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Introduction 
Globally, approximately 1.4 million people are diagnosed with 

colorectal cancer (CRC) and this disease has the highest morality rate 
compared to other gastrointestinal malignancies. Surgical resection is 
a relatively successful treatment against localized colorectal tumors, as 
evidenced by 90% five-year survival rates [1]. However, less responsive 
metastatic disease significantly reduces survival to 14% [1]. Moreover, 
disease recurrence rates are 22.5% to 82% among patients with pre-
metastatic or metastatic disease who receive combination therapy (e.g., 
surgery, chemotherapy and or heat) [2]. Disease relapse and ultimately 
death following treatment of colorectal cancer occur, in part, because 
radiation, chemotherapy and even targeted therapies may lose their 
anti-carcinogenic and immune boosting capacity. Consequently, new 
therapeutic targets are needed to improve the efficacy of conventional 
treatment strategies, reduce recurrence and improve survival following 
treatment of colorectal cancer. Ideal therapeutic targets include innate 
immune-related signaling markers that play a vital role in tumorigenesis. 
Several studies suggest TLR-associated genetic susceptibilities are linked 
to alterations in aggressive colorectal cancer phenotypes [3-7]. Selected 
Toll-like receptor sequence variants alter TLR signaling to responsivity/
interaction with pathogens, receptor dimerization or interaction, TLR-
adapter protein interaction/communication, TLR signaling/expression, 
activation of interferon regulatory factors, cytokine secretion (IL-
6, IL-8), cellular morphology (actin cytoskeletal disorganization, 
mitotic abnormalities), DNA repair capacity, epithelial-mesenchymal 
transition (Snail2, Vimentin), WNT signaling, cellular invasion, and 
inflammatory/immune responses favoring tumor growth. Repression 
or stimulation of innate immune-related markers may enhance the 
anti-carcinogenic and immune boosting capacity of conventional 
treatment strategies and improve disease prognosis following mono 
or combinational therapies. The current review will evaluate the TLR 
signaling pathway [8] in relation to colorectal outcomes from genetic 
epidemiology, pre-clinical and clinical studies. It will also shed light on 
immune boosting and anti-carcinogenic effects of TLR agonists alone 

or combined with radiation/chemotherapy against colorectal cancer 
under pre-clinical conditions. Lastly, this report will highlight gaps in 
the literature that require further investigation to expand options for 
the effective treatment of aggressive colo-rectal cancer.

Role of inflammation in colorectal cancer
Chronic intestinal inflammation plays a key role in the pathogenesis 

of colorectal carcinoma [9-13]. In fact, chronic inflammation of the 
gastrointestinal tract leads to the development of inflammatory bowel 
disease (IBD), including colitis that primarily presents as Crohn’s 
disease (CD) or ulcerative colitis (UC). UC patients have persistent 
mucosal inflammation that can lead to the formation ulcers in the 
colon and rectum [14]. Whereas, Crohn’s disease is characterized by 
inflammation of the digestive tract that spreads to the small or large 
intestine. These chronic inflammatory conditions can promote cellular 
insults and compensatory mechanisms leading to the development of 
colorectal cancer and other gastrointestinal-associated malignancies. 

The intricate interplay between cellular extrinsic and intrinsic 
processes within inflammatory signaling greatly influences colorectal 
cancer (CRC). These processes include destabilization of genomic 
profiles, cellular proliferation/survival signaling, as well as alterations 
in the stromal environment and expression of epithelial-mesenchymal 
transition markers [15]. Recent research has identified the primary 
inflammation-related mechanisms involved in the initiation of 
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Abstract
Colorectal cancer is the fourth leading cause of cancer-related deaths. Once the disease spreads and becomes less 

