ISIULEON

&
Scientific Foundation SPIROSKI, Skopje, Republic of Macedonia 5”/ >1:%
Open Access Macedonian Journal of Medical Sciences. 2023 Jan 05; 11(F):115-123. Ed s
https://doi.org/10.3889/0amjms.2023.11334 45‘ \/);
eISSN: 1857-9655 e (IS
Category: F - Review Articles Roungaron™
Section: Narrative Review Article Since 2002

OPEN a ACCESS

Nuclear Factor Erythroid 2-Related Factor 2 Versus Reactive
Oxygen Species: Potential Therapeutic Approach on Fighting Liver

Fibrosis

Lenny Setiawati"**

, Isabella Kurnia Liem™®, Firda Asma’ul Husna'

’Department of Anatomy, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia; 2Master’s Programme in Biomedical
Sciences, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia; 3Depan‘ment of Anatomy, Faculty of Medicine,
Universitas Trisakti, Jakarta, Indonesia

Edited by: Ksenija Bogoeva-Kostovska

Citation: Setiawati L, Liem IK, Husna FA. Nuclear Factor
Erythroid 2-Related Factor 2 Versus Reactive Oxygen
Species: Potential Therapeutic Approach on Fighting Liver
Fibrosis. Open Access Maced J Med Sci. 2023 Jan 05;
10(F):115-128. https://doi.org/10.3889/0amjms.2023.11334
Keywords: Hepatic stellate cell activation; Liver fibrosis;
Mitochondrial dysfunction; Nuclear factor erythroid
2-related factor 2; Reactive oxygen species
*Correspondence: Isabella Kurnia Liem, Department of
Anatomy, Faculty of Medicine, Universitas Indonesia, JI.
Salemba 6, Jakarta Pusat 10430, DKI Jakarta, Indonesia.
E-mail: bellajo04@gmail.com

Received: 01-Dec-2022

Revised: 12-Dec-2022

Accepted: 15-Dec-2022

Copyright: © 2023 Lenny Setiawati, Isabella Kurnia Liem,
Firda Asma’ul Husna

Funding: This research was supported by Hibah Publikasi
Terindeks ional (PUTI) Q3 Unit Indonesia
(Q3 International Indexed Publication Grant of Universitas
Indonesia) year 2022

Abstract

Chronic liver disease (CLD) is a progressive deterioration of the liver due to exposure to viruses, drugs, fat
accumulation, and toxicity which lead to an imbalance between extracellular matrix accumulation and degradation.
Accumulation of the extracellular matrix is a normal liver response at the beginning of the injury. However, increasing
extracellular matrix accumulation leads to fibrosis, cirrhosis, and organ failure. Until today, liver transplant is the
gold standard therapy for end-stage CLD. Unfortunately, the liver transplant itself faces difficulties such as finding
a compatible donor and dealing with complications after treatment. This review provides further information about
nuclear factor erythroid 2-related factor 2 (Nrf2) as an alternative approach to fight liver fibrosis. Transformation of
hepatic stellate cell (HSC) to myofibroblast has been known as the main mechanism that occurs in fibrosis while
epithelial-mesenchymal transition (EMT) and mitochondrial dysfunction become the mechanism followed. In these
conditions, oxidative stress is the great promoter which builds a vicious cycle leading to CLD progressivity. Hence,
Nrf2 as antioxidant regulator becomes the potential target to break the cycle. While reactive oxygen species (ROS)
in oxidative stress induce HSC activation, EMT, and mitochondrial dysfunction through activation of many signaling
pathways, Nrf2 acts to diminish ROS directly by regulating secreted antioxidants and its scavenging action. Nrf2 also
inactivates fibrosis signaling pathways and plays a role in maintaining mitochondrial health. Therefore, Nrf2 can be
a potential target for liver fibrosis therapy.
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Introduction

The utmost concern about chronic liver
disease (CLD) is its progressivity leading to fibrosis,
cirrhosis, organ failure, and death. Chronic exposure
to causative agents such as viruses, drugs, fat
accumulation, and toxic substances increases
extracellular matrix accumulation more than its
degradation, thereby resulting in damage to liver
architecture, and impaired liver function which leads
to organ failure. Global Burden Disease data in 2017
showed that cirrhosis caused about 2.4% of the total
causes of death globally [1]. The data also showed that
there was an increase in cirrhosis cases in 2017 by 30.5
million compared to 1990 [1]. Therefore, CLD therapies
become urgently needed to improve patients’ quality
of life. Until now, liver transplant is the gold standard
therapy for end-stage CLD, but finding a compatible
donor and managing immunogenicity problems still
become challenging issues [2].

