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Abstract

The mammals have two types of immune system as innate and acquired immunity. The innate immune
system initiates inflammatory response as well as phagocytosis to microbial attack, thus forming the
organism's first line of protection. This inflammatory response is the result of induction of pattern
recognition receptors (PRRs) which is inherited in the organism. TLRs are the best defined receptors
among the PRRs. TLR3 is activated by double-stranded RNA/polyinosinic–polycytidylic acid (dsRNA,
poly (I:C)). TRIF protein plays a role as an adaptor protein in TLR3 signaling pathway. The dsRNA-
induced apoptosis by the ligand of TLR3 requires activation of RIP1, caspase-3 and caspase-8. While
TLR3 signaling can contribute to the eradication of tumors with the RIP-1/FADD pathway, it increases
the activation of IFN-α, IFN-β and NK cells and it also leads to the formation of pro-angiogenic factors
that contribute to tumor progression through NF-κB activation. TLR3 stimulation with dsRNA is
considered directly promoting tumor cell apoptosis in many types of cancer such as breast, melanoma,
prostate, cervical, colon and hepatocellular carcinoma. It is known that poly (I:C) is directly cause
apoptosis in cancer cells by caspase-dependent pathway. It has also been shown that certain NF-κB
proteins are required for TLR3-mediated apoptosis. Because of its high toxicity, Poly (I:C) cannot be
used in chemotherapy. Studies have shown that dsRNA induces apoptosis by caspase-dependent
manner but there is no clear evidence of how TLR3 plays a role in dsRNA-mediated apoptosis. The
molecular mechanism of TLR3-mediated apoptosis needs to be fully understood.
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Abbreviations
ALR: AIM2-Like Receptor; CLR: C-Type Lectin Receptor;
dsRNA: Double Strand RNA; FADD: Fas-Associated Death
Domain; IKK: I-KappaB Kinase; IL-1R: Interleukin-1
Receptor; IFN: Interferon; IRF: Interferon Regulatory Factor;
MyD88: Myelin and Lymphocyte Protein MAL Myeloid
Differentiation Primary Response 88; NK cell: Natural Killer
Cell; NLR: NOD-Like Receptor; NF-κB: Nuclear Factor
Kappa-Light-Chain-Enhancer of Activated B Cells; PAMP:
Pathogen-Associated Molecular Pattern; PRR: Pattern
Recognition Receptor; PKC: Protein Kinase C; RIP: Receptor
Interacting Protein 1; RLR: RIG-I-Like Receptor; SARM:
Sterile Alpha and TIR Motif-Containing Protein; TANK:
TANK Binding Kinase TBK TRAF Family Member
Associated NF-κB Activator; TIRAP: TIR Domain Containing
Adapter Inducing Interferon-β TRIF TIR Domain Containing
Adaptor Protein; TRAM: TRIF-Related Adaptor Molecule;
TICAM1: Toll/IL-1R Domain Containing Adaptor Molecule 1;
TLR: Toll-Like Receptor.

Introduction
The mammals have two types of immune system as innate and
acquired immunity. The innate immune system was thought to
have a non-complex structure up to the mid-1990s, but it was

later revealed that it has a complex mechanism at an advanced
level, like the acquired immunity [1]. The innate immune
system initiates inflammatory response as well as phagocytosis
to microbial attack, thus forming the organism's first line of
protection. This inflammatory response is the result of
induction of pattern recognition receptors (PRRs) which is
inherited in the organism. PRRs recognize both microbial
pathogen-associated molecular patterns (PAMPs) and
immunoreactions in substances secreted by the organism itself,
such as in stress, tissue damage, and necrotic cell death [2]. In
addition, PRRs are also involved in important processes such as
regulation of apoptosis, DNA repair, autophagy and
angiogenesis [3]. PRRs consist of five different receptor
families according to the homology of the protein domains, as
Toll-like receptor (TLR), NOD-like receptors (NLR), C-type
lectin receptors (CLR), RIG-I-like receptors (RLR) and AIM2-
like receptors (ALR). TLRs are the best defined within these
receptors [1]. TLRs have been conserved in the evolutionary
process from the worm species Caenorhabditis elegans to
mammalian [4-7]. Toll was initially identified as an essential
gene in the development of the embryonal dorsoventral polarity
of Drosophila. In studies conducted in the following years, it
has been determined that these genetically silenced flies are
killed by fungal infections and this gene also has antifungal
effect at the same time [8].
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In human 10 different TLRs (TLR1-TLR10) and in mice 12
different TLRs (TLR1-TLR9, TLR11-TLR13) have been
defined. TLRs are localized to the cell surface or to
intracellular compartments such as endosomes, lysosomes, and
endolysosomes. TLR3, TLR8, TLR9, TLR11, TLR12 and
TLR13 are found in the endosomes while TLR1, TLR2, TLR4,
TLR5, TLR6 and TLR10 are localized on the cell surface.
TLRs can be expressed in the immune system cells such as
macrophages and dendritic cells as well as the cells other than
the immune system such as fibroblast, epithelial and tumor
cells [9,10].

