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ABSTRACT
Article history: The discovery of Toll-like receptors (TLRs) about 20 years ago was a remarkable
Received: 18-10-2016 achievement not only in the field of immunology but also in the field of medicine. The
Accepted: 16-12-2016 TLRs are a family of pattern recognition receptors which play an important role in
Published: 29-12-2016 immune responses by recognizing pathogen-associated molecular patterns. The TLRs also

recognize danger-associated molecular patterns, which are associated with some diseases
such as cancer. Recent evidence shows that TLRs are expressed not only in immune
cells but also in tumor cells. The TLRs appear to play a role in tumor progression and
treatment. Most likely, TLR activation has an impact on the initiation, development and
treatment of tumors by modulating the inflammatory microenvironment. However, the
activation of TLRs contributes to both inhibition and promotion of various tumors, with
unclear underlying mechanisms. In this review article, the authors elucidate their current
understanding about the role of TLRs in tumor progression, as well as the recent progress
in utilizing TLR agonists as potential therapeutic agents in cancer treatment.

Key words:

Toll-like receptor,
innate immunity,
cancer,

cancer treatment,
cancer immunotherapy

NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work
non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.

@ (D)&)(@)| This is an open access article distributed under the terms of the Creative Commons Attribution- Quick Response Code:

For reprints contact: service@oaepublish.com

-<@ © 2016 OAE Publishing Inc. www.oaepublish.com 463




Du et al.

TLRs in cancer

INTRODUCTION

The discovery of Toll-like receptors (TLRs)
approximately twenty years ago is a revolutionary event
in life science and medical research, and helps improve
our understanding about the role of innate immunity in
both the physiology and pathology of human health.
The medical community came to realize that innate
immunity is essential and critical in immune responses
to pathogen infections and in connection with the
activation of adaptive immunity.l"-® Therefore, the 2011
Nobel Prize in Physiology or Medicine was awarded
to scientists who made significant contributions to the
discoveries concerning TLRs and their role in innate
immunity. These discoveries mean that researchers
now understand TLR biology much better [Figure 1].4
In this article, we summarize the role of TLRs in the
immune system and focus on the expression of TLRs
in cancer cells and their role in cancer progression.
Finally, we discuss the current status of research in
utilizing TLR agonists as potential therapeutic agents
in cancer treatment.

TLRs: THE KEY SENSORS IN INNATE
IMMUNE RESPONSE

The TLRs are a family of evolutionarily conserved
pattern recognition receptors which play a vital role
in immune responses against infection.'*”1 There

are ten TLRs in humans, classified as two subgroups
based on their cellular localization:® TLR 1, 2, 4, 5, 6
and 10 are located on the cell surface and respond
primarily to pathogen-associated molecular patterns
(PAMPs) such as lipids and bacterial proteins. In
contrast, TLR 3, 7, 8 and 9 are located intracellularly
in the endosomes, responding primarily to nucleic
acids from both viruses and bacteria.® The TLRs are
a class of type | transmembrane proteins comprised
of an extracellular domain, transmembrane region
and intracellular domain.l' The ectodomain contains
leucine-rich repeats and two to four evolutionarily
conserved cysteine structures which recognize and
bind to evolutionarily conserved molecular motifs in
PAMPs. The intracellular domain is highly homologous
among the TLRs and contains a toll/interleukin-1
receptor (TIR) domain, which is crucial to the
intracellular activation of signaling cascades leading
to the induction of pro-inflammatory cytokines and
chemokines.!"

The TLRs recognize PAMPs from micro-organisms
or danger-associated molecular patterns (DAMPSs)
from damaged tissues to activate innate and
adaptive immune responses. A variety of ligands
corresponding to distinct TLRs have been identified
so far [Figure 1].l'>" For example, TLR2 recognizes
peptidoglycan and lipoteichoic acid from bacterial
cell wall,™ TLR3 recognizes double-stranded
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Figure 1: TLR ligands and TLR signaling pathways. Cell surface TLRs, including TLR-1,

2, -4, -5, -6, -10, and -11, and intracellular TLRs,

including TLR-3, -7, -8, and -9, recognize their specific PAMPs to activate TLR S|gnal|ng cascades.” TLR: ToII like receptor; PAMPs:

pathogen associated molecular patterns
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RNA (dsRNA)'® which constitutes the genome of
RNA viruses; TLR4 is well known as a sensor of
lipopolysaccharide (LPS) from bacteria;['! TLR5 is
responsible for the recognition of flagellin;!"® single-
stranded RNA is identified as the ligands of TLR7 and
TLRS;" and intracellular TLR9 senses unmethylated
CpG oligonucleotide (ODN).2% The specific ligand for
TLR10 has not yet been defined. TLR11 in mouse
macrophages is known to recognize uropathogenic
Escherichia coli, but TLR11 is not expressed in
humans.?"