The question which arises is whether there
will be better alternative therapies for inhibiting the
progressivity of CLD or even regenerating damaged
liver. Therefore, understanding liver fibrosis mechanism
is very important. The mechanism is started by
prolonged exposure to causative agents on the liver
will induce damage-associated molecular patterns
(DAMPs) secretion, such as high-mobility-group-box 1
(HMGB1), S100 proteins, and heat shock protein-70
(HSP70) from damaged hepatocytes [3]. In this pattern,
HMGB1 is the most studied DAMPs which have a
role to promote endothelial-mesenchymal transition
(EndoMT) and thereby become the other source of
fibroblast besides hepatic stellate cell (HSC) activation
[4]. DAMPs also activate Kupffer cells (KCs) to secrete
chemotactic cytokines thus promoting the M1 pro-
inflammatory monocytes recruitment and triggers a
T-cell-mediated inflammatory process [5], [6].

From causative agent exposure until
fibrogenesis, reactive oxygen species (ROS) become
the key mediators involved in the mechanism. Damaged
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hepatocytes will generate ROS which lead to oxidative
stress, change the liver microenvironment, and cause
mitochondrial dysfunction. Damaged mitochondria will
generate more ROS, which make the damage getting
worse. The vicious cycle between ROS, mitochondria
dysfunction, and fibrosis will be greater over time unless
the cycle is interrupted by an antioxidant system, the
anti-ROS. Many studies revealed that the activation
of nuclear factor erythroid 2-related factor 2 (Nrf2), an
antioxidant regulator, will reduce ROS, inflammation,
and also inhibit the fibrosis signaling pathway. Nrf2
has been reported to have a role in inhibiting HSC
activation,  epithelial-mesenchymal transition -
endothelial-mesenchymal transition (EMT-EndoMT),
and mitochondrial dysfunction which are the important
events induced by ROS in liver fibrosis (Figure 1) [7].
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Figure 1: The role of reactive oxygen species in liver fibrosis

Reactive Oxygen Species in Hepatic
Stellate Cell Activation and Epithelial-
Mesenchymal Transition

Until today, HSC activation has been known as
the major factor underlying liver fibrosis. For supporting
its activation, activated HSC will secrete some other

molecules suchasall-transretinoicacid (ATRA), avitamin
A metabolite, and thereby show morphological changes
as reduced lipid droplets [8]. Recent studies showed
that ATRA mediates crosstalk between HSC, KCs, and
activated NODD-, LRR-and pyrin domain-containing
protein3 (NLRP3) by upregulating ROS levels [8].
Activated HSC also secretes collagen triple helix repeat
containing 1, a positive regulator of transforming growth
factor beta (TGF-f) [9], and Kindlin-2, a TGF-f activator,
which promote SMAD2/3 phosphorylation [10]. For
supporting HSC migration, activated HSC have been
known secreting nano-sized fibrogenic vesicles which
promote HSC migration through platelet-derived growth
factor (PDGF) and mammalian target of rapamycin
signaling activation as well as autophagy inhibition [11].
This suggests that activated HSC has autocrine effects
to promote self-activation.

In normal condition, ROS and antioxidant
levels are balanced in the body. Physiologically, ROS
can be generated from the electron transport chain
in the mitochondria mainly by complexes | and Ill.
The process of electron transport in mitochondria is
mediated by NADPH Oxidase (NOX). Most of the NOX
isoforms work using cytoplasmic NADPH as an electron
donor which will produce superoxide anions (O,)
and hydrogen peroxide (H,O,) [12]. In this condition,
only small amounts of ROS are generated and play
a beneficial role in signaling pathways. Conversely,
in oxidative stress, the increased ROS turn out to be
detrimental. Increased ROS favor increased collagen
and fibronectin which lead to fibrogenesis [13].