responsive to conventional treatments, the 5-year survival rates drops to 13%. Thus, new therapeutic targets will help to 
exert anti-tumor effects or improve the effective treatment of aggressive colorectal cancer. Ideal clinical management tools 
include Toll-like receptor-related markers (e.g., TLR3, TLR5, TLR7, TLR8, TLR9, MyD88) due to their capacity to alter 
numerous cancer-related pathways, including innate/adaptive immune/inflammation signaling, cell death, cell proliferation, 
DNA repair, cell migration, angiogenesis, and metastasis. This review sheds light on the immune boosting and anti-
carcinogenic effects of TLR agonist/antagonist alone or combined with conventional therapy (radiation, chemotherapy, 
antibiotics) against colorectal cancer based on pre-clinical and clinical studies. Additional research is needed on the 
therapeutic potential of other TLR-related markers (e.g., TLR1, TLR2, TLR4, TLR6, TLR10) in relation to aggressive 
colorectal cancer. This article will lead the development of the next generation of TLR-targeted therapeutics for the 
effective treatment of aggressive colorectal cancer. 
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colorectal cancer, including cellular proliferation, tumor escape of 
cell death, genomic instability, cellular invasion, and metastasis. For 
IBD, pro-inflammatory mediators (i.e., cytokines, chemokines), 
immune, epithelial and stromal cells interact together in the gut 
microenvironment to support neoplastic transformation. Similar to 
the tumor microenvironment, elevated cytokine (TNFα, ILs-1, 6, 12, 
13, 17, 22 and 23) levels in IBD induce immune response regulators 
to promote colitis-associated tumorigenesis. In particular, pro-
inflammatory cytokines induce the production of growth factors (e.g. 
TGF-β) and reactive nitrogen/oxygen species to direct damage to the 
colonic epithelium. This damage is consistent with high expression of 
COX-2 and NOS-2, inflammation-associated genes as well as STAT3 
signaling activation [15,16]. Overall, genomic instability and neoplastic 
promoting mechanisms in IBD contribute to intestinal tumorigenesis.

Role of innate immune signaling in colorectal cancer

A vast array of regulators participate in inflammatory-induced 
CRC such as TLRs, their downstream signaling components and tumor 
suppressor proteins, proteolytic enzymes, nitric oxide synthase and 
cyclooxygenase family members, growth factors and cytokines [17]. In 
particular, cytokines and growth factors [transforming growth factors 
(TGFs)`, epidermal growth factors (EGFs) and vascular endothelial 
growth factors (VEGFs)] serve as mediators and end-products of TLR 
signaling. TLRs have counter-balancing roles in relation to cancer, as 
reviewed elsewhere [18-21]. TLR expression in innate and adaptive 
immune cells detected in healthy tissue supports anti-tumor immunity. 
Whereas, tumor-associated TLRs mediate resistance to apoptosis, 
tissue regeneration, stem cell activation, and recruitment of immune 
and stromal cells to the tumor’s microenvironment, which supports 
tumorigenesis [18-21]. This review will primarily focus on the role 
of TLRs and selected downstream signaling markers in CRC tumor 
progression [17,22-26]. 

Cell surface Toll-like receptors: TLR1, TLR2, TLR4, TLR5, 
TLR6

The controversy surrounding TLR2's role in CRC, in part stems 
from the complex interaction between the colorectal epithelium, gut 
microflora and development of inflammatory conditions that precede 
CRC [27]. The commensal gut microbiota composition is a key 
factor that influences the functionality of TLRs in CRC [28,29]. For 
instance, Arditi and colleagues (2010) revealed TLR2-/- mice developed, 
dysregulated proliferation, a higher number of polyps and larger tumor 
volume in the colonic epithelia with evidence of inflammation (i.e., 
higher IL-6, IL-17A and STAT3 levels) and dysregulated proliferation 
compared to wild-type mice [30]. TLR2 knockout mice tumors showed 
less cell death and suppressed senescence [18], suggesting TLR activation 
may influence colon cancer in humans [31]. However in another study, 
no differences were observed in either colitis or polyp formation in 
TLR2-/- and wild type mice [32]. It is plausible these opposite findings 
are attributed to differences in the colonies' commensal gut microbiota 
despite shared genetics. Notably, gut inflammation levels are altered by 
the composition and/or total number of gut microbes following TLR2 

inhibition, microbial transplantation, or antibiotic treatment [33]. 

