microfluidic system for real-time monitoring of biliary transport in precision-cut liver slices
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Aim v

» Development of a system for monitoring cholestasis development in precision-cut liver slices (PCLS),
an ex-vivo tissue model for studying drug toxicity!'l,

Material and Methods

Protocols

» Chip Fabrication

» Structures were cut from polycarbonate (PC) sheets and
then bonded with biocompatible double-sided tape.

Incubator at 37°C

» Life support
» Syringe pumps perfuse the chip with Williams E Medium
at a flow rate of 20 yL/min.
» Gas-equilibration module ensures 80%  oxygen
concentration in medium (Figure 2B).
» A USB fluorescence microscope acquires Iimages

Figure 1. An overview of experimental setup used for experiments with PCLS in the PC biochip. The (1 phOtOg raph/ min, )\ex/ )\em 488nm/o51 9nm) (Flgure ZB) -

setup contains the following elements: a gas supply (1) of three different gases, a gas mixer (2); medium > |lncubator keeps temperature at 37°C (i 1 OC)
supply (3); valve (9). One pump contains reqular medium, the other medium with a fluorescent reagent.

Medium is saturated with desired gas composition in an oxygenation module (4) by nebulization
of medium through continuous injection of gas mixture. A flow-through oxygen sensor (8) (Presens,
Germany) measures oxygen concentration. Medium is than aspirated through the PC chip (6) by a multi-
syringe pump (8). Real-time monitoring of the experiment is performed with a USB-microscope (7)
focused on the area with three slice chambers. The system is operated by a computer (10).

» Experiments with PCLS

» Monitoring of tissue viablility with life cell tracker (Calcein
AM);

» Monitoring of bile acid metabolism with fluorescently
labelled bile acid analogue (5-chloromethylfluorescein
diacetate (CMFDA));

» Experiments were performed with PCLS obtained directly
after slicing or incubated for 44h on a well plate before
transfer to thr chip.

> Applied gas composition: 80% oxygen, 5% carbon

dioxide, and 15% nitrogen.

Figure 2. Perfusion system for real-time monitoring of PCLS incubation. Yellow arrows show the direction
of medium flow ensured by syringe pumps. (A) The polycarbonate (PC) device, loaded with three PCLS
(D 5 mm; 250 um thick). The incubation chambers (3 6 mm, depth = 0.75 mm) are closed by a large PC
lid (0.5 mm thick) after insertion of the slices. (B) The perfusion device (channel depth = 0.5 mm) is
connected to pumps, and a gas-equilibration module, and is placed under a USB-microscope. This setup
is placed in the incubator at 37 degrees C.

Results
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Figure 3. Calcein AM metabolism in viable and damaged hepatocytes (A). PCLS viability was
monitored in real-time by imaging (B). Image analysis with ImageJ yielded the data presented Figure 4. Mechanism of CMFDA metabolism and transport in a healthy liver (A). Bile acid metabolism was monitored
in (C) The PCLS in B were also tested for ATP content (another lissue Viabi/ity marker) and in real-time by imaging (B) and analyzed after the experiment with ImageJ. The fluorescence intensities are

compared with well-plate controls (D). presented as a graph (C).

Conclusions

» The microfluidic system allows real-time monitoring of tissue models, and pharmacological effects on those models.
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