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Abstract 
Natural killer (NK) cells are effector cells of the innate immune system that exert direct cytotoxic functions. 
Ubiquitously-expressed toll-like receptors (TLRs) have been recognized as one of the major components 
promoting dendritic cell (DC) maturation, which may induce polarized immune responses beneficial to cancer 
immunotherapy. TLR-activated NK cells and DCs are prerequisite for robust activation of the innate immune 
system against tumors. Recently, some medical research and clinical trials have proposed NK cells as a new 
therapy and potential strategy in both children and adults with those cancers which cannot be cured with the 
usual treatment modalities. As an example, the importance of DC/NK antitumor immunity in the outcome of 
breast and other cancers is recently recognized. Therefore, considering strategies which exploit TLR-mediated 
immunity in concordance with DC/NK system holds strong potential for cancer therapy. This review addresses 
the current knowledge about the potential role of TLR in tumor immunotherapy. 
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Introduction 
Natural killer (NK) cells are effector cells 
of the innate immune system that exert 
direct cytotoxic functions. Ubiquitously-
expressed toll-like receptors (TLRs) have 
been recognized as one of the major 
components promoting dendritic cell (DC) 
maturation, which may induce polarized 
immune responses beneficial to cancer 
immunotherapy. TLR-activated NK cells 
and DCs are prerequisite for robust 
activation of the innate immune system 
against tumors. Integration of three factors 
is required for breaking tumor-induced 
immune tolerance toward optimal 
antitumor responses; 1) persistent local 
TLR signaling, 2) activation of interferons 
(IFNs) and chemokines, and 3) CD8 T cell 
response. In this scheme, DC/NK cells in 
the tumor microenvironment are activated 

to be capable of initiating a systemic 
antitumor response. This systemic 
response would be an orchestration of 
immune cascades involving the sequential 
effective activation of NK cells, DCs, and 
CD8+ T cells in the body. Nowadays, 
developing an immunotherapy by using 
NK cells in the pediatric patients who 
cannot be cured with the usual treatment 
schemes is considered as an “army of 
rescuers”. Likewise, the importance of 
DC/NK antitumor immunity in the 
outcome of breast and other cancers is 
recently recognized. Thus, considering 
strategies which exploit TLR-mediated 
immunity in concordance with DC/NK 
system holds strong potential for cancer 
therapy. This review addresses the current 
knowledge about the potential role of TLR 
in tumor immunotherapy. 
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Local TLRs convert tolerogenic 
DCs into immunogenic DC/NK 
system 
Tumors have evolved a wide repertoire of 
immune-suppressive mechanisms to 
interfere with proper DC maturation and 
further to block the antitumor T-cell 
response at all possible levels (1, 2). Some 
researchers have proposed that it is 
possible to activate the immune-
suppressive mechanisms by directly 
altering the immunity context in which 
tumor-Ag cross presentation occurs at the 
effector site, i.e., in the tumor environment 
and/or in the tumor-draining lymph nodes 
(2). Data now make it clear that decoding 
of a presented Ag (damage-associated 
molecular pattern, DAMP) by the system 
of TLRs potentially leads to therapeutic 
responses (3). Accordingly, tolerance to 
DCs occurs in the absence of TLR ligation. 
TLRs expressed by DCs control immune 
functions such as activation, maturation, 
and migration of cells (4). TLR agonists 
provide an immunogenic context to break 
tolerance or wake up weak priming. 
Indeed, several reports now support the 
idea that frequent persistent-interval TLR 
stimulation breaks tolerance against a 
given Ag, and that these signals can be 
provided by viruses or synthetic ligands 
(5). 
TLRs are expressed in most mammalian 
cells, especially DCs, NK cells, 
macrophages and T cells (6). TLR1, TLR2 
and TLR6 mediate cell activation after 
interaction with other microbial products 
such as peptidoglycan and DAMPs. For 
example, TLR3 reacts with double-
stranded RNA (dsRNA), TLR4 with 
lipopolysaccharide and also with DAMPs, 
TLR5 with flagellin, TLR7 and TLR8 with 
single-stranded RNA (ssRNA) and 
imidazoquinolines (7), and TLR9 with 
unmethylated CpG DNA. TLR7 and TLR9 
are selectively expressed by plasmacytoid 
DCs (pDCs) (8).  
DCs are found to reside in human tumors, 
and are therefore potentially ideal targets 
for activation with TLR3, TLR7 and TLR9 

