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Acute myeloid leukaemia (AML) 
is the leading cause of blood 
cancer-related mortality in 
children. While outcomes for 
patients have certainly improved 
in recent decades, survival 
rates have reached a plateau at 
approximately 60%. Efforts to 
improve survival rates have been 
hampered by a lack of knowledge 
about the nature of paediatric AML 
and limited development of new 
treatments. In fact, treatments for 
childhood AML have remained 
essentially unchanged for nearly 
50 years, comprising highly toxic 
drugs which carry significant 
short- and long-term side effects. 
It is therefore a priority to identify 
safer, more effective treatments for 
these patients.

Many blood cancers, including 
AML, are aggressive because 
mutations in a cells’ DNA cause 
overactivity in proteins called 
kinases. Kinases are enzymes that 
act like traffic lights within a cell, 
dynamically switching from ‘go’ 
to ‘stop’ to allow cells to make 
decisions, such as whether to 
grow or divide. These decision 
processes are normally tightly 
regulated, however when a kinase 
is mutated it often results in a 
constant ‘green light’, causing the 
cells to grow uncontrolled. 

Recent decades have seen the 
development of drugs called 
kinase inhibitors, with many 
already used clinically across a 
range of cancers. These drugs 
interact with overactive kinases 
to halt the uncontrolled growth of 
cancer cells. Unfortunately, these 
drugs are commonly ineffective 
when used on their own as they 
are unable to completely shut 
down kinase activity. In keeping 
with the traffic analogy, cancer 
cells can divert traffic away from 
the targeted kinase and use an 
alternate route. These drugs 
are more effective when used 
in combination, however the 
challenge lies in identifying which 
combinations will work best for 
which patient.

In order to address this challenge, 
we are using an approach called 
Systems Biology which combines 
in vitro experimental data with 
computer modelling. Systems 

Biology can be used to predict 
kinase inhibitor combinations able 
to shut down overactive kinases. 

Systems Biology provides 
a holistic understanding of 
cancers

Systems Biology stands on two 
pillars, computational (“dry”) 
biology and experimental (“wet”) 
biology, which work in tandem. 
Results obtained in the lab provide 
data to feed into computational 
models, and these models allow 
refinement of our experimental 
approach. At Systems Biology 
Ireland we are utilising this strategy 
to identify potential vulnerabilities 
in cancers and discover novel 
therapeutic options. 

Coming back to the traffic analogy, 
computational biology allows us 
to obtain maps of all the ‘traffic 
systems’ within a cell. This allows 
us to gain a holistic understanding 
of the main signalling routes 
activated in cancer cells, and what 
bypasses can potentially exist. 
Understanding these bypasses 
can prove vital in understanding 
why cancers develop resistance 
to some targeted drugs, such as 
kinase inhibitors. Establishing 
these maps largely simplifies 
the task of effectively blocking 
oncogenic routes and allows 
identifying optimal combinations of 
drugs to cut all possible alternative 
routes of oncogenic signalling. 

Targeting oncogenic signalling 
using Systems Biology

Previously we have focused on 
studying oncogenic signalling 
resulting from mutations which 
activate members of the RAS 
family of genes, particularly 
N-RAS, K-RAS and H-RAS. 
Mutations in these genes occur 
in approximately 30% of all 
cancers and are commonly found 
in leukaemias. These mutations 
cause overactivity of kinases 
leading to uncontrolled growth and 
survival of cancer cells.  

Using a Systems Biology 
approach, our research has 
identified a potential, non-obvious 
vulnerability in the signalling that 
occurs as a result of mutations 
in RAS genes. This vulnerability 

Targeting the ‘Achilles heel’ of childhood AML 
using Systems Biology

takes advantage of two key facts, 
one being that kinase inhibitors of 
different shapes (structures) exist 
and the second being that kinases 
commonly form pairs (known as 
dimers) when activated. When 
a kinase inhibitor binds to one 
kinase in the pair it can cause the 
other to undergo a subtle change 
in shape. This change in shape 
makes it susceptible to being 
bound by a kinase inhibitor with a 
different structure from that of the 
first inhibitor. 

As a result, our studies identified 
new, non-obvious drug 
combinations which consist of 
previously approved drugs and 
effectively block RAS oncogenic 
signalling. Based on our findings 
a new Phase II clinical trial has 
recently started in the USA 
(https://clinicaltrials.gov/ct2/
show/NCT05068752), which is 
sponsored by the HonorHealth 
Research and Innovation 
Institute of Scottsdale, Arizona, 
with support from Bayer and 
Genentech. This study will assess 
the potential for our computational 
model to predict effective drug 
combinations in patients with 
pancreatic cancer. 

Applying this model to paediatric 
acute leukaemia patients 

Thanks to funding from the Irish 
Cancer Society, we are currently 
applying our modelling approach 
to kinase mutations frequently 
observed in childhood AML 
patients. Our current model is 
readily applicable to childhood 
AML, as mutations in RAS genes 
occur in 15-20% of patients and 
are commonly associated with 
poor clinical outcome. As such, 
we are currently working to identify 
novel kinase inhibitor combinations 
for these patients.

One of the key benefits of our 
modelling strategy is that it can 
theoretically be applied to other 
types of kinases. As mutations in 
kinases are common in childhood 
AML, we are currently developing 
similar models to focus on kinase 
mutations which are commonly 
associated with resistance to 
standard therapies and poor 
clinical outcomes. 

These predicted combinations will 
require rigorous lab testing before 
reaching the clinical setting. As 
part of this testing, we are currently 
developing experimental platforms 
which will help to ensure that our 
combinations are both safe and 
effective for patients. While there 
is still a lot of work to do, this 
approach has significant potential 
to allow rapid identification of 
kinase inhibitor combinations that 
will provide safe and effective 
treatment strategies for high-risk 
childhood AML patients.
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