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Abstract
Hepatitis E virus (HEV) infection is the leading cause of acute hepatitis worldwide. Mitochondrial antiviral
signaling protein (MAVS)-mediated interferon (IFN) response plays a pivotal role in the hepatic antiviral
immunity. However, little is known about the effects of overexpression of MAVS on HEV infection. Here,
we studied the effects of FL-MAVS on HEV. We found that overexpression of FL-MAVS profoundly
inhibited HEV replication. The overexpression of FL-MAVS is accompanied by the secretion of functional
IFNs and transcriptional induction of interferon stimulated genes (ISGs). Furthermore, we showed that the
anti-HEV effect of FL-MAVS is largely dependent of the JAK signaling activation.

Main Text
The mitochondrial antiviral signaling protein (MAVS) is an adaptor protein, localized at outer
mitochondria membranes and at endoplasmic reticulum (ER)-mitochondria tethering interfaces, making
the connection between mitochondria and innate immunity. Upon RNA virus infection, the viral genome is
released into the cytoplasm to initiate viral protein biosynthesis. The double-stranded (ds) RNA acts as
pathogen-associated molecular patterns (PAMPs) that is recognized by sensors (RIG-I or MDA5) in the
host cell cytosol. The N-terminal caspase activation and recruitment domains (CARDs) of RIG-I and
MDA5 bind to a CARD in the MAVS, resulting in MAVS aggregation and the subsequent activation of
downstream signaling which triggers the production and secretion of interferons (IFNs) including IFN-α,
IFN-β, and IFN-λ [3]. IFNs bind to cell surface receptors and lead to the activation of Janus kinase and
subsequent transcriptional induction of hundreds of interferon stimulated genes (ISGs), which are
thought to be the ultimate antiviral effectors [14]. Acting as a vital adaptor for IFN signaling, MAVS shows
speci�c interactions with different hepatitis viruses. Hepatits C virus (HCV) NS3/4A protease blocks the
interferon (IFN) response by cleaving the MAVS protein. In parallel, a product of Hepatitis A virus (HAV)
polyprotein processing, 3ABC, targets MAVS for proteolysis [8]. Instead of directly provoking MAVS
proteolysis or MAVS cleavage, Hepatitis E virus (HEV) has been reported to induce MAVS polymer,
rendering the infected cells more resistant to exogenous IFNs [8, 17]. The HEV-induced MAVS polymer
represents a remarkable example of virus evolution albeit the role of ectopic overexpression of MAVS on
HEV infection remains unclear. Full-length MAVS (FL-MAVS) is the main form of MAVS that increase the
production of IFNs [9]. In this study, we investigated the effects of FL-MAVS on HEV. We found that FL-
MAVS overexpression signi�cantly inhibited HEV replication. Mechanistically, we showed that the anti-
HEV effect of FL-MAVS is largely dependent of JAK activation.

To study the effect of FL-MAVS on HEV, genotype 3 HEV infectious cell culture models was �rst
employed. Successful overexpression of FL-MAVS was con�rmed in Huh7.5-p6 model at mRNA and
protein levels (Fig. 1A). Overexpression of FL-MAVS potently reduced the HEV RNA in Huh7.5-p6 model
(Fig. 1B). The anti-HEV effect of FL-MAVS was further con�rmed in PLC-p6 model (Fig. 1C). Moreover, a
signi�cant inhibition of HEV replication by FL-MAVS was also observed in HEV genotype 1 replicon
model, suggesting a broader genotypic activity of FL-MAVS (Fig. 1D). Our previous studies have
demonstrated that overexpression of RIG-I and MDA5 signi�cantly inhibited HEV replication via