agonists (9). Interestingly, natural 
antitumor immunity is often weak, 
potentially due to the lack of TLR-
mediated activation signals within the 
tumor microenvironment. TLR-activated 
NK cells and pDCs initiate a robust 
activation of the innate immune system, 
which is mediated by a potent adaptive 
immune response prerequisite for strong 
adaptive anti-tumor immunity (10, 11). 
DCs are specialized antigen-presenting 
cells (APCs) that recognize, acquire, 
process, and present antigens to resting, 
naive T cells for induction of antigen-
specific immune responses (12). Upon 
inflammatory stimuli, immature DCs 
undergo the maturation process by up-
regulation of major histocompatibility 
complex (MHC) II, co-stimulatory 
molecules such as CD40 and CD80, and 
cytokine secretion such as IL-12 and IFN-
α. Whereby, mature DCs have a potent 
ability to induce Th1 CD4+ cell responses 
and stimulate antigen-specific CD8+ 
cytotoxic T lymphocyte (CTL) responses 
(13).  
Some novel studies have clearly shown 
that local persistent/interval TLR 
stimulation breaks immunological 
tolerance in the immunosuppressive tumor 
microenvironment. The intra-tumor 
administration of TLR ligands is 
therapeutically beneficial: local 
stimulation of tumor-sensitized T cells 
could drive antitumor immunity (6). The 
classical example for this assumption has 
been referred to Coley’s toxin, a Serratia 
marcescens and Streptococcus pyogenes 
bacteria mixture, which is strikingly 
efficacious when administered 
intralesionally in a post-surgery setting 
(14, 15). The efficacy of Coley’s toxin is 
now attributed to the bacterial CpG DNA 
recognized by TLR9 (14). 
Accordingly, effective antitumor NK and 
CD8 T cell response is possible by 
frequent persistent/interval administration 
of TLR ligand directly targeting the 
receptors within tumors. Persistent 
delivery of the TLR-ligand mimetic into 
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solid tumor establishes an immune 
response for complete tumor resolution or 
a significant repression, in which CD8 T 
response and IFN cytokines both play an 
important role (13). Administering TLR 
ligands directly at the effector site causes 
reactivation of tolerated tumor–resistant 
DCs and T cells in the draining lymph 
nodes (16). Surprisingly, it is said that 
tumor resolution is not dependent on 
systemic dissemination of or tumor 
infiltration by effector CD8 T cells, but is 
critically dependent on the reactivation of 
tumor resident CD8 T responses (9). 
Intra-tumoral administration of increasing 
or decreasing doses of TLR ligands in the 
animal model has been reported to have no 
considerable impact on its efficacy. 
However, in contrast, increasing the 
frequency of delivery by an interval 
manner significantly improves the anti-
tumor efficacy and results in complete cure 
of established tumor which will be able to 
resist re-challenge with the original tumor 
(6). Data reveal that local activated pDCs 
are capable of initiating effective and 
systemic antitumor immunity through the 
orchestration of an immune cascade 
involving the sequential activation of NK 
cells, cDCs (conventional dendritic cell), 
and CD8+ T cells. Upon TLR9, TLR7 and 
TLR3 stimulation at the tumor site, pDCs 
produce large amounts of chemokines 
CCL3, CCL4, and CCL5 (17, 18) for 
recruitment of NK cells to the injected 
sites. Activated NK cells also secrete 
CCL3, CCL4, and CCL5, which constitute 
a positive loop to recruit more NK cells 
and DCs (19). Interestingly, chemokines 
CCL3, CCL4, and CCL5 are also known 
to induce migration of activated memory T 
cells as well as monocytes. Then, the 
tumor would contain significant 
population of tumor-infiltrating 
lymphocytes (20, 21).  
Comparatively, tumor DCs are activated 
through innate receptors TLR3, TLR7 and 
TLR9 to produce very high amounts of 
type I IFNs and IL-12 that, in turn, activate 
monocytes, NK cells, T cells, and cDCs, 

