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Abstract: Acute and chronic liver injuries lead to hepatocyte death and turnover. When injuries become
chronic, continuous cell death and transformation lead to chronic inflammation, fibrosis, cirrhosis, and
eventually carcinoma. A therapeutic strategy of great significance for liver disease is to control hepatocyte
death in acute and chronic injuries. This strategy prevents hepatocytes from causing liver failure and inhibits
both secondary inflammation and fibrosis. Both apoptosis and necrosis have been proven to occur in the liver,
but the role of necroptosis in liver diseases is controversial. Necroptosis, which has features of necrosis and
apoptosis, is a regulatory process that occurs in some cell types when caspases are inhibited. The signaling
pathway of necroptosis is characterized by the activation of receptor-interacting proteins kinase (RIPK) and
mixed lineage kinase domain-like (MLKL). Necroptosis is associated with a variety of inflammatory diseases
and has been the focus of research in recent years. The incidence of necroptosis in liver tissues has been
studied recently in several liver injury models, but the results of the studies are not consistent. The purpose
of this review is to summarize the published data on the involvement of necroptosis in liver injury, focusing

on the controversies, issues remaining to be discussed, and potential therapeutic applications in this area.
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Introduction carcinoma (HCC) is extremely poor due to its insidious

. . . . . onset, invasiveness, aggressiveness, high recurrence rate
Liver disease is a major reason for illness and death ’ > 288 ] ’

worldwide. The burden of liver diseases in China is
primarily due to viral hepatitis, nonalcoholic fatty liver
disease, and alcoholic liver disease (1). Although many
preventative measures have been adopted over the years, the
number of patients with alcoholic and nonalcoholic fatty
liver diseases is still increasing rapidly. Liver cancer is one
of the most fatal cancers in the world and the second-most

common cancer in China. The prognosis of hepatocellular
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and fatality. The HCC 5-year average survival rate is less
than 10% (2). Liver disease remains a major threat to public
health, human health, and quality of life.

Necroptosis is a newly discovered pathway of regulated
necrosis that is mediated by receptor-interacting proteins
kinase 1 and 3 (RIPK1, RIPK3) and MLKL (3-5). It is
induced by death receptors, interferons, toll-like receptors
(TLRs), intracellular RNA and DNA sensors, and probably
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other mediators as well (6). Typically, necroptosis is
regarded as a pro-inflammatory mode of cell death that
releases intracellular components. However, many studies
have shown that necroptosis may have anti-inflammatory
effects by blocking the excessive production of chemokines
(7,8). It has already been shown that RIPKs are involved
in multiple pathophysiologies, and the inhibition of these
kinases could have therapeutic potentials (9,10). However,
the contribution of caspase-independent RIPK3 and
MLKL to hepatocyte necroptosis remains debatable (11).
However, it has become evident that, other than apoptosis,
necroptosis is also a highly relevant form of programmed
cell death (PCD) in the liver (12). The minimal expression
of a key player involved in necroptosis in the liver suggests
that it may be uncommon in liver diseases (13). In order
to find new and effective targets for the treatment of liver
diseases, it is essential to understand the role of necroptosis
at different stages of liver disease to develop new therapeutic
approaches. In this review, we summarize the recent progress
in identifying the role of necroptosis in the pathogenesis of
liver diseases. We present the following article in accordance
with the Narrative Review reporting checklist (available at
http://dx.doi.org/10.21037/atm-20-5162).

Characteristics and classical signaling pathway
of necroptosis

Necrosis and apoptosis are well-established forms of
cell death, that occurs through various physiological
and pathological processes. In addition to these, many
new means of cell death have been discovered and
characterized, including necroptosis, pyroptosis, and
ferroptosis. Necroptosis first came to light in 1996 and
was officially termed in 2005 (14,15). Many factors
contribute to necroptosis, such as microbial infections and
physicochemical stressors. However, no specific necroptotic
damage-associated molecular patterns (DAMPs) have
been found (10). Necroptosis is a genetically programmed
and caspase-independent form of cell death (16). The
signaling molecules that are considered to be responsible
for the activation of necroptosis are RIPK1, RIPK3, and
MLKL (17-19). Necroptosis, pyroptosis, and apoptosis
share components of a common signaling pathway.
Morphologically, necroptosis is similar to necrosis. It is
characterized by cellular and organelle swelling, membrane
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damage, and release of intracellular contents, which all
contribute to inflammatory reactions in lesion areas (20,21).

