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Introduction: Toll like receptor 4 (TLR4) is an extracellular pathogen recognition receptor (PRR)which recognizes
a wide range of pathogens and damage associatedmolecular patterns (PAMPs and DAMPs). It can activate intra-
cellular signaling and consequently transcription factors which participate in transcription from either immune
related or malignancy genes. Thus, it has been hypothesized that TLR4may be a cause of hepatocellular carcino-
ma (HCC). This article has reviewed the roles of TLR4 in the pathogenesis of HCC.
Method: “TLR4”, “hepatocellular carcinoma”, “liver tumor” and “liver cancer” were used as key words for
searching in Scopus, Google Scholar and MEDLINE scientific databases.
Results:Most of the investigations documented the roles of TLR4 in induction of HCC via several mechanisms in-
cluding increased number of T regulatory lymphocytes and liver resident follicular helper like cells, increased
production of pro-inflammatory and malignancy related molecules including cytokines, NANOG, Caspase-1,
Ephrin-A1, NO and BCL6. TLR4 participates in the proliferation of the cells and also production of the molecules
in both chronic infectious and non-infectious inflammatory diseases.
Discussion: TLR4 is an innate immunity receptor which plays a pathogenic role during chronic inflammation and
can induce HCC in human.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

Hepatocellular carcinoma (HCC) is a prevalent malignancy world-
wide [1]. It is more prevalent in Asia, and less common in Europe,
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America and Middle East countries [2]. Several factors and mechanisms
are responsible for inducing HCC in human. It has been reported that
liver cirrhosis, primary biliary cirrhosis, hepatitis viral infections, co-in-
fection of hepatitis viruses and human immunodeficiency virus (HIV),
nonalcoholic fatty liver disease, silent chronic liver disease, alcoholic
liver disease, nonalcoholic steatohepatitis, hypersensitivities including
autoimmunehepatitis, toxins such as aflatoxin B1 andhereditary hemo-
chromatosis are the most important risk factors for HCC [3,4]. HCC has
been classified to 8 categories based on the histomorphologic features
including well vascularized tumors with wide trabeculae (N3 cells),
small cell changes, prominent acinar pattern, absence of Kupffer cells,
mitotic activity, cytologic atypia, vascular invasion and the loss of the
reticulin network [5]. HCC surveillance is variable and significantly de-
pendent on early detection, curative therapy administration, and exis-
tence of cirrhosis [6]. It has been hypothesized that the viral factors
and host immune system can be considered as the main risk factors
for induction of HCC in the population [7]. It appears that pathogen rec-
ognition receptors (PRRs), as the molecules involved in the pathogen/
damage associated molecular patterns (PAMPs/DAMPs) recognition,
can be considered as candidates to induce or stimulate HCC. The main
mechanisms used by the PRRs in the pathogenesis of HCC have been
evaluated previously. Among PRRs, toll like receptors (TLRs) are the
important PRRs which have been evaluated regarding their roles in
the pathogenesis of HCC. TLRs can recognize PAMPs/DAMPs and induc-
tion of related intracellular signaling. There are 10 TLRs in/on the
human immune and non-immune cells which use myeloid differentia-
tion primary response (MYD88) alone (TLR1, TLR2, TLR5, TLR6, TLR7,
TLR8 and TLR9), TIR-domain-containing adapter-inducing interferon-
β (TRIF) alone (TLR3) and both TRIF and MYD88 (TLR4), as adaptor
proteins [8,9]. Accordingly, it appears that TLR4 has a wider range of
functions than other TLRs [8], which corroborates its role as an impor-
tant molecule involved in the pathogenesis of HCC. The aim of this ar-
ticle is to review the main mechanisms used by TLR4 in the induction
of HCC.

