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ARTICLE INFO ABSTRACT

Keywords: The cytoplasmic protein tumor progression locus 2 (TPL2), also known as cancer Osaka thyroid (Cot), or
MAPK MAP3KS, is thought to have a significant role in a variety of cancers and illnesses and it is a key component in the
Tumor progression locus 2 activation pathway for the expression of inflammatory mediators. Despite the tight connection between
f;;:smc;st?:s thyroid inflammation and TPL2, its function has not been extensively studied in chronic liver disease (CLD), a major

cause of morbidity and mortality worldwide. Here, we analyze more in detail the significance of TPL2 in CLD to
shed light on the pathological and molecular transduction pattern of TPL2 during the progression of CLD. This
might result in important advancements and enable progress in the diagnosis and treatment of CLD.

Chronic liver disease
cancer

1. Introduction

Chronic liver disease (CLD) is one of the major causes of morbidity
and mortality worldwide. It consists of a wide range of liver pathologies
ranging from inflammation (chronic hepatitis) to liver fibrosis and
cirrhosis, which finally can develop an end-stage of hepatocellular car-
cinoma (HCC). Risk factors such as alcohol consumption, viral hepatitis,
drugs and obesity and/or diabetes leading to metabolic syndrome make
occident the largest affected area of liver disease in the world [1].

Most of inflammatory diseases, including CLD, are characterized by

the activation of mitogen-activated protein kinase (MAPK) pathway and
the phosphorylation and activation of the nuclear factor-kB (NF-xB)
leading to the expression of several genes involved in many processes,
which play a key role in the development of inflammation and pro-
gression of different diseases and cancers [2] (Fig. 1).

The mitogen-activated protein kinase (MAPK) cascades are among
the most important signaling pathways in the cell. They perform a wide
range of functions, but there are still questions regarding the true
mechanism behind the signal transduction, which remain unanswered.
MAPK cascade is an evolutionarily conserved signaling pathway in
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eukaryotic cells, as it is found in all eukaryotic organisms performing
crucial tasks, including controlling cell proliferation, survival and cell
death [3]. In response to a variety of extracellular signals such as growth
factors, cytokines and physical/chemical stressors, MAPKs can also
control DNA transcription without the need of enzymes [4,5]. There are
three main core kinases in each cascade, which are MAP3K, MAP2K, and
MAPK, frequently accompanied by additional upstream and down-
stream elements (MAP4K and MAPKAPK). The signal is sent within each
of the cascades by successive phosphorylations in serine/threonine
residues and activation of the sequential kinases, resulting in the phos-
phorylation of the target regulatory proteins by the MAPK and MAPK-
activated protein kinases (MAPKAPK) components [6]. In detail, the
signal transduction through its receptor allows the phosphorylation of
the MAP3K and its activation; activated MAP3K is able to phosphorylate
MAP2K (MEK) and finally, MEK will phosphorylate MAPK [7]. ERK, c-
jun N-terminal kinase/stress-activated protein kinases (JNK or SAPK)
and MAPK14 (p38) are the three main subfamilies of MAPK cascades.
Although there are quite established activation pathways upon different
stimuli and situations, MAP3K may activate different MAP2Ks, leading
to various MAPKs phosphorylation [8-10]. There are a number of
atypical MAPKs such as ERK3, ERK4, ERK7, ERK8 and nemo-like kinase
(NLK) which meet at different MAPKAPKSs, such as mitogen-activated
protein kinase-activated protein kinase-5 (MKS5) [5,8].

Lately, the Tpl2-MEK1/2-Erk1/2 axis has been described as an
activator of inflammation in different liver pathologies and cancer [5].
Concretely, Tpl2, a MAP3K, induces the expression of pro-inflammatory
mediators which lead to further stages of CLD such as fibrosis, cirrhosis
and HCC. Thus, the potential therapeutic use of TPL2 could mitigate the
symptomatology of inflammation in chronic hepatic patients as well as
the progression of liver disease, opening a new door to novel treatment
strategies in liver research. In this review, we focus on the innovative
advances in the role of TPL2 and its activation cascade in the different
stages of CLD and the end-stage of HCC.

