptake of fluorescent p21
peptides (ARB).

e Year 2 - Optimisation of peptide structures and in vitro validation of stapled peptide
derivatives
Synthesis, binding, and structural analysis of stapled p21-tides (AB/CA). Analysis of p21-
tide interaction with CyclinA/CDK2 and impact on stability and cell uptake (CR/ARB).

e Years 3-4 — Validation of peptide activity in cells and identification of susceptible
tumour types
Validation of p21-tides using cellular assays to (i) monitor changes in cell cycle dynamics
(phenotypes will be compared with p21KO NSCLC cell lines) and (ii) quantify response
to chemotherapy in the presence and absence of p21-tides (ARB). Immunofluorescence
staining of NSCLC tissue sections to identify p21-dependent quiescent cells in vivo.
Expansion into Renal and Liver cancers to (i) determine if p21-dependent quiescence
exists in these tumours and (ii) identify p21-dependent quiescence in vivo (ARB).

The student will receive world-class, interdisciplinary training in chemical biology, biophysical
techniques, cell and molecular biology, structural biology, quantitative single cell imaging and
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analysis, and tumour histopathology and immunostaining. The Barnard group has peptide
synthesis and biophysical analysis equipment providing rapid access to peptide libraries and
binding assays and has expertise in targeting protein- protein-interactions with stapled peptides.
The Barr group has validated fluorescent reporter NSCLC cell lines and imaging methods to
quantify peptide activity in cells. The Alfieri lab has expertise in the structural biology of cell cycle
proteins. The crystal structure of p27 bound to CyclinA/CDK2 has been solved making the
acquisition of a homologous structure of both p21 and stapled peptide analogues highly feasible.

By working across multiple labs across the two institutions, the student will be trained in a range
of practical techniques based on physical sciences (synthesis, characterisation, biophysical
analysis), biochemistry (in vitro assay development, structural biology), molecular biology and
medicine (cell-based compound analysis towards in vivo models). Through association with the
Institute of Chemical Biology (Faculty of Natural Sciences), the Institute of Clinical Science
(Faculty of Medicine), the MRC-LMS and the ICR, the student will have access to a wide range
of transferable skills training programmes in teamwork, science communication and project
management.
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Person specification

This project is suitable for a talented graduate or undergraduate student with life sciences, or
chemistry background. The standard minimum entry requirement is a relevant undergraduate
honours degree (First or 2:1). Applications are invited from talented graduates or final year
undergraduates. We particularly welcome British applicants from Black and minority ethnic
backgrounds, as they are underrepresented at PhD level within Imperial and The Institute of
Cancer Research.

The studentship will be registered at Imperial College London with affiliate status at the Institute
of Cancer Research. The student will have access to both institutions and benefit from the world
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class research infrastructure and expertise across the two institutions. The student will become a
member of the CRUK Convergence Science Centre PhD cohort which is a unique group of
students working across distinct disciplines to tackle the big problems in cancer. A unique
convergence science training programme will provide the skills and language to navigate different
disciplines.

Funding and Duration

Studentships will be for four years commencing in October 2023. Successful candidates will
undertake a four-year research training programme under the guidance of a supervisory team of
world-class researchers. Students will receive an annual stipend, currently £23,000 per annum,
and project costs paid for the four-year duration. Convergence Science PhDs cover tuition fees
for UK students only. Funding for overseas fees is not provided, international students are invited
to apply subject to outlining how they will meet the difference in tuition fees.