The tumor necrosis factor (TNF) and TNF receptor
1 (TNFR1)-mediated signaling pathway is one of the
most extensively studied models of necroptosis (22).
It is prevalent in different types of tumors and other
pathophysiological conditions (23). This classical signaling
pathway is initiated by the binding of the TNF ligand to
its receptor TNFRI1, which coalesce and provide a binding
site for TNFRI1-associated death domain protein (TRADD)
and the polyubiquitinated receptor-interacting protein 1
(RIP1). After RIP1 is deubiquitinated by cylindromatosis
(CYLD), caspase 8, RIP1, RIP3, and Fas-associated
protein with death domain (FADD) form complex Ila.
Apoptosis occurs when caspase 8 is activated. When the
activity of caspase 8 is inhibited (such as through zVAD),
RIP1 and RIP3 do not separate from each other and form
a necrosome (complex IIb). The necrosome, composed
of RIP1, RIP3, and MLKL, is phosphorylated in a step-
wise manner. Phosphorylated MLKL is then transported
into the nucleus and plasma membrane, triggering
membrane punctures and cell rupture, and thereby leading
to necroptosis (24,25). Despite the critical role of RIP1 in
necroptosis, and researches suggest that there are RIP1-
independent necroptosis pathways. It has been shown
that virus-induced necroptosis depends on the DNA-
dependent activator interferon-regulatory factor (DAI) and
RIP3, independent of RIP1 function (26). Furthermore,
interferons (IFNs) can also trigger necroptosis independent
of RIP1 via the interferon-induced protein kinase PKR (27).
The above relevant signal pathway has been shown in
Figure 1. In addition, RIP1 kinase does not contribute to
TRIF-dependent necroptosis in some kind of cell types
apart from macrophages (26). Multiple molecular inhibitors
have emerged as requirements of initiation of necroptosis.
Necrostatins, including Nec-1 and Nec-2, inhibit RIPKI;
kinase inhibitors, including GSK'840, GSK'843, and
GSK'872, inhibit RIPK1 and RIPK3; and necrosulfonamide
(NSA) inhibits MLKL (28). In addition, several natural
products and isolated compounds, such as curcumin and
kongensin A, were found to have an inhibitory effect on
necroptosis (12).

Recently, necroptosis has emerged as a critical pathway
underlying human diseases (29-31), such as breast
cancer (32), acetaminophen-induced-liver injury (33),
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Figure 1 The classical necroptosis signaling pathway initiated by the combining of TNF ligand and TNF receptor 1. The combination of
TNF a and TNF receptor 1 can induce necroptosis, when the caspase-8 activity is inhibited. The binding between RIP1, RIP3 and MLKL

induces the phosphorylation of MLKL and subsequent execution of necroptosis. In addition, IFNs also trigger necroptosis independently of
RIPK1 via the interferon-induced protein kinase PKR. Toll receptor and DAI can activate RIPK3 independent of RIPK1.

autoimmune disease, and autoinflammatory disease (29).

Current strategies to detect necroptosis in the
liver

Typically, the activation of RIP1, RIP3 and MLKL causes
the occurrence of necroptosis. Despite their potential
use as markers, there is still no highly specific test for
the immunohistochemical detection of necroptosis (34).

© Annals of Translational Medicine. All rights reserved.

Although western blotting seems to be relatively specific
and reliable for the evaluation of RIPK3 expression,
the activation of this pathway in parenchymal cells and
non-parenchymal cells cannot be clearly distinguished
through western blotting (34). The antibodies for
p-MLKL are not sensitive enough to detect a subtle
activation of MLKL in hepatocytes or livers [for instance
in mouse nonalcoholic steatohepatitis (NASH) models].
Furthermore, the phosphorylation of MLKL does not
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necessarily indicate necroptotic cell death, because MLKL
can self-phosphorylate. RIPK1/3 have multiple function
apart from mediator of necroptosis (35,36). Another marker
we have used to detect necroptosis is p-RIPK1. Several
autophosphorylation sites of RIP1 have been identified in
in vitro kinase assays, including Ser14/15, Ser20, Ser161,
and Ser166. Anti-phospho-RIP1 antibodies have been
developed as makers for the activation of RIP1, which can
specifically recognize the phospho-Ser166 and phospho-
Ser14/15 of hRIP1 (34). However, both apoptosis and
necroptosis are detected because RIPK1 is involved in both
signaling pathways (11). Hence, the accurate detection
and recognition of necroptosis is difficult. Nevertheless,
there are other possible methods to detect necroptosis.
For instance, necrosome assembly and RIP3-MLKL have
been shown to interact through co-immunoprecipitation
experiments or microscopically using the DuoLink®
proximity ligation assay (37-39). The aggregation status
of RIP3 and MLKL can also be monitored by evaluating
their retention in insoluble/soluble protein fractions, or by
co-staining of thioflavin T, a B-amyloid fibril marker, with
RIP3 puncta (40-42).