TLR2 and TLR1/2 co-expression levels tend to increase during 
chronic inflammation and early stages of tumorigenesis [34]. However, 
TLR2 and TLR4 gene and protein levels in CRC tissue vary, presumably 
due to the geographic location and ethnic distribution of the study 
cohorts. In fact, a Japanese study (n = 50 cases) demonstrated TLR2 
mRNA and protein expression were highly elevated relative to TLR4 
in sporadic CRC relative to matched normal epithelia [31]. Moreover, 

average TLR2 expression in CRC tissue peaked in stage II patients; 
whereas, TLR2 elevated levels in control tissue demonstrated a TLR2-
mediated inflammation in the epithelium of stage III patients. Higher 
mRNA levels of TLRs 1, 2, 4 and 8 were detected in 26 Taiwanese CRC 
patient tumors compared to adjacent normal tissue [34]. TLR2 and 
TLR4 positive cells via immunohistochemistry were predominantly 
located in tumor infiltrating lymphocytes; whereas, TLR1 and TLR8 
overexpression was evident in tumor tissue. Notably, a comparison of 
both studies revealed a wide variation in TLR1 and TLR2 expression 
in the normal tissue collected from Japanese and/or Taiwanese 
study participants [31,34]. In contrast, TLR4 but not TLR2 mRNA 
was expressed in primary CRC cells, but not matched control colon 
epithelial cells from five European patients [35]. 

TLR4 dysregulation in CRC plays an intricate role in disease 
progression. Several studies demonstrate TLR4 up-regulation in CRC 
tissue when compared to normal (adjacent) tissue [34,36-40]. For 
instance, Xu and co-workers (2014) observed a 53% fold increase in 
TLR4 levels in colon tissue (n = 60) relative to normal adjacent (n = 20) 
tissue collected from Chinese patients [9]. Moreover, Santaolalla and 
co-workers (2015) demonstrated 38% of sporadic human colorectal 
cancers (n = 52) over-expressed TLR4 compared to 8% of normal 
tissue (n = 12) in human tissue microarrays [38]. TLR4 upregulation 
is related to increased epithelial proliferation, longer colonic crypts, 
expansion of Lgr5 crypt cells as well as an increased number of 
colonic tumor in azoymethane-induced CRC transgenic mice 
when compared to controls [38]. Other studies observed high TLR4 
levels corresponded with poor disease prognosis, including poorly/
moderately differentiated tumors (Dukes stages B-D vs. Stage A), 
tumor size (> 5cm; p = 0.003), advance tumor stage (TNM stage > III; 
p = 0.017), high tumor grade (p = 0.002), lymph node metastasis (p < 
0.001) and distant metastasis (p = 0.003), [9,34,37,41-43]. Sussman and 
co-workers (2014) observed higher levels of TLR4 in the stroma and 
epithelial tissue from CRC patients with stages II (n = 61), III (n = 72) 
and IV (n = 25) relative to stage I (n = 24) disease [41]. There are mixed 
findings on the relationship between TLR4 and poor disease prognosis 
[9,40-42,44-51]. TLR4 was marginally linked to poor survival among 
108 Japanese CRC patients. However, this relationship may become 
significant among high expressors of both TLR4 and its downstream 
marker (MyD88) [40]. Notably, high expression of TLR4 combined 
with MYD88 was significantly related to 5-year disease-free survival 
(DFS) (HR = 2.06; 95%CI = 1.11-3.82; p = 0.026) and overall survival 
(OS) (HR = 2.4; 95%CI = 1.28-4.52; p = 0.0041), after adjusting for 
histology, TNM stage, as well as vascular and lymphatic invasion [40]. 

Observed TLR4 and CRC outcome relationships may also depend on 
whether TLR4 was measured in fibroblast or tumor cells [42]. Notably, 
Eiro and co-workers (2013) demonstrated TLR4 expression by tumor 
cells was linked with a lower rate of CRC recurrence [42]. However, 
in the same study, TLR4 expression in fibroblasts was associated with 
a high tumor recurrence rate and shortened overall survival among 
patients with left-sided colon and rectal cancer [42]. Thus, the role of 
TLR4 in CRC is linked to its cross talk with downstream markers as 
well as its expression in tumor cells or inflammatory/immune cells in 
the stroma.