2. Tumor progression locus 2 (TPL2): structure and function
Tumor progression locus 2 (TPL2) is also known as cancer Osaka
thyroid (Cot) or MAP3K8. TPL2 is a cytoplasmic protein which was first

described as an oncogene and a target for provirus integration in mice
with T cell lymphomas caused by the mouse mammary tumor viral
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(MMTV) and mammary carcinomas caused by the Moloney murine
leukemia virus (MoMuLV) [11-13]. Its structure consists of 467 amino
acids (AA), and three different parts can be found: the amino-terminus
(N-terminus), the kinase domain (138AA-388AA) and finally, the
carboxy-terminus (C-terminus), which contains a degron sequence
(435AA-457AA) to control the stability of the protein, specifically in the
binding region of TPL2 to NF-kB1 (p105). When the C-terminus domain
(398-467AA) of TPL2 interacts with p105, the access to the active site of
TPL2 is blocked, and the protein remains stabilized in its inactive form
[14,15]. TPL2 is highly expressed in several cell types including sple-
nocytes, fibroblasts, peritoneal macrophages, bone marrow-derived
macrophages (BMDM) and differentiated adipocytes. It is also highly
expressed in the neonatal digestive system, thymus, spleen and finally,
in the adult submandibular gland [16,17].

The majority of total cellular p105 (NF-kB1) (>95 % in macro-
phages) is not complexed with TPL2, but rather likely linked to Rel
proteins, even though all detectable cellular TPL2 in unstimulated cells
is interacting with p105. It is also remarkable that TPL2 has two trans-
lation initiation sites, M1 and M30, which produce two different iso-
forms, 58-kDa (p58) and 52-kDa (p52) proteins at equimolar quantities.
Both isoforms separately bind to p105 and ABIN2 (NF-kB2) to create a
ternary complex that renders TPL2 inactive [18]. The kinase domain
(KD) binds to the p105 death domain (DD), and the TPL2 C-terminus
binds to the ABIN2 homeodomain 4 (AHD4), forming a stable complex
with the other two proteins. This is critical in order to maintain stability
and a steady state level, as these connections prevent the hydrolysis of
the NF-xB precursor protein pl05, which prevents TPL2 from being
released from any of the complexes [19,20]. It is noteworthy that
p38MAPKYy/3, which is likewise activated by MKK3/6, has just come to
light as also being crucial for preserving a steady state of TPL2 [21,22].

For the activation of TPL2 it is necessary a stimulatory signal. The
critical first step is the pattern recognition receptors (PRR) identification
of pathogen-associated molecular patterns (PAMP) or damage-
associated molecular patterns (DAMP), which through the toll-like re-
ceptor (TLR), interleukin (IL) 1 receptor (IL-1-R), T- cell receptor (TCR),
tumor necrosis factor receptor (TNFR) and CD40L receptors, will lead to
the activation of the IKK complex (IKKa, IKKf and IKKy (NEMO)), by
TAK1 [11,23,24]. This complex will be in charge of phosphorylating
p105 at S927 and $932, creating a binding site for SCFP™"® ubiquitin E3
ligase complex which links to IkBa. This will provoke p105 complete
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Fig. 1. The progression of CLD. Different factors can alter the liver, such as high-fat diet, alcohol intake, viral hepatitis, obesity or drug consumption. In the pro-
gression of CLD there are different stages, starting with a reversible stage of steatosis (>5 % fat in hepatocytes), followed by a still reversible stage of fibrosis
associated with ballooning and inflammation and finally reaching the irreversible stages of cirrhosis and HCC, where a liver transplantation is required. Made

by Biorender®.
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degradation by the 26S proteasome, releasing TPL2 from the complex
[11,12,14,25]. Similar to how NF-xB dimers are activated in the tradi-
tional route, IKK-induced proteolysis of p105 releases associated NF-xB
dimers (C-Rel, Rel-A, p50), which subsequently are ready to be phos-
phorylated by a MAPK and translocate to the nucleus to start their
transcriptional program. After p105 is degraded, the TPL2 complex also
releases ABIN-2, which has unclear signaling properties but interacts
with different proteins, such as A20, a known ubiquitination regulator
protein, seen to have a role in the NF-kB inhibition [26]. Once TPL2 is
released from the complex, it is phosphorylated in several sites, causing
a different activation (site-dependent) and also, degradation via pro-
teasome. T290 and S400 autophosphorylation contributes to the kinase
activity, activating then the ERK MAP kinase signaling cascade
[18,27-30] (Fig. 2).

