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The engineering design of microbioreactors (MBRs) and Organ-on-Chips (OoCs) has advanced 

considerably in recent years [1,2]. The term MBR originally referred to the bioengineering 

methodology of performing biological reactions in micro-scale reactor devices; the term OoC refers 

to the recreation of organs and tissues from the human body on or in a miniaturized device with a 

smaller volume than the original organ and with body-like fluids streaming around the cells in an in-

vivo-like fashion. Despite this difference, many of the basic engineering principles coincide in the 

design of MBRs and OoCs. However, there are also striking differences in the design requirements 

due to the purposes of use. 

In bioprocess development, the main aim of the use of MBRs is to accelerate the development 

work of new bioprocesses with microorganisms or mammalian cells as production organisms [3]. The 

culture of the manufacturing process is typically scaled down to 1–10 mL volume in the MBR, and 

critical process parameters and media composition are systematically optimized. The increased yield 

and productivity of the large-scale process can be reached at a much earlier stage in the development 

process with this approach. Commercial MBRs with >100 parallel MBR units are now on the market. 

The aim of OoC devices is to facilitate the study of organ cell assemblies in vitro under conditions 

that recreate in vivo conditions of the organ in the body for recapitulating time-related cellular 

behavior [4,5]. An OoC device allows for the observation of cellular effects when exposed to drugs or 

other chemicals. This allows for the assessment of compounds’ effects at subcellular and multicellular 

levels. Successfully applied, this supports the investigation of safety pharmacology. 

This special issue addresses these diverse aspects of MBR design in nine expert contributions 

where a variety of cells and tissues are used with various aims and ambitions. 

The fundamental design challenges in MBRs are highlighted in two review contributions [6,7]. 

The similarities of the design of different MBRs, despite purposes, lead to a general design 

methodology for MBRs where functionality drives the design [6]. The engineering-based design of 

MBRs and OoC devices can take advantage of established design science theory, in which a 

systematic evaluation of functional concepts and user requirements takes place. The review compares 

how such common conceptual design principles are applicable to MBR and OoC devices. The 

complexity of MBR design, which is exemplified for scaled-down cell cultures in bioprocess 

development and drug testing in OoCs for the heart and the eye, is discussed and compared with 

previous design solutions of MBRs and OoCs from the perspective of how similarities in 

understanding design from functionality and user purpose perspectives can more efficiently be 

exploited. The review can serve as a guideline and help the future design of MBR and OoC devices 

for cell culture studies. 

Seldon and Fuller [7] further address the challenges of introducing organ and tissue cells in 

MBRs for understanding normal and pathological physiology. The differences and the constraints of 

the physiological environment that influence the design are highlighted. This review considers the 
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key elements necessary to enable bioreactors to address the critical areas associated with biological 

systems. 

The use of MBRs as tools for investigating tumor models is highlighted in two research studies 

[8,9]. Kuhlbach and colleagues [8] have studied tumor extravasation on a chip. Their device consists 

of three different parts, containing two microfluidic channels and a porous membrane sandwiched 

in between. In contrast to many other systems, this device does not need an additional coating to 

allow endothelial cell (EC) growth, as the primary ECs used produce their own basement membrane. 

The ECs in their device showed in vivo-like behavior under flow conditions. These results suggest 

that the new device can be used for research on molecular requirements and conditions and the 

mechanism of extravasation and its inhibition. 

Toh and colleagues [9] have developed a microfluidic-based culture chip to simulate cancer cell 

migration and invasion across the basement membrane. In this microfluidic chip, a three-dimensional 

(3D) microenvironment is engineered to culture metastatic breast cancer cells in a three-tumor model. 

The chip is useful for drug screening due to its potential to monitor the behavior of cancer cell 

motility, and, therefore, metastasis, in the presence of anti-cancer drugs. 

Investigating effects of drug compounds on organ cells in in vitro microfluidic models has been 

mentioned recurrently to fill the need in the pharma industry for more efficient drug testing. In a 

study by Christoffersson and colleagues [10], a 3D model with cells arranged in spheroids is shown 

to be a valuable tool to improve physiologically relevant drug screening. In this article, it is shown 

how the number of cells growing out from human-induced pluripotent stem cell (hiPSC)-derived 

cardiac spheroids can be quantified to serve as an indicator of a drug’s effect on spheroids captured 

in a microfluidic device. 

Freyer and colleagues [11] demonstrate another approach with the same purpose with liver cells. 

They investigated the response of primary human liver cells to toxic drug exposure in a miniaturized 

hollow-fiber-based bioreactor. The results validate the suitability of the microscale 3D liver construct 

to detect hepatotoxic effects of drugs in a perfused human in vitro culture platform. 

In another MBR setup, Wrzesinski and Fey [12] carry out an in-depth study of hepatocytes 

metabolism. They describe basic principles and how they are regulated so that they can be taken into 

consideration when microbioreactors are designed. They provide evidence that one of these basic 

principles is hypoxia, a natural consequence of multicellular structures grown in microgravity 

cultures. 