Oxidative stress also occurs in liver fibrosis
(Figure 1). The TGF-f pathway has been known as
the main pathway to activate HSC. TGF-f activates
HSC through the canonical (SMAD2/3 dependent) and
non-canonical pathways which interconnect TGF-
with other pathways such as PDGF, nuclear factor-
kappa-light-chain-enhancer of activated B cells (NF-
KB), mitogen-activated protein kinase (MAPK), and
phosphatidylinositol-3-kinase/Akt (PI3K/AKkt) [14].
In TGF-f activation, ROS will cause conformational
changes on latency-associated peptide (LAP), a protein
which inactivates TGF-f, therefore inhibiting the binding
between LAP and TGF-f (Figure 2). Free TGF-f will bind
to its receptor and activate the TGF-f signaling pathway.
Not only triggers TGF-p activation, ROS also amplify the
effect of TGF-B in triggering fibrosis [15]. Furthermore,
ROS also affect the upstream gene in the TGF-f pathway.
Inhibition Annexin-A2-pseudogene 2 (Anxa2P2) gene
[16] and Insulin-like growth factor 2 mRNA-binding
protein 2 (Igf2bp2) gene [17] have been reported to
inhibit the TGF-p pathway and thus attenuate fibrosis.
Likewise, inhibition of ROS by exogenous compounds
(Daphnetin, Physalin D, and Schisantherin A) has been
shown to inhibit the TGF-§ pathway, decrease HSC
activation, and attenuate fibrosis [18], [19], [20].

However, other pathways such as PDGF,
NF-KB, Yes-associated protein1 (YAP1), wingless Int
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Figure 2: Reactive oxygen species activates transformation growth
factor beta, Nuclear factor kappa-light-chain-enhancer of activated
B cells, Wnt, platelet-derived growth factor, NODD-, LRR- and pyrin
domain-containing protein3, and YAP1 signaling pathways as well as
the nuclear factor erythroid 2-related factor 2 pathway. Nuclear factor
erythroid 2-related factor 2 inhibits phosphorylation of SMADZ2/3,
thus inhibits transforming growth factor beta pathway, and acts as a
transcription factor for antioxidant defense system regulation which
neutralizes reactive oxygen species directly. Nevertheless, activation
Nuclear factor kappa-light-chain-enhancer of activated B cells also
compresses nuclear factor erythroid 2-related factor 2 by p50 and
p65 binding with Keap1 to deliver Keap1 toward the nucleus and bind
with nuclear factor erythroid 2-related factor 2. From this mechanism,
nuclear factor erythroid 2-related factor 2 was released from ARE
and was delivered to the cytoplasm toward proteasome degradation

(Wnt), and NLRP3 have been reported also be induced
by ROS in fibrogenesis [14], [17], [21], [22], [23]. PDGF
pathway is the important pathway in HSC differentiation
and migration. In liver fibrosis, PDGF is highly
expressed in macrophages, activated HSC, and injured
endothelial cells. ROS will promote PDGF activation by
stimulating Src family kinase to phosphorylate PDGF
receptor alpha [24]. Increased ROS also maintain the
activation of the PDGF pathway, thereby inhibiting HSC
autophagy and increasing HSC migration [24].

NF-KB pathway, which is the main pathway of
inflammation, is also influenced by ROS [25]. Activated
NF-KB will mediate the immune response to infection,
proliferation, and protection against UV rays. NF-KB
itself is a protein complex consisting of p50 and p65 [25]
and degraded in physiologic conditions by its binding
with inhibitors of nuclear factor kappa-B kinase (IKK).
In oxidative stress, excessive ROS will induce tumor
necrosis factor alpha (TNF-A), the strongest activator
for NF-KB activation. ROS also oxidize the Cys
residue on IKK, thus inhibiting its binding to the NF-KB
complex [25], [26]. As a result, the NF-KB complex is
free to translocate to the nucleus and becomes the
transcription factor (Figure 2).