Page 3/8

stimulating the expression of a large panel of ISGs. Interestingly, the increased levels of ISGs induced by
RIG-I and MDA5 are not associated with functional IFNs production [6, 14, 15]. In the present study, we
found that overexpression of FL-MAVS also promotes an antiviral state by robustly increasing the
expression of ISGs in Huh7.5-p6 models and PLC-p6 models (Fig. 2A and Supplementary Fig. 1A).
However, we found that overexpression of FL-MAVS increased IFNs RNA in Huh7.5-p6 model (IFNβ and
IFNλ1) and PLC-p6 model (IFNα, IFNλ1 and IFNλ2) determined by qRT-PCR assay (Fig. 2B and
Supplementary Fig. 1B). The above results prompt us to ask whether functional IFNs are secreted upon
FL-MAVS overexpression. To answer this question, conditioned medium (supernatant) from the FL-MAVS
transduced HEV cell culture models (Huh7.5-p6 and PLC-p6) were collected and two IFN sensitive assays
(IFN functional assay and an HCV replicon-based bioassay) were performed [6, 14]. We found that FL-
MAVS overexpression resulted in functional IFNs secretion, as exempli�ed by the observation that the
conditioned medium obtained from these models signi�cantly increased ISRE activation (Fig. 2C and
Supplementary Fig. 1C) and decreased HCV-related luciferase activity (Fig. 2D and Supplementary
Fig. 1D). To further de�ne the role of autocrine IFNs in HEV replication upon FL-MAVS overexpression, two
IFNs binding inhibitors were used. B18R (which blocks IFNα/β receptor binding) and 136R (which
preferentially blocks IFNλ receptor binding) are poxvirus-derived soluble IFN antagonists that has been
used to antagonize IFNs binding in Huh7 cell cultures [4]. We found that treatment with B18R or 136R
slightly reversed the anti-HEV effect of FL-MAVS determined by qRT-PCR assay, indicating that the
secreted IFNs might partly contribute to the anti-HEV activity of FL-MAVS (Fig. 2E and 2F). The secreted
IFNs activates the JAK signaling pathway, which could be pharmacologically blocked by JAK inhibitor [6,
13]. We then sort to investigate whether JAK signaling pathway is involved in the anti-HEV activity of FL-
MAVS. We found that adding 10µM JAK inhibitor robustly reversed the anti-HEV effects FL-MAVS in HEV
infectious and replicon models (Fig. 2G and 2H), indicating that JAK signaling pathway is largely required
for the FL-MAVS-mediated inhibition of HEV. Taken together, we discovered that overexpression of FL-
MAVS inhibited HEV replication. Mechanistically, the anti-HEV effect of FL-MAVS is mainly through JAK
signaling.

Mitochondria are cellular organelles that participate in various metabolic activities as well as the
regulation of innate immunity. MAVS serves as a vital adapter linking mitochondria to the innate
immunity [12]. MAVS-mediated IFN response has been found to be inhibited by a variety of virus
infections. For example, Zika virus nonstructural proteins, NS3 and NS2B3, were shown to negatively
regulate IFN response by targeting MAVS [5]. PB1-F2 protein of H7N9 virus could inhibit innate immunity
via preventing MAVS aggregation [1]. Besides that, a nonstructural protein of andes orthohantavirus
(ANDV) was found to antagonize IFN response through reducing MAVS ubiquitination, a posttranslational
mechanism of protein modi�cation that mediating MAVS aggregation [10]. Most recently, SARS-CoV-2
membrane glycoprotein has been identi�ed to negatively regulate innate immunity by impairing MAVS
aggregation in HEK293 cells [2]. With respect to HEV, a previous study showed that HepG2 cells harboring
HEV replicon yielded MAVS polymer compared to the control cells, suggesting a potential role of MAVS
aggregation against HEV replication [17]. Classically, the aggregation of MAVS during virus infection
results in section of IFNs, followed by activation of JAK signaling pathway which leads to increase of
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ISGs. The increased ISGs are thought to further enhance IFN production, which in turn leads to stronger
activation of ISGs and restricts viral infection through positive feedback loops [15]. However, our previous
studies showed that RIG-I and MDA5 inhibited HEV dispensable of IFNs secretion [6, 14]. This could be
explained by the evidences showing that RIG-I directly restricts viral replication by inhibiting the binding of
viral polymerase to viral RNA [11] and that RIG-I and MDA5 can displace viral proteins bound to dsRNA
[16]. Extended from our previous �ndings, we here demonstrated that overexpression of FL-MAVS also
potently inhibited HEV replication via stimulating ISGs production. The anti-HEV activity of FL-MAVS is
largely dependent of JAK signaling. However, we found that overexpression of FL-MAVS dramatically
increased IFNλ RNA in both Huh7.5 and PLC-based HEV cell culture models. This is consistent with the
previous studies revealing that HEV infection induced IFNλ production as a host innate immune response
[7, 17]. In addition, we demonstrated that FL-MAVS overexpression result in IFNs secretion although it
seems that the secreted IFNs only partly mediate the anti-HEV effects. In summary, our present study
further bolsters the vital role of RIG-I/MDA5-MAVS signaling pathway against HEV replication. However,
more information is required on the distinct mechanistic mode-of-action aspects of FL-MAVS in HEV
replication. Moreover, the noncanonical antiviral mechanisms of this signaling pathway are largely
elusive, thus deserving further clari�cation, although the IFNs-dependent mechanisms also need to be
further investigated.
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Figure 1