TPL2, Ras and Raf-1 work together to activate MAPK in this system
when TPL2 is present. Consequently, TPL2 activation may be inhibited
by the activation of RasN17, a dominant negative mutant of c-Ha-Ras,
and Raf1S621A, a dominant negative mutant of Raf-1, due to the acti-
vation of MEK-1, same substrate target as TPL2. This inhibition has been
seen as reversible, since mutant TPL2 (TPL2K167M) partially blocks
MAPK activation induced by v-Ha-Ras or by v-Raf [31-34]. The inacti-
vation of TPL2 has been also achieved with different pharmacologic
inhibitors, which have been demonstrated to have a potential thera-
peutic benefit. A clear example is a cell-permeable naphthyridine-
cyclohexyl [35] or compound 1 (C1) [36]. Most of the inhibitors act
blocking TPL2 phosphorylation and, consequently, its activation. In
vitro experiments performed with isolated macrophages from human
monocytes showed the inhibition of ERK1/2 after adiponectin (Acrp30)
stimulation or the production of tumor necrosis factor o (TNFa) [37,38].
In vivo experiments also showed the reduction of TNFu expression after
the inhibitor stimulation in a lipopolysaccharides (LPS)-induced rat
model [39,40].

3. TPL2 and immunity: a synergic hub for inflammation

Different cell types work together to coordinate the innate immune
response, the body’s initial line of defense against infections, which
includes the activity of macrophages, dendritic cells (DC), natural killer
cells (NK), and neutrophils, among others. In this defense barrier, TPL2
has been understood to be closely related to it, as the TPL2-MEK-ERK
pathway in macrophages has been described to control the generation
of cytokines [41-46]. TPL2-MEK-ERK axis also regulates another
essential molecule that acts in the innate immune response, which is the
prostaglandin E2 (PGE2) and its regulatory enzyme cyclooxygenase 2
(COX2) in monocytes [47-51]. Recently, some processes in the innate
immune response have been associated to the action of TPL2. The first
one is the contribution of TPL2 to neutrophil functions. It has been
described that, in the absence of TPL2, there is an impairment of the
neutrophil recruitment and their killing capacity in response to an
infection. Considering this, TPL2 can be contemplated as a promotor of
neutrophil traffic and inflammatory cytokine secretion, implicating
TPL2 in one of the first defense mechanisms in the innate immune sys-
tem. Another step is the implication of TPL2-MEK-ERK cascade in the
first line of innate response, TLRs stimulation. In macrophages, TPL2
regulates many processes, not only cytokine production but also cellular
responses; and in bone marrow-derived dendritic cells, it regulates the
correct activation of p38 MAPK during the stimulation of by LPS or CpG
[5,48,52-54]. As a result, this may conclude that TPL2 causes innate
immune cells to transduce a wider inflammatory signal (Fig. 3).

On the other hand, in the adaptive immune system, we find two main
types of cells, T and B lymphocytes and, in both, TPL2 was observed to
have a role [55-57]. In B lymphocytes, the activation via CD40-CD40L
(T-dependent) of ERK via TRAF6, requires TPL2. This transduction
pathway leads to an important event, the immunoglobulin isotype
switching, where CD40-TPL2-ERK signal contributes to IgE production
by B cells. Also, in T lymphocytes, TPL2 has been seen to play different
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roles, such as the induction of IL-2 by the activation of the nuclear factor
of activated T cells (NFAT) or the differentiation of Th1/Th2 via INF-y
and IL-17 expression [5,55,58-60] (Fig. 3).

Finally, the relation between MAPK and different immune diseases
has recently been described in many cases, as MAPK was seen to have an
important function in them. A clear example would be MAP4K3, whose
overexpression induces Thl7-mediated autoimmune diseases [61].
Another autoimmune disease with MAPK pathways implication is pri-
mary biliary cholangitis (PBC) where several MAPK such as MAP2K1 or
MAP2K2 are overexpressed [62]. Therefore, we can conclude the po-
tential of MAPK as a therapeutic target.