2. TLR4 recognizes several ligands and induces both TRIF andMYD88
dependent pathways

TLR4 is a knownhighly conservedmember of PRRs and has been rec-
ognized as age-related macular degeneration 10 (ARMD10) and cluster
of differentiation 282 (CD284) [10]. Its gene location is far from other
TLRs and is located on 9q33.1 [11,12]. TLR4 consists of three main do-
mains including extracellular leucine-rich repeats (LRRs), hydrophobic
intramembrane domain, and intracytoplasmic toll-IL-1 receptor (TIR)
domain. Its extracellular LRRs domain recognizes several ligands includ-
ing Lipopolysaccharide (LPS), free fatty acids, microbial lipids,
monophosphoryl lipid A (MPLA), hyaluronan, high-mobility group
box-1, allergenic nickel and heat shock protein 60 and 70 [13,14]. Inter-
action between TLR4 and their ligands leads to activation of two distinct
pathways which are dependent on the location of TLR4/ligands interac-
tions [15]. TLR4/ligands interactions on the cell membrane lead to acti-
vation of MYD88 dependent pathway. Accordingly, TIR domain-
containing adaptor protein (TIRAP), which is also known as MyD88
adapter-like (Mal), interacts with TIR domain of TLR and consequently
activatesMYD88molecule [15]. ActivatedMYD88mediates phosphory-
lation of Interleukin-1 receptor associated kinase (IRAK)-4 and IRAK-1
[16]. Activation of IRAK-1 leads to phosphorylation and activation of
TNF receptor associated factor (TRAF)-6 molecule [17]. Activated
TRAF-6 is a key stage of TLRs intracellular signaling pathways which
can activate important transcription factors including nuclear factor-
kappaB (NF-κB), activator protein 1 (AP-1) and interferon regulatory
factor 3 (IRF3) [17]. The transcription factors translocate to the nucleus
and, hence, transcripts from pro-inflammatory cytokines as well as type
interferons [15]. TLR4/ligands interaction in the endosomes leads to re-
cruitment of TRIF-related adaptor molecule (TRAM)which contains TIR
domain and consequently activation of TRIF molecule [18]. TRIF, as an
adaptor protein, mediates phosphorylation of Iκκ, as inhibitor of NF-
κB, and consequently translocation of the transcription factor to the nu-
cleus [18]. TRIF also mediates activation of mitogen-activated protein
kinase (MAPK) pathway which leads to activation of AP-1 [18]. TRAF3
is another target of TRIFwhichmediates activation of IRF5 transcription
factor [18]. Intracellular signaling pathways of anti-inflammatory cyto-
kine receptors, including Janus kinase (JAK)/Signal transducer and acti-
vator of transcription 3 (STAT3) pathway are the main inhibitory
pathways for TLR4 signaling. Fig. 1 shows the intrasignaling pathways
of TLR4.
3. Hepatocellular carcinoma

HCC is the sixth most common cancer worldwide and is associated
with increasingmortality [19,20]. It is themost serious chronic hepatitis
B/C complication [21]. Multiple risk factors can influence HCC and,
hence, HCC has a complex pathogenesis [21]. Based on the HCC hetero-
geneity, developing effective therapies against this dangerous cancer is
challenging. Despite the advances in our knowledge regarding the etiol-
ogy and mechanisms responsible for development of HCC, the molecu-
lar pathogenesis of this lethal cancer is yet to be completely understood.
HCC has clinical and histopathological heterogeneity and its cellular dif-
ferentiation has a wide range from very well to poorly differentiated tu-
mors. Additionally, HCC has various morphologic features such as
cirrhotomimetic, clear cell, myxoid, sarcomatoid, fibrolamellar, neutro-
philic-rich, lymphocyte-rich, cirrhous, biphenotypic (a combination of
hepatocellular and cholangiocarcinoma) and steatohepatitic HCCs
[22]. Although there is a wide histological diversity of HCC, there is lim-
ited information regarding themolecular or geneticmechanisms for de-
velopment of HCC. Therefore, it is worthy to expand our knowledge
regarding the main risk factors and the mechanisms which lead to de-
velopment of HCC.

