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Demethylase JMJD6 as a regulator of innate immunity in
HCV-associated liver injury

Natalia A. Osna

Hepatitis C virus (HCV) infection causes the
dysfunction of innate immunity in hepatocytes, the
primary sites of viral replication. Anti-viral protection
of hepatocytes requires the induction of interferon alpha
(IFNa) signaling that activates interferon—stimulated
genes (ISGs) to control viral replication and spread. The
IFNa signaling is initiated by endogenous IFNa released
by non-parenchymal liver cells (macrophages, dendritic
cells) upon sensing the virus. Binding of IFNa to surface
receptors on hepatocytes activates the JAK-STAT
pathway. To attach to DNA and induce protective ISGs,
STAT1 requires protein methyl transferase 1 (PRMT1)-
mediated arginine methylation [1].

While protein expression level is regulated by histone
methylation/acetylation, multiple methyltransferases
induce the methylation of proteins on various residues
(arginine, lysine, etc). In the liver, activities of many
methyltransferases are regulated by the methionine
metabolic pathway, namely, by the changes in the ratio
between the methyl donor, S-adenosyl methionine (SAM)
and its toxic metabolite, S-adenosylhomocysteine (SAH).
Alcohol and HCV decreases SAM: SAH ratio [2—4],
suggesting that SAM-dependent PRMT1 and subsequent
STAT1 methylation in hepatocytes may be altered due to
HCV- and alcohol-induced SAM insufficiency. Indeed,
in infected hepatocytes, methylation of STAT1 on Arg-31
is impaired by HCV [5, 6]. Alcohol metabolites further
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decrease STAT1 methylation, thereby enhancing PIAS1-
STAT1 interactions to prevent STAT1 binding to DNA [7].
Although suppression of STAT1 methylation was mainly
attributed to PRMT1 dysfunction, we cannot exclude that
HCV-induced demethylation of STAT1 also regulates
IFNa signaling. In fact, it has been shown recently that
the methylation of another innate immunity regulator,
TNF receptor-associated factor 6 (TRAF6), is partially
controlled by demethylase Jumonji domain-containing
protein 6 (JMJD6) [8]. The JMJD6 is a non-heme
Fe(II) 2-oxoglutarate (20G)-dependent oxygenase with
bifunctional enzymatic activities, arginine demethylase
and lysyl hydroxylase [9, 10]. Importantly, STAT1 has
never been characterized as a JMJD6 target, and the role
of this enzyme in STAT1 methylation in hepatocytes has
never been investigated in viral hepatitis.

In our laboratory, we studied whether arginine
methylation of STAT1 is modulated by JMJD6 and
whether there is a functional link between HCV
replication and JMJD6 levels in IFNa-induced anti-viral
protection via the JAK-STAT1 pathway in hepatocytes.
The modulation of JMJD6 levels by viruses has been
already demonstrated in literature [11, 12], but nothing
is known about the role of JMJD6 in HCV-infection. In
our preliminary (unpublished) experiments, we found
that in Huh 7.5 (hepatoma) cells, JMJD6 overexpression
reduced STAT1 methylation on arginine residue, while
JMJD6 silencing increased STAT1 methylation. We also
found that JMJD6 suppression enhanced activation
ISGs and suppressed HCV RNA; however, there was
a negative impact of JMJD6 overexpression on innate
immunity (unpublished data). Previously, we indeed
observed that impaired STAT1 methylation on both
arginine and lysine residues of STAT1 contributed to the
suppressed activation of ISGs by IFNa [7]. Surprisingly,
JMJD6 provided no effect on lysine STAT1 methylation.
The explanation of this discrepancy in JMJD6-induced
regulation of arginine and lysine protein methylation is
provided by another study demonstrating that JMJD3,
but not JMJD6 was responsible for the lysine histone
demethylation [13]. The results of our studies suggest
that JMJD6 is one of the factors, which regulate HCV
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infectivity levels in hepatocytes by suppressing ISG
activation via the JAK-STAT1, the most important
pathways for anti-viral innate immunity protection.

Thus, demethylase JMJD6 definitely plays an
important role in the regulation of anti-HCV innate
immunity. More studies are necessary to characterize
JMJD6 contribution to HCV-infection pathogenesis
and to identify other mechanisms by which JMJD6 may
control the disease severity and outcomes. The role of
this enzyme in the modulation of anti-viral protection
makes JMJD6 an attractive target for the therapeutic
interventions in viral hepatitis.
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