ROS were also found to activate the Wnt
pathwaywhich playsarolein proliferation, regeneration,
cell fate determination, and induce EMT [27], [28], [29].
Activating the Wnt pathway needs undegraded-B-
catenin in the nucleus. For this purpose, in oxidative
stress, ROS will induce the dissociation of Disheveled
(Dvl) protein from Nucleoredoxin (NRX) through
Ras-related C3 botulinum toxin substrate 1 (Rac1)
activation and oxidized NRX. Free Dvl will be recruited
by Frizzled protein to the plasma membrane, allowing
Axin and glycogen synthase kinase-3 beta (GSK3B)
to bind and phosphorylate lipoprotein receptor-related
proteins 5/6 (LRP5/6), thereby preventing B-catenin
degradation. At this time B-catenin will enter the
nucleus and activate the antioxidant response element
(ARE) [30].

The role of ROS in the fibrosis mechanismis also
seen in Hippo/YAP1 signaling pathway. The hippo/YAP1
pathway plays a role in the proliferation and determination
of organ size. The hippo pathway can interact with the
TGF-B pathway, Wnt/B-catenin pathway, and NF-KB
pathway through the MAPK p38 pathway [31]. On
activation of the Hippo pathway, YAP1 protein expression
is decreased and vice versa. ROS will induce YAP1 protein
translocation to the nucleus. In many studies, increased
YAP1 activation would lead to increased proliferation
and fibrosis through the MAPK p38 pathway while YAP1
depletion would decrease fibrosis [31], [32].

Besides HSC activation, the epithelial or
endothelial-to-mesenchymal transition is an important
mechanism in fibrogenesis. It has been known that
fibroblasts involved in fibrogenesis not only resulted from
HSC-myofibroblast transformation but also the transition
of hepatocytes and cholangiocytes into mesenchymal
type. EMT can be interpreted as a cellular process that
occurs when the epithelium or endothelium changes
into a mesenchymal phenotype that has mesenchymal-
like capacities. In general, EMT and EndoMT are similar
processes with different origins [33]. The occurrence of
EMT and EndoMT can be triggered by hypoxia, growth
factors, metabolic changes, immune responses, and
cytokines. An excessive free fatty acid found in Non-
Alcoholic Steatohepatitis (NASH) has been reported to
have a great role to induce EMT [29].

In this regard, TGF-p still becomes the main
pathway of EMT. TGF-§ is a potent inducer of EMT
and EndoMT [34]. When TGF-§ is activated, not
only HSC but also the transition of hepatocytes and
cholangiocytes are activated. A recent study confirmed
that TGF-f activates EMT through its effect on promoted
Y-box binding protein 1 (YB-1) binding to matrix
metalloproteinase-9 (MMP9) promoter, thus increased
MMP9 expression [35], while other study showed
that ROS are the inducer of YB-1 secretion [36]. This
relationship shows that when ROS induce TGF-3, ROS
also induce YB-1 secretion, but, on the other hand,
TGF-p promotes YB-1 binding to MMP9 promoter.
Besides of it, the secretion of ROS-induced chemokine
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(C-C motif) ligand-1 (CCL1) and its receptor, CXC
chemokine receptor-2, will be increased by active
TGF-B. These chemokines have been reported to
induce mesenchymal markers such as N-cadherin,
vimentin, and fibronectin, as well as at the same time
decrease epithelial marker, E-cadherin [29].

Reactive Oxygen Species Induce
Mitochondrial Dysfunction

TherelationshipbetweenROSandmitochondria
is well-established. Mitochondria as a power house
machine in cells will produce ROS in its regular
physiological function in adenosine triphosphate (ATP)
production. However, excessive ROS can result from
exogenous and endogenous sources. The exogenous
sources come from injury-causing agents [37]. The
endogenous sources of ROS result from damaged
cells, organelles, and also processes inside the body
including from mitochondria itself [30]. Increasing ROS
will induce lipid peroxidation, mitochondrial damage,
and induction of NADPH Oxidase to produce more
ROS. Therefore, mitochondrial autophagy (mitophagy)
is increased to retain homeostasis. Nevertheless,
prolonged increased ROS will lead to mitophagy
system failure. ROS will cause lysosomal damage thus
mitophagy inhibition has occurred [38], [39], [40].