Thus, definitive identification of necroptosis requires
affirmation by different detection methods and by detection
of several kinds of signaling molecular, such as combining
the biochemical and morphological tests. Up to now,
immunohistochemistry and western blot analyses for
phosphor-MLKL are considered acceptable methods to
detect necroptosis (41,43).

Necroptosis as a potential target for the
treatment of liver disease

Recently, the pathophysiological role of necroptosis has
been highlighted in inflammatory diseases and it has
become an attractive target for the treatment of liver
diseases (40). As RIPK3 is more specific to necroptosis,
it is believed that cells that do not express RIPK3 do not
undergo necroptosis. The occurrence of necroptosis in
the liver and its contribution to liver diseases is debated.
Because RIPK3 is difficult to be detected in hepatocytes
under basal conditions (44). Additionally, evidence has
shown that RIPK3 is predominantly expressed in non-
parenchymal cell fractions (non-LPCs) (45). Accordingly,
some researchers believe that cholangiocytes can undergo
necroptosis, while primary hepatocytes die exclusively by
apoptosis after treating with cell death-inducing stimuli in
vitro (45). Other research proved that caspase 8 competent
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wild-type hepatocytes express RIPK3 at low levels
compared with many other cell types, but it is sufficient
to trigger necroptosis and inflammation when caspase 8 is
depleted from hepatocytes in the livers of mice in vivo (12).
Further, RIPK3 has been detected in liver biopsies of
NASH patients, as well as in the liver of mice exposed to
diets deficient in methyl-choline or high in fat, suggesting
a role of necroptosis in the pathogenesis of non-alcoholic
fatty liver disease (NAFLD)/NASH (46). Moreover, in
human patients, necroptosis is activated in alcoholic liver
injuries, which are the leading causes of liver cirrhosis and
HCC in the western world (47,48). Research shows that
RIPK3 mRNA levels in peripheral blood mononuclear cells
(PBMCs) are linked to poor prognosis of acute-on-chronic
hepatitis B liver failure (ACHBLF), thus necroptosis is
proposed to play a critical role in the pathogenesis of
ACHBLF (49). While the transcription of MLKL was very
low in healthy controls, MLKL expression in hepatocytes
of AIH patients, in patients with steatosis, and patients with
primary biliary cirrhosis was strongly upregulated (50).
When infected by Listeria monocytogenes, Kupffer cells
residing in the liver underwent necroptotic cell death,
which therefore balances type 1 microbicidal inflammation
and type-2-mediated liver repair upon infection (51).
According to a relevant study, RIPK3 is involved in cytokine
production of liver leukocytes after being stimulated by
a-galactosylceramide (0-GalCer) (52). Furthermore, acidic
extracellular pH (pHe) switches TNF-related apoptosis-
inducing ligand (TRAIL)-induced apoptosis to necroptosis
in human HT29 and HepG2 cells (53).

We conclude that in order for primary hepatocytes
to execute necroptosis, an additional sensitization step is
required. It is possible that under pathological conditions,
augmented levels of RIPK3 or MLKL switch apoptosis
to necroptosis in cells with low expression of these key
necroptotic proteins. Furthermore, important functions of
necroptosis might exist in other cell types, such as biliary
cells, hepatic stellate cells, Kupffer cells or endothelial cells
(12,51). In summary, necroptosis plays a critical role in liver
diseases.