4. The role of TPL2 in chronic liver disease

Inflammation implies a complicated series of interactions involving
soluble substances and cells, and it can occur in any tissue [63]. TPL2
plays a key role in the recruitment, differentiation and activation of
immune cells by transmitting numerous intracellular and extracellular
stimuli to effector proteins that control the release of pro-inflammatory
cytokines, chemokines, enzymes and growth factors [5,11-13]. A
massive response upon different risk factors such as alcohol consump-
tion, viral hepatitis, drugs and obesity/diabetes leading to metabolic
syndrome may cause an unresolved inflammation progressing to other
stages such as fibrosis, cirrhosis and end-stage liver cancer [64]. These
stages are included in CLD, a major group of diseases which, in our
modern society, represents roughly 2 million deaths each year around
the world [65].

4.1. Hepatitis: liver inflammation

Hepatitis is characterized as liver inflammation that can be provoked
by a number of factors, including excessive alcohol use, autoimmune
conditions, viral infections, medication intake or exposure to pollutants.
Depending on how long the liver damage lasts, hepatitis can be further
divided into acute and chronic forms; acute hepatitis lasts less than six
months, whereas chronic hepatitis can endure more than six months.
Normally, acute hepatitis is resolved on its own but, in some cases, it can
finally result in fulminating liver failure. Chronic hepatitis can harm the
liver and result in severe morbidity and death, caused by hepatic
fibrosis, cirrhosis, hepatocellular carcinoma and characteristics of portal
hypertension [66-68].

Several studies have utilized viral or bacterial infection with murine
cytomegalovirus (MCMV) or P. acnes, and also via antigen injection like
concavaline A (ConA) and liver homogenates with adjuvants as LPS, to
induce hepatitis [69-71]. In a study analyzing the mechanism of TPL2 in
hepatocytes and in myeloid derived suppressor cells (MDSC), TPL2
deficient mice which were stimulated with P. acnes, were seen to facil-
itate the recruitment of MDSC to reduce Thl-mediated local inflam-
mation, via IL-25-induced CXCL1/2 chemokines, which in turn,
improved fatal hepatitis. This study concluded that TPL2 significantly
reduced the degree of acute liver damage and improved hepatitis sur-
vival [69]. Another recently conducted study using a murine mild
hepatitis model discovered that genetic deletion of Tpl2 in mice resulted
in a good prognosis for liver injury and had an impact on NKT cells
activation, seen as a reduction in the levels of early activation markers
such as CD69 in the liver, but without affecting the formation of these
cells in the thymus [70].

Even though viral hepatitis has still not been related to TPL2 directly,
some virus causing this disease have been found interacting with several
MAPK, such as hepatitis C virus, which is capable of inducing p38a
autophosphorylation [72,73], or hepatitis B virus, which enhances the
proliferation, invasion and migration of hepatocytes via p53 [74]. In
spite of all these data, more studies should be performed, in order to
observe all the implications of MAPK in hepatitis (Table 1).
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Fig. 2. TPL2 signaling. TPL2 is activated firstly by the recognition of PAMPs and DAMPs by several receptors such as TNFR, TCR, TLR and IL-1R. This signal may
translocate to the cytoplasm and activate the IKK complex, formed by IKKa, IKKp and NEMO (IKKy). This complex of kinases will phosphorylate the inactive complex
of TPL2, p105 and ABIN2, causing the release of the different proteins. TPL2 once gets phosphorylated and activated: 1- will activate the MEK 1/2, MEK 3/6 and MEK
4/7 routes, causing this the activation of ERK1/2, p38 and JNK MAPKs and 2- will be marked for degradation via proteasome. After partial degradation of the
complex p105, ERK1/2, p38 and JNK will phosphorylate and activate C-Rel, Rel A and p50, which leads to the translocation to the nucleus and expression of their
target genes. NF-kB activation will incite inflammation, proliferation, metastasis, invasion or anti-apoptosis action. Finally, regarding ABIN2 pathway, once it is
activated, it will inhibit the NF-xB and MAPK routes via the activation of the deubiquitinase A20. ECM: extra cellular matrix. Made by Biorender®.
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Table 1
TPL2 functionality in CLD.
Pathology  Functionality Genic References
expression
DILI Enhancement of liver necrosis IL-18 [75,83-86]
ALT/AST release IL-1B
ArLD Enhancement of inflammation TNF [101,109,110]
IL-6
IL-1
F4/88
NAFLD Increase of steatosis PEPCK [70,116-120]
Enhancement of inflammation G6pase
TIMP1
IL1p
Hepatitis Enhancement of Th1 local IL25 [69,70,72-74]
inflammation CXCL1/2
HCC Enhancement of nflammation IL1p [129,131-134]
Increase of endoplasmic IL18
reticulum stress TNF