Several agents have been introduced as risk factors for development
of HCC which can be categorized into three classes including viral, liver
and host factors [23,24]. Viral factors consist of the hepatitis B virus
(HBV) and hepatitis C virus (HCV) relatedmolecules whichmay partic-
ipate in induction of HCC. These risk factors include high HBV-DNA/
HCV-RNA copy numbers, HBV/HCV mutants, hepatitis B virus e antigen
(HBeAg), HBV/HCV genotype and chronic raised liver enzymes [24–26].
Liver factors include advanced liver cirrhosis and fibrosis, impaired liver
function and active viral/non-viral hepatitis [24,27,28]. Interestingly,
host and environmental factors including gender, diabetes mellitus,
obesity, some genetic variations, older age, cirrhosis, family history of
HCC, opium addiction, smoking, alcohol and immune status are the
most prevalent risk factors for HCC. The roles played by immune system
and its related molecules in the pathogenicity of HCC have yet to be
clearly elucidated. Accordingly, the roles of TLR4 as a plausible risk fac-
tor for development of HCC and participation in its pathogenesis are
discussed in this review article.
4. Methods

Medical Literature Analysis and Retrieval System Online
(MEDLINE), Google Scholar and Scopus, as the main three databases,
were searched regarding “TLR4, liver tumor, liver cancer and hepato-
cellular carcinoma” as key words. The research studies which evalu-
ated the TLR4 expression and functions in other liver diseases rather
than HCC and the publications in a language other than English have
been excluded from the current review article as well. The articles
published from 1990 to 2017 have been enrolled in this project. Ac-
cordingly, after initial searching, 90 papers were included in the in-
vestigation and after excluding the papers according to the
exclusion criteria, 63 papers were presented in the current review
article.



Fig. 1. TLR4 signaling pathways. TLR4 interacts with its ligands on both cytoplasm and endosome membranes and activates MYD88 and TRIF dependent pathways. The pathways lead to
activation of IRF3, IRF5, AP-1 and NF-κB, as pro-inflammatory transcription factors. The transcription factors are the important factors for up-regulation of the molecules involved in the
induction of appropriate immune responses to cancers and in some cases the molecules involved in the cancer development and metastasis.
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5. TLR4 and hepatocellular carcinoma

Due to the key roles of TLR4 in recognition of PAMPs and DAMPs
along with using both MYD88 and TRIF dependent pathways and also
based on the critical roles of NF-κB, a transcription factor which is acti-
vated in the TLR4 intracellular pathway, in the induction of malignan-
cies [29], it has been hypothesized that TLR4 may significantly
participate in the pathogenesis ofHCC. The role of TLR4 in the pathogen-
esis of HCC has been evaluated by Lin et al., who reported that HCC cells
functionally expressed TLR4 [30]. Additionally, increased expression of
TLR4 on the HCC cells proved the hypothesis [31]. The strengths of
this study was to evaluate TLR4 expression in both mRNA and protein
levels. It appears that TLR4 can use somemechanisms to induce survival
of HCC cells. Moreover, TLR4 positive HCC cells have stem-like proper-
ties including migration, chemotherapy resistance and tumor invasion
[32].