FL-MAVS inhibits HEV replication. Quantitative RT-PCR analysis of FL-MAVS RNA (n=7) and immunoblot
analysis of FL-MAVS protein level using anti-FLAG antibody in Huh7.5-p6 cell model transduced with FL-
MAVS or empty vector (A). Quantitative RT-PCR analysis of HEV RNA (n=7) in Huh7.5-p6 cell model
transduced with FL-MAVS or empty vector for 48 h (B). Quantitative RT-PCR analysis of FL-MAVS RNA
(n=4) and HEV RNA (n=4) in PLC-p6 cell model transduced with FL-MAVS or empty vector (C) Analysis of
HEV-related luciferase in genotype 1 HEV cell model transduced with FL-MAVS or empty vector (n=4) for
48 h (D).
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Figure 2

FL-MAVS restricts HEV via the JAK signaling Quantitative RT-PCR analysis of ISGs RNA in Huh7.5-p6 cell
model transduced with FL-MAVS or empty vector (n=2-3) for 48 h (A). Quantitative RT-PCR analysis of
IFNs RNA in Huh7.5-p6 cell model transduced with FL-MAVS or empty vector (n=4-5) for 48 h (B). Huh7.5-
p6 cells were transduced with FL-MAVS or empty vector for 72 h and then the cells were washed 5 times
and medium was refreshed. After another 72 h, supernatant was collected as conditioned medium.
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Analysis of �re�y luciferase activity in Huh7-ISRE-Luc cells (n=12) (C) or HCV replicon model (n=12) (D)
treated with Huh7.5-p6 derived conditioned medium for 72 h. Huh7.5-p6 cell model transduced with FL-
MAVS or empty vector were treated with 1000ng/ml 136R (n=9-11) (E) or 1000ng/ml B18R (n=13-14) (F)
or 0.1% DMSO control for 48 h. HEV RNA was measured by quantitative RT-PCR. Data in FL-MAVS group
were presented relative to the empty vector group (set as 1). Data in the combination group of FL-MAVS
with 136R or B18R were presented relative to 136R- or B18R-solely treated group (set as 1). Huh7.5-p6
model (n=4-6) (G) and HEV replicon model (n=4-8) (H) transduced with FL-MAVS or empty vector were
treated with 10μM JAK inhibitor or 1000IU IFNα or 0.1% DMSO vehicle control. Quantitative RT-PCR
analysis of HEV RNA and luciferase activity were measured after 48 h treatment. Data in FL-MAVS group
were presented relative to the empty vector group (set as 1). Data in the combination group of FL-MAVS
with JAK inhibitor or IFNα were presented relative to JAK inhibitor or IFNα-solely treated group (set as 1).
The above data are means ± SEM (*P < 0.05; **P <0.01; ***P < 0.001).
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