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SHORT ABSTRACT
Death is not an endpoint, but the beginning of a novel communication axis between dying cells and cells of the
immune system1. The way in which a cell dies dramatically alters the danger signals that get released. While apoptosis
tilts towards an immunologic silent outcome, non-apoptotic forms of cell death, such as caspase-independent
necroptosis, can be highly immunogenic.
The successful PhD candidate will investigate how non-apoptotic forms of cell death can be used to open a new line
of communication with immune cells. Specifically, he/she will use novel ICR-developed PROTAC degraders in
combination with radiation therapy to rewire cell death signalling pathways into caspase-independent forms of cell
death. PROTACs or Proteolysis Targeting Chimeric Molecules are heterobifunctional nanomolecules that target a
protein-of-interest for ubiquitylation and degradation. We will use such compounds to test whether killing cancer
cells by non-apoptotic forms of cell death more effectively drives an immune response against tumours, hence
enhancing the effectiveness of radiotherapy.

Schematic abstract of proposed research:

BACKGROUND TO THE PROJECT
Radiotherapy typically kills tumour cells by apoptosis. However, apoptosis is an immunologically silent form of cell
death that does not stimulate the immune system against the tumour. Moreover, resistance to radiation therapy (RT)
in cancer patients is common and can arise as tumour cells evolve to become resilient to undergo apoptosis.
While it is clear that dying cells play an active role in inducing anti-tumour immunity, cells can die through very
different modalities, with apoptosis being more immunologically silent whereas caspase-independent cell death
(CICD) alerts the immune system of danger2. This is because apoptotic caspases cleave and block the production of
‘danger’ signals, causing a more immunologically silent form of death. In contrast, cells that die by CICD release
molecules that function as adjuvants or danger signals for immune cells. Such damage- or stress-associated molecular
patterns (DAMPs and SAMPs) can engage innate pattern recognition receptors (PRR), resulting in the activation of
tumour-specific immune responses.
Therefore, rewiring cell death signalling pathways into caspase-independent forms of cell death is a promising
strategy to engage the immune system against the tumour. These types of cell death, such as necroptosis, are based
on the strategy of ‘pathogen mimicry’. They simulate the presence of an imaginary pathogen, while collaterally
triggering an attack on the tumour and an immunization against tumour antigens. While cancer cells have grown to
manipulate the immune system into tolerating the tumour, there is an enemy the immune system will never ignore:
pathogens. Therefore, engaging pathogen-sensing pathways while rewiring their death signalling outputs into CICD
might be a better way to kill cancer cells.
Recent data demonstrate that radiotherapy-mediated anti-tumor efficacy critically depends on activation of innate
immunity pathways3-8. Thus, radiation triggers an immune response by causing cytosolic DNA, which activates the
cGAS/STING pathway. Additionally, the effects of radiation can also induce expression of endogenous retroviruses
(ERVs)9 that in turn are detected by dsRNA sensors, such as ZBP1 and RIG-I. Both, STING and ZBP1 can drive interferon
and necroptosis signalling, which potently alerts the immune system of danger.
PROJECT AIMS
The overarching goal is to gain a better understanding how to boost the immunogenicity of radiotherapy.
We aim to achieve this by manipulating the innate immunity pathways triggered by radiation so that they maximally
drive interferon signalling, NF-kB activation and lytic forms of cell death. Importantly, we will investigate cancer cell
autonomous as well as non-autonomous effects, such as those mediated by cancer associated fibroblasts (CAFs) and
macrophages.
Specifically, we will pursue the following aims:


identify strategies to enhance the tumour-selective cytotoxicity of radiation



understanding how to rewire radiation-induced apoptosis into caspase-independent forms of cell death



gain a better understanding how radiation drives cGAS/STING and ZBP1 activation



characterise how we can manipulate regulators of the cGAS/STING and ZBP1 pathways to enhance their
immunogenic signalling outputs (interferon signalling and cell death)



evaluate the immunogenicity of novel radiation-based treatment protocols using state-of-the-art syngeneic
mouse tumour models for breast cancer

