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Toll-like receptors play a particularly significant role in colitis-associated cancer (CAC). MyD88 is the mediator
in TLRs signal transduction process and it is indispensable for TLRs signaling except for TLR3. The conclusion
of studies about the role of TLRs/MyD88 signaling in colon cancer remains contradictory: on one hand, TLRs/
MyD88 signaling contributes to colon tumor cell proliferation, invasion and metastasis and inhibition of the
expression of TLRs or MyD88 could prevent the growth of colon cancer cells; on the other hand, activation of the
TLRs/MyD88 signaling pathway could inhibit the proliferation of colon cancer cells. This article is based on the
expression levels of TLRs or MyD88 and the activation degrees of TLRs/MyD88 signaling pathway in different
periods of colon cancer and, reviews the roles of TLRs/MyD88 signaling in the tumorigenesis and procession of
CAC and the clinical application of agonists and inhibitor of TLRs or MyD88. This article is intended to explore
the diverse roles of TLRs/MyD88 signaling pathway in CAC and to reveal the related molecular mechanism.

1. Introduction

Chronic inflammation can accelerate the process of disease and
even cause malignancy (Balkwill et al. 2005; Lowe and Storkus
2011). The relationship between inflammation and cancer has
widespreadly been paid attention to. Evidence shows that chronic
inflammation plays an important role in the pathogenesis and
progression of cancer (Mantovani et al. 2008;Pollard 2015). For
instance, Helicobacter pylori infection may cause gastric cancer
and HBV infection could lead to liver cancer (Lee et al. 2016; Wang
et al. 2017). In America, despite the fact that there is a decline
in cancer mortality, there are still 97,200 patients with colorectal
cancer who have been diagnosed in 2018 and this cancer has been
viewed as the third most common malignancy (Siegel et al. 2018).
The ratio of colorectal cancer in young people has also increased
(Siegel et al. 2017).

Inflammation as a response to invasion reduce the extent of infec-
tion when the invasion happens. However, long-term inflammation
causes the intestinal epithelium canceration which is mediated by
TLRs (mainly through the TLRs/MyD88 signaling pathway) rather
than having a beneficial immune effect (Sardi et al. 2017; Siddique
and Khan 2011; Stanislawowski et al. 2009; Szebeni et al. 2008;
Torok et al. 2017). There are several pattern recognition receptors
(PRRS) in the human intestinal epithelium which serve as essential
elements of the response system, such as TLRs (Gordon 2002).
Furthermore, there are lots of microorganisms in human intestine,
known as the intestinal flora, which are beneficial to the human
body when they are in balance. Studies show that the intestinal flora
can accelerate cancer development by enhancing the exposure of
intestinal epithelial cells to carcinogens (Klimesova et al. 2013).
These microbes also act as pathogen-associated molecular patterns
(PAMPs) for TLRs and activate the TLRs/MyD88 signaling
pathway. TLR agonists and TLR or MyD88 inhibitors have been
used to treat cancer, graft rejection and many other diseases. These
regimens inhibiting CAC with TLR or MyD88 inhibitors have not
been applied clinically yet, but achieved the expected results in
pharmacological experiments (Braza et al. 2016; He et al. 2016; Qi
et al. 2015; Shiratori et al. 2017; Zhang et al. 2016). Through these
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reports we can confidently believe that the study of TLRs/MyD88
signal pathway will help to find new treatments for CAC. There-
fore, in this review, we will discuss the TLRs/MyD88 signaling
pathway and the contribution of inhibiting the development of
CAC when this pathway is activated or inhibited.

2. TLRs/MyD88 and CAC
2.1. TLRs and TLRs/MyD88

Toll-like receptors are a group of cell surface receptors recognizing
specific structures on the surface of pathogens or the specific
elements of their own proteins or tissues (Tchorzewski et al. 2014).
They belong to the interleukin-1 receptor superfamily. Until now
there are not less than thirteen mammalian TLRs (Akira et al.
2006), and ten of them are found among human beings. The first
TLR which can activate genes associated with adaptive immunity
has been discovered in 1997 (Medzhitov et al. 1997) and was iden-
tified as a receptor for LPS. This receptor was named TLR4 shortly
after its discovery. TLRs are the first barriers against infectious
diseases inside humans’ body, and different TLRs can identify
different pathogen-associated molecular patterns (PAMPs).

