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Who am I?

What did we find?

What is the problem?
Cancer occurs when abnormal cells replicate in  
an uncontrolled way and form tumours which  
can spread to other parts of the body (referred  
to as invasion) and cause harm (see Figure 1).  
When developing new drugs for the treatment  
of cancer, candidate compounds need to be 
tested in the laboratory in systems called assays. 
One of the problems in the process of developing 
new drugs for cancer is that promising data that 
is generated from these assays does not always 
mean that the new drug is effective in patients.  
A typical assay might use cells that are grown  
in a single layer, however, this may not be an  
ideal assay format because cancers grow in  
3 dimensions (3D) in the human body.

We want to develop ways of 
growing cancer cells in 3D settings 
as these may offer a model that is 
more representative of how tumours 
grow in the body than cells that 
are grown in 2D. 3D cell systems 
may allow for more cell to cell 
contact and may better mimic the 
key features of how cells normally 
communicate. We want to look at 
3D assays that let us examine both 
growth (replication of cells) and 
invasion of cancer cells. We are 
especially interested in investigating 
pancreas and colorectal cancers, 
because these types of cancers are  
in particular need of new therapies.

We grew (cultured) cells in 
special cell culture plates called 
ultra low attachment plates.  
This means that cells will not 
stick to the bottom of the wells 
of the plates. Instead, they stick 
to each other and form a ball  
of cells called a spheroid  
(see Figure 2). We investigated 
whether these spheroids 
could be used in an assay that 
measures growth of cancer cells 
and in an assay that measures 
invasion of the cancer cells. 
We measured the growth of 
the cells by measuring how 
much ATP is present in the cells, 
and we measured invasion of 
the cells by observing their 
movement into a gelatinous 
protein mixture (Matrigel 
+ collagen) that resembles 

Figure 1 Diagrammatic representation of uncontrolled cell 
replication in cancer.

Figure 2 Formation of 
spheroids by pancreatic 
cancer cells over 7 days. 
Two different examples 
of pancreatic cancer 
cells are shown:  
(A) MIAPaCa-2 cells  
and (B) PANC-1 cells.

What does this mean?

What did we do?What are  
we interested in?

When we looked at cells in the 
growth assay and measured the 
levels of ATP in the cells grown 
for up to 7 days, we found that 
over a range of concentrations 
of Compound 1 (a potential 
inhibitor of growth of cells),  
the Compound was able to 
inhibit the growth of cells more 
when they were grown in the 
3D assay compared to when the 
cells were grown in a 2D assay 
(see Figure 3). When we looked 

These results show that growing cells in 3D 
seems to make them more sensitive to the 
effects of inhibitors of invasion and growth  
than cells grown in 2D. It is not known why  
this is, but it is an interesting observation for 
further exploration. As the effectiveness of 
many anti-cancer drugs may differ between 
2D and 3D cell systems, it may be important 
to include 3D cell assays, in addition to more 
traditional 2D assays, when investigating 
potential new anti-cancer agents to ensure 
effective development of new medicines for 
cancer, and to better convert activity seen in  
the lab into a successful new therapy for cancer.

I am a pharmacologist working at the Cancer Research 
UK Beatson Institute. After completing my PhD,  
I worked in the pharmaceutical industry for almost  
12 years. During that time, my research involved looking 
for new targets for the treatment of diseases of the 
central nervous system, including schizophrenia and 
depression. I took a career break from research in 2007, 
during which time I spent a brief spell as a primary 
school teacher. I returned to research in 2016 when  
I was awarded a Medical Research Scotland sponsored 
Daphne Jackson Fellowship to investigate 3D cell culture 
techniques in the area of cancer research. Following the 
completion of my Daphne Jackson Fellowship I hope to 
secure a fulltime research position.

Figure 3 Compound 1 
reduced the growth of 
cancer cells more in a 3D 
assay than a 2D assay.  
The number of viable cells, 
which gives an idea of the 
level of cell replication was 
determined by measuring 
ATP levels following 
culturing the cells for  
6 days (cells in 2D)  
or 7 days (cells in 3D).

Figure 4 Cells invading into Matrigel and collagen in a 3D invasion assay.  
The nucleus of the cells contains a red fluorescent label which, when detected, 
highlights the cells as blue. Pink indicates a high density of cells.

Figure 5 Compound 2 had a greater inhibitory effect on the invasion of cells in a 3D 
assay compared to a 2D assay. x-axis: concentration of Compound 2, y-axis: strength 
of invasion inhibition.

the complex extracellular 
environment found in tissues 
of the body. We took images 
of the cells invading over time. 
We compared the effects of 
compounds in these assays  
with the effects of compounds 
in more traditional 2D assays.

at cells in the invasion assay,  
we found that the cells invaded 
in a 3D way (see Figure 4).  
We tested the effect of 
Compound 2 (a potential 
inhibitor of invasion of cells) 
and found that it had a slightly 
bigger inhibitory effect on cells 
grown in the 3D assay when 
compared to cells grown in 2D 
when tested at 30 µM (1µM  
= a millionth of a mole)  
(see Figure 5).
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