Manipulating radiation-induced cytotoxicity and immunogenicity may ultimately translate into novel therapeutic
developments to induce effective anti-tumour immunity in nearly all cancer patients. It will also allow the
identification of radiosensitivity biomarkers and promote immunogenic approaches to cancer treatment.
RESEARCH PROPOSAL
We aim to elucidate how we can unleash the full potential of cGAS/STING and ZBP1-mediated signalling in response
to radiation so that we can trigger an effective immune response against tumours.
Objective 1: Manipulating cell death priming to enhance the efficacy of radiation
Many mechanisms of resistance to radiotherapy have been observed, including resistance to apoptosis. Accordingly,
our preliminary data indicate that Navitoclax, a BCL2 inhibitor, sensitises Patient-derived tumour organoids and
murine tumour organoids to radiation. Therefore, we will evaluate whether manipulating the cell death threshold
improves radiation-induced cell death. Particularly, we will combine radiation with BH3 mimetics, which antagonise
BCL-2 family members and increase the extent of mitochondrial cell death priming. We will use: Navitoclax (targeting
BCL-2, BCL-XL, BCL-W), Venetoclax (BCL-2), and S6845 (MCL-1). Using murine breast cancer organoids and human
mutant PDOs, we will test whether antagonism of BCL-2 family members enhances the sensitivity to radiation.
Increasing the readiness to undergo MOMP implies that radiation causes upstream activation of cell death signalling
via BH3-only protein induction (e.g. PUMA or NOXA).
Together, it will allow us to determine which anti-apoptotic BCL-2 family member sustains resistance to radiationinduced cell death, and to design an efficient treatment protocol (see Objective 3).

Objective 2. Caspase-independent cell death (CICD) triggered by radiation
2.1 MOMP-induced caspase-independent cell death
While mitochondrial outer membrane permeabilization (MOMP) is a key event for intrinsic apoptosis, caspases are
not required for cell death as cells die post-MOMP even in the absence of caspase activity2. While caspases are
dispensable for MOMP-induced cell death, they function primarily to accelerate cell death, which serves important
roles during development and keeps apoptosis immunologically silent. For example, apoptotic caspases cleave and
inactivate cGAS and IRF3 to suppress type I interferon (IFN) response. Caspases also prevent the release of
mitochondrial DNA (mtDNA). Thus engaging MOMP, while blocking caspases (CICD) strongly provokes immunogenic
cell death through the activation of NFkB and the induction of mtDNA-mediated IFN response. Accordingly, caspase
inhibition has been shown to induce anti-tumour activities accompanied by tumour regression2.
To provide a proof-of-concept and profile the innate immune signalling outputs of this approach in breast cancer
(PDOs and murine tumour organoids), we will trigger radiation-induced MOMP while inhibiting caspase activity with
clinical-grade pan-caspase inhibitors. We will assess mtDNA release and cGAS/STING-dependent interferon
production as well as NF-kB signalling. Particularly, we evaluate whether caspase blockade boosts activation of
cGAS/STING signalling, thereby altering the communication between dying cancer cells and cells of the immune
system.
To study the communication between dying cells and immune cells, we will study the cell signalling events triggered
by heterotypic co-culture assays, and what activates/polarises the immune cells. This will identify the danger signals
that mediate cancer/immune communication.

Ultimately, we will evaluate whether radiation-induced and MOMP-mediated CICD confers therapeutic benefit in
cancer treatment. To this end we will perform tumour allograft and treatment experiments using murine tumour
model (see Objective 3).

Objective 3: Heating up tumours via immunogenic cell death
3.1 Studying radiation-mediated activation of the immune system
We will use transplantation-based syngeneic mouse tumour models of TNBC to study the ability of dying tumour cells,
killed by radiation-induced apoptosis or CICD (Objective 2), to stimulate the adaptive immune system. The effect of
CICD on anti-tumour immunogenicity will be conducted in collaboration with Alan Melcher and Kevin Harrington, as
previously described10-12. These assay systems have already been set up in my lab. Changes in the immune landscape
and immune activation will be evaluated as previously described13. Furthermore, we will measure the cross-priming,
proliferation, and cytokine (INFg and TNF) release of cytotoxic T cells (CD8a+) isolated from these locations. We will
also test the in vivo cytolytic activity of the primed CD8+ T cells in these systems.
Together, these approaches will allow us to further understand the language used by dying cells and tailor our
combinations to achieve optimal anti-tumour immune responses by radiation.

