
Introduction to Cancer Biology

Adelyne Chan, PhD
Adelyne.Chan@cruk.cam.ac.uk

Cambridge-Makerere Reverse Summer School
November 2024



Global Burden of Cancer



Burden of Cancer is Region-Dependent



Cancer Research Today

Cancer Research UK Annual Spend 2023/2024



What is Cancer?

“Down to their innate molecular core, cancer cells are 
hyperactive, survival-endowed, scrappy, fecund, inventive copies 
of ourselves.”

- Siddhartha Mukherjee, The Emperor of All Maladies

“Tumors: Wounds that do not heal”
- Harold F. Dvorak, Harvard Medical School Professor of 

Pathology (1986) NEJM 



The Cancer Continuum

Polyak (2007) J Clin Invest



The Biology of Cancer

Hanahan & Weinberg, The Hallmarks of Cancer (2000)



Hallmarks of Cancer: Updated

Hanahan & Weinberg (2011), 
The Hallmarks of Cancer: The Next Generation 

Hanahan & Weinberg (2022), 
The Hallmarks of Cancer: New Dimensions



Genomic Instability

Jigyansa Mishra, Biorender



Cell-autonomous Immortality

+ Replicative Immortality
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Cell-autonomous Immortality
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Cell-autonomous Immortality

+ Replicative Immortality

Serakinci (2011), Cancer Stem Cells – The Cutting Edge

What about non-cell autonomous aspects?



Immune Evasion

Tebu Bio



Immune Evasion

Tebu Bio



Immune Evasion



Sustainability

Angiogenesis: Ensuring nutrient supply



Sustainability

Deregulated cellular metabolism: Ability to adapt to available nutrient supply



Expanding Beyond Tissue-of-Origin



Shaping a Permissive Microenvironment

Yang (2014) Cell Death & Differentiation

Chronic inflammation: 
“Wounds that do not heal”



Hallmarks of Cancer: Updated

Hanahan & Weinberg (2011), 
The Hallmarks of Cancer: The Next Generation 

Hanahan & Weinberg (2022), 
The Hallmarks of Cancer: New Dimensions



Epigenetic Reprogramming

Jigyansa Mishra, Biorender

Epi = On top of

Epigenetics = Non-genetic changes 
that affect expression of genes 

Coco (2019) International Journal of Molecular Sciences



Microbes

Behaviour of the cancer

+ Therapy response



Microbes

Diakite (2023) Front. Virol.

Chen (2024) Gastroenterology



Phenotypic Plasticity

Thankamony (2020) Frontiers in Molecular Biosciences



Senescence

Cell cycle arrest

Chromatin re-organization

Gene expression changes
Senescence-associated secretory phenotype (SASP)

Exposure to stress

Induction of 

senescence
Immune 

recruitment

Physiological 
Senescence
‘Life Cycle’

Replicative exhaustion

DNA damage
Oncogene activation

Chan & Narita (2019) Genes Dev. Munoz-Espin (2014) Nat. Rev. Mol. Cell Biol.



Hallmarks of Cancer: Updated

Hanahan & Weinberg (2011), 
The Hallmarks of Cancer: The Next Generation 

Hanahan & Weinberg (2022), 
The Hallmarks of Cancer: New Dimensions



Tools for Studying Cancer Biology



Cell Lines



Cell Lines
Normal fibroblast

Normal epithelial cell

HeLa (Cervical cancer)

A549 (Lung cancer)



Taking In Vitro Research 3D: Tumour Organoids



Animal Models

https://www.eara.eu/why-are-animals-used-cancer-research

National Geographic

“Research involving animals is essential for us to save lives. 
Most cancer treatments used today wouldn’t exist without 
this type of work.”

Cancer Research UK

“We use animal studies alongside many other experimental 
approaches and they are crucial in building up a complete 
picture of cancer biology. Our research using animals has 
helped drive advances in cancer treatment that are benefiting 
people with cancer all over the world today..”

Institute of Cancer Research, UK



The Laboratory Mouse



Bioinformatics & Computational Models

Albrecht (2020) Theoretical Biology and Medical Modelling



The Importance of Translation-Focused Research

“Show me the phenotype!”
“Analysis for the sake of analysis is a waste of time and money”

Adelyne Chan, when supervising students



Cancer Research: The Vision & Motivation



Cancer Research: The Vision & Motivation
“Create a 3D logo that represents cancer research in Cambridge”



Cancer Research: The Vision & Motivation



Timeline of Cancer Treatment

Falzone et al., 2018. Front. Pharmacolol.



Progress in Cancer Survival



Reasons for progress:

Progress in Cancer Survival

Rational Treatment: 
Targeting the cancer, not 

everything

Personalised Treatment: 
Understanding that 

cancers are different and 
treating them accordingly

Early Diagnosis: Focus 
on earlier, more 

treatable disease



Rational Treatments Based on Hallmarks of Cancer



Personalised Therapies

nextgeninvent.com



Prevention & Targeting Early Stages of Disease

Sacco (2020) Antioxidants & Redox Signalling



Gentler Therapies



Narita Lab, CRUKCI

Thank You!!!
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