the latter cross-priming CD8 T cells (22). 
Even more, TLR9, TLR7 and TLR3-
activated cDCs induce strong, spontaneous 
CTL cross-priming, which in turn leads to 
regression of both treated tumors and 
untreated tumors at distant contralateral 
sites (Figure 1) (23). The main stimuli for 
immature DCs to undergo maturation are 
TLRs, and these are also the major 
receptors which render DCs to express co-
stimulatory molecules and secrete 
inflammatory cytokines (24). The 
induction of DC maturation by TLRs 
represents an important functional link 
between innate and adaptive immune 
responses (12, 25), rendering DCs capable 
of efficiently interacting with NK cells. 
NK cells are strongly activated and 
became capable of producing IFN-γ and 
tumor necrosis factor-α (TNF-α) and also 
acquired cytolytic activity in the presence 
of TLR3, TLR7 and TLR9 ligands which 
play a crucial role in inducing NK cells to 
select the best-fit DCs and to facilitate 
their maturation. Evidence implies the 
existence of a remarkable cross-talk 
between NK cells and DCs that may serve 
as a control switch between innate and 
adaptive immune responses (26). 
Accordingly, NK cells can acquire 
antitumor cytolytic activity even in the 
absence of effective DC stimulation. 
However, a limiting factor in this scenario 
would be the persistent availability of 
oligonucleotide ligands, necessary to 
induce cytotoxicity by NK cells (6). 
NK cell stimulation renders a positive loop 
for cytolytic activity against tumor cells 
due to the induction of their functional 
activity for releasing IFN-γ and TNF-α (8). 
IFN-γ produced by NK cells induces up-
regulation of TLR expression by 
monocyte-derived immature DCs. As a 
consequence, there will be an increase in 
the number of DCs equipped with high 
surface density of receptors involved in Ag 
uptake (27). Accordingly, a DC-derived 
soluble factor available for TLR-
responsive NK cells would be IFN-γ which 
will determine a different effect on 
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subsequent functional responses by NK 
cells (28). 
Importantly, stimuli acting on TLR not 
only activate immature DCs to release IL-
12, but also render NK cells to receive 
triggering signals from tumor-associated 
molecules (23). NK activation by 
oligonucleotides is entirely TLR-
dependent, which (in the presence of TLR-
mediated IL-12) is characterized by (i) de 
novo expression of activation markers 
such as CD69 and CD25, (ii) release of 
various cytokines including IFN-γ and 
TNF-α, and (iii) up-regulation of antitumor 
cytotoxicity (29). 
 

The CTL response in the forefront 
of DC-NK cell system  
According to past studies, direct activation 
of the innate immune system within a 
tumor is sufficient to arrest the growth of 
established tumors and even more to 
promote tumor resolution. The integration 
of three factors; 1) frequent TLR-ligand 
delivery and persistent local TLR 
signaling, 2) activation of IFNs, 3) CD8 T 
cell response, is required for tumor 
resolution. The responsiveness of tumors 
to local treatment is strongly correlated 
with increased levels of IFN effectors 
(potent enhancers of MHC class I levels in 
normal and cancerous tissues), increasing 
their sensitivity to CTL-mediated killing 
(8). 
IFNs significantly up-regulate the 
expression of MHC class I in entire tumor. 
At low level of MHC class I, TLR ligand 
activates DCs, which promote NK cells 
recruitment and anti-tumor activation 
which is followed by an increasing level of 
MHC class I and hence, CD8 T cell 
responses at the effector site, when the 
expression of MHC class I is significantly 
up-regulated across the tumor (30). 
Tumor-infiltrating NK cells are capable of 
potent cytolytic activity against tumor cells 
that express low levels of MHC class I at 
the cell surface (31). However, persistent 
TLR stimulation in the tumor 
microenvironment breaks tumor-induced 

