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3D cell culture technology is rapidly gaining 
traction in drug discovery workflows, in 
particular for in vitro testing and simulation 
of disease progression and therapeutic 
response. Adding further momentum is 
the recent introduction of the UK roadmap 
to phase out animal testing with organ-
on-a-chip and organoid methodologies 
set to become a critical aspect of many 
preclinical testing protocols.1 Building on 
the original 3Rs principle of Replacement, 
Reduction, and Refinement, efforts are 
shifting to introduce non-animal-based 
methods into research. 

By bridging the gap between in vitro 
and in vivo models, 3D cell cultures can 
provide fundamental information on cellular 
functions, signalling pathways, and nuclear 
activities. Through accurately mimicking 
human tissue-like structures, 3D models 
provide a better representation of the in 
vivo environment, than traditional 2D cell 
cultures, and can therefore provide useful 
predictive insights into in vivo responses 
to drug treatment. However, 3D models are 
not yet widespread in preclinical testing, 
often hindered by limitations associated 
with their development and standardisation. 
Overcoming these challenges will require 
innovative solutions to reduce variability and 
increase reproducibility before 3D models can 
be adopted as standard. 

3D Models to More Accurately Model  
In Vivo Conditions
3D models offer significant advantages over 
traditional 2D cell models, increasing cell-
to-cell contacts and allowing the culture 
to grow and interact with the surrounding 
extracellular environment, more accurately 
reflecting living tissue (Figure 1.). 

The very first example of a 3D cell model 
was in 1970, when Sutherland and colleagues 
developed a multicellular spheroid culture 
to create a functional phenotype of cancer 
cells, and then used the model to evaluate 
these cells’ response to radiotherapy.2,3 
Spheroids are simple cellular aggregates 
that contain both internal and external 
layers of cells with varying exposure to 
the external environment, simulating the 
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gradient of nutrients and oxygen seen in in 
vivo conditions.

The next phase of 3D cell culturing included 
organoids: more complex structures than 
spheroids, offering a simplified model system 
of organs that better reflect organ architecture 
and functionality.4 Further to this, researchers 
developed organ-on-a-chip, the most 
advanced model-type to date that mimics 
the activities, mechanisms, and physiological 
processes of organs and organ systems, and 
has the potential to replace animal models in 
drug testing studies (Figure 2.).5

Modelling Tumour Microenvironments to 
Enhance Cancer Treatment
Oncology continues as an area where in vitro 
3D modelling can be particularly useful, with 

Figure 1. Comparison of 3D and 2D Cell Culture Models

Figure 2. Development of 3D cellular models from spheroids to organoids to organ-on-a-chip technologies

many new drugs failing in early clinical trials, 
in part due to the ineffectiveness of 2D in 
vitro assays. 

Tumours are made up of multiple 
different cell types, creating the tumour 
microenvironment (TME), which in turn drives 
the evolution of the tumour. The heterogeneity 
of different patients’ TMEs contributes 
strongly to response to different therapies 
and as such, being able to accurately model 
the TME is crucial for effective personalised 
therapies against cancer. Although not fully 
reflective of the TME, 3D cell cultures more 
accurately represent the genomic diversity 
of the TME than 2D cell cultures, and allow 
for generation of patient-derived cell lines 
that cannot be grown in 2D. 3D cultures also 
create a microenvironment that can provide 
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insights into how cancer cells behave in vivo, 
facilitated by dimensionality, presence of an 
Extracellular Matrix (ECM), and concentration 
gradients. 

Cell migration occurs in all three 
dimensions and therefore requires 3D 
models to investigate the invasion and 
metastasis of tumours. An example of this 
was demonstrated in lung cancer where 
researchers used a 3D culture device to study 
the invasion of lung carcinoma.6 Interactions 
between tumour cells and the ECM has 
been shown to impact tumour progression 
and response to therapeutic intervention, 
both of which can be monitored through 3D 
cell models.7,8 It is also possible to recreate 
the concentration gradients of soluble 
metabolites, oxygen, and pH that are seen in 
the TME, with cells closest to blood vessels 
having access to more soluble components. 
This gradient can also impact the diffusion 
of drugs through the tumour and remains a 
major obstacle in cancer therapy.9 

Bringing these advantages into play, 
recent, more advanced 3D models have 
enabled research into specific cancer types, 
for example prostate cancer.10 As the second 
leading cause of tumour mortality among men 
in the western world, treatment of prostate 
cancer has become a key research focus. 3D 
cell cultures have enabled monitoring of drug 
bioavailability, therapeutic efficacy, and dose 
limiting toxicity in prostate cancer treatment, 
all in a cost-effective, high-throughput 
manner.

