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Project background

Triple negative breast cancers (TNBC) with high levels of viable residual cancer cells post neoadjuvant
chemotherapy (NAC) are highly aggressive with an average survival of less than 50% and a median progression
free survival of 1.7 months for women who have therapy resistant metastatic diseasel. Although immunotherapy is
showing promising results in early TNBC, many patients do not respond, and chemotherapy remains the main
option. High rates of recurrence in TNBC are in part due to its inherent molecular heterogeneity and sub-clonal
diversity, in which cells present in minority sub-populations escape the pressures of therapy. Preliminary studies
suggest these pre-existing sub-clones harbor distinct transcriptional signatures rather than genetic alterations that
result in regulated changes in gene expression and can foster sub-clonal diversity, tumour evolution, and ultimately
therapy failure and breast cancer metastasis2. Data from our lab highlight that subsets of distinct metastasis
associated genes are seen as sub-clonal populations in primary untreated TNBC. These sub-clonal populations and
are selected for upon chemotherapy resistance, leading to transcriptional re-wiring and upregulation of epithelial to
mesenchymal transitional states (EMT).

Recent studies have highlighted that aggressive TNBC show “transcriptional addiction” and are uniquely sensitive to
inhibition of the cyclin-dependent kinase CDK?7 in vitro and in vivo. This effect is mediated through specific up-
regulation of an “Achilles heel” set of genes which are regulated by super-enhancers, including regulation of genes
that control EMT and ultimately cell fate3,4. The CDK7 specific inhibitor samuraciclib5 has demonstrated durable
responses in metastatic TNBC patients in clinical trials and identifying patients a priori that may derive benefit is
paramount. We hypothesise that specific sub-populations of cells that are selected for upon chemotherapy
exposure are epigenetically defined, show “transcriptional addiction” and are the sub-populations of cells that are
sensitive to CDK?7 inhibition. Based on this, this project will address the following questions:



e How does CDK?7 inhibition alter the sub-clonal heterogeneity of TNBC?
e What are the sub-clonal populations responsible for resistance to CDK7i?
e Can CDK7i be combined with immunotherapeutic approaches in TNBC?

Research proposal

Our laboratory has developed several reagents for this project. These include i) molecularly characterised TNBC
models derived from patients resistant to NAC and from distant metastatic sites, ii) implementation of molecular
barcoding technologies and iii) experience in single cell sequencing from primary breast cancers and PDX models
and complex bioinformatics for data analysis and interpretation.

Aim 1: How does CDK7 inhibition alter the sub-clonal heterogeneity of TNBC?

The project will use a unique panel of TNBC patient derived xenograft (PDX) models that have been derived post
NAC and from metastatic disease that have been established as organoid cultures (PDxO) characterized in the lab.
Firstly, the project will assess the sensitivity of this panel of PDxO models to the CDK7i samuraciclib, which has
demonstrated promising activity in clinical trials in TNBC. Multi-ome single cell RNA-sequencing (scRNA-seq) and
chromatin profiling (SCATAC/H3K27ac) will be performed on these models before and after samuraciclib exposure to
identify if sub-clonal populations of cells mediate sensitivity to CDK7i and if these genes are regulated by super-
enhancers. Single cell profiles from sensitive versus resistant models will also be compared. Transcriptional
alterations identified will be validated using both our in-house generated and published scRNA-seq data sets from
TNBC patients to generate a potential biomarker of response.

Aim 2: Are these sub-clonal populations responsible for resistance to CDK7i?

As with many targeted agents, resistance can emerge over time. ldentifying mechanisms of resistance is important
to i) understand the biology that mediates sensitivity and ii) identify potential combination therapy approaches that
may halt the emergence of resistance. To identify resistance mechanisms, samuraciclib sensitive PDxO models will
be infected with complex expressed barcode libraries to molecularly tag cells with unique barcodes and exposed to
samuraciclib over time to generate resistance. This approach has the advantage of tracking minority populations of
cells without a priori knowledge of their genetic or transcriptomic make-up to evaluate the sub-clonal evolution of
resistance at the single cell level. As each cell has a unique barcode integrated into the DNA, we can ascertain
whether resistance is stochastic or conserved (i.e. enrichment of particular barcodes in replicate experiments will
indicate pre-existing heritable sub-clones that have the capability to drive resistance). Random barcode enrichment
will indicate adaptive evolution to metastatic disease. As the barcodes are expressed, we can additionally ascribe
which barcoded cell has a particular chromatin and transcriptional landscape using sc-sequencing. Sub-clonal
alterations enriched upon samuraciclib resistance will be validated through CRISPR/Cas9 editing of sub-populations
of genes enriched in resistant cells to test if these re-sensitise cells to samuraciclib.

Aim 3: Can CDK7i be combined with immunotherapeutic approaches in TNBC?

Recent evidence suggests that CDK7i can potentiate a robust immune response via induction of IFN-y signaling,
which is further improved by anti-PD-1 and chemotherapy6. Addition of samuraciclib to chemotherapy and anti-PDL-
1 may thus improve TNBC patient response to combinations of anti-PD-1 and chemotherapy and widen the number
of TNBC patients that will respond to these agents. To test this, immune competent TNBC murine models will be
treated with combinations of samuraciclib, anti-PDL-1 and taxane chemotherapies. Using single cell sequencing
approaches, the effect on tumour sub-clones that are responsible for response/resistance to samuraciclib identified
from aims 1 and 2 will be investigated. Additionally, the effects on the immune milleu will be investigated with the
hypothesis that both the complement of immune cells and epithelial cells will govern response to the combination.
This will be further validated using tissue slices of primary TNBC patient tumours grown in vitro as short-term
cultures.
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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: BSc. (1st or 2:1) or equivalent in biological sciences or
computer science.

Intended learning outcomes: ¢ Knowledge of the molecular basis of cancer

Advanced skills in a wide range of molecular,

cellular and biochemical assays

Experience in bioinformatics

Project management skills

Wide appreciation of cancer research

Acquisition of skill-set relevant to future as

postdoctoral research fellow

e Ability to productively liaise with internal and
external collaborators

Advertising details

Project suitable for a student with a background in: |X| Biological Sciences
|:| Physics or Engineering

|:| Chemistry
|:| Maths, Statistics or Epidemiology

|X| Computer Science
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