TLR4 uses several mechanisms to induce HCC in the patients with
high risk factors. For example, Li et al., reported that increased expres-
sion of TLR4 on the T regulatory lymphocytes was associated with in-
creased expression of the chemokine (C-X-C motif) ligand 10
(CXCL10) and its receptor, C-X-Cmotif receptor 3 (CXCR3), on T regula-
tory lymphocytes [33]. The investigators also revealed that increased
TLR4 expressionwas associated with increased recruitment of T regula-
tory lymphocytes to the liver of HCC patients, probably via CXCR3/
CXCL10 interaction, and consequently increased the chance of tumor re-
currence [33]. T regulatory lymphocytes are themain survival factors for
cancers which inhibit immune responses to tumors [34]. It appears that
TLR4 induces HCC progression via increased numbers of T regulatory
lymphocytes in the HCC tissue [35]. However, it seems that Lin et al.,
had to neutralize CXCL10 by blocking antibodies to confirm the hypoth-
esis and this is the weakness of the study. Recent data demonstrated
that TLR4 induces histone mediated chemokine production via activa-
tion of NF-κB [36]. Suppression of TLR4-NF-κB signaling leads to im-
paired histone related chemokine production which finally results in
inhibition of HCC cell migration and metastasis [36]. Studies have
been performed on both TLR4-/- and normal mice, which is their
strength property. TLR4 appears to induce tumor associated molecules
and chemotactic factor for cells involved in HCC development in
MYD88 dependent manner which activates NF-κB as transcription fac-
tor [15]. Chen and colleagues also reported the roles of TLR4 in the de-
velopment of HCC and reported that TLR4 induces development of
tissue-resident T follicular helper like cells, which play key roles in de-
velopment of HCC [36]. It seems that TLR4 develops tissue-resident T
follicular helper like cells via up-regulation of T cell survival relatedmol-
ecules as well. Asmentioned previously, heat shock proteins (HSPs) are
considered as TLR4 ligands [13]. Previous investigations showed that
extracellular HSP70-peptide complexes are the ligands for TLR4 and
promote HCC cells proliferation in C-Jun N-terminal kinases 1/2
(JNK1/2) and MAPK pathways [37–39]. Other studies also reported
the same data and revealed that LPS/TLR4 interaction leads to develop-
ment of HCC in TLR4/JNK/MAPK dependent signaling pathways [40–
42]. Inhibition of HCC development by suppression of TLR4-MyD88-
TGF-β-Activated Kinase-1 (TAK1)-mediated NF-κB and MAPK pathway
proved these findings [43]. Dong et al., also reported that TLR4 is able to
promote HCC cells invasion in MAPK4/JNK dependent pathway [44].
Hsiao also showed that LPS/TLR4 interaction results in increased
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proliferation of HepG2 cells, a HCC cell line, and also nitric oxide syn-
thase (NOS) expression, as well as NO production in the cell line in
Akt and MAPK dependent pathways [45]. Based on the fact that MAPK
pathway activation leads to phosphorylation and activation of activator
protein 1 (AP-1), another transcription factor down-stream of TLR4-
MYD88 dependent signaling pathways [46], hence, it appears that
TLR4 uses AP-1, in addition to NF-κB, to induce expression of HCC relat-
edmolecules [47,48]. TLR4 signaling also induces other intracellular sig-
naling pathways to promote HCC cell proliferation and multidrug
resistance through a cyclooxygenase-2 (COX-2)/prostaglandin E2
(PGE2)/signal transducer and activator of transcription 3 (STAT3) posi-
tive feedback loop [30,49]. Miura and colleagues also reported thatmac-
rophage related TLR4 participates in development of steatohepatitis-
related HCC by production of IL-6 and TNF-α in response to LPS in
mice [50]. The Janus kinase (JAK)/STAT pathways are the signaling path-
wayswhich are used by cytokines to induce intracellular signaling path-
ways [51].

On the other hand, interactions of the cytokine by their receptors ac-
tivate JAK/STAT signalingpathway [51], which is a positive factor for up-
regulation of TLR4 and its signaling pathways in a positive feedback
loop. Accordingly, TLR4/ligands interactions lead to up-regulation of
pro-inflammatory cytokines such as IL-6 and TNF-α, and interaction of
the pro-inflammatory cytokineswith their receptors results in up-regu-
lation of TLR4 and its signaling molecules. So, it seems that the ligands
which activate TLR4 signaling can be considered as the inducers of
HCC. B-cell lymphoma 6 (BCL6) up-regulation is another mechanism
used by TLR4 to develop programmed death 1 (PD-1) B cells, which in-
teract with programmed death-ligand 1 (PD-L1) on the T cells and re-
sult in T-cell dysfunction and consequently HCC progression [52].
Nanog is a key transcription factor which is involved in the self-renewal
andmaintenance of stem cells [53]. Based on the fact that it is expressed
in the stem cells, it has been considered as a stem cell marker [53]. It has
been demonstrated that NANOGplays key roles in cancers development
and drug resistance includingHCC [54]. Investigators revealed that TLR4
up-regulates NANOG [54,55], whichmay be considered as amainmech-
anism used by TLR4 in induction of HCC.

Interestingly, Wang and colleagues revealed that activation of TLR4
signaling pathways leads to upregulation of HMGB1 in a positive feed-
back manner [56]. As mentioned previously, alcohol is a risk factor for
HCC, and investigators identified interaction between alcohol and
TLR4 as a possible risk factor for induction of HCC [55,57,58]. It appears
that alcohol/TLR4 related HCC may happen through up-regulation of
some HCC related molecules such as CXCL1, TLR4 and its intracellular
signaling molecules [59–61].

