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Background

* Cellular senescence is defined as a state in which a cell
no longer has the ability to proliferate.

* The cells remain irreversibly arrested in phase G1 of the
cell cycle.

* Here they remain unresponsive to extrinsic stimuli with
an altered gene expression profile but metabolically
active and resistant to apoptosis. (1,2)

e Senescence has historically been thought of as a
protective mechanism to abrogate external damages -
DNA damage, strong mitogenic signals, and other non-
genotoxic stresses, for example [Figure 1]. (3)

¢ However, evidence shows that such cells have a
secretory phenotype that is deleterious to the tissue
microenvironment. This creates surroundings that are
permissive to tumour initiation, growth, recurrence and
metastasis. (4, 5, 6)

» Senescent cells can be cleared with drugs called
senolytics e.g., navitoclax, hence halting cancer
progression and metastasis. (7, 8)

* We may therefore be able to utilise senolytics as a
prophylactic drug to prevent cancer initiation and as an
adjunct to existing therapies.

* We may also be able to induce and subsequently exploit
senescence in tumours using existing therapies such as
radiotherapy and chemotherapy. (9)

Methods

To investigate senescence induction in medulloblastoma
cells, a novel chemotherapy combination was used over
the course of nine days. Cells were seeded on day one
and treated every second day.

* Cyclophosphamide and methotrexate were kept at
constant concentration, cisplatin concentration was
varied (1pmol, 3umol, 10pmol).

* Three wells of approximately fifty-thousand cells were
used per condition.

* On day nine, to lyse the cells and extract their RNA
whilst maintaining viability, RLT-buffer and -
mercaptoethanol were used. RNA was then isolated and
purified.

* To confirm presence or absence of senescence in the
cells and quantify the difference between conditions, a
variety of primers were used to target cell-cycle inhibitor
genes and senescence-associated secretory phenotype
genes.

* GAPDH and B-actin were used as housekeeping genes
and normalised against each other.

Future Research

The initial experiment confirmed chemotherapy-induced senescence in the ONS-76 medulloblastoma
cell line. This needs to be confirmed with further repeats and additional experiments investigating
other senescence markers e.g., senescence-associated 3-galactosidase and EDU.

RNA bulk sequencing will reveal the gamut of genes unregulated following the chemotherapy regimen

and potential targetable proteins.

Further investigations will show the effects of a senolytic compound on these cells. This will first be
done with Navitoclax and then with a small-molecule library.

Alongside the cellular biology work, a CDX mouse model of medulloblastoma will be used to lineage
trace senescent cells within the tumour(s), investigate the effects of chemotherapy on the tumour(s) in
vivo, and the effects of senolytic on overall tumour burden (with and without chemotherapy).

The ultimate aim of the work is to provide pre-clinical underpinning of a clinical trial aimed at
improving the prognosis and outcomes for children with medulloblastoma.
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Figure 1 - Cellular Senescence Induction

Project Overview

* My project is investigating the presence and exploitability of
senescence in medulloblastoma, as well as therapy-
induced senescence. Can we induce senescence in
medulloblastoma cells using chemotherapy, and if so can
we target these cells with senolytics to improve prognosis
and outcomes for children with this tumour?

* Medulloblastoma is a primary central nervous system
tumour derived from neuroepithelial cells. It comprises four
subtypes of embryonal tumours of the cerebellum (WNT-
activated, SHH-activated, Group 3, and Group 4) [Figure

2]. The five-year survival rate is 72%, though many factors
can affect prognosis. (10, 11)
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* gPCR analysis using primers targeting cell-cycle inhibitors revealed up-regulation of p16 and p21 following
chemotherapy. This was in a stepwise manner with increased concentration of cisplatin [Figure 3].

+ Similarly, there was up-regulation of a variety of senescence-associated secretory phenotype genes. Again in a
stepwise manner in the majority of cases [Figure 3].

* Images taken from the light microscope after the chemotherapy regimen showed morphology characteristic of
senescence, optimised at pmol cisplatin [Figure 4].
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Figure 4 - Morphology of ONS-76 Cells following Chemotherapy
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