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Abstract: The blood-brain barrier (BBB) not only maintains the stability of the environment within the central
nervous system by controlling the transport of substances on both sides of the blood and brain, but also plays an
important role in the R&D of new drugs for neurological disorders. The establishment of an in vitro high-fidelity
model to study BBB function is imperative for assessing barrier permeability of drugs and xenobiotics. However,
the complexity of the BBB structure makes it difficult to replicate with an in vitro model. Compared to the tradi-
tional in vitro BBB model, the BBB-on-chip provides certain advantages in miniaturizing the system, reducing the
amount of cells and medium required, and allowing simultaneously induction of shear stress. We review here the
BBB-on-chip models from their establishment and characterization to applications in research of neuroinflamma-
tion, brain tumor and drug evaluation.
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Figure 1  The cells that make up the blood-brain barrier and the
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Figure 2 Examples of microfluidic BBB models (mimic cerebral
microvascular structure). A: By seeding brain endothelial cells in
the collagen microchannels, array of brain microvessels embedded
within collagen is formed®!; B: The microfluidic system consists
of the porous tubes that simultaneously scaffolds the cells and
allows for species transport toward the external environment®?; C:
A 3D BBB model consists of endothelial cells (EC) arranged in a
cylindrical monolayer, separating a “blood” compartment from an
array of capillaries presenting chemotactic gradients®!
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Figure 3 Examples of microfluidic BBB models (mimic NVU structure). A: The multi-layer BBB chips are divided by a porous mem-

brane, the upper and lower cell culture channels are integrated electrical impedance sensor array for TEER analysis®®?; B: 3D illustration

showing the multi-layer structure®; C: The apical and basolateral sides separated by 3 mm gaps formed by microfabricated pillarst¥; D:

Schematic layout of the 3D neurovascular chip (NVC) and enlarged view of the channelst®!
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cell types in 3D co-culture: neurons (red), astrocytes (white),
GFP-labeled HUVEC (green); B: 3D view of the neuron gel
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Figure 6 Analysis of cell viability of U251 cells in the microflu-
idic device after sunitinib treatment’®”. A-C: Fluorescent images
show 3D-cultured cells stained by Live/Dead assay kit after suni-
tinib treatment for 0 h, 24 h and 48 h; D: Cell viabilities of U251
cells after treated with sunitinib in 3D cultured and 2D cultured
models
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