Different TLRs show specificity while recognizing their
ligands. TLR3 is activated by double-stranded RNA/
polyinosinic–polycytidylic acid (poly (I:C)) [11,12]. Adapter
proteins (MyD88, TIRAP/MAL, TRIF, TRAM and SARM) are
required for transmit the signal initiated by members of the
TLRs and IL-1R family. TRIF protein plays a role as an
adaptor protein in TLR3 signaling pathway [13]. These adapter
proteins interact each other for activate transcription factors
(NF-κB, IRF1, IRF3, IRF7) and interferon-gamma [14].

Figure 1. Illustration of the mechanism of TLR3-induced apoptosis
[15].

There is an association between TLR signaling and apoptosis
induction in cancer cells [16]. The most effective TLR-
mediated cell death is apoptosis which is leading to
programmed cell death including the activation of catabolic
enzymes and the destruction of cell organelles [17]. The
mechanism of TLR3-triggered apoptosis is shown in Figure 1.
TLR3 induction by dsRNA induces the formation of caspase-8-
activating complex including caspase8/FADD/RIP1/TRIF and
TLR3. TLR3 has a TIR domain which binds to the adaptor
TRIF via TIR domain. After interaction with TRIF, RIP1
recruits FADD through Death Domain (DD) and FADD
recruits caspase-8 through Death Effector Domain (DED)
(Figure 1) [15].

TLR3 does not have the death domain which is found at death
receptors and it is unclear that the dsRNA-triggered apoptosis
basis is via the caspase-8 pathway. In addition, recent studies
indicate that TRIF and RIP1 are essential for dsRNA-triggered
apoptosis through the caspase-8 pathway [18-20]. TLR3 signal

is regulated by binding of the adaptor-inducing IFN-β (TRIF)
adapter protein which induces the TIR domain of the TLR3
receptor. This results in the activation of NF-κB and IRF3
transcription factors and the synthesis of interferons at the end
of the TLR3 signaling pathway [21]. TRIF also demonstrates
pro-apoptotic activity and demonstrates that the TLR3 signal
triggers the apoptosis [22].

TLR3 is the most specific receptor among TLRs. The
inflammatory response and apoptosis can be induced by TLR3
signaling through TRIF adaptor protein rather than MyD88
[23]. For this purpose, the aim of this study was to discuss the
role of TLR3 in tumor cells and the relationship between
apoptosis and the treatment of cancer.

TLR3 expressed in tumor cells
TLRs are not only expressed on natural immune system cells;
but also expressed in non-immune cells involving the cancer
cells [24-26]. It is known that cancer progression is associated
with both TLRs in both the immunocyte cells and tumors [27].
TLRs serve as basic sensor molecules in the immune system
that detect tumor-derived antigens and stimulate the primer
anti-tumor immune response [28]. Activated TLRs trigger
signaling pathways by triggering cytotoxic activity in effector
cells and cause lysis of tumor cells [29]. Removal of tumor
cells in time via TLRs can also prevent the formation of
inflammatory tumor microcirculation cells [30]. However, it
has been reported that different TLRs have opposite effects in
cancer development [31]. In some cases, tumor cells activate
some TLRs that are immunosuppressive, leading to a decrease
in the number of cytotoxic cells and an increase in pro-
inflammatory factors [32].

There are many studies in the literature showing that TLRs are
expressed at high levels in tumor cells [33-37] such as in colon
cancer cells TLR2, TLR3 and TLR4 [38,39], in ovarian cancer
cells TLR2, TLR3, TLR4 and TLR5 [40,41], in prostate and
colorectal cancer cells TLR3, TLR4 and TLR9 expression has
been detected [42].

TRIF adaptor protein
TRIF is also called as Toll/IL-1R domain containing adaptor
molecule 1 (TICAM1]. In TLR3 and TLR4 signaling pathway,
TRIF acts as a first adaptor protein. When IRF-3 is activated
by TRIF, two protein kinases are involved; TRAF family
member-associated NF-κB activator (TANK) binding kinase
(TBK1) and inducible IkappaB kinase (IKKi). Both of the
kinases phosphorylate IRF-7, which is involved in the
production of type I IFNs [4]. TRIF has 712 amino acids and
considered as a large protein. While overexpression of TRIF
with MyD88 and MAL activates NF-κB-dependent pathway in
HEK-293 cells, overexpression of TRIF alone initiated the
induction of molecules that release IFN-β. In TLR3 and TLR4
mediated IFN-β production as well as IFN-inducible gene
expression disorders were seen in TRIF knockout mice [14,43].
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TLR3 signaling pathway and apoptosis
Type I interferon production is necessary for cell death
initiated by TLR3 agonists, but not enough for apoptosis. NF-
kB, p65 and extrinsic caspases are also necessary for apoptosis
initiated by TLR3. According to Muccioli et al. [14], an
illustration of the TLR3 signaling pathway was shown in
Figure 2.

