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In vitro studies of alcohol-induced liver injury in
virally-infected human hepatocytes: Advantages
and limitations

Natalia A. Osna, Srivatsan Kidambi

Infection of liver with hepatotropic viruses is
exacerbated by alcohol abuse. Toxic effects of alcohol
on virally infected cells are induced not by alcohol per
se, but by alcohol metabolism. To efficiently metabolize
alcohol, cells should express ethanol-metabolizing
enzymes, alcohol dehydrogenase (ADH) and cytochrome
P450E1 (CYP2E1) that convert alcohol to acetaldehyde
and generate reactive oxygen species (ROS). These
enzymes are highly expressed in hepatocytes, making
them the primary site of ethanol metabolism. All toxic
effects of ethanol exposure to hepatocytes, which dose
and time-dependently modulate viral replication, can
be attributed to ethanol metabolism. Recently, we have
shown that short-term exposure of HCV-infected cells to
acetaldehyde enhances viral replication, while long-term
exposure pushes cells to apoptosis [1, 2]. These effects
were not observed if liver cells are unable to metabolize
ethanol. Unfortunately, most of ethanol studies on HCV-
infected and HBV-infected hepatocytes are performed
on hepatoma cell lines (HepG2 and Huh?y cells), which
serve as the surrogative in vitro hepatocyte models. Most
of hepatoma cells do not express ADH and CYP2E1 and
thus, are not affected by ethanol metabolism, making
the obtained results questionable in terms of the effects
of ethanol metabolism. Furthermore, human primary
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hepatocytes that can be virally infected and metabolize
alcohol, after 24 hr of collagen plating undergo fast
de-differentiation, lose the expression of ethanol-
metabolizing enzymes [3] and sensitivity to oxidative
stress.

Since infection of hepatocytes with viruses requires
the culturing for at least 3—4 days followed by ethanol
treatment for another 48 hr, these cells cannot produce
acetaldehyde via both ADH and CYP2E1 or generate ROS
via CYP2E1 by the time of ethanol exposure. Thus, special
culturing conditions should be used to preserve the
expression of ethanol-metabolizing enzymes and normal
cell functions. This becomes possible if hepatocytes are
plated on plates coated with Matrigel (commercially
available 3D system) that preserve their functionality
for about 10 days. The disadvantage of Matrigel bilayer
is related to the presence of unknown amount of various
growth factors, which is difficult to control due to the
batch-to-batch difference. To overcome this limitation,
we have developed an innovative patented technology
which utilizes polyelectrolyte multilayer (PEM) film
coating on top of the polydimethylsiloxane (PDMS)
surface resulting in improved cell adhesion on synthetic
PDMS surfaces without the use of adhesive ligands. These
synthetic biomaterials are well-known to provide better
control of mechanical and adhesive properties, have low
toxicity and high thermal stability [4, 5]. The PDMS is a
very attractive material for cell biology studies, but does
not support long-term culturing. Thus, it was modified
using PEM films to improve its adhesive properties for
culturing of primary hepatocytes alone or in combination
with other liver cells (patterned co-culture) [6—9]. We
observed that the primary hepatocytes maintained both
ADH and CYP2Ex1 protein expression in soft (2 kPa) PEM
coated PDMS substrates for up to eight days. This data
demonstrates that soft substrates are ideal for extending
primary hepatocytes function in in-vitro conditions.
Our preliminary data obtained on HCV-exposed and
HIV-exposed hepatocytes clearly demonstrate the
detrimental effects of ethanol treatment when cells are
plated on these polymers. This happens because alcohol
exposure stabilizes ethanol-metabolizing enzymes (ADH
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and CYP2E1) in hepatocytes for at least eight days after
plating (comparable to the result of plating in Matrigel)
and supports cell infectivity without signs of hepatocyte
de-differentiation and morphological changes. We
believe that this approach will be very useful for in vitro
studies of alcohol effects on virally infected hepatocytes.
Thus, using our synthetic PDMS substrates for hepatocyte
plating, we will control the physiologically relevant effects
of ethanol metabolism on viral replication during long-
term in vitro hepatocyte culturing, thereby mimicking
the events observed in alcoholic patients infected with
hepatotropic viruses.
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