Aspects of fluid dynamics in MBRs are addressed by Tajsoleiman et al. [13]. Due to the sensitivity 

of mammalian cell cultures, understanding the influence of operating conditions during a tissue 

generation procedure is crucial. In this regard, a detailed study of scaffold-based cell culture under a 

perfusion flow is presented with the aid of mathematical modelling and computational fluid 

dynamics (CFD). The simulation setup provides the possibility of predicting cell culture behavior 

under various operating conditions and scaffold designs. 

Another important aspect of MBR design is oxygen distribution. Fernandez et al. [14] 

demonstrate the use of oxygen sensors to measure the oxygen consumption rate of several variants 

during the conversion of styrene (substrate) to 1-phenylethanediol (product). The oxygen 

consumption rate allowed for distinguishing the endogenous respiration of the cell host from the 

oxygen consumed in the reaction. Furthermore, it was possible to identify the higher activity and 

different reaction rate of two variants relative to the wild-type NDO. 

All together, these nine contributions reflect state-of-the-art aspects of MBR design and highlight 

the inherent potential and strengths of the concept of MBRs for organ cell studies. 

Conflicts of Interest: The author declares no conflict of interest. 

References 

1. Bhatia, S.N.; Ingber, D.E. Microfluidic organs-on-chips. Nat. Biotechnol. 2014, 32, 760–772. 

2. Van Noort, D. Bioreactors on a chip. In Bioreactors: Design, Operation and Novel Applications; Mandenius, 

C.F., Ed.; Wiley-VCH: Weinheim, Germany, 2016; pp. 77–112, ISBN 978-3-527-33768-2. 



Bioengineering 2018, 5, 64 3 of 3 

3. Hemmerich, J.; Noack, S.; Wiechert, W.; Oldiges, M. Microbioreactor systems for accelerated bioprocess 

development. Biotechnol. J. 2018, 13, e1700141. 

4. Khetani, S.R.; Bhatia, S.N. Microscale culture of human liver cells for drug development. Nat. Biotechnol. 

2008, 26, 120–126. 

5. van Duinen, V.; Treetsch, J.; Joore, J.; Vulto, P.; Hankemeier, T. Microfluidic 3D cell culture: From tools to 

tissue models. Curr. Opin. Biotechnol. 2015, 35, 118–126. 

6. Mandenius, C.F. Conceptual design of micro-bioreactors and organ-on-chips for studies of cell cultures. 

Bioengineering 2018, 5, 56, doi:10.3390/bioengineering5020056. 

7. Selden, C., Fuller, B. Role of bioreactor technology in tissue engineering for clinical use and therapeutic 

target design. Bioengineering 2018, 5, 32, doi:10.3390/bioengineering5010032. 

8. Kühlbach, C.; da Luz, S.; Mueller, M.M.; Baganz, F.; Volker, C. Hass, V.C. A microfluidic system for 

investigation of tumor cell extravasation. Bioengineering 2018, 5, 40, doi:10.3390/bioengineering5020040. 

9. Toh, Y.-C.; Raja, A.; Yu, H.; van Noort, D. A 3D microfluidic model to recapitulate cancer cell migration 

and invasion. Bioengineering 2018, 5, 29, doi:10.3390/bioengineering5020029. 

10. Christoffersson, J.; Florian Meier, F.; Kempf, H.; Schwanke, K.; Coffee, M.; Beilmann, M.; Zweigerdt, R.; 

Mandenius, C.F. A cardiac cell outgrowth assay for evaluating drug compounds using a cardiac spheroid-

on-a-chip device. Bioengineering 2018, 5, 36, doi:10.3390/bioengineering5010036. 

11. Freyer, N.; Greuel, S.; Knöspel, F.; Gerstmann, F.; Storoch, L.; Damm, G.; Seehofer, D.; Foster Harris, J.; Iyer, 

R.; Schubert, F.; Zeilinger, K. Microscale 3D liver construct for hepatotoxicity testing in a perfused human 

in vitro culture platform. Bioengineering 2018, 5, 24, doi:10.3390/bioengineering5010024. 

12. Wrzesinski, K.; Fey, S.J. Metabolic reprogramming and the recovery of physiological functionality in 3D 

cultures in micro-bioreactors. Bioengineering 2018, 5, 22, doi:10.3390/bioengineering5010022. 

13. Tajsoleiman, T.; Abdekhodaie, M.J.; Gernaey, K.V.; Krühne, U. Efficient computational design of a cartilage 

cell regeneration. Bioengineering 2018, 5, 33, doi:10.3390/bioengineering5010033. 

14. Fernandez, A.C.; Halder, J.M.; Nestl, B.M.; Hauer, B.; Gernaey, K.V.; Krühne, U. Biocatalyst screening with 

a twist: Application of oxygen sensors integrated in microchannels for screening whole cell biocatalyst 

variants. Bioengineering 2018, 5, 30, doi:10.3390/bioengineering5020030. 

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 