Inside mitochondria, excessive ROS will inhibit
cytochrome c oxidase which is a transmembrane
protein involved in the electron transport chain and
ATP production [29]. On the other hand, they also
decreases mitochondrial cristae density by decreasing
Optic atrophy1 (OPA1) protein, which plays a role
in regulating mitochondrial fusion and architecture
of the mitochondria cristae [38]. Depletion of OPA1
has been reported to produce more ROS, decrease
complex | and 1V, and reduce the surface area of the
mitochondria inner membrane [38]. Thereby, ATP
depletion will occur and give a signal to the body to
increase mitochondria biogenesis. Unfortunately, a
liver injury will also suppress mitochondria biogenesis,
as shown in decreased transcription factor A,
mitochondrial (TFAM), the main protein involved in
the replication and transcription of the mitochondrial
genome expression [38], [41].

Nuclear Factor Erythroid 2-Related Factor
2 in General

Nrf2 is a transcription factor of basic leucine
zipper which belongs to the cap’n’collar family. It
is encoded by the NFE2-like-BZIP transcription

factor2 (NFE2L2) gene and plays an important role
in maintaining cellular redox homeostasis, regulating
antioxidant  expression,  anti-inflammatory, and
cytoprotective genes [42]. Nrf2 under physiological
conditions will be constitutively expressed in the
cytoplasm and mostly bound to the Keap1 protein for
degradation in the proteasome. Only a small amount of
free Nrf2 compensates for physiological ROS levels [43].

Structurally, Nrf2 has 7 domains, namely, Neh1
to Neh7 which have different functions. Among the 7
domains, only Neh2 and Neh6 domains are needed for
Nrf2 inactivation. Neh2 domain contains the ETGE and
DLG motifs used by Nrf2 to bind to the Keap1 protein
in the canonical pathway. The Neh6 domain is used by
Nrf2 to bind to beta transducin repeat-containing protein
(B-TrCP) in a non-canonical pathway [43]. Both Keap1
and B-TrCP are proteins that are negative regulators
of Nrf2. However, the Keap1-dependent canonical
pathway is the main pathway [43].

Keap1 protein is encoded by the Keap1
gene and has 4 domains including BTB, IVR, CTR,
and DGR domains. BTB domain, which is needed for
its dimerization, contains a Cys151 residue which is
important for stress detection. IVR domain contains two
cysteine residues, Cys273 and Cys288. Both BTB and
IVR domains are important in the Nrf2 ubiquitination
process as a binding site for CUL3/RBX1 complex [43].
CTR and DGR domains are the two domains that bind
to the DLG (low affinity) and ETGE (high affinity) motifs
on the Neh2 domain of Nrf2 [43], [44].

Through canonical pathways, oxidative stress
induces conformational changes of cysteine residues
(Cys151, Cys273, and Cys288) on Keap1 and leads to
inhibition of the Nrf2 binding process. ROS also induce
accumulation of p62 protein which compete with Nrf2 in
binding to Keap1 and direct Keap1 degradation. Free
Nrf2 will induce p62 expression [44] and translocate
to the nucleus. It will form heterodimers with small
musculoaponeurotic fibrosarcoma protein, then bind
to ARE and activate various antioxidants and phase
Il enzyme genes including HO-1, NAD(P)H quinone
dehydrogenase1 (Nqgo1), glutathione peroxidase
(GPx), and superoxide dismutase (SOD) [45], [46]. The
free Nrf2 has also been known to affect on apoptosis
by the expression of B-cell lymphoma2 (Bcl2) and
B-cell lymphoma-extra large (Bcl-xl) proteins that play
a role in increasing apoptotic resistance that leads to
tumorigenesis [47].

Nuclear Factor Erythroid 2-Related
Factor 2 as Regulator of Reactive Oxygen
Species Scavenger

As a master regulator of antioxidants, Nrf2
has a significant role in fighting ROS. ROS will trigger
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Nrf2 to generate enzymatic and non-enzymatic
antioxidants. Enzymatic antioxidants such as SOD,
catalase (CAT), and glutathione peroxidase (GPx)
are the first-line antioxidants produced. They work
to fight ROS by changing ROS into H20 in multistep
processes. When the reduction of one electron from
02 molecules occurs, superoxide radical (027) will be
generated. SOD will convert 02" into H202 which is
the substrate for CAT and GPx. Then, CAT or GPx will
turn it into H20 and O2.

