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How can we target cancer cells specifically?

Overall takeaways
Our genomic knockout screens successfully identified genes required by cancer 
cells to adapt to their stressful surroundings

 9 Many gene knockouts significantly affected cancer cell survival under stress - 
further study into these genes may lead to future cancer therapies

 9 Some findings are not consistent with the biology that is currently known, 
constant ongoing research is thus important

 9 Several genes were associated with difference in survival and treatment 
response of cancer patients, and may be useful for applications in the clinic

Tumour cells are 
surrounded by a unique 
physical environment 

uncommon in normal cells

Associated with 
worse patient 
outcomes1,2

Mechanisms used by 
cancer cells to survive 
under these conditions 

are potential targets

which stems from

Low oxygen (i.e. hypoxia)

Scarce nutrients (e.g. glucose)

Acidic pH

 9 Which genes are important for cancer cell adaptations?
 9 How can these results be used to benefit cancer patients?

Scan/click 
to explore 
the data! 

URL:
https://tmestress.shinyapps.io/interactive_volcano/

Figures created with Adobe Illustrator 24.3, graphs plotted with R (v4.0.3; RStudio) and statistical tests carried out in R.

Test how disrupting (i.e. knocking out) each gene affects cancer cell survival
Thousands of genes exist, so testing one gene at a time will take too long

Instead we can do so for all genes across the genome in parallel using 
genomic knockout screens3 

By identifying the genes that are essential for cancer development, we can potentially
 9 Improve our knowledge of the biology underlying this stress 
 9 Develop new anti-cancer drugs
 9 Use them for genetic screens to match cancer drugs to cancer patients

What method can be used to find the genes that enable 
cancer cells to survive in these unique conditions? 

Why is this knowledge useful?

What steps are involved in a genomic knockout screen?

Main questions Which genes were most important in the screens?

What real-world relevance do the findings have?

1Auckland Cancer Society Research Centre, University of Auckland, Auckland, NZ. 2Maurice Wilkins Centre for Molecular Biodiscovery, NZ. 
3Janssen Research & Development, PA, USA. 4Department of Molecular Medicine and Pathology, University of Auckland, Auckland, NZ. 

5Department of Pharmacology and Clinical Pharmacology, University of Auckland, Auckland, NZ.

Unravelling genetic factors underlying 
cancer cell adaptation - a foundation for 

developing cancer therapies 

• Under acidic pH, there 
was no significant 
selection of genes 
involved in pH regulation 

• Under hypoxia, knockouts 
of genes known for 
facilitating growth under 
low oxgen grew well 
(opposite of expected)

• Under low glucose, 
knockouts of genes which 
maximise efficient energy 
production grew poorly 
(expected)

Genes classically 
associated with 
tolerance of the 

respective stressors...

Comparisons between our findings 
and known biology

Two replicate 
experiments 

for each stress
Top 5 genes from each screen labelled below, and 

genes shared between screens for each stress in bold

Fold-change 
= experimental count/ control count

A type of adjusted p-value;
smaller value

= more significant result

Two examples shown below... 
(Patients are head and neck cancer patients from the TCGA database)

Were not 
significant in the 

screens since 
these knockouts

Were significant 
in the screens 
and knockouts 
responded...

In the 
expected 
direction

In the 
unexpected 
direction

Did not grow 
especially well 

or poorly

Do the findings match known biology?
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LCOR knockouts 
grew well under 

acidic pH

LCOR is associated with 
gene regulation and is 
not widely known in 

relation to cancer
These genes can be used for screening cancer patients and help predict the long-term 

progress, as well as most effective drug treatment for each individual.

EIF2AK4 functions in 
stress response and was 
found to decrease drug 
effectiveness in breast 

cancer patients5

EIF2AK4 knockouts 
grew poorly under 

hypoxia and acidic pH
Gene knockout 
grows poorly 
under stress

Gene knockout 
grows well 
under stress

Gene helps cancer 
cells adapt to stress

Gene makes cancer 
cells vulnerable to 

stress

Patients with 
high levels of the 
gene have worse 

outcomes

Patients with 
high levels of the 
gene have better 

outcomes

↓ pH outside 
cell

Acidic pH in 
surroundings of 

cancer cells

↑ H+ within 
cell Reprogramming 

of metabolism 

Some genes 
increase/decrease 

function under hypoxia

Inconsistent 
nutrient 

availability

Oxygen

Nutrients

Leaky, chaotic and 
inefficent tumour 

blood vessels 

Cells that are 
adequately 
supplied

Tumour cells survive 
even when lacking 

oxygen and nutrients 
Cells in tumour 

adapt to stressful 
conditions in 
surroundings 

Cells die due 
to too few 
nutrients
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“Empty” 

virus 
guide RNA 

(gRNA) 

Complete 
virus

Population of 
knockout cells

Across all cells in a 
population, every gene in the 

genome is knocked out 
(19 114 total genes) 

Knock out one 
gene per cell by 
introducing one 

virus per cell

Package virus containing 
library of guide RNAs

UT-SCC-54C cells 
(head and neck 

cancer cells)

Total of 76 441 
gRNAs in library
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Growth 
under stress

Cells 
subjected to 

stress undergo 
selection

Example growth of cells in a screen

At end of screen

Acidic pH - 6.5
Hypoxia - 0.2% O2
Trace glucose - 0.26 mM 
(from serum)
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How are the genes knocked out?
Gene loses its 

function

subsequent 
DNA repair has 
high error rateCas9 cuts 

DNA strands

Altered 
gene

Cas9 
enzyme

gRNA
Target 
gene

Cells carrying gRNA 1  have 
increased growth under the stress

 
Knocking out gene 1 is beneficial 
for cancer cells under the stress

Function of gene 1 decreases 
tolerance of cells under the stress

gRNA 1 targets 
gene 1

(Vice versa for gRNA 2 while gRNA 3 was neutral)

Use computational methods to 
derive the most affected gene 
knockouts 

1. Special algorithm    
GCVL to process gRNA counts
2. MAGeCK4 to consolidate 
information from gRNAs to genes

Each gRNA 
targets a 

specific gene 
and directs 
Cas9 to it
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