The largest adapter among the TLR adapter proteins is the
TRIF and can initiate various signaling pathways [44]. NF-κB
is activated by TLR3 signaling in a MyD88-independent
pathway. After stimulation with the ligand, the TLR3 signal
initiates a downstream signaling pathway with the TRIF
adapter protein (Figure 2) which activates the NF-kB and IRF3
transcription factors with JNK and p38 pathways [45].

TRIF has an N-terminal region that allows IRF3 and NF-κB
activation by accumulation of TNF receptor-associated factor
(TRAF) proteins and also has an C-terminal binding site, that
allows JNK and p38 activation which results in apoptosis and
autophagy by accumulation of receptor interacting protein
(RIP-1) and Fas-associated death domain (FADD). While
TLR3 signaling can contribute to the eradication of tumors
with the RIP-1/FADD pathway, increases the activation of
IFN-α, IFN-β and NK cells and it also leads to the formation of
pro-angiogenic factors that contribute to tumor progression
through NF-κB activation [44].

Figure 2. Ilustration of TLR3 signaling pathways [44].

TLR3-mediated apoptosis in various cells
TLR3 stimulation with dsRNA is considered directly promote
tumor cell apoptosis in many types of cancer such as breast
[18], melanoma [46], prostate [47], cervical [48], colon [48]
and hepatocellular carcinoma [49]. TLR3- dependent apoptosis
of endothelial cells triggered by dsRNA is dependent on the
extrinsic pathway [50], dsRNA induced TLR3-dependent
apoptosis involves the pro-apoptotic signaling by TRIF in
melanoma [50], IRF-3 pathway in pancreatic cells [51], protein
kinase C (PKC)-dependent mechanism in prostate cancer cells
[47,52] and TRIF and type I IFN autocrine signaling in breast

cancer cells [53]. TLR3-dependent apoptosis includes caspase
activation and extrinsic and intrinsic apoptotic pathways [54].
TLRs can also directly affect cancer cells. When TLR3
stimulated with dsRNA in breast cancer, cells are beginning to
produce autocrine type I IFN which is regulating TLR3-
medaited cell death [18,55]. Likewise an atypical caspase-8-
containing complex which induces apoptotic pathways is
increasing when TLR3 stimulated with dsRNA in lung cancer
[8]. 

TLR3 in cancer treatment
Recent studies have shown that TLR3 can be a potential
therapeutic agent in many cancer types. Human pharyngeal
cancer cell lines and oral squamous cell carcinoma cell lines
express and activate TLR3 receptor and this signaling enhance
apoptosis in tumor cells [25,55]. Interestingly fighting cancer
by targeting TLR3 emerges as new strategies. Researchers
have designed a new immunotherapeutic method based on
cancer vaccination. In this study, they generated poly (I:C)-
DOTAP liposome complex nanoparticles, which enhance poly
(I:C) cellular penetration, increased the anti-tumoral activity of
TLR3 signal in BMDCs [56]. It is known that poly (I:C) is
directly cause apoptosis in cancer cells by caspase-dependent
pathway [18]. It has also been shown that certain NF-κB
proteins are required for TLR3-mediated apoptosis. Because of
its high toxicity, Poly (I:C) cannot be used in chemotherapy
[18,45]. The anti-cancer effect of a single TLR agonist is need
to quantification and when we consider the side effects, it may
be premature for clinical application in cancer treatment. In a
study, it was shown that TLR3 has the two-way tumor effects
which make TLR3 a risky therapeutic agent. The TLR3 agonist
poly A:U is therapeutically effective in many types of cancer,
but it decreases the risk of metastasis in patients with TLR3-
positive breast cancer, not in TLR3-negative breast cancer
patients [57].

Discussion
Apoptosis can be induced as a result of stimulation of TLRs
using with MyD88, TRIF, or both. This suggests that apoptosis
may be activated by MyD88 and TRIF in an independent
manner, and that the intersection of signaling pathways
initiated by these two adapter proteins may be resulted by
apoptosis. The role of TLRs in cancer cells differs according to
the type of cancer and its origin. Therefore, more studies and
further evidence are needed to clinically use TLR agonists as
therapeutic agents. Studies have shown that dsRNA induces
apoptosis by caspase-dependent manner but there is no clear
evidence of how TLR3 plays a role in dsRNA-mediated
apoptosis. The molecular mechanism of TLR3-mediated
apoptosis needs to be fully understood. Thus, the signal
pathway initiated by the TLR3 signal as a pathway outside of
death receptors of apoptosis plays a key role in the regulation
of apoptosis and perhaps as a potentially therapeutic agent.
Considering this situation, recently, the role of TLRs in cancer
has been the focus of researchers.
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