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Introduction

Today, three-dimensional (3D) cell cultures tend to replace 2D conventional method because of their
more relevant tissue-mimicking characteristics. Indeed, the 3D cell architecture (spheroid, organoid,
etc) and the microenvironment is closer to /n Vivo physiological behaviour [1, 2]. The main
difficulties remain in creating a scaffold compatible with the targeted cells and tissues. Bioprinting is
one of the great objectives for tissue engineering. For instance, stereolithography is a 3D printing
technology where the freestanding object is built layer by layer with a photosensitive polymer resin
through the projection of a UV image in the top plane. In recent promising work, stereolithography
has been applied to create 3D hydrogel structures to guide cells like hepatocytes [3]. Nevertheless,
ideally, scaffold-free methods are needed. We propose a new method combining microfluidic
channels and the acoustic radiation force (ARF) to structure and to control contactless the shape of
stem-cells aggregates.

2D stratification and shaping

In a standing wave cavity, the cells can be trapped in a central cluster. After a short transient period
and using the proper parameters, the cluster becomes a circular monolayer levitating in the
surrounding fluid (Fig. 1a). The control of the medium flow and of the ARF allows various
manipulations. For example, it is possible to structure the circular monolayer with different 2D
stratifications of particles or cells into the acoustic nodal plane. The result is a cluster with type 1
particles or cells at its centre, surrounded by a ring of type 2 particles or cells (Fig. 1b). Other layers
can be added, leading to a concentric multi-annular monolayer.

Multilayer aggregation: toward 3D construction

The 2D approach can be extended to 3D. Indeed, the height of the geometry of the cavity or the
acoustic frequency can be modified in order to increase the number of pressure nodes and then the
corresponding number of cell aggregates. It leads to a superposition of monolayers distributed along
the height of the cavity (Fig. 2a).

Changing dynamically the acoustic frequency, activating or turning off the ultrasounds, using more
complex cavities allows more refined manipulations of the clusters. For instance, it becomes possible
to move an aggregate from one node to another or let the aggregates sediment at the bottom of the
cavity to form a multilayer aggregate over the substrate.

Long term experiment with stem cells

To confirm these concepts on cells manipulation and cells culture in acoustic levitation, long term
experiments with Mesenchymal stem Cells (MSCs) have been carried out. MSCs have been
maintained in acoustic levitation during 24h. Without contact with a classical petri dish and in
acoustic levitation, MSC behavior tends to shape spheroids. Then, we compare the viability and the
behavior of the cells cluster with a classical cells culture. The MSCs have been found alive and
functional and could grow and divide in a normal way.

Conclusion

With our set of microfluidic chips, we show different ways to manipulate, structure and grow stem
cells over a long period of time, from a few hours to a few days. One of the advantages of such
systems are the material biocompatibility, the ease of construction and the versatility. As this
approach is intrinsically “scaffold-free”, it is important to find ways to organize spatially the cells.
Our experiments open the path to such manipulations.



Figure 1: Examples of different patterns obtained with ultrasound and flow control. (a) Circular
monolayer of 10 um polystyrene particles. (b) 2D stratification of 10um red and green fluorescent
particles. (¢) Ring monolayer of endothelial cells

Figure 2: Example of multi-nodes aggregation. (a) Cavity with 7 acoustic nodes of 10 um red
polystyrene particles. (b) Cavity with 13 acoustic nodes of hollow glass microspheres
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