The massive effect of TLR4 on aggressive colorectal cancer 
phenotypes is related to the stimulation of TLR4 alone or the TLR4/
MD2 complex by TLR4’s ligand (i.e., LPS). In fact, LPS stimulation 
of the TLR4/MD2 axis resulted in an up-regulation of CXCR7, 
cellular proliferation and migration of human SW480 and colo205 
colorectal carcinoma cell lines treated with exogenous CXCL12 [9]. 
However, additional studies are needed to elucidate the mechanism by 
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which TLR4/MD2 signaling stimulates CXCR7 expression. Zhu and 
colleagues (2016) showed LPS plays a role in cell migration, invasion, 
lymphangiogenesis and lymph node metastasis by inducing VEGF-C, 
a lymphangiogenesis and lymph node metastasis regulator via TLR4-
NFkB/JNK signaling. In this study, TLR4 stimulation increased Human 
Dermal Lymphatic Endothelial Cells’ (HDLECs) tube-like formation in 
vitro. Moreover, LPS accelerated lymphangiogenesis and lymph node 
metastasis in nude mice, presumably due to elevated VEGF-C [52,53]. 
These LPS induced effects on cancer cell motility and HDLECs were 
abrogated via VEGF inhibition via NFĸβ/JNK signaling [52]. 

Although there is a debate as to whether or not LPS increases TLR4 
expression, a few studies suggest LPS stimulation of TLR4 increases 
NFĸβ signaling and pro-inflammatory cytokine (IL-6, IL-8) production 
[37,52,53]. Consequently, it is speculated LPS activation of TLR4/
NFkB signaling in colon cancer leads to enhanced production of pro-
inflammatory cytokines (IL-6, IL-8) that corresponds with high tumor 
grade/stage and colitis associated colon cancer (a CRC precursor), 
lymphangiogenesis, tumor growth, metastasis, and disease recurrence 
[34,37,53,54]. Once these cytokines bind to their respective receptors, 
they activate gp130βR, which triggers various signaling pathways (e.g., 
JAK/STAT) responsible for the up-regulation of genes involved in cell 
cycle progression, cell survival, angiogenesis and inflammation [55]. 

LPS-induced TLR4 signaling also activates a number of kinases, 
including p38 MAPK, p42/44 (ERK1/2) MAPK and AKT in colorectal 
and/or colon carcinoma cell types [39,43,56-58]. LPS treatment triggers 
AKT activation, but not p38 and p42/44 (ERK1/2) in metastatic 
CRC cells expressing TLR4 (HT-29 cells) [43]. In the same study, 
Hsu and co-workers (2011) demonstrated CRC cells that expressed 
TLR4/MD2 had enhanced liver metastasis after intrasplenic graft in 
immunocompromised nude mice [43]. They also observed adherence 
of metastatic CRC cells to different extracellular matrices and human 
umbilical vein endothelial cells (HUVEC) relative to non-metastatic 
cells was induced by LPS in the absence of TLR4 expression. However, 
this adherence was abrogated by a TLR4 antagonist, PI3K inhibitor, 
and anti-B1 integrin blocking antibodies. Collectively, these findings 
suggest LPS stimulation of the TLR4/MD2 complex activates PI3K/
AKT signaling and promotes downstream B1 integrin function, which 
in turn increases the adhesiveness and metastatic potential of CRC cells. 
Alternatively, LPS stimulation of TLR4-NFkB signaling increases cell 
adhesion in vitro by LPS-NOX1 redox signaling [59]. O’Leary and co-
workers (2012) demonstrated LPS activation of TLR4-NFkB increased 
NOX enzyme generation of ROS in colon cells (SW480, SW620, CT-
26). LPS activation of NOX-ROS corresponds with an increase in PI3/
Akt and a subsequent increase in cell adhesion to collagen in SW480 
cells [59]. Tang and co-workers (2010) observed LPS stimulation of 
TLR4-NFkB signaling proteins attenuates TRAIL induced apoptosis 
in SW480 [53]. This suggests NFkB activation is essential in immune 
surveillance and cell death evasion of colon cancer cells. 

Innate immunity regulator TLR5 plays a critical role in several 
biological and inflammatory components, including the gut epithelium, 
macrophages, dendritic cells (DCs) and T-cells. TLR5 undergoes 
activation after it binds to flagellin, the major protein detected in 
invasive flagellated bacteria at the mucosal surface of the gut [27,60]. 
TLR5 activation promotes IL-17 and IL-22 mediated early defense 
against pathogenic invasion in host tissue via the following adaptive 
immune responses: differentiation of naive B-cells into plasma cells, 
leading to IgA production; promotion of antigen-specific Th1 and Th17 
cell development [27,61]; and mucosal production of interleukins (i.e., 
IL-17, IL-22). Furthermore, TLR5 activation inhibits the generation 

of regulatory T-cells (Tregs) but supports effector T-cell propagation. 
TLR5 over-expressing DCs in lamina propria induce effector T-cell 
responses against flagellated pathogens; whereas, lower TLR5 levels 
maintain homeostasis via Tregs induction.