The role of necroptosis is still incompletely
defined in hepatitis, cirrhosis, and liver cancer

Acute liver failure is characterized by massive loss of
parenchymal cells but is usually followed by restitution
and integrum (12,50). By contrast, in chronic liver
diseases, hepatocytes degenerate, necrose, and regenerate.
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Meanwhile, fibrous tissues proliferate and repair, ultimately
leading to cirrhosis and HCC. Necroptosis takes place
during hepatic regeneration, inflammation and fibrogenesis
in the hepatic disease condition (54). To gain a deeper
understanding of the relationship between necroptosis
and liver diseases, we review on the role of necroptosis at
different stages of liver diseases.

Necroptosis promotes inflammation in acute liver disease

Acute liver inflammation is usually induced by bacterial
infection or physical and chemical injury. It is reported
that higher necroptosis of hepatocytes emerged in Gal-3
deficient mice in acute CMV-induced liver disease (55). In
patients suffering from drug-induced liver injury (DILI),
cell death was demonstrated to be associated with activation
of MLKL (56). In fact, there are many controversies arising
from the use of acetaminophen (APAP)-overdosed mouse
models. Generally, we believe that inhibition of RIP1 or
RIP3 can alleviate APAP-induced acute liver injury, but
the role of MLKL in APAP-induced acute liver injury is
still uncertain (57-60). In immune mediated acute liver
injury models, such as those induced by concanavalin A
(Con-A) and a-GalCer, Sib-RIPK1 inhibitor protects mice
from Con A-induced hepatitis (61). Nec-1was found to
reduce liver cell death and alleviate liver damage in Fmr1™"
mice following TNF exposure. Deletion of RIPK3 delays
hepatic injury induced by Con-A (58). Consistent with
these findings, increased pathology after bile duct ligation
coincided with increased hepatic expression of RIPKI,
RIPK3 and p-MLKL (41,62,63). Similarly, pretreatment
with Nec-1 or RIPK3 deletion protect against ConA
and o-GalCer induced liver injury (44). This protection
against ConA-induced liver injury is associated with down-
regulated hepatocyte-specific IL-33 expression. It should be
noted that IL-33 is a classical DAMP that is tightly linked
to necrosis or necroptosis (64). Apart from this, deletion
of RIPK3 and pharmacological inhibition of dynamin
related protein 1 (Drpl) protect mice from natural killer
T (INKT) cell-mediated induction of acute liver damage.
Jouan-Lanhouet er al. suggest that use of pharmacological
inhibitors of RIPKs could be a new strategy for treatment
of immune-mediated hepatitis (53). These findings suggest
that necroptosis may promote inflammation in acute liver
injury.

However, mice expressing a form of RIPK1 lacking
kinase activity were protected, whereas deletion of RIPK1
in hepatocytes aggravated ConA-induced liver injury.
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Even, it is reported that Nec-1 severely exacerbated ConA-
induced disease and mice with ablation of RIPK3 were not
protected (58). Combining reports that RIPK3 has also been
suggested to regulate NKT cell function and promote the
NKT cell mediated anti-tumor immune response through a
process that is independent of the necroptosis pathway (52).
Apart from this, it is suggested that different components of
the necrosome must be considered independently to analyze
their opposite effect on damage (58). The protective function
of RIPKs was not confirmed in conditional, hepatocyte-
specific RIPKs knockout mice. Collectively, RIPKs may have
other important functions independent of their actions as cell
death mediators, and their role in acute liver injury remains
poorly understood (20,44). It is reported that RIPK3 can
promote NLRP3 inflammasome and IL-1p inflammatory
responses independent of MLKL and necroptotic cell
death (65). Furthermore, in addition to causing necroptosis
by rupturing the membrane, MLKL controls the transport
of endocytosed proteins, thereby enhancing the degradation
of receptors and ligands. Thus, the extracellular release
of phosphorylated MLKL within vesicles serves as a
mechanism for self-restricting the necroptotic activity
of this protein (66). Wong et al. showed that RIPK1
and RIPK3 can facilitate the production of multiple
cytokines, independent of their role in necroptosis (67).
They further found that the kinase activities of RIPK1 and
RIPK3, in addition to their roles in regulating necroptosis,
have a physiological role in the tumor microenvironment,
in particular tumor cell extravasation and remodeling by
altering the downstream signaling pathways of permeability
factors (68).