MyD88 is the connector during the TLR signal transduction process
and it is indispensable for TLR signaling except for TLR3. MyD88
consists of three functional areas: N-terminal death domain (DD),
intermediate region and C-terminal Toll region (Hardiman et al.
1997). The DD region includes about 90 amino acids that mediate
the interaction between proteins containing DD sequences. The
TIR region, with about 130 amino acids that deliver the signal by
recruiting the connexin, is similar to the cytoplasmic region of the
IL-1 receptor. Activation of TLRs (other than TLR3) triggers the
MyD88 pathway. Upon activation, MyD88 recruits and activates
IRAK-4, IRAK-1, and then generated TRAF-6. TRAF6 interacts
with TAK1 (a MAP kinase which is activated with TABI, -2, -3,
and -4) and undergoes a series of pathways to ultimately activate
MAP kinase and NF-«kB. (Fig. 1) (Imajo et al. 2006; Gohda
2004; Muzio et al. 1997; Zou and Shankar 2015). Because all of
the above steps, some genes which encode prion-inflammatory
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cytokines and chemokines was activated, such as TNF-a and IL-1
(Ghosh et al. 1998). In recent years, scholars pay much attention to
this signaling pathway.

There are two types of TLR signaling pathway, Myd88-dependent
pathway and Non-Myd88-dependent pathway (Bagchi et al. 2007).
TLRI1, TLR2, TLRS, TLR6, TLR7, TLR8 and TLR9-mediated
signaling pathways belong to MyD88-dependent signaling path-
ways. TLR3-mediated signaling pathway is MyD88-independent,
and TLR4 is the only receptor that activates the both pathways
simultaneously (Kawai and Akira 2010).

Fig. 1: A common diagram of TLR signaling pathway. As shown
in the figure, different TLRs are activated by different PAMPs,
including LBP, LPS, dsRNA, ssRNA, Triacylated lipopeptide and
so on. There are two types of TLR signaling pathway, Myd88-de-
pendent pathway and Non-Myd88-dependent pathway. MyD88 is
the connector during the TLR signal transduction process and it
is indispensable for TLR signaling except TLR3.MyD88 recruits
and activates IRAK-4, IRAK-1, and then generated TRAF-6.
The involvement of TRAF6 eventually leads to the activation of
MAP kinases (p38, INK) and NF-«B leading to the secretion of
proinflammatory cytokines. The TLR7, -8, and -9 signals are also
dependent on MyD88 and also cause IRF7 activation, ultimately
promoting IFN secretion. TLR3-dependent TRIF activates TRAF6
or TRAF3. The former mediates the inflammatory response, and
the latter causes TBK1 and IKK to activate IRF3 to produce IFN.

TLR4 is the only receptor that activates the both pathways simul-
taneously.