LITERATURE REFERENCES
1
2
3
4
5

6

7
8
9
10
11

Yatim, N., Cullen, S. & Albert, M. L. Dying cells actively regulate adaptive immune responses. Nat Rev Immunol
17, 262-275, doi:10.1038/nri.2017.9 (2017).
Giampazolias, E. & Tait, S. W. G. Caspase-independent cell death: An anti-cancer double whammy. Cell Cycle
17, 269-270, doi:10.1080/15384101.2017.1408229 (2018).
Ablasser, A. et al. TREX1 deficiency triggers cell-autonomous immunity in a cGAS-dependent manner. J
Immunol 192, 5993-5997, doi:10.4049/jimmunol.1400737 (2014).
Demaria, S. et al. Immune-mediated inhibition of metastases after treatment with local radiation and CTLA-4
blockade in a mouse model of breast cancer. Clin Cancer Res 11, 728-734 (2005).
Demaria, S., Bhardwaj, N., McBride, W. H. & Formenti, S. C. Combining radiotherapy and immunotherapy: a
revived partnership. International journal of radiation oncology, biology, physics 63, 655-666,
doi:10.1016/j.ijrobp.2005.06.032 (2005).
Deng, L. et al. STING-Dependent Cytosolic DNA Sensing Promotes Radiation-Induced Type I InterferonDependent
Antitumor
Immunity
in
Immunogenic
Tumors.
Immunity
41,
843-852,
doi:10.1016/j.immuni.2014.10.019 (2014).
Burnette, B. C. et al. The efficacy of radiotherapy relies upon induction of type i interferon-dependent innate
and adaptive immunity. Cancer Res 71, 2488-2496, doi:10.1158/0008-5472.CAN-10-2820 (2011).
Wu, J. J. et al. Inhibition of cGAS DNA Sensing by a Herpesvirus Virion Protein. Cell host & microbe 18, 333344, doi:10.1016/j.chom.2015.07.015 (2015).
Lee, A. K. et al. Endogenous Retrovirus Activation as a Key Mechanism of Anti-Tumor Immune Response in
Radiotherapy. Radiat Res 193, 305-317, doi:10.1667/RADE-20-00013 (2020).
Aaes, T. L. et al. Vaccination with Necroptotic Cancer Cells Induces Efficient Anti-tumor Immunity. Cell reports
15, 274-287, doi:10.1016/j.celrep.2016.03.037 (2016).
Yatim, N. et al. RIPK1 and NF-kappaB signaling in dying cells determines cross-priming of CD8(+) T cells.
Science 350, 328-334, doi:10.1126/science.aad0395 (2015).

12
13

Giampazolias, E. et al. Mitochondrial permeabilization engages NF-kappaB-dependent anti-tumour activity
under caspase deficiency. Nat Cell Biol 19, 1116-1129, doi:10.1038/ncb3596 (2017).
Smith, H. G. et al. RIPK1-mediated immunogenic cell death promotes anti-tumour immunity against soft-tissue
sarcoma. EMBO Mol Med 12, e10979, doi:10.15252/emmm.201910979 (2020).

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:

- Candidates must have a first class or upper second class
honours degree or an MSc in an appropriate scientific discipline
[essential].
- Preliminary technical experience [essential].
- Experience in cell biology, biochemistry or molecular biology
[essential].
- Ability to design and implement experiments using state-of-theart techniques [essential].
- Good communication and presentation skills [essential].
- Team player [essential]

Intended learning outcomes:

- To work independently on a defined project and to consult
when appropriate.
- To take an interest in the relevant scientific literature.
- To present work at conferences and participate regularly in
group meetings.
- To publish work in the scientific press.
- To generate insight and leads to further our understanding of
the complex relationship between cell death and immunity, and
how this could be exploited to improve tumour kill and drive
anti-tumour immunity
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