Inbibiting necroptosis can alleviate chronic liver disease
and cirrbosis

Chronic liver inflammation (CLI), a complex process,
exhibits progressive destruction and regeneration of liver
parenchymal cells (LPCs). There are a multitude of reasons
for CLI, such as viral infection, alcohol abuse, drug toxicity,
and genetic metabolic disorders (69). Chronic pathologic
processes mainly include viral infection, alcoholic liver
disease (ALD), NASH, and autoimmune diseases,
which lead to liver cirrhosis and ultimately HCC (69).
Hepatocytes suffer a variety of forms of death including
apoptosis, necrosis and necroptosis during the CLI
progression. In recent years, several studies have shown that
RIPK3-dependent necroptosis is an important pathway that
regulates fibrosis progression (12,70-73).
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It was reported that the inflammation and liver pathology
decreased in vaccinia virus-infected RIPK3-deficient mice
with altered TNFo-induced necroptosis (74). Moreover,
mice infected by vaccinia virus can present the accumulation
of the RIPK1/RIPK3 complex in liver (39); both of these
results indicate that necroptosis participates in the process
of viral infection of the liver. Hepatitis B virus (HBV)
and hepatitis C virus (HCV) are well known as leading
causes of liver cirrhosis and HCC (75). The effect of HCV
on hepatocyte cell death might be prevented in vitro by
inhibitors of apoptosis and necroptosis (76). Moreover, Han
et al. showed that RIPK3 mRNA levels were significantly
higher in patients with ACHBLE. RIPK3 and MLKL were
negativity regulated by caspase-8, which was positively
correlated with liver injury and poor prognosis (49). They
concluded that necroptosis might play an important role in
the pathogenesis of this disease.

Chronic alcohol consumption can lead to ALD, which
is characterized by steatosis, inflammation, fibrosis, and
cirrhosis, and may even cause liver cancer (47). ALD, which
features excessive hepatocyte death and inflammation,
is a prevalent disease that causes a heavy health burden
worldwide. Some studies revealed that hepatocyte necroptosis
is a central event that promotes inflammation in ALD (77).
Roychowdhury e 4/. indicated that RIPK3 expression was
increased in ethanol-fed mouse livers and in ALD patients’
livers. Furthermore, RIPK3-mediated necroptosis is highly
correlated with poor prognosis in patients with alcoholic
cirrhosis (38,72). Accordingly, ethanol-induced liver injury,
steatosis, and inflammation were decreased in RIP3 knockout
mice compared to control mice (38). We can conclude that
RIPK3 is important in mediating ethanol-induced liver injury
and progression of ALD.

With regard to hepatocyte cell death in NASH, apoptosis
was regarded as the key driver by most studies. Apoptosis
was detected in both liver tissues from patients with NASH
and in commonly used mouse models of NASH. However,
Gautheron er 4l. confirmed that blockage of necroptosis via
ablation of RIPK3 protected mice from NASH-induced
liver fibrosis, and they deduced that necroptosis rather
than apoptosis controls liver fibrosis (71). They could not
detect the activation of apoptosis in the liver of mice fed
with methionine-choline-deficient (MCD), and western
blotting showed that RIPK3 expression in this model
was strongly up-regulated (40). Similarly, patients with
NASH had a dramatic upregulation of hepatic RIPK3
expression as an indicator of necroptosis, suggesting a
shift away from apoptotic towards necroptotic signaling in
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the livers of these patients (40). More importantly, in the
MCD NASH mouse model, injury and fibrosis indicated
that the main role of caspase-8 in NASH was to prevent
the over-activation of necroptosis. By contrast, inhibition
of RIPK3 in the MCD NASH model ameliorated liver
injury and fibrosis, providing evidence that necroptosis, not
apoptosis, is the driver of liver injury and liver fibrosis in
this well-established mouse model of NASH. Along with
these findings in mice, a western blot analysis of frozen
liver tissue from a cohort of patients with biopsy-proven
NASH, showed that these patients had lower levels of
intrahepatic caspase 3 cleavage than healthy individuals.
In a genetic model of chronic hepatic inflammation,
chronic inflammation induced by LPC-specific deletion
of tumor growth factor-B-activated kinase-1 (Takl),
RIPK3-dependent necroptosis represents a pathway.
This pathway regulates the consequences of chronic
inflammation in the liver by counteracting against
caspase 8-dependent compensatory proliferation of
hepatocytes, immune cell activation, hepatic fibrogenesis,
and the development of chromosomal aberrations leading
to hepatocarcinogenesis (78).