Signaling for TLR is initiated by recognition of
PAMPs and the ligand-induced dimerization of TLRs
[Figure 1]. Upon activation, TLRs recruit TIR-domain-
containing adaptor proteins for the subsequent
activation of downstream signaling. The adaptors
include myeloid differentiation factor-88 (MyD88), Toll/
IL-1 receptor domain adaptor protein, TIR-domain-
containing adapter-inducing interferon-p  (TRIF),
TRIF-related adaptor molecule and sterile-ao and
armadillo motif-containing protein. These adaptors
provide receptor sites for relevant proteins and initiate
various signaling events, which results in a variety of
inflammatory cytokines transcription by mediating the
phosphorylation of IkBa to active NF-xB. The multiple
signaling pathways contribute to the rapid response
of the innate immune system to the pathogens.?? In
addition, the recognition of PAMPs by TLRs gives
rise to the activation and maturation of dendritic cells,
and pro-inflammatory cytokines and chemokines are
produced to induce the proliferation and differentiation
of Th1 and Th2, which establishes and regulates
adaptive immunity.

TLRS ARE ALSO EXPRESSED IN TUMOR
CELLS

The TLRs, a family of receptors in the innate immune
system, are expressed and activated in innate immune
cells such as macrophages and dendritic cells. In recent
years, however, some studies have shown that TLRs
are also highly expressed in various tumor cells.[%"]
For example, over-expression of TLR2, TLR3 and
TLR4 has been detected in majority of colonic cancer
cells,?82% and TLR2, TLR3, TLR4 and TLR5 are highly
expressed in ovarian cancer cells.B%3"

Therefore, the study of TLR expression and function
in cancer has become a focus for researchers. In
the colon mucosa of polyposis patients, high mRNA
copy numbers of TLR3 have been observed, and
strong TLR3 expression has been demonstrated and
associated with colorectal cancer stages.®? Mice
deficient in TLR4 and MyD88 have shown significant

decreases in the size, incidence and number of
chemical-induced liver cancer neoplasms, indicating
an important contribution of TLR signaling to hepato-
carcinogenesis.®*34 Two TLRs, TLR5 and TLR9, are
considered to be associated with cervical cancer;
the expression of these two receptors increases
significantly in higher grades of cervical cancer while
this expression is rarely detected in normal cervical
squamous epithelial cells.®® The expression of TLR9
promotes angiogenesis and is associated with lower
lung cancer survival rates.*® Moreover, TLR9 promotes
the proliferation of prostate cancer cells in time- and
dose-dependent manners confirmed by the expression
level of NF-xkB and downstream c-Myc.B"]

Although many TLRs promote the occurrence and
development of tumors via a variety of mechanisms,
some TLRs might have an antitumor effect. Therefore,
the activation of TLRs in cancer cells can play a
complex role. The upregulation of TLR1 and TLR2 in
bladder cancer promotes the nuclear translocation
of NF-xB and the activation of the c-JNK signaling
pathway, which increases the secretion of IL-1, IL-6
and IL-8.

Moreover, TLR3 is considered to promote the death
of tumor cells in various cancers. A study by Paone et al.*®
indicated that the TLR3 agonist poly I:C inhibits the
proliferation, and promotes the apoptosis, of prostate
cancer cells by activating protein kinases. The
combination of poly I:C and 5-fluorouracil (5-FU) or
IFN-o effectively induced apoptosis in human colon
cancer cells.*¥ Increased expression of TLR3 in human
melanoma can inhibit the proliferation and induce the
death of tumor cells with pretreatment of type | [FN.40
In addition, our study showed that the TLRS5- activated
signaling pathway in breast cancer inhibits the
proliferation of tumor cells by down-regulating cyclin
B1, cyclin D1 and cyclin E2.4" In human head and neck
cancers, TLR5 activated by flagellin also reduces tumor
cell proliferation and promotes tumor cell apoptosis.
When treated with CpG oligodeoxynucleotides (CpG
ODN) 107 and irradiation, the TLR9 signaling pathway
in human glioma arrests the cell cycle and reduces the
proliferation of tumor cells by activating downstream
NF-kB and NO pathways.*? A TLR9 agonist inhibits
proliferation and promotes caspase-dependent
apoptosis of neuroblastoma cells. In addition, it has
shown antitumor and anti-angiogenesis effects in renal
cell carcinoma.?!