4.2. Drug induced liver injury (DILI)

The liver, a vital metabolic organ, is extremely vulnerable to drug
damage. One of the most popular analgesics and antipyretics in the
United States and Western Europe is the acetaminophen (N-acetyl-para-
aminophenol, paracetamol, APAP), which is also responsible for 50 % of
all occurrences of acute liver failure in Western Europe [75-77].

In the past, APAP was first classified as a non-steroidal anti-inflam-
matory medication (NSADs). However, APAP has been proved as an

inefficient anti-inflammatory medication in peripherical tissues, since
NSADs block the COX-dependent synthesis of prostaglandins [78], while
APAP pharmacological action site is in the central nervous system,
producing the inhibition of COX in the brain, being absent in periph-
erical organs like muscles [79].

When APAP is administered in excess, more APAP metabolism is
diverted into the CYP450 pathway, increasing the synthesis of N-acetyl-
p-benzoquinone imine (NAPQI) [80,81]. Depletion of glutathione (GSH)
reserves, both the cytosolic and mitochondrial pools, is one of the initial
symptoms of APAP intoxication and excessive NAPQI production [82].

In the last decade, several studies tried to address the role of TPL2 in
APAP-induced liver injury. Imaeda et al. observed that TLR9 KO mice
had resistance to APAP toxicity. APAP-induced cell death allowed free
DNA to activate TLR9, associated with liver injury and expression of pro-
IL-1p and pro-IL-18 genes. However, in TLR9 KO, mice were protected
against DILI [83]. Another study discovered that TPL2 participated in
inflammation mediated by APAP administration. TPL2 KO mice showed
lower blood levels of both alanine and aspartate aminotransferases
following acetaminophen exposure, decreased liver necrosis and
enhanced survival in comparison to WT mice. This study clarified that
TPL2 is not a DAMP but is necessary for the activation of ERK1/2 and
JNK and the expression of pro-inflammatory genes after inflammation
[75]. JNK was seen to aggravate liver injury [84], but also in some in-
vestigations was proposed to play a protective role in DILI, where, in
hepatocyte and total KO mice, it seems to have combined effects in
protecting mice from ibuprofen and acetaminophen-induced liver injury
[85,86] (Table 1).
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4.3. Alcohol related liver disease (ArLD)

3.3 million people (5.9 % of all fatalities) die each year due to alcohol
related liver disease [87]. In the liver, there are two alcohol metabolism
processes, one oxidative and the other one non-oxidative. The oxidative
process consists in two phases: the first step is the enzyme alcohol de-
hydrogenase (ADH) action, which transforms alcohol to acetaldehyde by
oxidization. In case of excessive alcohol use, CYP2E1 is the enzyme
whose expression and activity are increased, instead of ADH. Reactive
oxygen species (ROS) are created when CYP2E]1 is activated, which
encourages the creation of acetaldehyde [88-91]. The second phase
occurs when the aldehyde dehydrogenase (ALDH) converts acetalde-
hyde to acetate, which will be metabolized into carbon dioxide (CO2),
fatty acids (FAs) and water [92,93]. On the other hand, the non-
oxidative process takes place when alcohol is coupled with different
endogenous metabolites by various enzymes, such as the phospholipase
D (PLD) [94,95]. The metabolites that remain once the metabolism is
completed are the ones that will cause the liver damage, as it happens
with the acetaldehyde [96,97].

Hepatic steatosis (fatty liver) and alcoholic steatohepatitis are the
first two symptoms of ArLD, both of which are caused by LPS entering
the bloodstream from the gut and activating Kupffer cells (KCs) (via
TLR4) and starting the pro-inflammatory process. If alcohol intake is
sustained, then the disease condition can advance to the irreversible
phases of fibrosis and cirrhosis, increasing the risk for HCC [98-100].

JNK plays an essential role in alcohol-related inflammation, as Stice
and colleagues discovered. Their study demonstrated that the lack of
TPL2 reduces the activation of JNK and consequently, the expression of
inflammatory cytokines (TNF, IL-6, and IL-1) and macrophage marker
(F4/80) mRNA, and provokes a reduction in the prevalence of hepatic
inflammatory foci [101].