NAFLD is the initial stage of NASH, often contributing
ultimately to liver fibrosis and liver cancer (71). Studies
indicate that necroptosis is a key pathogenic event in
human and experimental murine models of non-alcoholic
steatohepatitis (40). RIPA-56 was regarded as a highly
specific and metabolically stable inhibitor of RIPK1 (79).
In a newly published study, Majdi er /. showed that RIPA-
56 significantly reduced all liver features associated with
steatohepatitis, including inflammation and liver fibrosis,
in mice with high fat diet (HFD) and hepatocytes from
patients with NAFLD (80). They also suggested that
necroptosis contributed to the pathogenesis of NAFLD,
and that the release of RIPK1 and MLKL into systemic
circulation reflects necro-inflammatory activity in human
NAFLD. Furthermore, MLKL but not RIPK3 contributes
to Western diet-induced liver injury and a murine model
of non-alcohol-associated fatty liver and steatohepatitis
through inhibition of autophagy and induction of
necroptosis (81,82). Even the expression of RIPK3 was
upregulated in mice with hepatic steatosis induced by HFD.
However, previous reports about the role of RIPK3 in
HFD are controversial (83,84). RIP3 deficiency protects
from liver disease in MCD-fed mice (40,71), whereas
deletion of RIP3 exacerbates liver damage and steatosis,
and glucose intolerance induced by a high-fat diet (83).
These conflicting results may be due to different modeling
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methods. Compared with liver injury induced by HFD,
mice on MCD diet will show more severe lipidosis, fibrosis,
and more active oxidative stress. At the same time, there
are differences in modeling performance with different
fat composition and proportions (85,86). Furthermore,
these data imply that RIP1 and RIP3 cannot be simply
considered part of a single functional unit. Indeed, much of
the literature in acute liver injury is hindered by conflicting
reports between laboratories (58).

In a liver fibrosis model induced by CCl,, CCl,
significantly increased RIPK1 expression, the formation
of the RIPK1 and RIPK3 necrosome complex, and the
level of MLKL protein in liver tissue, all of which were
attenuated by MLT (87). This finding suggested that
MLT may prevent liver fibrosis by inhibiting necroptosis-
associated inflammatory signaling. A study showed that
curcumol protects mice liver from CCl,-induced injury and
ameliorates murine hepatic fibrogenesis. The researchers
investigated further and eventually found that curcumol
reduces the expression of pro-fibrotic proteins by inducing
RIPK1/RIPK3-mediated necroptosis in hematopoietic
stem cells (HSCs). They also investigated knockdown of
RIPK3 in HSCs and found that the effect of curcumol on
attenuating hepatic fibrosis was impaired (73). Above all,
necroptosis seems to play a positive role in the procession
of fibrosis. In the meantime, other studies determined that
caspase 8 was negatively correlated with liver fibrosis (63).
To be specific, mice lacking the NLRP3 inflammasome
had reduced liver fibrosis following CCL, or thioacetamide
treatment. Meanwhile, caspase 8 can inhibit the NLRP3
inflammasome. The activity of caspase 8 was inhibited
when necroptosis started. Above all, we can deduce that
liver fibrosis would accelerate when necroptosis occurs and
necroptosis may be a basic factor in the pathogenesis of
CLIL However, the relative potency of necroptosis to trigger
CLI remains ill-defined.

Caspase inhibitors are an attractive therapy for fibrotic
liver disease

Since necroptosis, which can be induced by inhibiting
caspase-8 activity, plays an important role in chronic liver
diseases, some investigations were focused on caspases
inhibitors. For instance, VX-166, an inhibitor of caspase,
was used to inhibit apoptosis, which could significantly
reduce liver damage and fibrosis, whereas it had no effect
on the ALUT/AST in the MCD model of NASH (88). In
addition, the oral administration of the caspase inhibitor
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GS-9450 (an inhibition of caspases 1, 8, and 9) and
emricasan resulted in a decrease in alanine transaminase
and a-SMA levels in patients with NASH (89). Pan-caspase
inhibitor IDN-6556 reduced the development of bile
duct ligation-induced liver fibrosis (54). Despite that fact,
emricasan treatment did not achieve the primary objective
of ameliorating fibrosis in a large-scale randomized trial
in NASH patients (90). These data demonstrate that
caspase inhibitors may be an attractive antifibrotic therapy
in NASH. However, is the protective effect of caspase
inhibitors convincing? Is the protective effect of caspase
inhibitors caused by necroptosis? The answers to these
questions are still unclear. For faster development of a
new strategy for liver disease treatment, the underlying
mechanisms need further study.