CD8 T cell tolerance and optimal 
antitumor responses which can completely 
resolute tumor (1). During TLR ligation, 
the tumor regression is at first due to a 
direct innate immune effect and 
reactivation of local pre-existing CD8 T 
cells, but later the resolution is supported 
by cross-primed activated CD8 T cells, as 
well. Importantly, persistence of IFN 
effectors in the tumor environment 
enhances cross-priming of naive CD8 T 
cells involved in eradication of tumors (6). 
In summary, TLR- and also pDCs-
activated NK cells initiate the generation 
of T cell-mediated antitumor immunity 
through several potential mechanisms: 1) 
NK cells produce a high amount of IFN-γ, 
and cell–induced tumor lysis causes 
release of tumor antigens that subsequently 
are cross-presented by cDCs, in order to 
prime antigen-specific CTLs, 2) NK cells 
induce cDC activation to produce pro-
inflammatory cytokines and to elicit 
tumor-specific T cell responses (32, 3). 
IFN-γ up-regulates MHC class I and class 
II expression in tumor cells and cDCs, 
respectively, to enhance both direct 
presentation and cross-presentation of 
tumor antigens (33, 4). IFN-γ produced by 
NK cells also directly stimulates T cell 
responses (34). Through direct cell-to-cell 
contact and type I IFNs, DCs promote 
generation of CD8 T cell responses (35) 
(See Figure 1). In vivo DC-NK cell 
interactions involve signals from both 
soluble cytokines and direct cell-to-cell 
contact (36). Two to three days following 
the recruitment of NK cells into the tumor 
microenvironment, cross-priming of tumor 
antigen-specific CD8 T cells could be 
detected in tumor microenvironment. 
Notably, cross-priming of CD8 T cells is 
dependent upon NK cells, as well as 
production of perforin and IFN-γ. At the 
tumor site, a combination of signals from 
DCs and from recruited NK cells is needed 
to cross-prime the robust antigen-specific 
CTL response (23). In this 
immunogenicity context, TLR-activated 
pDCs direct the anti-tumor CD8 T cell 
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responses not only against tumor-
associated antigens at the effector site, but 
also against the metastatic cells in tissues 
(22). 
The interaction between DCs and NK cells 
can bypass the needs for T helper for 
priming of antitumor CD8 CTLs. 
Emerging evidences address the DC-NK 
cell cross talk in the induction of tumor 
CTL responses which obviate the need for 
CD4 T-cell help (9). Generally, two 
activation pathways exist which induce 
CTL priming: The classic pathway (37) 
involves presentation of peptides by DCs 
to CD4 T cells, and the novel mechanism 
introduced here, mediated by a positive 
feedback loop between NK cells and 
stimulated DCs to produce IL-12, leading 
to induction of CD8 lymphocytes. IFN-γ 
and IL-12 are instrumental in the second 
novel T helper cell-independent pathway 
that links the DC-NK cell cross talk to 
CTL immunity (38-40).  

 
Different mechanisms by TLR 
ligands for awakening DC-NK 
system  
Based on DC-NK cell system potential, a 
rational immunization design should be 
used (involving several different 
components of the immune system) in 
order to maximize the priming of CTL 
responses (41). 
The remarkable ability of TLR9/CpG in 
induction of strong and rapid CD8 CTL 
responses in cancerous patients through 
marked CpG-motifs may serve as a 
promising therapy (42). Accordingly, 
TLR9/CpG signaling can convert 
immature, tolerogenic DCs into mature, 
immunogenic, IL-12/IFN-γ- and IL-6/IL-
12/IL-15/IFN-γ-secreting ones, capable of 
stimulating NK cell and CD8 CTL 
responses, for antitumor immunity. 
TLR9/CpG signaling mainly stimulates 
enhanced IFN-γ/NK /CD8 T cell 
responses, further leading to induction of 
efficient antitumor immunity by CD4 
Th1/Th17 responses. Complete repression 

