
TECHNICAL NOTE

Beyond simple 
co-cultures:
Development of
complex tissue
architectures in 3D



Mimic in vivo architecture by arranging
tumour-associated cell types in separate
environments
Recapitulate the tumour microenvironment
by tuning matrix composition and stiffness
Interrogate relationships between cell
phenotype and matrix by studying cells in
different environments within the same well
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Figure 1: (A) Single Matrix architecture enabling one cell/matrix combination per well. (B)
Dual Matrix architecture enabling up to two cell/matrix combinations per well. (C) Triple
Matrix architecture enabling up to three cell/matrix combinations per well. Representation
of a top view of 96-well plate wells.

BEYOND SIMPLE CO-CULTURES: DEVELOPMENT
OF COMPLEX TISSUE ARCHITECTURES IN 3D 
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Using RASTRUM drop-on-demand technology,
complex architectures are now possible due to high-
precision droplet deposition. RASTRUM provides a
variety of different architectures tailored to specific
research questions about cancer pathogenesis (Figure
1). Combined with the tunable RASTRUM Matrix, the
ability to create distinct, spatially separated cell
environments allows complex research questions to
be addressed, facilitating better understanding of the
dynamics between cancer cells and fibroblasts within
the TME.

The tumour microenvironment (TME) is composed of a
multitude of different cell types in addition to malignant
cells and extracellular matrix (ECM).¹ This combination
generates a niche for the tumour to thrive in, with a
variety of signalling molecules and growth factors
involved in the disease process.² The TME itself is also
dynamically remodelled, with extracellular matrix
composition and stiffness changing with disease
progression.³ Research from in vivo cancer models has
illustrated the vital role that fibroblasts play in the
changes to the TME.⁴ Numerous studies have found
that fibroblasts make up a greater volume of the tumour
than cancer cells, as well as initiate metastasis,
metabolic exchange and resistance to treatment.   These
characteristics have prompted significant efforts to
increase our understanding of fibroblast biology within
the TME context.

The rise in popularity of 3D cell culture, particularly via
automated approaches and bioprinting technologies, has
allowed researchers to generate complex 3D cell models
to recapitulate various features of the TME, which is not
feasible in 2D.⁶ Despite the advances in synthetic
hydrogel development, there are few scalable and
reliable options to generate advanced architecture using
hydrogels with spatial separation between cell
populations.⁶ The challenge with existing 3D cell culture
technologies, including both manual methods using
basement membrane extracts and automated
bioprinting methods, is the limited ability to control the
spatial arrangement of cells within the models.
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Figure 2:  Mono- and direct co-cultures of NHLF and A549 using RASTRUM. Cell painting
of (A) A549, (B) NHLF and (C) A549/NHLF co-cultures. Imaged on a Zeiss Observer
Microscope using 5x objective, white = Hoechst, green = concanavalin A, pink = phalloidin,
scale bar = 50 µm.
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RASTRUM Solutions for Advanced
Cancer Models
Reproducing the tumour microenvironment
with simple architecture

A key aspect of the TME is that multiple cell types
contribute to tumour growth, metastatic potential and
treatment effectiveness. Tumour cells and fibroblasts
are the most broadly studied co-culture model. 3D
technology has provided tools to recapitulate the direct
cellular interactions and paracrine signalling observed in
vivo between these key cell types in the TME. A549 lung
carcinoma and normal human fibroblast cell (NHLF)
models can be produced as mono-cultures or direct co-
cultures using simple architecture (Figure 2). Crucially,
both cell types have been cultured within the same
hydrogel matrix, further mimicking a multicellular tissue
environment.

Interrogating the tumour microenvironment
with spatial separation

The TME is a highly heterogeneous space with respect
to cell composition, matrix characteristics and other
properties. To better mimic the in vivo context, a level of
architectural complexity is required to create adjacent
cellular environments. A common limitation in
generating 3D model architecture, particularly in
manually generated models, is the inability to reproduce
this architecture consistently. RASTRUM offers plug-
and-play, ready-to-use models that allow the creation of
two to three adjacent cellular environments (Figure 3).
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Figure 3: RASTRUM complex A549 and NHLF co-cultures in various RASTRUM architectures. (A) A549 (left) and NHLF (right) printed in a Dual Matrix Model and imaged after seven days in vitro. (B)
A549 (centre) and NHLF (top and bottom) printed in the Triple Matrix Model and imaged after seven days in vitro. Dotted lines indicate the boundaries between matrices. Imaged at 10x on a Zeiss CD7.
Cells were labelled individually using the PhenoVue Cell Painting Kit, which includes Hoechst 33342 - nuclear stain (blue), Concanavalin A - endoplasmic reticulum (green), WGA - golgi (yellow -
cytoplasm) and Phalloidin - actin (yellow - skeleton). Scale bar indicates 500 µm.
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Figure 4: Dual Matrix Model schematics. (A) Schematic depicting the printing of the same
co-culture of cancer cells and fibroblasts within two different ECM conditions. (B)
Schematic depicting the spatial separation of two cell populations within the same matrix
composition. (C) Schematic depicting printing cells, either as a mono- or co-culture, into
one matrix, with an acellular matrix immediately adjacent.
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Figure 5: Triple Matrix Model schematics. (A) Schematic depicting the deposition of the
same cell/matrix combination either side of an acellular matrix. (B) Schematic depicting a
cancer cell/CAF co-culture surrounded by a CAF–endothelial cell (EC) co-culture.

