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Introduction 
In recent years, the development and validation of 
immunotherapy models played an increasingly relevant 
role in biological research. As compared to traditional 
therapies such as surgery, chemotherapy, and 
radiotherapy, immunotherapy is expected to be one of 
the most promising approaches to tumor treatment. [1]. 
In addition, the introduction of three-dimensional (3D) 
cellular models is assisting in lowering high failure rates 
in research. The primary causes of these failures include 
partial translation and a failure to confirm experimental 
conclusions gained from two-dimensional (2D) in vitro 
models during in vivo animal research. In this regard, 
our research seeks to develop a predictive and 
experimental in vitro model capable of providing a 
controlled environment for the interaction of cancer and 
immune cells. To that purpose, we developed an ad-hoc 
millifluidicdevice (MOAB-Nichoid) that combines the 
primary features of two well-established 
culturing supports: the Nichoid, a nanostructured 
polymeric scaffold [2], and the MOAB, a miniaturized 
optically accessible bioreactor [3]. 
 
Methods 
The MOAB-Nichoid was realized by two-photon 
polymerizing (2PP) the Nichoid scaffolds. These were 
then embedded into the chambers of the MOAB with a 
gluing procedure.  
The design and realization of the MOAB-Nichoid was 
accompanied by the development of a hydraulic circuit 
that, coupled with a syringe pump, would allow the 
recirculation of suspended cells through the bioreactor. 
This circuit required the insertion of a dual check valve 
and a custom-made reservoir to collect the cells 
suspension and allowing its recirculation.  
Finite element modelling was setup by means of 
COMSOL Multiphysics software suing the laminar flow 
and particle tracing physics to assess the behavior of the 
circulating cells inside bioreactor chamber. First we 
retrieved parameters such as flow velocity, pressure, and 
shear stress in the bioreactor chamber; then these were 
used to simulate the flow of immune cells by means of 
particle tracing. 
 
Results 
We realized 14 samples of the MOAB-Nichoid platform 
consisting in three independent chambers each (Fig.1e-
f). These allowed to perform both a functional and a 

biological validation, confirming the feasibility and 
reproducibility of immune cell recirculation 
experiments through the developed bioreactor. 
The first step of the validation process focused on the 
assessment of the adequate functioning of the hydraulic 
circuit. Further in vitro analyses evaluated the immune 
cells recirculation capability of the setup, confirming 
and completing the predictions made on the basis of the 
in silico model. 
  

 
Figure 1: a. CAD of the bioreactor; b. CAD of the lid of 
the single chamber with the array of Nichoids; c. CAD 
of Nichoid block; d. CAD of the single niche; e. Picture 
of the MOAB Nichoid; f. Picture of the lid of the single 
chamber with the polymerized scaffold; g. SEM image 
of the Nichoid block; h. SEM image of the single niche. 
 
Discussion 
The in vitro model called MOAB-Nichoid was 
demonstrated to be suitable for immune cells 
recirculation. Furthermore, it will allow for the culture 
of cells derived by solid cancers, standing as an optimal 
candidate for an animal-free patient-specific platform 
for testing the efficacy of cancer immunotherapies, 
increasing the effectiveness of cancer treatment. 
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