2.2. Colitis-associated cancer

Colitis is a common intestinal disease which may develop into
ulcerative colitis (UC). Ulcerative colitis, as a chronic inflamma-
tion, that is confined mainly to the colorectal mucosa and submu-
cosa, to the distal end of the distal colon, and to retrograde prox-
imal development, even involving the entire colon. The common
symptoms of ulcerative colitis are diarrhea, abdominal pain and
mucus bloody stools. A large number of clinical and epidemiolog-
ical studies have confirmed that: chronic inflammation is a high-
risk factor of colorectal cancer (Hussain 2007) and also increases
the risk of systemic cancer (such as cholangiocarcinoma and breast
cancer; Gulamhusein et al. 2016; Ming-Shian Tsai et al. 2015).
The cancer caused by ulcerative colitis was named as colitis-asso-
ciated cancer (CAC). How does inflammation promote the prog-
ress of cancer and what are the signaling nodes for the networks
of cancer development? A step-by-step analysis of colitis-related
cancers may help explain the problem. From the beginning of
chronic inflammation, through the process of inflammatory hyper-
plasia, atypical hyperplasia, adenocarcinoma, it finally progresses
to colon cancer with invasive metastasis of the abdominal cavity.
This evolution may involve complex networks of multi-level
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Fig. I: A common diagram of TLR signaling pathway. As shown in the figure, different TLRs are activated by different PAMPs, including LBP, LPS, dsRNA, ssRNA, Triacylated
lipopeptide and so on. There are two types of TLR signaling pathway, Myd88-dependent pathway and Non-Myd88-dependent pathway. MyD88 is the connector during
the TLR signal transduction process and it is indispensable for TLR signaling except TLR3.MyD88 recruits and activates IRAK-4, IRAK-1, and then generated TRAF-6.
The involvement of TRAF6 eventually leads to the activation of MAP kinases (p38, JNK) and NF-kB leading to the secretion of proinflammatory cytokines. The TLR7,
-8, and -9 signals are also dependent on MyD88 and also cause IRF7 activation, ultimately promoting IFN secretion. TLR3-dependent TRIF activates TRAF6 or TRAF3.
The former mediates the inflammatory response, and the latter causes TBK1 and IKK to activate IRF3 to produce IFN. TLR4 is the only receptor that activates the both
pathways simultaneously.
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systems, multiple stages, multiple signal transduction pathways,
and multiple gene molecular regulatory mechanisms. If any node
changes in this complex network, which may be abnormal cyto-
kine expression or a group of abnormal cell activity, may affect the
development and extent of colon cancer, and may even affect the
prognosis of the disease. Wnt/B-catenin pathway is one of these
nodes. The renewal of intestinal epithelial cells requires the partic-
ipation of Wnt/B-catenin pathway. And this signaling pathway, as a
regulator, plays an important role in normal cells and cancer cells
proliferation. The mutations which can active the Wnt/B-catenin
signaling pathway happen in nearly 90% of sporadic colitis-asso-
ciated cancers (Schneikert and Behrens 2007). The activation of
Whnt/B-catenin plays an important role in colitis/carcinogenesis.
From the inflammatory bowel disease, mild atypical hyperplasia,
severe atypical hyperplasia to colon cancer, the expression of
B-catenin gradually increases in intestinal mucosal cytoplasmic
(Grivennikov 2013). However, inflammation can also increase the
[-catenin signaling without mutations (Imai et al. 2007; Loilome
et al. 2016; Ma and Hottiger 2016; Zeng et al. 2016). This may be
the reason that inflammation can accelerate the development of
colon cancer. Inflammation increases B-catenin signaling through
the following inflammatory pathways, such as NF-«B, PI-3K and
Akt pathways (Bansal et al. 2011; Lee et al. 2010; Liu et al. 2016;
Trucco et al. 2017). In addition, the role of chromosomal insta-
bility (CIN), immunomodulatory cells and vascular endothelial
growth factor (VEGF) in promoting colorectal carcinogenesis has
also been continuously observed (Barresi et al. 2017; Mehdawi et
al. 2016; Su et al. 2016).