RASTRUM Solutions for Advanced
Cancer Models
The Dual Matrix Model (Figure 3A) enables two separate
cellular environments (A549 - left and NHLF - right) in
the same well. The Triple Matrix Model (Figure 3B) has
three separate cell environments. This architecture
allows for the generation of tissue models; in this case,
A549 cancer cells (middle) are surrounded on two sides
by NHLF fibroblasts (top and bottom).

Explore cell–matrix interactions using Dual
and Triple Matrix Models

The Dual Matrix Model allows novel aspects of the TME
and cancer–fibroblast interactions to be investigated. It
is simple to make fascinating insights into mechanisms
of cancer/fibroblast growth (Figure 4), including
responses to ECM composition and/or stiffness (Figure
4A), activation/invasion (Figure 4B), and metastatic
behaviour (Figure 4C). By combining these architectures
with drug treatments or gene knockdown/CRISPR
screening, new insights into TME dynamics can be
uncovered. The small overlap between the two
structures allows for paracrine signalling between the
two populations, providing key environmental cues to
cells within either compartment.
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The Triple Matrix Model provides opportunities to
utilise new and existing techniques to interrogate the
TME. For example, gap closure assays have been used to
assess cellular motility, seen as analogous to
invasiveness, in 2D cultures. This methodology has been
replicated in 3D formats; however, in most cases, these
are simple architectures formed manually, which are
often highly labour-intensive and difficult to reproduce.
In addition, analysis is challenging without spatial
separation of the cell populations. The gap closure
format can be recapitulated in the RASTRUM Triple
Matrix Model (Figure 5A), with cell populations placed
either side of an acellular matrix. The Triple Matrix
Model allows for modelling of the barrier that cancer-
associated fibroblasts (CAFs) generate as a part of solid
tumours. This feature of the TME restricts drug
penetration and immune cell infiltration, and promotes
metastasis and treatment resistance.  The Triple Matrix
Model also allows for in vivo-like compartmentalisation
of cell types in a controlled and reproducible manner in
a 96-well plate format (Figure 5B). 
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Summary
Simple (direct) co-cultures mimic some aspects of the
TME and incorporating multiple adjacent cellular
environments allows researchers to have a better
representation of the heterogeneity within the tumour
microenvironment. These models allow for
understanding the effects of stiffness gradients, ECM
composition and cancer cell–tumour cell combinations
on migration, invasion and resistance to treatment. By
combining drop-on-demand technology with a
synthetic, highly tunable hydrogel system, RASTRUM
offers an easy-to-use solution to generate advanced
3D cell models with complex architecture. These
capabilities enable precision research into matrix-
driven cell biology within the tumour
microenvironment.
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Brief Methods
Cell culture and 3D cell model creation
A549 lung cancer carcinoma cells were cultured using
Dulbecco’s Modified Eagle Medium (Sigma) with 10%
Foetal Bovine Serum and 1% penicillin/streptomycin.
Normal Human Lung Fibroblasts were cultured in
Human Lung Fibroblast media (Cell Applications). Cells
were maintained in 2D before being printed in 3D cell
models. 'All cell models (Figures 2 and 3) were
generated using the RASTRUM Instrument and
RASTRUM Matrices. PrintRun protocols were
generated via RASTRUM Cloud.

Live/dead staining
A live/dead cell viability assay was performed 7 days
post-printing by incubating cells with 1 μM calcein
AM (Biotium) and 2 μM ethidium homodimer-III
(Biotium) at 37°C for 30 min.
   
Cell painting
Cells were gently washed with 150 μL of PBS,
followed by fixing with 150 μL 4% PFA for 15 min at
room temperature and then two 150 μL washes with
PBS. 50 μL of 0.1% Triton X-100 in PBS was added to
each well for 30 min, followed by two washes with 70
μL PBS. Subsequently, 55 μL per well of PhenoVue
Cell Painting kit staining cocktail was added, as per
manufacturer’s instructions. The plate was incubated
for 30 min at room temperature, washed three times
with 70 μL PBS and sealed for microscopy.
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