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Abstract
A 3D culture system based on a pho-

tocurable matrix has been developed. The
aim is to create a 3D printable platform
mimicking lung cancer tissue, to study
tumor microenvironment evolution, in
terms of structural (architecture) and molec-
ular (signalling) components.

Introduction
Non-small cell lung cancers (NSCLCs)

represent about the 80% to 85% of total
lung cancers and consist in several subtypes
including adenocarcinoma that derives from
cells that normally secrete mucus.1 It is well
known that cancer progression is promoted
by the tumor microenvironment, which is
made of several cell types (e.g. fibroblasts,
immune and endothelial cells), matrix com-
ponents (e.g. collagen and fibronectin) and
signaling molecules.2 In addition, another
important player is angiogenesis which sus-
tains cancer growth and promotes metasta-
sis.3 The aim of the study is to mimic the
tumor microenvironment by culturing
tumor cells and fibroblasts in a 3D matrix,
made of methacrylated gelatin (GelMA).
Particularly, cell–cell and cell–matrix inter-
actions will be analyzed, focusing on how
these change the surrounding matrix in
terms of composition and stiffness. Then,
channels will be added to the 3D model, by
using a 3D bioprinter, to reproduce physio-
logical vasculature. This improvement will
be useful to better study how endothelial
cells, which adhere to channel’s wall, and
continuous nutrient flow affect tumor cell
behavior and matrix properties. 

Materials and Methods
Synthesis of GelMA derived from a

protocol  previously described.4 In particu-
lar, 10%(w/v) type B gelatin from bovine
skin (Sigma Aldrich) was dissolved into
Dulbecco’s Phosphate Buffered Saline
(DPBS, Sigma) at 50°C. Methacrylic
Anhydride (MA, Sigma) was slowly added
and the reaction lasted 2 hours. Then, the
solution was diluted and dialyzed with cel-
lulose membrane (Sigma) for 1 week.
Finally, GelMA was freeze-dried. For 3D
cell culture, lung cancer epithelial cell lines,
A549, and normal lung fibroblast MRC-5
were mixed with GelMA at the density of
1,5*106 cells/mL. For proliferation experi-
ment, 50 ul of cell-loaded GelMA were
photopolymerized into 96-well for 2 min-
utes with a 405nm LED. Then, MTT
(Sigma) assay was performed after 1 day or
6 days of culturing. 

Results
Previous works described the possibility

to use GelMA as matrix for cell culture.5,6
Since the goal of the study is to create a sys-
tem that mimics the tumor microenviron-
ment, the 3D hydrogel model has been
loaded with both tumor cells (A549) and
fibroblasts (MRC-5) at different ratios (1:1
and 1:2). Taking into account that matrix
stiffness strongly impacts on cell behavior,7
two different GelMA formulations (Medium
and High) have been used, characterized by
different degrees of substitution. Then, to test
the proliferation, MTT assay was performed
at various time points. As shown in Figure 1,
cells grown both in monoculture and in
coculture systems suggesting that the two
cell lines could be used together for further
experiments. Moreover, the presence of
tumor cells enhanced fibroblasts viability
suggesting the presence of a crosstalk
between the two cell types. Finally, not

strongly differences in proliferation were
detected between two degrees of methacryla-
tion. Next, we will assess how tumor cells
influence fibroblast behavior in terms of pro-
duction of matrix components (e.g.,
fibronectin and collagen) and of changes in
matrix stiffness. Finally, the microfluidic
devices will be obtained with a 3D bioprinter
and the role of endothelial cells in matrix
modification will be analyzed.
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Figure 1. MTT assay. A549 and MRC-5 were loaded into GelMA Medium (a) and High
(b) at the density of 1,5x106 cells/ml as monoculture or co-culture (1:1 and 1:2). 
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Discussion and Conclusions
Our findings suggest that 3D system of

lung cancer could be obtained by using a
photosensitive matrix that does not affect
cell viability. 3D co-culture better mimics
the real tumor microenvironment and
allows the dissection of the role of different
cell types in cancer progression. Moreover,
the introduction of microfluidic system
resembles the normal nutrient flow and
could be implemented as preferable system
for drugs testing.
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