of tumor and metastasis is found to be 
associated with immunity-inducing CD4 
Th17 cells (43). In association with IFN-γ, 
immunity-inducing CD4 Th17 cells are 
shown to eradicate established prostate 
tumors and to inhibit growth of well-
established melanoma (24). 
Although CD4 Th17 regulatory cells 
secreting IL-17 and IL-21 have been 
linked to antitumor immunity, but 
prolonged TLR9/CpG signaling could lead 
Th17 regulatory cells to diminish cytokine 
secretion, stimulatory effect, and thereby 
antitumor immunity effects. Prolonged (48 
h) in vitro CpG treatment dramatically 
diminishes cytokine secretion, stimulatory 
effect, and thereby antitumor immunity 
effects (44). The reason may be DCs 
which induce different types of immune 
responses at different developmental 
stages (24). 
In summary, TLR9/ pDC-NK cell system 
starts a potential antitumor immunity by 
mediating NK /CD8 T cell-cytokine 
activation within the tumor 
microenvironment. Additionally, 
TLR9/DC-NK cell system induces robust 
spontaneous CTL cross-priming against 
multiple solid tumor antigens, leading to 
regression of both treated tumors and 
untreated tumors at distant contralateral 
sites. This T cell cross-priming is mediated 
by early recruitment and activation of NK 
cells/cDCs at the tumor site. NK cell 
recruitment is mediated by CCR5 via 
chemokines secreted by pDCs, and optimal 
IFN-γ production by NK cells is also 
mediated by OX40L expressed by pDCs. 
Then, activated pDCs are capable to 
initiating an effective antitumor response, 
systemically. This systemic response 
would be an orchestration of immune 
cascades that involving the sequential 
effective activation of NK cells, DCs, and 
CD8+ T cells in the body (23). 
Immunostimulatory RNAs elicit an 
efficient in vivo anti-tumor NK response 
through TLR7/TLR8 which selectively 
inhibits growth of MHC class I-negative 
tumors but not growth of MHC class I-
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expressing tumors, with enhanced IFN-γ 
production and increased cytotoxicity, an 
activated NK cell phenotype (45). 
TLR7/TLR8 is mainly expressed by 
human myeloid DCs and monocytes 
whose activation is essential for Ag 
presentation and for initiation of immune 
responses against tumors (30, 46-48).  
A single in vivo injection of immune-
stimulatory ssRNAs rapidly stimulates NK 
cells to produce IFN-γ. Activation is 
mediated by DC-secreted factors, and cell-
cell contact is not necessary. The effector 
functions following RNA treatment are 
regulated by IFN-γ production which is 
dependent on IL-12, whereas cytotoxicity 
depends on type I IFN (49). IFN-γ is a 
crucial mediator of antitumor immunity in 
experimental models, and elevated levels 
of IFN-γ were associated with favorable 
disease outcome in several clinical studies 
(50, 51). Two main mechanisms used by 
NK-mediated antitumor immunity are 
IFN-γ production and direct cytotoxicity 
(29). 
As with TLR9/CpG, the effector functions 
are dependent on stimulated DCs to 
produce IL-12 and type I IFN, the most 
important abundant cytokines made by 
activated DCs (52, 53). In a positive loop, 
INF-γ is involved in priming endogenous 
DCs for IL-12 production, to achieve 
efficient protection against tumors (54).  
RNA oligonucleotides possess an 
important therapeutic potential for the 
treatment of NK-sensitive tumors by 
triggering the activation of NK cells and 
the induction of cytokine production by 
DCs. In addition to their direct anti-tumor 
efficacy, NK cells favor the generation of 
CTL through IFN-γ production (41, 55). 
This mechanism could provide additional 
ability to induce an Ag-specific CTL 
response (45). Combined activation of 
CTL and NK cells by RNA-based 
therapies eliminating both MHC-negative 
and MHC-positive tumor cells would 
prevent tumor immune escape (56). 
Local TLR3 activation will augment and 
sustain regression of large solid tumors 