There is a close relationship between the liver and the gut, where
nutrients and microbiota help to maintain a healthy metabolism and
liver. It is generally established that gut microbiota contributes to crit-
ical human functions including digestion, immunomodulation and
angiogenesis stimulation, as well as physiological and pathological as-
pects of human health [102,103]. Regarding the liver, the microbiota is
believed to play a relevant role [104-106]. Drinking alcohol can also
alter the composition of the gut microbiota by releasing bacterial
products into the bloodstream and activating the immune system. This
may trigger several pathogenic mechanisms such as the expression of
inflammatory mediators (cytokines and chemokines) that cause immune
cells to invade the liver, the production of ROS due to alcohol meta-
bolism, which causes oxidative stress and inflammation, and several
other factors [107].

Recently, TPL2 has been linked to Clostridium difficile infection, an
important bacterium, which takes part in the gut liver axis. It was
observed that an inhibition in TPL2 could be a potential therapy for the
treatment of the infection [108]. In addition, in a model of colorectal
cancer, a worse prognosis has been recently correlated with the over-
expression of TPL2 and a recovery with its inhibition [109-111]. These
data conclude that TPL2 has also an important function in the intestine
and the gut-liver axis (Table 1).

4.4. Non-alcoholic fatty liver disease (NAFLD)

More than one-third of the population suffers from non-alcoholic
fatty liver disease (NAFLD), meaning that it is the most common CLD.
NAFLD spectrum ranges from simple hepatic steatosis to the concurrent
presence of inflammation and ballooning (NASH). Some NASH patients
develop fibrosis, which eventually results in cirrhosis and HCC [112].

Fibrosis is a dynamic and reversible process, being the main indicator
of the liver disease course. It usually appears as a consequence of chronic
liver inflammation, but the main problem is that it remains asymp-
tomatic in most cases, making it difficult to diagnose [113]. In a fibrotic
liver, we can observe a continuous inflammation, steatosis with
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appearance of hepatocyte ballooning and transactivation of quiescent
myofibroblasts deriving from hepatic stellate cells (HSC) [114,115].

There are several studies, which have evaluated the role of TPL2 in
the liver and systemic metabolic dysfunction, specifically activating the
downstream MKK7-JNK1/2 axis, controlling hepatic and systemic
metabolic problems caused by persistent low-grade inflammation
[70,116,117]. Perfield II et al. observed that TPL2 KO mice were pro-
tected against steatosis and inflammation due to a poor activation of
ERK and JNK [118], which seemed to aggravate liver inflammation and
fibrosis [119]. Moreover, studying the role of TPL2 in the fibrosis pro-
gression, a hepatocyte specific TPL2 KO was generated, being observed a
reduction in the mRNA expression of PEPCK and G6pase, two essential
enzymes for gluconeogenesis, and an increase in glycogen concentration
[117]. Another study described that liver from TPL2 KO mice had a
significant reduction in fibrogenesis induced by two different models:
CCl4 administration and a methionine-choline-deficient (MCD) diet.
[120]. TPL2 appears to contribute to liver steatosis, fibrosis and NAFLD
progression, and it is critical for TLR4 stimulation of ERK/JNK-
dependent production of pro inflammatory genes. However, other
studies did not relate TPL2 role to the progression of NAFLD. For
example, Lancaster et al. determined that TPL2 KO mice did not present
protection against inflammation and insulin resistance [121]. Other
study with human samples demonstrated no differences between
healthy subjects and obese patients with similar levels of adipose
inflammation. This work also exhibited that TPL2 KO mice displayed
higher levels of TNFa in adipose tissue without changes in ERK and
NF«xB activation, also with insulin resistance [122]. This controversy on
the data already published evidence the necessity of further investiga-
tion on TPL2 function in NAFLD and the use of a knockout mouse spe-
cific for each cell type, to understand completely the mechanism and
activation of TPL2 in every sub-cellular family (Table 1).