Necroptosis exerts both pro- and anti-tumoral effects
during liver cancer

HCC is the prevailing histological type of liver cancer,
comprising approximately 80% of cases (91,92). Cell death
is a fundamental driver of liver diseases progression and
the development of HCC (35). In tumors, tumor cells can
usually evade apoptosis through a selection process (54).
The step when parenchymal liver cells (hepatocytes and
cholangiocytes) become insensitive to apoptotic cell
death, is essential for malignant transformation. It should
be noted that most human hepatoma cell lines such as
Huh-7, HepG2, and Hep3B present a methylation-
dependent loss of RIPK3 expression and thereby suppress
the initiation of necroptosis, which indicates that escape
from necroptosis is a similarly vital part in the malignant
transformation of HCC. Furthermore, recovery of RIPK3
expression by demethylation of its promoter can restore
the sensitivity of cell lines to chemotherapy, showing
that regulating necroptosis may be an effective way to
enhance the chemosensitivity of HCC, a tumor that
generally is not responsive to traditional chemotherapy.
The strategy of triggering necroptosis in cancer therapy
shows great potential (21). Therefore, necroptosis can
prevent tumor development when apoptosis fails to be
induced. However, necroptosis can induce inflammatory
responses and reportedly promotes cancer metastasis
and immunosuppression. Additionally, even the same
oncogenic driver will instigate different liver cancers, due
to the different hepatic microenvironment. Aberrantly
activated hepatocytes transformed into cholangiocarcinoma
when embedded in a necroptosis-dominant hepatic
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microenvironment (93).

microRNAs (miRNAs or miRs) comprise a group
of small noncoding RNAs that participate in cell
proliferation, differentiation, apoptosis, and necroptosis
(94,95). The dysregulation of miRNAs has often been
observed in HCC (96). The expression levels of Linc00176
is correlated both with the differentiation grade in primary
HCCs and with the survival time of HCC patients by
titrating tumor suppressor microRNAs. Linc00176-
depleted HepG2 cells experience necroptosis rather than
apoptosis, as MLKL was detected in these cells (97). In
addition, a study identified a novel three-miRNA signature,
comprising miR-371-5p, miR-373 and miR-543, that
appeared to orchestrate PCN in HCC by directly targeting
the caspase-8 gene (Cuasp-8) (98). Hence, some kinds of
miRNAs can modulate the process of tumorigenesis by way
of necroptosis.

Collectively, increasing experimental evidence
suggests that necroptosis pathways play critical roles in
hepatocarcinogenesis, but the precise mechanism is less
clear and still needs to be explored.

Conclusions

As a newly defined form of cell death, doubts still remain
about the occurrence and role of necroptosis. Typically,
the upregulation of RIPK1, RIPK3 and MLKL present
the occurrence of necroptosis. However, detection
of these molecular signals underlying necroptosis is
somewhat difficult and has low specificity. There still are
many controversies regarding this process that need to
be addressed. However, the identification of necroptosis
has changed our understanding about cell death and
liver diseases. Based on current literature, it seems that
necroptosis can play a vital role in different stages of
liver disease. Since there are many challenges to clearly
distinguish between necrosis, apoptosis, and necroptosis, it
is necessary to find more specific canonical molecular signals
in necroptosis to aid in its verification from different aspect.
Moreover, it is recommended that further studies should
focus on the role of necroptosis in different liver cells,
including hepatocytes, cholangiocytes, and immune cells.
Additionally, despite the unsatisfactory clinical trial results,
pharmacological inhibition of RIPK1 emerges as a potential
therapeutic method to cure chronic liver disease and HCC.
Given that the role of RIPKs changes under different
conditions, it is vital to clarify the underlying mechanism of
necroptosis in different kinds of liver diseases. Furthermore,

© Annals of Translational Medicine. All rights reserved.
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the contribution of RIPK3/MLKL remains debatable (11).
Therefore, the effects of RIPK1, RIPK3, and MLKL
should be studied separately and in greater detail. Most
importantly, more specific downstream signaling molecules
involved in necroptosis need to be detected.
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