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Currently, the majority of cancer research experiments are 
conducted on 2-dimensional (2D) layers of cancer cell lines 
(see Figure 1A), which represent human tumours. Cells lines are 
populations of cells which will grow indefinitely in the lab and 
the cells of a particular cell line are all genetically identical and 
behave in the same way. However, in human tumours, all the 
cells are not the same and cancer cell lines grown in 2D do not 
display many properties which are normally seen in tumours. 
This includes growth in three dimensions (3D), a diverse cell 
population and the presence of nutrient and drug gradients, 
which means that not all cells inside a tumour are exposed 
to the same concentration of nutrients, gases and drugs (see 
Figure 1B). These differences between the 2D model and real 
tumours, affect the outcome of experiments that investigate the 
mechanisms of cancer and new chemotherapy drugs. 

To mimic real tumours better, 3D “mini-tumours” (see Figure 
1C), also called “spheroids”, can be grown from human tumour 
biopsies (small samples of tumour tissue removed from a 
patient) or cell lines. These mini-tumours can then be used for 
drug screening (which is the process whereby the effectiveness 
of candidate drugs is tested) and they are a better model 

for tumours than 2D layers of cancer cells. However, using 
conventional laboratory techniques to create and test these 3D 
mini-tumours remains difficult due to cost and the frequently 
small amount of cells obtained from biopsies, particularly when 
high throughput experiments in a physiologically relevant 
environment are desired. Microfluidic devices, which use 
tiny amounts of liquid, avoid many of the pitfalls that classic 
laboratory techniques have. These devices can be used to 
generate and grow these mini-tumours, and test potential new 
cancer drugs and therapy regimes, by using much smaller 
amounts of cells and candidate drugs, and conducting tests on 
a large number of mini-tumours at a time.

The device we invented would be extremely useful for personalised 
medicine and drug screening. Doctors face many challenging 
decisions when deciding how to treat a patient’s tumour and 
personalised medicine aims to tailor the most appropriate treatment 
to the characteristics of a particular patient, their condition and 
predicted response of different treatments. Imagine a cancer patient 
having a biopsy, and a small amount of the tumour could be used in a 
microfluidic device like this to create hundreds of mini-tumours from 
the patient’s biopsy. We could then test which chemotherapy drug 
would work best for the patient, providing invaluable information to 
the treating oncologists and help make the best therapy decisions. 

In the pharmaceutical industry, the device could be used for drug 
screening. Biopsy tissue could be routinely used to create mini-
tumours on which to test potential new cancer drugs. This could 
accelerate the finding of new drugs effective against cancer. 

I am in the third year of my PhD in the Engineering Department 
at the University of Strathclyde, funded by Medical Research 
Scotland. I obtained my undergraduate degree in Pharmacology 
with Industrial placement from the University of Strathclyde. 

Theresa started her PhD project entitled “Development of microfluidic high-throughput bioassays based on 3D matrix-supported spheroids” 
in 2014 and while principally based at the University of Strathclyde, supervised by Dr Michele Zagnoni, she is also working closely with Amsbio Ltd.

We have found that the device we invented can be used to form and grow mini-
tumours from biopsies taken from patients with prostate cancer and cancer cell lines. 
The mini-tumours 
were viable for a 
minimum of 3 weeks. 
In the device, a 
drug concentration 
gradient can be 
applied to the mini-
tumours, which 
allows highly 
efficient testing of 
the effect of drugs 
on biopsy-generated 
mini-tumours (see 
Figure 4). 

We are interested in designing 
a microfluidic device that can be 
used to make a large number 
(more than 100 per patient) of 
mini-tumours from patients’ 
tumour biopsies which can then 
be used to test cancer drugs in 
a very efficient format. A device 
like that would be invaluable for 
industrial drug screening as well 
as for personalised medicine. 

We designed several prototypes of a new microfluidic device 
(see Figure 2) and tested if we could grow mini-tumours in 
the device, from cell lines as well as from biopsy tissue. We 
used fluorescent dyes to test how viable these mini-tumours 
were, live cells stained green and dead cells stained red (see 
Figure 3). We used fluorescent dyes to check if a concentration 
gradient can be created and maintained. We tested a range of 
drugs at different concentrations, including the chemotherapy 
drug cisplatin, to investigate their effect on the mini-tumours in 
the microfluidic device. 
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Figure 1  Examples of (A) a brain tumour cell line grown in two dimensions, (B) slices of a 
human brain tumour and (C) a three-dimensional mini-tumour grown from a brain tumour 
cell line.

Figure 2 Schematic summarising how the microfluidic chip is made. polymethylsiloxane (PDMS) 
is a transparent elastic polymer, which is liquid before it sets. While liquid it can be poured onto 
a pattern, which becomes permanent once baked. The PDMS is set after baking, and retains 
the shape of the pattern, in this case microchannels and microwells, and can be used to make 
microfluidic devices.

Figure 3 Cartoon depiction of the experimental procedure. A biopsy is taken from a patient’s 
tumour and some of the tissue is used in our microfluidic device to grow mini-tumours. Once 
these are grown, the effect of new drugs and radiotherapy on them can be tested.

Figure 4A shows what the mini tumours look like through a regular inverted microscope. 
Figure 4B shows the effect of adding different concentrations of a chemotherapy drug 
(highest to lowest concentration from the top row to the bottom row). The higher the 
concentration of the drug to which the mini-tumours are exposed, the more dead cells 
(stained red) there are within each mini-tumour. Living cells stain green.