The regulation of TLRs and their signal transduction
is complicated, and understanding of the mechanism
is limited. Recently, the role of autophagy in immune
response has drawn special attention because
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TLRs can stimulate autophagy, which conversely
regulates TLRs and their signal transduction, with
the mechanism unknown. We recently reported that
microtubule-associated protein 1S (MAP1S), an
intracellular autophagy-related molecule, can regulate
TLRs and their signaling.*¥ MAP1S plays an important
role in cell cycle arrest induced by the flagellin/TLR5
signaling pathway in human breast cancer cell MCF-7,
and it is also involved in the inhibition of cell migration
of MCF-7 by flagellin. To sum up, given the increasing
evidence of mutuality between TLRs and tumors,
more attention has been given to innate immunity in
tumor cells, especially regarding TLRs expression and
signaling pathway, both of which play a significant role
in the development of cancer.

TLRs PLAY A CRITICAL ROLE IN TUMOR
DEVELOPMENT

TLR signaling inhibits tumor growth

The TLRs play an immune surveillance role mainly by
inducing the production of multiple cytokines and the
activation of immune cells. Cytokines such as type |
interferon (IFN-1) and interleukin 12 (IL-12) promote
the activation of NK cells and enhance the scavenging
capacity of the host with tumor cells.®! Other cytokines
such as IL-2 and IFN-y can enhance the ability of
tumor-specific cytotoxic T lymphocyte (CTL) in the host
to recognize and scavenge tumor cells. Intriguingly,
some TLRs agonists were found capable of inhibiting
tumor growth.“649 |t has been reported that the
combination of TLR agonists, chemotherapy drugs and
tumor vaccine could improve the efficacy of eliminating
tumor cells, an effect mainly based on the activation
of antigen-presenting cells and the enhancement of
T-cell immune response by TLRs.® The increased
expression of MHCII, CD88 and CCRY in the activated
antigen presenting cells of the TLRs signaling pathway
significantly enhances recognition and presenting to
tumor antigen. Also, TLR1/2 acting on CD8* CTLs
increases the secretion of IFN-y, TNF-a and IL-2 to
promote the secretion of granzyme B and perforin by
CD8* T cells, which play a key role in elimination of
tumor cells.P"!

In addition, TLRs also act directly on tumor cells;
TLR3 is thought to be effective in promoting tumor
cell apoptosis in a variety of tumors. When activated
by dsRNA, an agonist of TLR3, breast cancer cells
generate autocrine type | IFN, which mediates TLR3
dependent cell apoptosis.52®® In type | and Il lung
cancer cells, the engagement of TLR3 by dsRNA
induces an atypical caspase-8-containing complex,
which activates apoptotic pathways leading to tumor
cell death.® In the development of tumors, vigorous

metabolism leads to metabolic disorders and local
hypoxia, through which large amounts of tissue cell
debris and proteins are released. The debris and
proteins are recognized by TLRs as DAMPs, which
are considered signals of danger, and this recognition
consequently influences the various biological
behaviors of tumor cells. It has been reported that
HMGBH1, an endogenous ligand of TLR2 which binds
to TLR2 and activates TLR2 signaling pathways in
glioblastoma, mediates antitumor immune response
by inducing the activation of DCs and their migration
into the brain tumor.54

TLR signaling promotes tumor growth

The activation of TLRs can also promote tumor growth
in many situations. Recent studies have found that the
combination of highly expressed TLRs and DAMPs
in tumors changes the homeostasis of the immune
system, which leads to the suppression of immune
function. HMGB1 has been identified as a cause of
tumors of the skin, liver and pancreas. Furthermore,
TLR4 recognizes and combines with HMGB1 released
by necrotic cells, and this recognition may eventually
cause immune tolerance by activating the downstream
pro-inflammatory signaling pathway. At the same
time, HMGB1 aggregates in the cell membrane and
promotes the invasion and growth of tumor cells.?®

Although the specific mechanisms of TLR-mediated
immune escape are still unknown, the high expression
of TLRs in tumors often leads to immunosuppression
while enhancing the invasiveness of tumors. Studies
have found that the activation of the TLRs signaling
pathway may lead to increased secretion of IL-10 and
TGF-B, both of which are major immune suppressors
in vivo.5 In addition, the activation of TLRs is also
accompanied by the expression of PD-L1, HLA-G and
other inhibitory costimulatory molecules.®® In a mouse
model of colon cancer, TLR4 has prolonged the survival
time of tumor cells by up-regulating programmed death
ligand 1 (PD-L1/B7-H1), inducible costimulator ligand
(B7-H2) and down-regulating the expression level of
Fos.’l Supernatants generated from murine colon
cancer cells stimulated with LPS were found to play a
significant role in the inhibition of T cell proliferation and
NK cell cytotoxicity. The effect can be reversed after
the TLR4 signaling pathway is blocked, which may
explain the pathway’s immunosuppressive effect.®
In addition to the inhibiting role, TLRs also promote
the proliferation of tumor cells and enhances tumor
invasion, promoting immune escape, while TLR2
in human gastric cancer cell lines promotes tumor
progression through the induction of COX-2, PGE-2
and IL-8.57
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The TLR signaling can lead macrophage polarization
change, from M1 (inhibiting tumor) to M2 (promoting
tumor), which might explain, at least partially, why
TLR signaling promotes tumor growth. The M1/M2
polarization model has been reported in many cancer
research studies in recent years. The M1 of tumor-
associate macrophages (TAM) express high levels
of IL-12 and IL-23, and function as inducers of Th1
responses. During tumor progression, TAM polarizes
toward M2 TAM, an alternatively activated macrophage,
with a tumor growth-promoting phenotype. However,
this M1/M2 polarization has only been well established
in vitro, not in vivo. Therefore, the role of TLR signaling
in M1/Me polarization calls for further investigation.

