Engineering Microenvironment to Study Tumour Behaviour
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Abstract

Microtechnologies are arising as powerful tools to
recreate complex biological scenarios, like tumour
development and invasion.

Introduction

Cancer stands as the first mortality cause in
developed countries, being capable of affecting
mostly any tissue and spread throughout the
organism [1]. As research progress, we are more
aware of the cancer complexity. Nowadays, cancer
is seen as a multifactorial process, in which tumour
cells coexist with the stromal cells (non-tumour
cells) and interact with the surrounding tissue. As a
result, a very complex microenvironment is
frequently observed, involving complex
mechanisms such as cell cross-talk, hypoxia (low
oxygen concentration) or nutrient starvation [2].
Recent reports highlight the key role of this tumour
microenvironment on patient prognosis and drug
response. As an example, glioblastoma (GBM) is
the most common and lethal brain tumour [3], and
its aggressiveness seems to be linked to this hypoxic
and starving microenviront [4]. Recently,
microfabrication and microfluidics have arisen as
promising technologies for the development of
high-performance cell culture systems [5].

Materials and methods

Microfabrication

SU-8 based microdevices (Fig 1A) were fabricated
using soft lithography techniques in the clean room
located in the Instituto de Nanociencia de Aragon
(INA).

Cell culture
Cells were routinely cultured in traditional Petri

dishes with culture media (DMEM supplemented
with 10% foetal bovine serum [FBS]).

Microscopy

Microscopy images were taken in a Nikon Eclipse
Ti microscope equipped with a C1 modular confocal
microscope system.

Results

Liquid confinement and cell viability

The presented microdevices have been designed
with a special geometry that allows liquid
confinement in the different microchambers (Fig
1B). Cells have been cultured within the
microdevices in a 3D hydrogel, showing high cell
viability (Fig 1C). This patterning capacity allowed
the generation of spatially organized co-cultures
(Fig 1D).

Migration under nutrient starvation

Enabling medium flow through one lateral
microchamber, whereas the other remained closed,
cell metabolism created a nutrient starvation in the
central microchamber. When GBM cells were
cultured under this nutrient starvation, a strong
migratory response was observed, (Fig 2A). On the
other hand, when both lateral microchambers
remained opened, GBM distribution was contant
(Fig 2B).

Oxygen measurement

Using hypoxia-induced fluorescent compounds,
oxygen consumption within the 3D
microenvironment could be studied (Fig 3A and B).
As cell culture time increases, oxygen profile was
monitored in real time, recreating the hypoxia
gradient that is observed during tumour evolution in
patients.

Conclusions
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Figure 1. A) Fabricated SU-8 based microdevice. B) Scheme of the microdevice internal geometry. C) Cell viability within a 3D
collagen hydrogel confined in the central microchamber. Viable cells are shown in green whereas dead ones are in red. D)
Different  cell populations can be confined in the microdevices. Scale bar is 200 pm.
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Figure 2 3D GBM cell culture under nutrient starvation. A) One lateral microchamber was closed whereas continuous medium
flow was enabled in the other one. Cell metabolism created a nutrient starvation and after nine days in culture, GBM cells
were concentrated nearby the perfused microchamber. B) When both lateral microchamber remained opened and refreshed
daily, no migration was observed. Scale bar is 200 pum
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Figure 3. Hypoxia-induced fluorescent compounds were used to monitor in real time oxygen profile evolution due to cell
metabolism. A) Hypoxia-induced fluorescent after 20 min in cell culture. B) Hypoxia-induced fluorescent after 260 min in cell
culture. C) Graph shows oxygen profile evolution across the microchamber (region delimited in yellow in the images). Scale
bar is Imm.
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