Non-enzymatic  antioxidants  such  as
thioredoxin and glutathione (GSH) are the second line
antioxidants produced to suppress the free-radical
chain reaction. In this case, GSH is a liver highly
concentrated antioxidant. During the suppressing
process, GSH will give an electron to stabilize ROS
and then turn it into oxidized glutathione (GSSG). In
this GSH cycle, Nrf2 has a role not only to produce
GSH but also to reverse GSSG to GSH through its
regulation of the glutathione reductase1 enzyme.
Since GSSG is the oxidized form of GSH, therefore the
ratio of GSH/GSSG will determine the oxidative stress
states. This is supported by evidence that the decrease
in Nrf2 was also followed by a decrease in GSH/GSSG
ratio [48].

Nuclear Factor Erythroid 2-Related
Factor 2 Inhibit Hepatic Stellate Cell
Activation

Nevertheless, Nrf2 has a role to interfere with
the TGF-$ and NF-KB signaling pathways (Figure 2).
Both of them are the main pathways involved in
fibrogenesis and inflammation. The TGF-p pathway
promotes not only HSC activation but also Nrf2
activation (Figure 2) [49]. The battle between HSC
activation and Nrf2 will define the progressivity of
fibrosis. When Nrf2 accumulation occurs, Nrf2 will
inhibit SMAD2/3 phosphorylation, thus inhibiting the
TGF-B canonical pathway [49]. Nrf2 has been reported
able to increase SMAD7 expression, a negative
regulator of TGF-B, by decreasing the expression
of transformation growth factor beta receptor-1
(TGF-BRI). Inhibition of the TGF-f pathway through
the activation of SMAD7 by Nrf2 has been shown
to reduce the incidence of liver fibrosis [37], [50].
However, low Nrf2 has been found in increased HSC
activation which is characterized by an increase in
alpha-smooth muscle actin (¢-SMA), Collagen type |,
and IV [49].

So as TGF-B, Nrf2 has been reported as
interfering with the NF-KB signaling pathway. NF-KB is
an inducible transcription factor which plays a significant
role in inflammation and oxidative stress [46]. When
ROS are increased, ROS also stimulate Nrf2 activation

by changing the Keap1-Nrf2 binding site, then increasing
free Nrf2. Nrf2 has the ability to disrupt the NF-KB
pathway by inhibiting phosphorylation of p65, a protein
that forms NF-KB complex [23], [46], thus preventing
NF-KB pathway activation. This mechanism can
decrease TNF-alpha and stop the NF-KB activation [46].
Interestingly, a recent study has reported that in NF-KB
activation, Nrf2 can be suppressed. This study has
found that NF-KB subunits (p50 and p65) also bind to
Keap1 directly. This Keap1-p50/p65 binding will lead
to Keap1 translocation into the nucleus and promote
dissociation of Nrf2 from ARE (Figure 2). Finally, this
will stop the Nrf2 effect and support its degradation [51].

Nuclear Factor Erythroid 2-Related Factor
2 and Mitochondrial Damage

Nrf2 has an important role in maintaining
mitochondrial homeostasis. For this purpose, Nrf2
not only reduces ROS directly, but also promotes
mitochondrial biogenesis and eliminates damaged-
mitochondria through mitophagy. Nrf2 regulates
the p62/SQSTM1 and Parkin/PINK1 expression to
activate mitophagy [15], [62]. Recent studies have
shown that Nrf2 not only acts as a positive regulator
of p62 and PTEN-induced (PINK1) gene expression
but also maintains their basal expression levels. On
the other side, Nrf2 also upregulates the mitochondrial
biogenesis genes such as mitochondrial associated
regulatory factor (Marf), dynamin-related protein 1,
and peroxisome proliferators-activated receptor-
gamma, and increases lysosome number needed
for mitophagy [15], while knocked out Nrf2 has been
reported followed by decrease of mitochondrial
membrane potential, so does ATP production. The
depletion of ATP production will give a signal to the
body to start mitochondrial biogenesis. Nevertheless,
the study with Nrf2-knockout-mice also reported a
significant decrease in the mitochondrial DNA copy
number, suggesting without Nrf2, mitochondrial
biogenesis will be impaired (Figure 3) [25].