2.3. The expression level of TLRs and MyD88 in CAC

In colon tumors, TLRs including TLR1-4 have been found (Furrie
et al. 2005; Yoshioka et al. 2001). In earlier reports, TLR4, which
mediates the inflammatory response, was found to be upreg-
ulated in many tumor cells and tissues (Crespo-Lessmann et al.
2016; Deng et al. 2017). The expression of TLR and myd88 were
detected in colorectal cancer tissues, adjacent tissues and normal
tissues by immunohistochemistry. Wang et al. (2010) found that
the expression of TLR and myd88 in normal colorectal tissues was
very low, whereas it was significantly higher in colorectal cancer
tissues than in paracancerous tissues. But recent experiments come
to different conclusions. Researchers analyzed the expression of
TLR2 and TLR4 in 118 CRC patients by immunohistochemistry
and then they found that TLR4 expression was lower than that of
normal epithelial cells while TLR2 was highly expressed (Paarnio
etal. 2017). They also hold the opposite view of the effect of TLR4
overexpression on the five-year survival of colitis-associated
cancer patients. The main reason for such contradictory results
may be due to the different detection methods they used. In a later
study, researchers analyzed the TLR content of the tumor volume
and the invasive front, respectively, which is not the same as in the
previous study. This may mean that TLR4 plays different roles in
different parts of the tumor. In addition, TLRS is mainly expressed
in intestinal endothelial cells and TLR5-gene polymorphism asso-
ciated with human colorectal cancer have been reported (Klimosch
etal. 2013). In an experiment designed to elucidate the relationship
between TLRY diversity and colon cancer susceptibility to colon
cancer, a reduction of TLR-9 mRNA expression in colon cancer
tissues was reported (Semlali et al. 2017). All of these results
suggest that TLR plays an important role in colitis-associated
cancers.

2.4. The two-way effect of TLRs/MyD88 on cancer

The TLRs/MyD88 signaling pathway can accelerate the develop-
ment of cancer. First of all, we are interested in TLRs/MyD88 as
an upstream signaling pathway that regulates the inflammatory
pathways. With long-term chronic inflammation, the high risk
of cancer is on the rise. On the other hand, NF-kB activated by
the TLRs/MyD88 signaling pathway controls the expression of
anti-apoptotic genes and has potent anti-apoptotic effects (Sahu
et al. 2017). High expression of TLR and myd88 contributes to
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the proliferation, invasion and transfer (Wang et al. 2010). In
early experiments, it was seen that the TLR4/MyD88 signaling
pathway is beneficial to proliferation and anti-apoptotic, which
may increase the possibility of colitis-related canceration (Fukata
et al. 2006). Another evidence showed that mice were genetically
engineered to overexpress TLR4, increasing their susceptibility to
inflammation-induced neoplasia (Fukata et al. 2011).

Although it has been reported that the TLRs/MyD88 signaling
pathway has a tumor-inhibiting action and it actually shows a
tumor-suppressive effect. One of those experiments shows the
patients with high TLR4 expression had a 5-year cancer-specific
survival rate 36.9% higher than patients with low expression
(Paarnio et al. 2017). Studies have demonstrated that the promotion
of TLRs and downstream mediators can translate the immunomod-
ulatory effects of TLRs/MyD88 into antitumor effects (Mikulandra
et al. 2017).

The role of TLR as an anti-tumor or a pro-tumor agent depends on
the type of TLR, different tumor subtypes and the environment in
which the tumor cells are located. In some experiments, the experi-
menter used different tumor models and thus came to controversial
conclusions.

3. TLRs/MyD88s in CAC therapy
3.1. TLR agonists in CAC therapy

With the new advances in TLR in the treatment of other diseases
(Carvalho et al. 2017; Zhang et al. 2016), there has been an
increasing number of studies on the role of TLR in cancer therapy.
In fact, almost all of studies about the anticancer function of TLRs/
MyD88 have been focused on TLR agonists. Because the activation
of TLRs/MyD88 signaling pathway promote the secretion of IFN,
proinflammatory cytokines and enhance the antigen presenting
ability of Dendritic Cells (DC) with anticancer effect(Fig. 2; Kubo
et al. 2004; Muzio et al. 2000; Wu et al. 2016). Xu et al. (2017)
reported that TLR-dependent DC can inhibit tumor cell growth
when activated by Rehmannia glutinosa polysaccharide (RGP).
Fig. 2: Activation of TLR activates NF-xB pathway and promotes
the release of inflammatory cytokines. Eventually make DC cells
mature, strengthen DC cell antigen presenting ability, produce
antitumor effect.

TLRs agonist
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ICLC 4TLR3 »
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Fig. 2: Activation of TLR activates NF-kB pathway and promotes the release of in-
flammatory cytokines. Eventually make DC cells mature, strengthen DC cell
antigen presenting ability, produce antitumor effect.