The significant role of TLR4 in the pathogenesis of HCC was also
demonstrated via in vitro and in vivo experiments by Liu and colleagues
which revealed that TLR4 enhances invasion andmigration of HCC cells
[32]. The investigators also demonstrated that TLR4/LPS interaction can
lead to HCC cell proliferation and also resistance to chemotherapy [30].
Liu et al., also demonstrated that TLR4 expressionswere significantly in-
creased in HCC tissues with microvascular invasion which is a main
mechanism for development of chemotherapy resistance and also
tumor growth [32].

Interestingly, investigations on HCC patients showed that elevated
expression of TLR4 in HCC tissues was significantly associated with ei-
ther early recurrence or poor survival [32,62]. Furthermore, administra-
tion of drugs which inhibit TLR4 signaling such as tumor suppressor
serine/threonine-protein kinase 4 (STK4) [63], cisplatin and doxorubi-
cin [45], protein tyrosine phosphatase receptor type O (PTPRO) [64],
Emodin (1,3,8-trihydroxy-6-methylanthraquinone) [65] and TAK-242
(Resatorevid) [66] were also associated with protection against HCC.

TLR4 also induces metastasis of HCC. Accordingly, investigations
showed that interactions between S100 calcium-binding protein A8
(S100A8)/high-mobility group box 1 (HMGB1), as internal DAMPs,
and TLR4 lead to up-regulation of Ephrin-A1 (an important molecule
for metastasis of cancer cells) and activation of Caspase-1, respectively
[67,68]. Caspase-1 activates pro-inflammatory cytokines and in combi-
nation with Ephrin-1 increases the chance of HCC progression and me-
tastasis [68].

However, most studies which are listed here have been performed
on the HCC cell lines and also animal models, hence, their results need
to be verified in human models.

6. TLR4 and its roles in viral hepatitis induced HCC

In addition to mentioned investigations, it seems that the roles of
TLR4 in the HCC related viral hepatitis can improve our knowledge re-
garding the roles of TLR4 in HCC pathogenesis, because it has been doc-
umented that HBV/HCV infections are the main risk factor for
development of HCC. Accordingly, it has been hypothesized that HBV/
HCV antigens may be considered as inducers of TLR4 functions and
up-regulation.

LPS, as activator of TLR4 signaling, can be derived from either inter-
nal or external sources including intestinal microbiota [69,70]. Interac-
tions between hyaluronan derived from malignant cells with TLR4 on
neutrophils results in promotion of cancer cells motility in a TLR4/
phosphoinositide 3-kinase (PI3K) dependent activation loop [71]. In-
vestigations revealed that expression of TLR4 has a positive relation
with deterioration of chronic hepatitis B liver injuries [72,73]. Thus, it
seems that internal and external LPS, HBV/HCV antigens, alcohol, and
internal DAMPs such as S100A8 andHMGB1 are themain TLR4 agonists
and risk factors for HCC progression in susceptible patients. Based on
the fact that some of the ligands are produced during chronic inflamma-
tion, such as chronic HBV/HCV infection, hence, it may be hypothesized
that TLR4 induces immune surveillance in acute and HCC development
in chronic inflammation. Interestingly, the effects of chronic inflamma-
tion on the induction of HCC have been demonstrated by previous stud-
ies [74,75].

Accordingly, a study byWang et al., revealed that TLR4/HBxAg inter-
action leads to activation of extracellular signal-regulated kinases 1/2
(ERK1/2) signaling and consequently deterioration of HBV-related
HCC [76]. Lu and colleagues reported that TLR4 is expressed on the
liver dendritic cells (DCs) higher in HBV-related HCC than chronic
HBV infected patients [77]. Thus, it appears that chronic HBV infection
can be associated with production of HBxAg and consequently interac-
tion of HBxAg with TLR4 on the liver DCs which is an important mech-
anism for induction of HCC.