Nuclear Factor Erythroid 2-Related Factor
2 and Aggrephagy

In line with the mitophagy in mitochondria,
aggrephagy can be determined as a selective
autophagy for other damaged-proteins. Aggrephagy
has been reported as a protective cellular response
to shuttle aggregated proteins from the cytoplasm to
lysosomes [53]. In normal condition, Nrf2 degradation
is performed by proteasome as a degradation machine.
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Figure 3: The interplay between reactive oxygen species, nuclear
factor erythroid 2-related factor 2, and liver fibrosis. Reactive
oxygen species activates hepatic stellate cell, promotes epithelial-
mesenchymal transition — endothelial-mesenchymal transition and
provokes mitochondrial dysfunction, but at the same time inhibits
mitochondrial biogenesis

Proteasome is a multiprotein complex consisting of
a 20S catalytic core and one or two 19S regulatory
subunits which also degrades other proteins. In
oxidative stress, redox alteration induce changes in
proteasome function, thus proteasome failure might
happen. Therefore, accumulating other damaged
proteins and Nrf2 happen [54]. While the accumulation
of damaged proteins acts as a cell stressor leads to cell
necrosis and apoptosis, the accumulation of Nrf2 will
activate aggrephagy through aggresome pathway [53].
This aggresome pathway refers to the compensation
mechanism which involves the induction of p62 to
assemble the polyubiquitinated proteins into micro
aggregates through binding to the proteins’ ubiquitin
chain. As mentioned before, Nrf2 is a competitor
and positive regulator of p62. Aggresome formation
was found to be decreased when Nrf2 and p62 were
downregulated and vice versa. Loss of Nrf2 resulted
in aggrephagy failure and cell death. It is suggested
that Nrf2-mediated activation p62 was required to
decrease proteasomal stress-induced necrosis and
apoptosis [53]. In accordance with this Nrf2 role to
support autophagy especially aggrephagy, a study by
Treger et al. showed that decreased autophagy was
found in increased NAFLD severity thus aggravating
fibrosis [54]. Therefore, the role of Nrf2 in autophagy
promotion will improve fibrosis.

Nuclear Factor Erythroid 2-Related Factor
2 in Epithelial-Mesenchymal Transition
Inhibition

The role of Nrf2 in EMT inhibition is related to
the role of Nrf2 to inhibit TGF-p and NF-KB pathways.

The recent study indicates that Nrf2 works to inhibit EMT
through the Notch- TGF-§ signaling. It was reported
that Nrf2 is a regulator of Notch signaling which was
activated by TGF-f in a ROS-dependent manner [34].
A study about the Notch signaling pathway in liver
fibrosis shows a close relationship between Notch and
fibrosis through increased Notch3/Jagged1 [55]. This
finding is in accordance with the finding from another
study which concluded the overexpression of Jagged1
will increase the expression of o-SMA and collagen 1
as well as EMT through TGF- pathway activation [56].
Furthermore, TGF-f activation will induce activation
of NF-KB through paracrine action in mesenchymal
transition [57].

Nuclear Factor Erythroid 2-Related Factor
2 in Detoxification Process

As avital organ, the liver has a role to neutralize
toxic and turn them into undangerous molecules for
the body. This function is very important to eliminate
toxic or xenobiotic agents and maintain liver health.
There are two phases of detoxification held by the liver.
Phase | detoxification process consists of oxidation,
reduction, and hydrolysis while phase Il detoxification
process consists of a conjugation process. Both of
these phases will result in a water-soluble compound
that can be easier removed from the body. For this
function, Nrf2 has the role to regulate the expression
of the phase Il enzymes of detoxification such as Nqo1,
SOD, HO-1, as well as CAT and GPx. Stimulation of
Nrf2 activation such as stimulation by Physalin A, the
main compound of P. Alkekengi which often use for
the treatment of otitis media, sore throat, and renal
disease, leads to the production of phase Il enzymes
of detoxification processes thus promoting liver
detoxification function [58]. A study by Ahn et al. proved
that phase Il enzymes of detoxification expression have
a role in cytoprotective function which was induced by
translocation of Nrf2 through MAPK signaling [59].

Conclusions and Future Direction

Oxidative stress has a significant role
to promote liver fibrosis. Nrf2 can promote ROS
scavengers activities, interrupt fibrosis major pathways,
and induce mitochondrial mitophagy, homeostasis, and
biogenesis. Therefore, Nrf2 can be a potential target to
fight liver fibrosis. Future studies can be carried out to
challenge the Nrf2 effect on liver fibrosis or even liver
regeneration.
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