5. TPL2 as an oncogene in hepatocellular carcinoma (HCC)

Inflammation is frequently linked to the onset and spread of cancer,
hence the increasing approach of targeting inflammation as a strategy to
prevent and treat cancer. Cells that cause cancer-associated inflamma-
tion are genetically stable and do not quickly develop drug resistance
[123]. Taking this into account, it is not altogether novel to think that
TPL2-driven inflammation and cancer may be related, implying it could
act as a cancer promotion adjuvant. Indeed, there are several studies
which have described numerous human cancers, such as skin, prostate,
breast, ovarian, colorectal, endometrial and gastric cancer, as well as
EBV-related nasopharyngeal carcinoma, anaplastic large-cell lym-
phoma, colitis-associated carcinoma, bladder and cervical cancer, which
are linked to poor prognosis and progression when TPL2 activity is
elevated [11,13,109,124-128]. In line with this, TPL2 kinase activity
has not only been related to cancer by the activation of inflammation it
produces, but also to different phases of carcinogenesis, where we can
find tumor initiation, promotion and progression, meaning TPL2 can
also act as an oncogene [12,126].

Nevertheless, there are cancers such as non-small cell lung cancer
(NSCLQ) or skin cancer, where the overexpression of TPL2 is correlated
with a good prognosis [129-131]. This discrepancy may signify that
TPL2 prognostic functions vary based on the type or subtype of tumor
[109].

Cancer is highly related to an accumulation of mutations which
encourage clonal selection of cells with an aggressive phenotype [132].
Despite mutations in human TPL2 gene are rare, a variety of them have
been described in the components of the signaling pathway which
activate the kinase, such as a mutation in MyD88 L265P, which causes
an activation inside the Toll/interleukin 1 receptor (TIR) domain
[13,133,134]. In addition, there are some evidences suggesting that the
TPL2 signal amplification and constitutive kinase activity are caused by
mutations occurring in different cancers, for instance in breast cancer
and lung adenocarcinoma, denoting that the TPL2 C-terminal may be a
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target for mutations in some cancers [12,46,132].

Likewise, TPL2 has been related to cancer metastasis, since both in
fibroblasts and tumor cells, TPL2 transduces the proteinase-activated
receptor 1 (PAR1). Once PAR1 is activated by thrombin and the ma-
trix metalloproteinase-1 (MMP-1) proteinases, it can be triggered to
induce angiogenesis, tumor metastasis, cell transformation, reorgani-
zation of the actin cytoskeleton and, finally, to promote the cell
migration via ERK and JNK1 activation by the engagement of Racl and
focal adhesion kinase (FAK) [135-139].

Specifically regarding the liver, we find HCC, whose prevalence is
rising and strongly associated with CLD, and whose development is the
main reason for screening and monitoring cirrhosis, the biggest risk
factor for this malignancy [140]. Several studies have researched the
role of TPL2 in HCC, observing that this kinase promotes the increase of
pro-inflammatory cytokines such as interleukin IL-1f and IL-18, the
activity of the inflammasome and, finally, endoplasmic reticulum stress,
enhancing this way the development of HCC [13,125,141]. Addition-
ally, other MAPK have been studied in HCC, such as JNK, which was
considered to play a dual role in HCC by acting on hepatocytes to inhibit
tumor growth as well as by encouraging an inflammatory hepatic
environment that favors tumor formation [142].

6. Conclusion

TPL2 is a common kinase known to play an important role in
different types of cancer and diseases, but in CLD it has not been deeply
studied yet. Since the molecular mechanisms of CLD at different stages
are still not fully understood, there is a limitation regarding the different
treatments. Furthermore, the large number of cell types that reside into
the liver makes very difficult to understand completely TPL2 role in the
development of chronic liver disease. Even if short-term treatment or
regular drug usage might reduce symptoms, they cannot stop the
progress of the disease at some stages. In this review, we discuss the
early impact TPL2 has in CLD, since it is expressed and, consequently,
has an impact in the liver. To summarize, TPL2 is associated with the
activation of ERK1/2 and JNK in the liver, affecting the expression of
different inflammatory mediators.

Early activation of TPL2 in the liver may provoke an inflammation
and further progression of the disease. Therefore, the elucidation of the
pathological and molecular transduction pattern of TPL2 in the different
stages of CLD could lead to significant advances and allow progress in
the diagnosis and treatment of CLD. More studies should be conducted to
clarify TPL2 role in the progression of liver disease, and particularly,
cell-specific studies to understand the function of TPL2 in every cell

type.
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