Traditional cell culture methods involve 
the use of prostate cancer cell lines, most 
commonly LNCaP, PC3, and DU145 cells, grown 
in a 2D layer. To overcome the limitations of 
2D models, several approaches to 3D cell 
culture have been developed specifically 
for prostate cancer, including aggregation, 
hanging drop, microfluidic devices, and the 
use of immortalised prostate cancer cell lines. 
Advances in biomaterials and micro-fabrication 
are continuing to drive the development 
of more accurate prostate cancer models, 
including those developed from stromal, 
endothelial, and immune cells.  

Treatment options for prostate cancer vary 
widely depending on the staging of the tumour, 
including hormone therapy, radiotherapy, and 
chemotherapy. 3D cell models have enabled 
the optimisation of each of these approaches. 
For example, in radiotherapy, cell spheroids 
confirmed the use of Surface-enhanced 
Raman spectroscopy to assess treatment 
response, while for chemotherapy, 3D models 
can be used to demonstrate the efficacy of 
doxorubicin at both suppressing tumour 
growth and increasing drug penetration in 
tumour tissues.11,12,13

There is also opportunity for highly 
personalised 3D cell models.14 By generating 
models from patient-derived explants, which 
are freshly excised tumour samples, tissue can 
be grown on sponge scaffolds, maintaining 
the original tumour structure and allowing for 
direct evaluation of treatment approaches on 
a specific patient’s tumour sample, enabling 

development of personalised treatment 
strategies. 

Challenges Associated with 3D Cell Cultures
While 3D cell cultures are certainly beneficial 
over 2D cell cultures, there are still challenges 
limiting their wide-scale roll-out. In many 
cases, choosing between 2D and 3D models 
requires a compromise: traditional 2D models 
are well established, with vast amounts 
of literature evidence supporting their 
effectiveness, and relatively inexpensive to 
produce, but these models are significantly 
less representative of a real cell environment 
than 3D structures. 

Variability represents a significant 
challenge in the development of 3D cell 
models; a lack of guidelines and standardised 
methodologies has so far hindered the 
use of such models, while limiting their 
reproducibility for use in preclinical trials. 
Current models can vary greatly in terms of 
complexity, size, morphology, and culturing 
methodology, which not only limits the 
application of the models, but also their 
subsequent imaging and analysis. The 
assays used to study 3D cultures are less 
standardised than those used for 2D cultures, 
representing a significant opportunity for 
instrument providers to develop appropriate 
automated platforms.3 

Automated Platforms for More 
Reproducible Results
As with most drug discovery and cell culture 
workflows, liquid handling plays a critical 
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Figure 3. Automated Liquid Handling Platform 

role in ensuring reproducible results. By 
standardising workflows and minimising 
human errors, automated liquid handling 
systems ensure reliable and reproducible 
results, essential for the development of 
accurate, robust 3D models.15 In cancer, there 
are several examples of automated systems 
enabling development of accurate cell 
models. As described by Brandenberg, N. et 
al (2020), automated methods for suspension 
culture can be used to generate thousands of 
individual gastrointestinal organoids trapped 
in microcavity arrays within a polymer-
hydrogel substrate. The absence of a solid 
matrix standardises the organoids, and the 
models were used to screen drug candidates 
for colorectal cancer.16 Personalised stem-cell 
based organoids can also be established from 
various epithelial tissues and cancers using 
automated protocols, including for head and 
neck squamous cell carcinoma.17 

There are cases in which automation of 3D 
cell culturing can be challenging, for example, 
when using a scaffold-based approach. Their 
viscosity makes them incompatible with some 
liquid handling tools, while their thickness and 
low transparency pose challenges for imaging. 
In these situations, extrusion bioprinting 
strategies can enable production of both 
low and high viscosity solutions, increasing 
reproducibility and resolution. 

Despite the large upfront costs associated 
with automated systems, these platforms can 
reduce costs over the long term by minimising 
waste and maximising output through precise 
liquid handling. A further consideration for 
automated liquid handling is the use of 
appropriate consumables.18 High quality, 
robust consumables from approved suppliers 
can help to reduce error margins, facilitating 
more efficient reagent management, and 
ensuring lot-to-lot consistency. In addition, 
use of reliable consumables on an automated 
system minimises the need for extra 
repetitions, resulting in both economic and 
environmental benefits. 

Accurate 3D Cell Models to Enhance Drug 
Discovery
It is clear that 3D cell culturing will play a 
critical role in the process of phasing out 
animal models, facilitating a shift towards 
organoids and organ-on-a-chip technologies, 
but development of robust models is reliant 
on standardised workflows and high-quality 
laboratory essentials to minimise risk of error. 
Implementation of automated liquid handling 
platforms (Figure 3) in 3D cell culturing 
can facilitate development of accurate, 
reproducible models, and subsequent 

development and commercialisation of 
safe and effective therapeutics, with cancer 
treatments leading the way.
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