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Harnessing the 
Immune System to 
Tackle Cancer 

In a ground-breaking stride toward accessible 

cancer treatments, a revolutionary method for 

preparing immune cells has emerged.  

Dr Nicholas Gascoigne from the Yong Loo Lin 

School of Medicine at the National University of 

Singapore has helped develop an innovative 

approach involving T-cells, which holds the 

promise of transforming the landscape of 

cancer therapy, potentially making it more 

widely available and more effective.

Emerging Avenues in Cancer Treatments

According to the World Health Organization, cancer remains 
a prominent global cause of mortality, having contributed to 
approximately 10 million fatalities in the year 2020 – accounting 
for nearly one out of every six deaths. In recent decades, 
immunotherapy has emerged as a crucial component in treating 
certain cancer types. Ongoing advancements in this field include 
the testing and approval of new immunotherapy treatments and 
the rapid discovery of novel approaches to harness the immune 
system. 

Dr Nicholas Gascoigne carries out his ground-breaking work 
as part of the Immunology Translational Research Programme 
and Cancer Translational Research Programme, alongside the 
Department of Microbiology and Immunology, at the National 
University of Singapore. In collaboration with colleagues, he 
specialises in developing a particular branch of immunotherapy 
called chimeric antigen receptor (CAR) T-cell therapy.

Retraining the Immune System

The immune system works by constantly monitoring the 
substances present in the body. If it encounters a new substance 
it doesn’t recognise, it triggers an alert, prompting the immune 
system to launch an attack against it. CAR T-cell therapy uses a 
part of the immune system, a particular type of white blood cell 
called T-cells, to combat cancer. This involves modifying these 
T-cells in a laboratory setting, enabling them to identify and 
eliminate cancer cells. 

The immune system uses antigens to identify foreign substances 
within the body, like bacteria cells and other pathogens. They 
are found on the surface of all cells that the immune cells use to 

recognise one’s own cells from those that should not be there. 
T-cells have receptors on their outer surfaces that connect to 
foreign antigens, initiating a cascade of responses in other parts 
of the immune system to eliminate the invading pathogen. The 
relationship between antigens and T-cell receptors is analogous 
to a lock and key. Similarly, as a lock requires the right key to open, 
each foreign antigen corresponds to a unique receptor capable of 
binding to it.

 Autologous Versus Allogeneic 

Dr Gascoigne explains that whilst cancer cells exhibit antigens, if 
the patient’s T-cells lack the appropriate receptors, they cannot 
attach to these antigens and assist in eliminating the cancer cells. 
He adds that in CAR T-cell therapy, T-cells are extracted from the 
patient’s blood and undergo modification in the laboratory by 
introducing a gene for a receptor known as a chimeric antigen 
receptor (CAR). This CAR facilitates the attachment of T-cells to a 
particular cancer cell antigen. Following this modification, the CAR 
T-cells are reintroduced into the patient. Since various cancers 
exhibit distinct antigens, each CAR is specifically designed for the 
antigen of a particular cancer. 

Dr Gascoigne says that this currently approved method of crafting 
CAR T-cells, also known as autologous CAR T-cell therapy, poses 
several challenges, not least that it takes several weeks to prepare 
cells, and relies on the use of the patient’s T cells, which are 
frequently in poor condition and often scarce. As a result of these 
issues, a significant number of very sick patients are disqualified 
from undergoing this therapy. However, there is hope as his recent 
work looks at allogeneic CAR T-cell therapy. He clarifies that this 
method uses cells from a healthy donor instead of the patient, 
enabling these problems to be bypassed.
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Activating CD28 CAR T-Cells

Dr Gascoigne investigates T-cells, which feature a particular 
protein molecule called CD28. Signal transduction is when a 
trigger, such as a receptor on a cell binding to an antigen, results 
in a chain reaction of events within the cell. He explains that when 
signal transduction is induced by chimeric antigen receptors, 
it is generally thought that much of the activity is governed by 
the SRC family kinase (SFK) called LCK – another group of protein 
molecules found in these cells. 

In recent work, Dr Gascoigne and his team showed that CAR 
signalling can occur in the absence of the LCK proteins. CAR 
contains part of CD28 (the signalling domain), and this allows 
the CAR to be independent of LCK, using a related SFK called 
FYN kinase instead. The team carried out in vitro and in vivo 
testing in animal models to thoroughly understand the intricate 
relationships between the proteins and receptors. Dr Gascoigne 
explains that LCK-deficient CAR-T cells are able to send strong 
signals through the CAR and have far better efficacy in vivo, 
showing more persistence, improved memory and proliferation 
(better at reproducing and recognising foreign antigens). He notes 
that these improvements are linked to the fact that the FYN kinase 
signalling tends to promote cell proliferation and survival, unlike 
LCK signalling, which supports strong signalling that leads to cell 
exhaustion.

Cheaper, Faster, Better

Dr Gascoigne and his team conclude that CD28-CAR T-cell 
activation through FYN kinase signalling rather than LCK enhances 
their therapeutic performance. Their work has provided ground-
breaking insights into CAR signalling and holds significant clinical 
implications for improving CAR T-cell therapy. Dr Gascoigne 
highlights that disrupting LCK results in elevated anti-tumour 
efficacy and opens the doors for potential allogeneic use.

He explains that disrupting LCK stops the normal T-cell receptors 
from activating the cell when it comes into contact with foreign 
antigens, so only signalling from the CAR can work. This means that 
the T-cells can only be activated by the ones found on the specific 
cancer cells they have been altered to attack. The T-cells could be 
harvested from a healthy donor, altered with this new method and 
given to the cancer patient, thereby avoiding any of the issues 
linked to autologous CAR T-cell therapy. With this new modification, 
the T-cell will not be activated by any other antigens found in the 
recipient’s body, thereby avoiding an unwanted immune response 
against healthy cells, evading the rejection reaction which can 
occur whenever cells or organs are donated from one person to 
another. 

Dr Gascoigne hopes his CD28-CAR T-cell activation through FYN 
kinase signalling will pave the way for an ‘off-the-shelf’ therapy 
which is not only cheaper and faster to prepare and therefore 
more accessible than the current option but also potentially far 
superior in terms of killing tumour cells.

Dr Gascoigne and his team conclude that CD28-CAR T-cell activation through 
FYN kinase signalling rather than LCK enhances their therapeutic performance. 
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Professor Nicholas RJ Gascoigne, Department of Microbiology and Immunology, Yong Loo Lin 
School of Medicine, National University of Singapore, Singapore

Professor Nicholas Gascoigne has held his current position at 
the National University of Singapore since 2013. He additionally 
served as Head of Department from 2013 to 2020. Professor 
Gascoigne’s research group focuses on T-cell activation, 
signalling, and development, including CAR-T cell signalling and 
T-cell-microbiome interactions. Between 1987 and 2013, Professor 
Gascoigne was the Principal Investigator of a National Institutes 
of Health-funded group at the Scripps Research Institute (USA). 
Prior to this, he completed his PhD in Immunology at University 
College London (UK) in 1983, and undertook postdoctoral research 
at Stanford University (USA) between 1983 and 1987. Professor 
Gascoigne has served on the Singapore Ministry of Health’s 
Expert Committee on COVID-19 Vaccination since October 2020, 
and the National University of Singapore’s Promotion and Tenure 
Committee throughout 2022. He was elected to Fellowship of the 
Royal Society of Biology in 2023 and received the Yong Loo Lin 
School of Medicine Research Excellence Award in the same year.
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