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Editorial

Accumulation of fat in liver cells not due to alcohol abuse is the hallmark of non-alcoholic fatty
liver disease (NAFLD), a common condition that may progress to non-alcoholic steatohepatitis
(NASH) characterized by liver inflammation.Y Over a long period of time, NASH may lead to
fibrosis with consequent cirrhosis, which in turn predisposes patients to hepatocellular
carcinoma.(” One of the reasons that fat accumulated in the liver is harmful could be its
occurrence with lipotoxicity, which causes oxidative and endoplasmic reticulum stress as well as
mitochondrial dysfunction with the generation of reactive oxygen species (ROS), all
hepatocytes death and inflammation.? Because of the close association with cﬂ FLD is
increasingly becoming an epidemic. Indeed, NAFLD affects up to a third ofihe&)pula}ion in
many industrialised countries and is usually diagnosed late when char%ain Iife‘style and diet is
not effective anymore.(Y) Therefore, the only remedy may be pharnfcolgicallintervention or
liver-directed pharmacotherapy. Among the signalling pathways‘inv%d in the pathogenesis of
NAFLD are members of mitogen-activating protein kinase (IMAPK&amin, which includes three
members: extracellular-regulated kinase (ERK1/2), Jun‘N-t‘er;ninal‘kinase (JNK) and p38-
MAPK.®) JNK and p38 are stress-responsive pathways that are regulated by the upstream
MAP3K apoptosis-signal-regulating kinase 1 (ASK1A), whs‘h havs been shown to be activated in
murine models of hepatic steatosis and patilents vﬁh NASH. This has recently led to the
development of ASK1 inhibitors for the treatment of NASH.“-% While it is reasonable targeting

S - s
the ASK1 pathway, results from Phase 3 studies of selonsertib (an investigational ATP-

competitive ASK1 inhibitor) in piatie“nt;vﬁvl\lKSH and bridging fibrosis (STELLAR-3) and
compensated cirrhosis (ST%RA) @ve shown neither improvement in fibrosis nor NASH
amelioration. A further in-depth analysis of the molecular mechanisms that underlie ASK1
expression and activ(itie:ﬁ‘cr:gnic liver disease may, therefore, led to a better therapeutic
approach. In thws_sue {IEPATOLOGY, Huang and colleagues® report a very interesting
study addressir&; the rggulatory mechanisms underlying ASK1 activation. Using gain- and loss-
of—functio.n studi‘es in-vitro and in-vivo, they show that DUSP12, a member of the dual specific
phosphatase (DUSP) family, regulates hepatic lipotoxicity through inhibition of the ASK1 signal

-
cas Figure 1).©)

Phosphatases can catalyse the removal of phosphate groups from specific amino acid residues
in target kinases (substrates) that can result in the kinases inactivation.”) DUSPs play vital roles
in inflammation and immune cells activation, diabetes and cell-growth signalling.(”) However, their
mechanisms of action are still poorly understood. Huang et al.®) show that in livers of mice fed a
high-fat diet (HFD) the expression of DUSP12 is significantly lower than that in liver samples of
normal lean animals. Compared to untreated immortalised hepatocytes DUSP12 expression

levels are also lower in hepatocytes cultured in presence of palmitic acid and oleic acid (PAOA),
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the most abundant fatty acids in western diets. Intriguingly, it has been recently shown that the
expression of two related DUSP proteins, DUSP9 and DUSP26, are downregulated in liver of
mice with hepatic steatosis,®9 underscoring the important role of the DUSP proteins in the

pathogenesis of liver diseases.

To assess the functional role of DUSP12 in the pathogenesis of NAFLD, Huang et al.®) have
generated liver-specific DUSP12 knockout (DUSP12-CKO) mice and fed them with HFD to

induce hepatic steatosis and obesity-related metabolic conditions. While these mice displayed no

apparent increase in body weight compared to control diet-fed mice, liver weights w:
HFD-fed DUSP12-CKO mice. The increase in liver weight was also associated witlng arkable
increase in lipid accumulation, levels of plasma triglycerides, total cholesterol @ psterified

fatty acids (NEFAs) in HFD-fed DUSP12-CKO livers, suggesting that D e€ts mice
from developing hepatic steatosis. Consistent with this, DUSP12-CK d With a high-
fat/high-cholesterol (HFHC) diet displayed an increase in hepati ac lation and
enhanced expression of mMRNA of enzymes involved in fatty @acidigynthesis compared to normal

diet-fed mice. Yet, hepatic depletion of DUSP12 aggrav psis and inflammation in
response to HFHC diet. By using a liver-specific DUSP

demonstrate that the overexpression of DUSP12 in ytes leads to hepatic lipogenesis in
€ |l

