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Abstract: The human gut is a complex ecosystem harboring rich microbes that play a key role in the
nutrient absorption, drug metabolism, and immune responses. With the continuous development of
microfluidics and organ-on-a-chip, gut-on-a-chip has become a powerful tool for modeling
host-microbe interactions. The chip is able to mimic the complex physiological environment of the
human gut in vitro, providing a unique platform for studying host-microbe interactions. Firstly, we
introduce the physiological characteristics of the human gut. Secondly, we comprehensively summarize
the advantages of the microfluidic chip in vitro recapitulating the intestinal system by integrating
microenvironmental factors, such as complex cell components, dynamic fluids, oxygen gradients, and
mechanical mechanics. Thirdly, we expound the key performance indicators for evaluating the
construction performance of gut-on-a-chip. In addition, we review the progress of gut-on-a-chip models
in the research on gut microecology, disease modeling, and drug evaluation. Finally, we highlight the
challenges and prospects in the applications of the emerging technology. The above is summarized with
a view to informing the application of gut-on-a-chip for indepth studies of gut microbe-host interactions.
Keywords: gut; microfluidics; gut-on-a-chip; host-microbe interactions; pathophysiology
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Figure 1

Construction of the gut chips. A: Membrane-based and membrane-free chips''*?'.. B: Exploring the

effects of fluid and mechanical forces on enterocytes?”. C: Integration of multicellular components on a chip
for host-microbe studies®. D: Oxygen sensor monitors oxygen levels”®'. ECM: Extracellular matrix; IPSC:
Induced pluripotent stem cells; PDMS: Polydimethylsiloxane; AP: Apical side; BL: Basal side.
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Figure 2 Indicators of model constructlon A: Visualization of villus-crypt structure and mucus distribution!
. C Trans epithelial electrical resistance measurement™. D. Fluorescent
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Figure 3 Applications of host-microbe interactions on microfluidic chips. A: Co-culture of enterocytes and
probiotics on a chip'®. B: Models of viral infection™®. Scale bar: 50 pm. C: A model of microbe-mediated
gut-brain axis interactions®”’). D: Probiotics improve LPS-induced intestinal barrier damage. LGG:
Lactobacillus rhamnosus GG; LPS: Lipopolysaccharide.
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