HCV also up-regulates NANOG via interaction with TLR4 and conse-
quently HCC development [78,79]. Moreover, TLR4mediates synergism
effects between alcohol andHCV, two important risk factors for HCC, in-
volving NANOG [80]. Imran et al., demonstrated that nonstructural 5A
(NS5A), a HCV protein, down-regulates the expressions of NKG2D on
natural killer (NK) cells via interaction with TLR4. Down-regulation of
NKG2D leads to decreased functions of NK cells and, hence, increased
the chance of HCC progression [81]. Ectopic expression and activation
of TLR4 can also participate in the pathogenesis of alcohol/HCV-associ-
ated HCC models [82]. As mentioned in previously, TLR4 is expressed
by immune cells in normal conditions, but its expression can be induced
on the hepatocytes and epithelial parenchyma cells ectopically during
alcohol consumption and also HCV infection. Based on the study per-
formed by Tsukamoto et al., ectopic expression of TLR4 is associated
with increased risk of HCC in alcohol consumption andHCV infected an-
imal models [82].

7. TLR4 genetic variations and HCC

It seems that up-regulation of TLR4 is associated with increased
chances of HCC progression from inflamed liver. In addition to the
roles played by TLR4 ligands in increased expression of TLR4 on the
cell surface of immune cells and hepatocytes, it seems that genetic fac-
tors are also major factors to alter expression of TLR4 in susceptible pa-
tients. Zhang and colleagues reported that the rs11536889 single
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nucleotide polymorphism (SNP) in TLR4 gene is associated with HCC
risk in chronic hepatitis B infected patients [83]. On the other hand,
the SNP has been more prevalent in the chronic hepatitis B infected pa-
tients with HCC than the patients without HCC [83]. Jiang et al., showed
rs1057317 SNP in TLR4 gene is associated with increased expression of
TLR4 and significantly increased the risk of HCC in a Chinese population
[84]. Association between TLR4 adenosine/cytosine (A/C) (rs4986790,
rs4986791) haplotype with HCC in a population from Saudi Arabia has
also been demonstrated by Al-Qahtani and colleagues [85]. Another
study on Spanish population demonstrated that TLR4 rs2148356 T allele
can be associated with a reduced HCC risk [86]. The associations be-
tween decreased risk of HCC and rs10759930, rs2737190, rs10116253,
rs1927914, rs12377632 and rs1927911 polymorphisms have been
demonstrated in a Chinese population [87]. Interestingly, TLR4 poly-
morphisms are not only associated with HCC, but a meta-analysis re-
view article by Zhang et al., also demonstrated that two SNPs within
TLR4 gene including rs4986790 and rs4986791 are associated with in-
creased risk of malignancy in other cancers [88]. Thus, it seems that ge-
netic variations are risk factors for development of cancers including
HCC.

8. TLR4 roles against HCC

Contrary to the aforementioned investigations, some investigators
reported TLR4 may play protective roles against HCC. Zhang et al., re-
vealed that hypoxia-inducible factor-1α (HIF-α) silencing is associated
with activation of TLR-4-MYD88 dependent signaling pathway leading
to regression of HCCs [89]. Another investigation revealed that synergis-
tic effects of TLR4 byother innate immunity receptors including LRR and
PYD domains-containing protein 3 (NACHT), LRR and pyrin domain
Fig. 2.Up-regulation of TLR4 happened during HCC by several factors which are described in Fig
activation of pro-inflammatory transcription factors in a considerablemannerwhich is associate
antagonists and partial agonists may be associated with involvement of lower expressed TLR4
partial agonists. TLR4 antagonists also block the up-regulated TLR4 and decreased the interact
under controlled activation of TLR4 which results in induction of appropriate immune respons
(PYD) domains-containing protein 3 (NALP3) or nucleotide-binding
oligomerization domain-containing protein 1 (NOD1) can lead to den-
dritic cells (DCs) activation and consequently suppression of HCC [90].
Additionally, TLR4 deficiency is associated with decreased expression
of X-ray repair cross complementing (XRCC)5, XRCC6 and Ku70, as
DNA repair proteins, and it leads to failure in DNA repair, and may pro-
mote HCC development [91]. Earl and colleagues showed that TLR4 si-
lencing leads to increase in liver tumor recurrence in a murine model
[92].