through type I and II IFN-as well as DC-
dependent mechanisms. Tumor resolution 
is mainly mediated by type I and II IFNs 
induced by TLR3 ligand (57, 58). 
Activation of pre-existing tumor-sensitive 
CD8s by local delivery of TLR3 ligands is 
sufficient in promoting significant 
antitumor responses. As CpG/TLR9 
treatments, type I and II IFNs also have an 
important role in promoting cross-priming 
of CD8 T cells (59, 60), with IFN-αβ 
directly enhancing CD8 effector 
expansion, survival and memory transition 
(61,  62). Responsiveness to local 
treatment has been directly correlated to 
type I and II IFNs, as potent enhancers of 
MHC class I levels in normal and 
cancerous tissues, increasing their 
sensitivity to CTL mediated killing (57, 
63). These functions have also been 
ascribed to IFN-inducing TLR9/TLR7 (64, 
65). 
Additionally, sequential activation of 
TLR4 and TLR9/TLR3 and their signaling 
crosstalk amplifies the activation of 
macrophages and DC-NK system (66). 
These findings demonstrate that tumor-
derived or exogenous DAMP protein 
HSP70 taken up by human immature DCs 
are able to augment pro-inflammatory 
cytokines IL-1β, IL-12, and TNF-α, 
besides IFN-γ (67). 
It is found that TNF-α, the well-known 
pleiotropic pro-inflammatory cytokine, is 
acutely generated by innate cells upon 
TLR2/4 stimulation (68), and activates 
endothelial cells and promotes leukocyte 
infiltration leading to local inflammation 
mainly through TNFR1 (69). In tumors, 
TNF-α is triggering apoptosis through Fas-
associated protein with death domain 
(FADD)/caspase8-dependent apoptotic 
pathway, also via cross-talking with TLR2 
(69, 70).  
There is a synergistic cooperation between 
signals of TLR2/4 and TNF-α in the 
immune cells, mainly through the 
downstream adaptors tumor necrosis factor 
receptor type 1-associated death domain 
(TRADD)/tumor necrosis factor receptor-

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ph
o.

ss
u.

ac
.ir

 o
n 

20
24

-0
5-

07
 ]

 

                             6 / 13

https://ijpho.ssu.ac.ir/article-1-324-en.html


The Efficacy of Toll-Like Receptors in Awakening Dendritic Cell/Natural Killer Cell System for Eradication of 
Tumors 

Iran J  Ped Hematol Oncol. 2017,  Vol 7. No 3, 180-192                                                                                    186                                                                                       
 

associated factors (TRAFs)/NF-ҚB and 
mitogen-activated protein kinases (MAPK) 
(71). It is noteworthy that a route of 
inflammatory amplification signals is 
initiated by TLR2/4 stimulation, which 
ends at synergy with TNF responses (72) 
(Figure 2). 
TLR2/4-HSP70 interaction exerts potent 
immunoregulatory effects to up-regulate 
the expression of pro-inflammatory 
cytokines through the MyD88/interleukin-
1 receptor-associated kinase family 
(IRAK)/NF-ҚB signal transduction 
pathway (67, 72). 
TLR4/2 signal transduction needs MyD88 
to recruit members of IRAK, followed by 
the activation of TRAF6, switching on the 
MAPK and NF-ҚB signaling pathways 
which results in production of pro-
inflammatory cytokines and type I IFNs 
(73, 74). Alternatively, TLR4/3 mediates 
signaling through TIR-domain-containing 

