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Microencapsulated heat-inducible hepatic cells as bioartificial
liver tissues

Habimana Silas'. Kitano Hiroyuki'. Wulandari Diah Anggraini,
Wakabayashi Rie’. Kawabe Yoshinori'. Kamiya Noriho?® .

Kamihira Masamichi' "

' Dep. Chem. Eng., Fac. Eng., Kyushu U., 744 Motooka, Nishi-ku, Fukuoka 819-0395, Japan
* Dep. App. Chem., Fac. Eng., Kyushu U., 744 Motooka, Nishi-ku, Fukuoka 819-0395, Japan
i kamihira@chem-eng.kyushu-u.ac.jp

Acute liver failure (ALF), even when transient, is a life-threatening condition characterized by rapid
deterioration of liver functions. Liver transplantation is the standard treatment for ALF, but is also limited by
donor organ shortage, surgical complications, and the need for lifelong immune suppression. Bioartificial
liver systems can provide a window of opportunity for transplantation, or for the liver to regenerate to full
functionality, potentially eliminating the need for transplantation. However, one of the most important limiting
factors to this approach is the persistent lack of expandable and functional hepatic cells. To address this
challenge, we have developed heat-inducible hepatic (hi-Hep) cells derived from the human hepatocellular
carcinoma cell line HepG2. These hi-Hep cells can be easily expanded and then induced into functional
hepatic cells by heat shock at 430 C for 30 min.

In the current work, we have optimized the viability and functionality of hi-Hep cells by microencapsulation
within functionalized biopolymers as extracellular matrix (ECM). Initially, single cells were seeded in an ultra-
low attachment culture vessel with U-shaped microwells, allowing the formation of hi-Hep microtissues within
24 to 40 hours, followed by heat shock to induce enhanced liver-specific functions. Then, using the On-chip®
Droplet Generator, the microtissues were entrapped with thiol-modified alginate (Alg-SH) and gelatin (Gela-
SH), horseradish peroxidase (HRP), and glycine-tyrosine (Gly-Tyr) dipeptide by water-in-oil droplets. Through
HRP-catalyzed redox reaction, the droplets underwent hydrogelation by crosslinking of the thiol moieties.
Subsequently, poly-L-ornithine (PLO) was used to form membranes around the generated microgels, followed
by the introduction of L-cysteine for the reduction of -S-S- bonds, leading to the dissolution of internal gels and

promoting flexibility as well as intercellular interactions within the encapsulated hi-Hep microtissues.

After encapsulation, hi-Hep microtissues without (HS[-]) and those with (HS [+]) heat shock were cultured
in William’s E medium supplemented with 1 % (v/v) B27 (with vitA), 0.1 % (v/v) ITS-X, 50 ng/ml EGF, 20
UM forskolin, 100 uM dexamethasone, 3 nM triiodothyronine, 5 yM DAPT, 2 mM nicotinamide, and 2 mM
L-ornithine-L-aspartate. Cell survival and ability to perform liver functions were evaluated on days 1, 3 and
5 after heat shock. For ammonia removal, medium was collected after 24 h incubation in fresh functional
medium containing 2 mM NH4CI, and concentrations were measured using the Ammonia Test kit. Functional

microtissues in capsule membranes showed cell survival and increased ammonia detoxification.
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They also showed the highest cytochrome P450 (CYP3A4) activity compared with bare microtissues or

those in undissolved gels. The ability to control cellular microenvironment for promoting the viability and

functionality of the hi-Hep cells represents a pivotal step towards bioartificial liver development. In addition,

this study provides a basis for the microencapsulation of cell aggregates within redox-responsive hydrogels

as a versatile platform for liver tissue engineering.

Keywords: heat inducible, HepG2, microencapsulation, liver function
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