There has been a large number of basic experiments on the acti-
vation of TLRs/MyD88 signaling pathways for immunotherapy
of colorectal tumors. Some TLR agonists have also been used
in clinical experiments, although most of them are only used as
adjunctive treatments. For example, GLA-SE, a TLR4 agonist,
can reduce 40-75% of the metastatic development of colon cancer
in mice and reduce cancer metastatic in perioperative treatment
without on adverse effects (Matzner et al. 2016). In another study,
they used a combination of vasculature disrupting agent and
TLR7/8 agonist-gardiquimod to treat tumor growth and made a
remarkable effect (Seth et al. 2017).

Up to now, there are not many TLR agonist drugs for CAC treat-
ment, which are mainly showed in the following
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Table 1: The progress in clinical research of TLRs agonist.

Phase Experimental design Aim TLR agonist Conditions Interventions  Status
/Il Phase 1: i. Pembrolizumab 1. Determine the dose of poly- Poly-ICLC Colon cancer Pembrolizumab  Not yet recruiting
200 mg(IV) every 3 weeks ii. Poly- ICLC that is safe and tolerable (TLR3 agonist) Poly-ICLC

ICLC(IM) twice weekly: 1 mg or
2 mg. Each dose level will enroll
3-6 participants, 12 participants
total. For 1 year (~17 cycles).
Phase 2: all participants

will receive the standard
pembrolizumab dose (200 mg

IV q3w) in addition to the
maximum tolerated dose of poly-
ICLC (either 1 mg or 2 mg), as
determined by the Phase 1 arm. Up
to 30 participants will be treated in
Phase 2. For 1 year (~17 cycles).

when it is combined with
pembrolizumab in patients with
colon cancer. 2. Evaluate how the
combination of pembrolizumab
and poly-ICLC activates the
immune system in the patient's
blood and inside the tumor; how
it affects the size and number
of tumor(s) in each patient; and
how effective the combination
is in patients with colon cancer
that is unlikely to respond to
pembrolizumab alone.

1I 4 arms:1-2 injections of CBLB502 Randomized single-blind placebo- CBLB502 Colorectal cancer Placebo Recruiting
0.35 or 0.45 pg/kg or Placebo controlled clinical study of safety ~(TLRS5 agonist) CBLB502
at Day 1 (and 4) before tumor and tolerability of CBLB502 as a
removal. neoadjuvant treatment in patients
with colorectal cancer, with
different doses and regimens.
11X MGN1703 treatment as Prove the efficacy and safety MGN1703 Advanced Usual Mainte-  Active, not
maintenance therapy of MGN1703 as a maintenance (TLRY agonist)  Colorectal nance recruiting
therapy after first-line Carcinoma MGN1703
chemotherapeutic treatment of
metastatic colorectal cancer.
I MGN1703 solution, 60 mg, twice Evaluate efficacy and safety of MGN1703 Metastatic Placebo Completed
a week, until progression a maintenance therapy with the (TLRY agonist)  Colorectal MGN1703
immunomodulator MGN1703 Cancer

compared to placebo control.
The study will be conducted in

patients with advanced colorectal
carcinoma (AJCC Stage IV) with

disease control after first-line

standard chemotherapy regimens.

categories (Table; Jiang et al. 2008; Schmoll et al. 2014; Takemura
et al. 2015; Xu et al. 2016). Poly-ICLC is a TLR3 agonist which
can be used as the treatment of many types of cancer, mostly in
combination with other drugs. Poly-ICLC and pembrolizumab
are combined to treat metastatic colon cancer in a clinical trial
designed by the University of Augusta which is mainly used to
determine the safe and tolerable dose of them. CBLB502, a TLRS
agonist named Entolimod, is used to treat colorectal cancer. The
result of this clinical trial shows that Entolimod was well tolerated.
MGN1703 is a TLR9 agonist which can be used as a maintenance
therapy after first-line chemotherapeutic treatment of metastatic
colorectal cancer. It is noteworthy that MGN1703 achieved the
expected result in its Phase I/II clinical trials (Weihrauch et al.
2015) and entered Phase III clinical trials.