The role of TLRs in cancer progression: a
double-edged sword

Overall, as discussed above, the activation of TLRs
can both promote and inhibit tumor growth and cancer
progression, and the underlying mechanism remains
elusive. Current knowledge shows that different TLRs
share similar signaling pathways, but this cannot
explain why the activation of different TLRs in cancers
has opposite effects on tumor growth. Also, TLR
agonists themselves might have direct pro- or anti-
tumor effects, but current evidence shows that these
effects, at least in majority of cases, are very minor.
Another potential mechanism is that different TLRs
might trigger different signaling pathways in cancer
cells. We recently found that activation of TLRs in
cancer cells may induce cancer cells to secrete various
soluble factors, which might play distinct roles in cancer
development. The role of TLRs in cancer progression
needs to be further investigated, and understanding
the underlying mechanism is essential for the further
development of TLR agonists as therapeutic agents.

TLRS IN CANCER TREATMENT

Since the first TLR was discovered in 1997,059 studies
of the characteristics and prospects of TLRs have
become prominent in research. However, the clinical
application of TLRs is just beginning.® To date, only
a few TLR agonists have been approved by the Food
and Drug Administration for clinical trials involving
cancer patients involving Bacillus Calmette-Guérin
(BCG), Imiquimod and monophosphoryl lipid A (MPL).
Originally used as a vaccine against tuberculosis,
BCG is approved for the treatment of bladder cancer;
it potently activates TLR2 and TLR4 signaling.l®"
Meanwhile, the BCG vaccine is sometimes used to
help treat stage Ill melanoma.®®*62l Imiquimod, a TLR7
agonist which has been in Phase Il clinical trials, is
efficacious in treatment of various skin tumors and
epidermal metastasis,®®! and MPL, a derivative of LPS,

is in phase | clinical trials for testing antitumor activity in
colorectal cancer patients. At this time MPL has been
approved as an adjuvant of Cervarix, a cancer vaccine
against HPV-associated cervical cancer.®

Since the anti-tumor effect of a single TLR agonist
remains to be verified and the side effects need to be
considered, it may be premature to apply a single TLR
agonist to the clinical treatment of tumors. For example,
the two-way effects of TLR3 make it a potentially risky
therapeutic drug. Although the TLR3 agonist poly A:U
is considered to be therapeutically effective in patients
with various types of cancers, the risk of metastasis
relapse is significantly decreased in TLR3-positive,
not in TLR3-negative breast cancers.l® The function
of TLRs in tumors varies with the origin and type of the
tumors, which indicates that the therapeutic use of TLR
agonists requires much more clinical evidence.

While most of the TLR4 studies reported a tumor-
promoting effect,®456-%9 one study found a protective
effect against lung cancer in the lung epithelium.®
This indicates the need for further study. Nevertheless,
the anti-tumor effect of TLRs agonists is still worth
exploring.*72 The members of the TLR family
are different in many aspects such as expression
distribution,  subcellular  localization,  adaptive
molecules for inducing signal transduction, recognized
PAMPs and the types of the induced immune response.
Treatment using TLRs ligands has to be based on the
identification of the TLRs signals with corresponding
diseases, as well as identifying the types of vaccines
with significant enhancement that can be used safely
and effectively in clinical practice. Future studies
should pursue many avenues of research.

CONCLUSION

The TLRs play a critical role in tumor immunity, and the
antitumor effect is also a notable focus for future studies
on cancer therapy. The perspective approach for future
cancer treatment may be that the combination of some
specific TLR agonists or antagonists with traditional
cancer treatments might improve treatment efficacy.
The role of TLRs in both promoting and inhibiting tumor
growth and metastasis has been confirmed in various
studies. However, the specific mechanism of action is
still unclear; at the same time, cancer is a multifactorial
disease, and the research of TLRs on tumor immunity
is just beginning. Further studies may help us better
understand TLRs and tumor immunity, and the
clarification of the roles of TLRs in tumorigenesis
and tumor metastasis will provide new strategies and
prospects for more effective cancer treatment.
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