Mice that are fed a high-fat diet dev a variety of pathological conditions including obesity,
@ diovascular disorders.(") Obesity is associated with a state of

response to HFD and results in decreased ion levels of inflammatory cytokines,

confirming the essential role of DUSP12 ation of hepatic inflammation and lipid

metabolism.®

diabetes, steatohepatitis 2

chronic, low-grade i m atign that increases the systemic levels of pro-inflammatory cytokines
whose effects on targeted tissues contribute to generate insulin resistance, namely the inability
of insulin to stl@e ansport of glucose into the cells.(! Compared to control mice, lack of
DUSP12 r D-fed mice enhanced insulin resistance, accompanied by a reduction in
mRNA IQof luconeogenesis-related genes and an increase in the expression of pro-
ianaAmmatory cytokines and fasting blood glucose levels. This study is, therefore, of utmost
impc@s it emphasises the functional role of DUSP12 in the protection of livers from
inflammation-mediated insulin resistance. Similar phenotypes were observed in either liver-
specific DUSP9 or DUSP26 knockout mice fed with HFD. This begs the questions how the
activities of different DUSPs are regulated, and how distinct DUSPs regulate the functions of
their substrates. Although the search for an answer in the mechanisms of activation and
regulation of DUSP12 remain to be elucidated, Huang et al.’s study reveals an unexpected
mechanism by which DUSP12 inhibits the progression of NAFLD/NASH.®)
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Importantly, DUSPs are master regulators of the MAPK signalling cascade.®7) MAPKs are
phosphorylated and activated via a cascade module in which MAP3Ks activates MAP2Ks that in
turn activate MAPKs (Figure 1). While the ERK-MAPK signalling diverges from JNK and p38-
MAPK at the MAP3K level, both JNK and p38-MAPK signalling cascade are activated by the
MAP3K ASK1.®) It was, therefore, logical for the authors to start analysing the effect of DUSP12
on MAPKSs. Surprisingly, compared with control mice, liver samples of HFD-fed DUSP12-CKO
mice displayed an enhanced phosphorylation of both JNK and p38-MAPK. Gain-of-function

analyses using mice overexpressing DUSP12 in hepatocytes proved the contrary. Nota

DUSP12 depletion did not result in a significant change of ERK phosphorylation. T
finding is that phosphorylation and activation of ASK1 (but not TBK1 — another relate P3K)
was found impaired in liver samples of HFD-fed DUSP12-CKO mice. This stud
demonstrates that DUSP12 directly interacts with ASK1 (Figure 1). In c
of DUSP12 (containing a point mutation in the catalytic domain) is un
suggesting that DUSP12 activity is required for the DUSP12/AS

blocking the ASK1-JNK and ASK1-p38 cascade in immortal a es reversed the lipid

active form
teract with ASK1,

. In addition,

accumulation and the upregulation of genes involved in ligid abolism and inflammation

(Figure 1).

1 regulatory axis is an important determinant

ecular basis for the progression of NAFLD.

of DUSP protein

alternative strategy fo

K substrates!”) suggest that targeting DUSP12 may be an
ipulating ASK1 activity to treat liver steatosis and lipogenesis-

associat e
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Figure Legends

Figure 1. Simplified representation of DUSP12 regulation of hepatic lipotoxicity
through inhibition of ASK1 signal cascade. Schematic illustration depicting the activation
of ASK1 in the liver in response to a high-fat diet during the development of NASH. The
incorporation of saturated fat (i.e. palmitic acid) in hepatic cells promotes endoplasmic
reticulum (ER) stress and oxidative stress that contributes to the phosphorylation and\
activation of the MAP3K ASK1. Like all other MAPK signalling cascades, activatiqwﬂ
lead to phosphorylation (P) and activation of the MAP2K components incluging M&Kﬁ which
in turn phosphorylates and stimulates the activity of distinct MAPKs such‘as{\l and p38
protein kinases. Upon activation, each MAPK itself can phosphorylgte STCif& substrates
delivering different cellular activities including apoptosis and necgptosis. In the study
presented by Huang and colleagues, the authors propose a regu’lat& model whereby the
constitutive expression and activation of the protein phosphatase‘DUSP12 maintains ASK1
in an ‘inactive’ form (dotted line). Mechanistically, the‘auth‘ors;how that DUSP12 binds and
dephosphorylates ASK1 which results in the suppreéiq] of ASK1-JNK and ASK1-p38
signalling cascade. This is sufficient to pro’ﬂvers from lipotoxicity induced by high-fat
diets. Genetic depletion of DUSP12 in Lm&se Iive.rs, on the other hand, unleashes ‘active
ASK1’ to phosphorylate MKK4 enh?cwglts @ase activity necessary for the

phosphorylation of both p38 and JNK,thvuspromoting apoptosis, fibrogenesis and NASH.
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