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3D-BIOPRINTING OF HEPG2-CELLS AND CONSTRUCTION OF A
LIVER-ON-A-CHIP SYSTEM AS A POTENTIAL SCREENING-
DEVICE FOR DRUG-HEPATOTOXICITY
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BACKGROUND

RESULTS AND DISCUSSION

One of the main challenges regarding the safety evaluation of
new pharmaceutical drugs is the screening for hepatic toxicity,
which is done by standardized in-vitro, as well as in vivo-testing.
In current in-vitro assays, the drug of interest is added to ordi-
nary two-dimensional cultures of human hepatic cells.” One of the
main problems in this approach however, is that a two-dimensional
microenvironment does not resemble the original three-dimensi-
onal network of a real organ, resulting in important ditferences in
cell-shape, behavior and metabolism.? Moreover, because of sub-
stantial differences between the hepatic metabolism of humans
and laboratory-animals, about 50% of drug-induced liver injuries
(DILI's) can not be sufficiently predicted by ordinary in-vivo mo-
dels.? In humans, DILI's are therefore considered the main cause
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(4) Liver-on-a-Chip System

It has been shown that the behaviour of hepatic cells embedded in 3-d
environments made of hydrogels that resemble many characteristics
of their real physiological habitat is more comparable to in-vivo condi-
tions.* Our goal was the construction of a so called , Liver-on-a-Chip
System”, where the cells of a human hepatic cell-line are embedded
in spheroidal 3-d structures (beads) made of hydrogel, as a potentially
more conclusive screening-device for hepatic drug-metabolism and
toxicity.

(1) HepG-2 cells are an affordable, easy to handle and widely used
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. (2) To create a 3-dimesional extracellular environment, a mixture of
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alginate and gelatine was used, where the alginate mainly served for
stability, whereas the gelatine served for cytocompatibility by enabe-
ling cell-adhesion. To determine the most suitable composition, at
first empty beads (blind-beads) containing different alginate/gelatine
ratios were printed and characterized based on their size, circularity
and mechanical properties (elastic modulus). Subsequently, the cho-
sen hydrogel containing 1% alginate in a 3/1 ratio to gelatine, was mi-
xed evenly with HepG-2 cells.

(3) The beads were printed with an injection pump using a cannula
with 0,4 mm in diameter. For the droplets, to form stable spheroidal
structures, the hydrogel mixture was dropped directly into a 1M so-
lution of CaCl,, in which it has been incubated for 15 min, enabeling
crosslinking between alginate-strands and thus polymerization in a
calcium dependant manner.

(4) The prototype of the chip-system was made out of epoxy resin using
3d-printing and was designed with four-chambers: two front-cham-
bers to place the printed beads containing the hepatic-cells and two
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metabolites) the other could serve as a negative control. By attaching the chip to a
L | pump, a continuous fluidic system could be realized.

The blind-beads had an average diameter of 2,075 mm, rangig from 1,655
up to 2,447 mm, which might be small enough to allow diffusion of nu-
trients even to the cells embedded in the center of the beads - though
further research is needed to investigate this assumption. Also, all beads
showed high levels of circularity near or equal to 1,000. Moreover, elasti-
city measurements revealed average values of elastic-modules between
2,38 and 4,26 kPa, corresponding with the elasticity of soft tissue. Howe-
ver further research is needed to investigate morphological and metabo-
lic characteristics of the cells embedded in those structures, as well as dif-
ferences to conventional 2d-cultures. As mentioned, the printing process
with HepG2-cells was realized by using a hydrogel-mixture containing
1% alginate in a 3/1 ratio to gelatine. Blind-beads with that composition
exhibited an average diameter of 1,967 mm and a circularity of 0,996.

Attaching the chip to a pump allowed the continuous flow of medi-
um through the chambers. However further optimization is necessary. To
be applicable as a screening device, the chip-system has to be made of
a material high in biocompatibility. Furthermore a method has to be de-
veloped in which the beads can be placed in the chambers under sterile
conditions - which may possibly require a different design.
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