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Hitting the right button: MAVS-mediated defense against

HAV infection
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Studying the immune response
against infection with hepatitis virus-
es is hampered by the lack of suitable
preclinical model systems. A recent
publication in Science identifies the
cytosolic adapter molecule MAVS as
being responsible for species restric-
tion of infection with hepatitis A virus
as well as linking cytosolic immune
sensing in infected hepatocytes with
innate effector functions and protec-
tive adaptive immunity.

Infection with hepatitis viruses, such
as hepatitis A virus (HAV), hepatitis B
virus (HBV) or hepatitis C virus (HCV)
is restricted to humans and chimpan-
zees. Studying the molecular and cellu-
lar mechanisms determining viral clear-
ance or persistence within the unique
immunological microenvironment of
the liver is hampered by the lack of
suitable preclinical model systems [1].
Different hurdles exist for hepatitis
viruses to infect hepatocytes in geneti-
cally defined preclinical models such
as mice [2]. HBV does not infect mice
because its receptor is not expressed
on hepatocytes but HBV replication
can occur within hepatocytes albeit
not from the natural viral template, the
HBYV covalently-closed-circular DNA
(cccDNA) [2]. Thus, preclinical models
of HBV infection rely on transgenic
mice or viral gene transfer of HBV ge-
nomes into hepatocytes. HCV also fails
to infect hepatocytes in mice but trans-
genic expression of its receptors renders
mice susceptible to HCV infection [3].
In contrast, HAV infects murine cells
in vitro but fails to establish liver
infection in mice. HAV replication is

suppressed by type-I-interferons. Yet,
HAV encodes a protease that degrades
the intracellular signal adapter pro-
teins MAVS and TRIF that mediate
induction of type-I-interferon, thereby
blunting interferon responses in infected
hepatocytes.

Hirai-Yuki et al. [4] now report that
HAV can infect mice that lack type-I-
Interferon signaling, i.e., IFN-receptor
(IFNAR) knockout mice. Such infection
is similar to HAV infection in humans
and is characterized by fecal HAV
shedding, prolonged infection over
three months with low-grade viremia
and liver damage. Thus, evading type-
I-Interferon production defines the host
range of HAV. Detection of viral con-
stituents such as nucleic acids through
the cytosolic immune sensors RIG-I or
MDAS is responsible for induction of
type-I-interferons by signaling through
the adapter molecule MAVS (see Figure
1). The authors demonstrate that HAV
3ABC, a protease degrading human
MAVS, does not target murine MAVS
and therefore fails to counteract type-
I-interferon induction in HA V-infected
hepatocytes.

Consequently, in MAVS-knockout
mice, HAV also establishes liver infec-
tion, but two important differences are
observed compared to IFNAR-knockout
mice. HAV replication in the liver
was 10-fold higher and was not ac-
companied by liver damage any more.
HAV-induced liver damage was not
mediated by immune effector cells such
as CD8 T cells or NK cells indicating
that activation of MAVS itself initiates
the apoptosis of infected hepatocytes.

This demonstrates that MAVS serves
two distinct functions in HAV-infected
hepatocytes: first, it triggers type-I-
Interferon production that is respon-
sible for controlling HAV replication
in infected hepatocytes and defines the
species barrier; and second, it initiates
death of HAV-infected hepatocytes.
In search of the mechanism mediating
MAV S-induced death, the authors found
that HAV-induced death of infected he-
patocytes depends on the transcription
factors IRF3 and IRF7. Since HAV-
induced liver damage is independent of
IFNAR signaling, IRF3/7 may trigger
death directly through its transcriptional
activity on pro-apoptotic molecules like
the BH3-only protein PMAIP1 [5] or in
a transcription-independent fashion by
interacting with mitochondrial Bax [6].
Hirai-Yuki et al. provide compelling
evidence in their study for the key role
of MAVS in the control of hepatocyte
infection with an RNA virus like HAV.
Infection by DNA viruses, on the other
hand, is detected by the cGAS-STING
pathway [7], which also elicits IRF3/7
phosphorylation and type-I-Interferon
production (see Figure 1). While
there is no evidence for DNA viruses
causing STING-mediated damage in
infected hepatocytes, alcohol-induced
and STING-mediated IRF3 activation
can cause hepatocyte apoptosis in the
context of ER stress [8]. The mecha-
nisms that determine the outcome of
RIG-I/MDAS/MAVS or cGAS/STING
activation for induction of cell death
remain unclear but may be related to
the distinct subcellular localization of
MAVS to mitochondria and STING to
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Figure 1 Schematic illustration of cytosolic immune sensors detecting viral infection
and signaling through the adapter molecules MAVS or STING to elicit type-I-interfer-

on expression or trigger cell death.

the ER in combination with hepatocyte
stress conditions.

The elegant study by Hirai-Yuki et
al. reveals that immune control of HAV
infection is critically determined by in-
nate immune signaling that also affects
adaptive immune responses against
HAV. The self-limited course of hepatic
HAYV infection may be determined by
this MAVS-dominated hepatocyte-
intrinsic innate immune defense. Since
necroptotic cell death determines immu-
nogenic activation of antigen-presenting
dendritic cells for cross-priming of CDS§
T cells that are necessary for protective
immunity against virus infection [9],
more details need to be known on the

mode of MAVS/IRF3-induced death
in HAV-infected hepatocytes and how
this translates into protective immunity
against HAV. In HBV infection, no viral
immune escape in hepatocytes has been
reported, and HBV israther considered a
stealth non-cytopathic virus that evades
rather than actively modulates innate
immune response [1]. However, a recent
study demonstrated that HBV infec-
tion upregulates cellular inhibitor of
apoptosis proteins (cIAPs) and thereby
skews TNF receptor signaling towards
survival rather than death in HBV-
infected hepatocytes [10]. While viral
constituents or viral replication can be
revealed by cytosolic immune sensors,

it is much more demanding to detect
viral persistence forms in hepatocytes,
such as HBV cccDNA. Deciphering
the crosstalk between hepatitis viruses
and innate immune defense systems
in hepatocytes will provide important
clues to understand how innate immu-
nity is linked to virus-specific adaptive
immunity during hepatitis virus infec-
tion. Fit-for-purpose preclinical model
systems for hepatitis virus infections
that reflect the clinical course of
disease in humans are needed to ad-
vance our knowledge on the relevant
mechanisms responsible for immune
control of hepatitis virus infection and
to test immune intervention strategies to
overcome chronic viral hepatitis.
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