Despite overwhelming evidence regarding the positive roles of TLR4
in progression of HCC, the controversy with the limited papers regard-
ing the negative roles of the molecules in HCC progression may be de-
fined as follow: 1. Previous investigations identified that the
concentrations of TLR ligands are important factors to determine out-
come of TLR functions [12]. Thus, it may be hypothesized that the con-
centrations of TLR4 ligands may be considered as critical factors for
determination of TLR4 activation. 2. Types and structures of ligands
and also the period of interaction (acute or chronic) may be considered
as other factors to determine effects of TLR4/ligands interaction [12].
Thus, it seems that microenvironment of HCC cells are critical factors
to induce TLR4 to play a role as tumor-induction factor. It has been dem-
onstrated that normal tissue stroma acts as a barrier against tumor for-
mation; however, in tumorigenic condition, the microenvironment
changes in such a way to develop cancers [93,94]. A typical HCC micro-
environment is composed of several immune and non-immune cells in-
cluding immune and inflammatory cells, fibroblasts, pericytes,
myofibroblasts, endothelial cells, adipose cells, and the elements [94].
The main immune cells infiltrated to the HCC are tumor-associated
macrophages [95]. The macrophages induce anti-tumor immune re-
sponses via tumor cell phagocytosis and presentation of the antigens
. 3. Hyperactivation of TLR4 by DAMPs and PAMPs is associatedwith over-expression and
dwith over-expression of themolecules involved in theHCC anddevelopment. Using TLR4
, hence, intracellular signaling has been induced by the limited TIRs which interact with
ion of TLR4 with its ligands. Both strategies, using antagonists and partial agonists lead to
es and consequently HCC regression.



Fig. 3. The mechanisms used by TLR4 in development, metastasis and drug resistance of HCC. Genetic variations, chronic HBV/HCV infection, alcohol, internal DAMPs and chronic
inflammation, via activation of JAK/STAT pathways, lead to up-regulation of TLR4. Increased expressions of TLR4 by resident immune cells and also hepatocytes result in increased
Ephrin-A1, Casapse-1 and NANOG, which are the main inducers of HCC metastasis and drug resistance. Increased and decreased expressions of BCL6 and NKG2D, respectively, lead to
impaired immunosurveillance against HCC development. No, NOS and pro-inflammatory cytokine production are also risk factors for development of HCC. Increased numbers of T
regulatory and follicular T helper cells, via up-regulation of chemokines, are other effects of up-regulated TLR4 during HCC, which are associated with development of HCC.
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to effector T lymphocytes at the site of HCC [96]. However, in themicro-
environment of HCC, the functions of the macrophages are changed to
alternative mode, which leads to tissue repairing and tumor develop-
ment [97]. Based on the results presented in the current review article,
it is hypothesized that altered expression and functions of TLR4, follow-
ing interactionwith HCCmicroenvironment, may be themain causes of
the altered macrophage functions.

9. Conclusion

Asmentioned in the aforementioned sentences, TLR4 can be consid-
ered as either anti- or pro-tumorigenic factor. In chronic inflammation,
TLR4 uses several mechanisms to induce cell survival and HCC induc-
tion. Several TLR4 ligands up-regulate TLR4 and increase its functions,
which leads to HCC progression. Due to the information presented in
this review article, up-regulation and altered functions of TLR4 are a re-
sult of chronic inflammation and induction of HCC. Collectively, TLR4 ac-
tivation is necessary to induce appropriate immune responses against
HCC but TLR4 hyperactivation is not desirable. Thus it may be hypothe-
sized that using TLR4 antagonists and partial agonists can be considered
as a good strategy to induce TLR4 functions to elucidate appropriate im-
mune responses against HCC (Fig. 2). Moreover, it may be possible to
hypothesize that inhibition of TLR4-MyD88-TAK1-mediated NF-κB
andMAPK pathways could be considered as a new approach for discov-
ery of new drugs. Fig. 3 describes the main risk factor for up-regulation
of TLR4 and also themechanisms used by TLR4 for development, metas-
tasis and drug resistance of HCC.
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