adapter-inducing interferon-β (TRIF)-
dependent pathway. TRIF is upstream of 
the IRAKs activation, resulting in type I, II 
and III IFNs production (72). TLR3/4 
activate TRIF-mediated NF-ҚB pathway 
via the crucial positive mediators 
TRADD/TRAF3 (74). 
Additionally, TLR2/4 activation triggers 
an upstream membrane-associated adaptor 
protein (MAL) which turns on MyD88-
depended PI3K/Akt (phosphatidylinositide 
3-kinase/Protein kinase B (PKB)) pathway 
(75). TLR2/4 can sequentially activate 
MAL-MyD88 and TRAM-TRIF pathways 
through the cell and endosomal 
membranes, respectively (69,70). 
Several nice reviews during the last years 
have addressed different aspects of TLR 
usage (mainly by agonists, either approved 
or still under clinical trial) for cancer 
therapy (76-79). The interested reader 
would benefit from considering them, too. 

 

 
Figure 1. Intra-tumoral ligation of TLRs has remarkable effects in breaking immunogenic resistance 
and mobilizing a local tolerated/ineffectively-activated T cell repertoire, through the effector function 
of DC-NK system. In the tumor microenvironment, TLR ligation activates plasmacytoid dendritic 
cells (pDCs) and NK cells at the effector site. Upon stimulation with TLR9, TLR7 and TLR3, 
activated cells produce large amounts of type I IFNs/IL-12 cytokines and chemokines CCL3, CCL4, 
and CCL5, that, in turn, causes recruitment and activation of NK cells, T cells, and conventional DCs 
(cDCs) in a positive feedback loop. Recruited NK cells are activated to produce IFN-γ and 
chemokines, in a positive feedback loop through cytokines and cell-cell interactions. Activated NK 
cells initiate tumor cell killing via enhanced cytolytic activity. Tumor-associated antigens released by 
NK-mediated tumor destruction are taken up by activated cDCs, which then migrate to tumor draining 
lymph node (DLN). Cross-presentation of tumor antigens by activated cDCs in DLN leads to effective 
cross-priming and expansion of tumor antigen-specific T cells. Infiltration of both treated and 
untreated tumors by cross-primed CD8+ T cells mediates further tumor cell killing and systemic 
antitumor immunity. [By courtesy of Chengwen Liu et al., Plasmacytoid dendritic cells induce NK 
cell-dependent, tumor antigen-specific T cell cross-priming and tumor regression in mice. The Journal 
of Clinical Investigation 2008; 118(3), with some modifications] 
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Figure2. Different mechanisms are illustrated by TLR ligands for awakening DC-NK system which 
result in the eradication of invading tumors. Triggering of various TLRs, or sets of TLRs, activates 
different intracellular signaling pathways resulting in different repertoires of cytokine genes to be 
activated. This means that the innate immune system allows cells to react with an immediate and 
balanced response to invading cells. TLR family plays an instructive role in activation of innate 
immune as well as the subsequent induction of adaptive immune responses. They recognize specific 
molecular patterns and triggering inflammatory responses and dendritic cell maturation, which can be 
used in the eradication of invading tumors. Individual TLRs interact with different combinations of 
adapter proteins and activate various transcription factors such as NF-ҚB, activating protein-1(AP-1) 
and interferon regulatory factors (IFRs), driving a specific immune response. This view outlines the 
recent advances in the understanding of TLR-signaling pathways and their roles in immune responses 
against invading tumors (in vivo/in vitro). 

 
Conclusion 
Hereby we tried to demonstrate that the 
inflammatory amplification routes which 
have been identified in TLR signaling, 
illustrate the putative mechanism by TLR 
activation, in which the recruitment of 
TRAFs into TNF/TRIF-associated 
signalsome plays a critical role in 
amplifying inflammatory responses. The 
cross-talk between TLRs and TNFR 
introduces a fascinating target for 
designing new therapeutics to induce 
immune responses in tumors (72). 
It is hoped that recognition of the 
important role of TLR will help in 
development of new therapeutic modalities 
for tumors. 
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