3.2. Contribution of inhibiting TLRs/MyD88 to prevent
CAC

However, Toll-like receptors show a dual function in tumor devel-
opment: on one hand, they could activate the death signal of the
tumor; on the other hand, they are also beneficial to the prolif-
eration, invasion and transfer. (Fukata et al. 2011; Garaude et al.
2012). When TLRs present as a factor promoting inflammation,
and act anti-apoptotic, they will show a tumor-promoting action.
TLR promotes inflammation, mainly through the TLRs/MyD88
signaling pathway we mentioned before. TLR2 and TLR4-me-
diated signaling pathways both belong to MyD88-dependent
signaling pathways, but we cannot find a theory to explain why
there exists a difference in the development between the TLR2-de-
ficient and TLR4-deficient mice. The experimental results show
that Myd88 may make different effects on cancer development
if we use the different models: TLR4-deficient mice are resistant
to CAC but TLR2-deficient has same susceptibility to colitis or
CAC (Salcedo et al. 2010). Although the effect of TLRs/MyD88
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on colitis-associated cancer is not completely clear so far, there are
still many experiments demonstrating that antagonism of Myd88
can play a role in inhibiting the development of colitis-associated
cancers. Zhang et al (2017) showed that using andrographolide
can obviously promote apoptosis of SW620 cells by inhibiting
the expression of TLR4 and MyD88 protein in SW620 cells. In
another study (Zhang et al. 2015), apple polysaccharide was used to
reduce the incidence of cancer. It was found that the TLRs/MyD88
signaling pathway was activated in LPS-induced CRC cells, but
apple polysaccharide could reduce the level of this signaling
pathway which may be the reason why it is protective. Xie et al.
(2016) attempted to block the homodimerization of MyD88 and
TLRs/MyDS88 signaling pathway with a MyD88 inhibitor and this
inhibitor (TJ-M2010-5) was eventually confirmed to achieve the
desired effect. The final mortality rate in the experimental group
was 0%, and the mortality rate in the control group was much
higher than that in the experimental group (53 %). Inhibition of
MyD88 homodimerization and TLRs/MyD88 signaling pathway
can completely prevent CAC development. The drug ST2825
has the similar effects on inhibiting MyD88 homodimerization
and function (Loiarro et al. 2013). In addition, MyD88 can also
promote cancer through Ras/Erk, not only the TLRs/MyDg88-
NF-xB pathway and colon tumor cells become more sensitive to
genotoxic agents by knocking down MyD88 (Kfoury et al. 2013).
Inhibiting MyD88 may also have an effect on this Ras/Erk pathway.
These facts show that TLRs/MyD88 inhibitors can produce good
anti-cancer effects. In fact, some inhibitors have been used clini-
cally, especially in autoimmune disorders, inflammatory diseases
and pain. In some experiments, TLR inhibitors were used as new
therapies for the treatment or prevention of cancer although there
are currently no completed experimental projects. It is noteworthy
that the application of TLR inhibitors in the treatment of inflam-
matory bowel disease, to a certain extent, may play a positive role
in the treatment of colitis-associated cancer. We can believe that
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with the continuous research on TLR inhibitors, more and more
TLR inhibitors will exhibit unique functions in the field of cancer
therapy.

4. Concluding remarks

TLRs/MyD88 can trigger an inflammatory response and is an
important pathway for autoimmunity. Inflammation acts on many
aspects of colitis-associated cancers and drives cancer progression.
TLRs/MyD88 signaling pathway has been identified as a pivotal
signaling pathway for the pathogenesis and progression of CAC.
Although our CAC have seen new clinical breakthroughs in the
treatment of tumors using TLR agonist immunomodulation, TLR
inhibitors still show promising results in tumor suppression.
Increased study of TLR inhibitors may be able to open up new
avenues of CAC therapy. In addition, we should be aware of the
possible contradictory results of TLRs/MyD88 signaling-related
experimental data. When we apply TLR agonist immunomodula-
tory therapy to clinical treatment, we cannot ignore the possible
contribution of TLR receptors activation to tumor progression.
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