TLR5 recognition of flagellin is the primary intestinal epithelium 
mechanism that induces an inflammatory response against infections, 
such as Salmonella enteric [27,62]. TLR5 knockout (TLR5 KO) mice 
remain resistant to Salmonella infection, presumably due to phenotypic 
adaptations in the small intestine and colon. These adaptations include 
up-regulation of host defense genes that regulate innate and adaptive 
immunity, such as antimicrobial peptides, serum and fecal IgA and 
IgG and gut transport proteins [62,63]. As a result, a homeostatic shift 
occurs in the microbiota composition of TLR5 KO mice, including 
an increase in E. coli and other enterobacterial species [62,64]. This 
increase corresponds with higher E. coli levels in CRC patients 
compared to healthy subjects, as previously mentioned [65,66].

Since intestinal epithelial cells communicate with gut microbes 
via pattern recognition receptors, the physiological consequences of 
host-commensal interactions in intestinal epithelial cells influence 
tumor development and progression in the gut [67]. However, to our 
knowledge, only one study has reported on the role of TLR5 in colorectal 
cancer. Rhee and co-workers (2008) reported TLR5-knockout (TLR5-
KO) human colon cancer cells (DLD-1) in nude mice led to increased 
tumor volume/weight, reduced tumor necrosis and decreased reduction 
in neutrophil specific infiltration markers (7/4, Gr-1) in tumors 
relative to wildtype mice [67]. On the contrary, flagellin induced TLR5 
signaling resulted in anti-tumor activity. Collectively, these findings 
suggest TLR5 stimulation may serve as an ideal immunotherapeutic 
approach to reduce colon tumor development. However, additional 
studies are needed to determine whether TLR5-dependent signaling 
significantly alters intestinal tumorigenesis.

Nucleic acid-sensing Toll-like receptors: TLR3, TLR7, TLR8 
and TLR9

ER-Golgi and endolysosomal membrane systems house all 
nucleic acid sensing (NAS) TLRs (TLR3, TLR7, TLR8, and TLR9). 
The trafficking patterns of NAS TLRs to the plasma membrane and 
intracellular spaces vary. In this regard, DNA recognition specific TLR9 
is the most widely distributed among NAS TLRs, with substantive 
evidence of its presence in certain tissues, including the colon, lymph 
nodes, plasma membrane and outside the cell [68,69]. In contrast, TLR8 
is expressed in most tissues, but its intracellular distribution is limited 
to the membrane systems common to all NAS TLRs [69]. Similar to 
TLR8, TLR3 and TLR7 are widely distributed among all tissues, but 
they are also present at the cell surface like TLR9 [68]. Although NAS 
TLR localization mechanisms are not fully understood, UNC93B1 
facilitates the trafficking of TLR3 (but not other NAS TLRs) trafficking 
to the plasma membrane [70]. Furthermore, UNC93B1 increases the 
half-life of TLR3 (and to a lesser extent TLR9’s) responsiveness of all 
NAS TLRs to agonists [71]. Moreover, TLR3 bridges both innate and 
adaptive immune responses as well as defends against viral infection by 
binding to dsRNA, activating NFkβ, and producing type I interferon 
[72,73]. However, there is some uncertainty on whether TLR3 is 
upregulated in CRC [74-76].

Limited studies have addressed the role of TLRs 7-10 in CRC. 
TLR 7-10 genes were upregulated in the tumor tissue of CRC patients 
[34,77]. However, only TLR8 expression correlated with poor prognosis 
among German CRC patients (n = 65) [77]. TLR9, localized in the 
endosomal compartment, recognizes intracellular bacteria by binding 
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unmethylated cytosine phosphate guanine (CpG) dinucleotides 
[27,78]. TLR9 engagement with CD4 T cells prolongs their survival 
and involvement in antitumor responses [79,80]. Recent reports offer 
some insight on the role of TLR9 signaling in colonic carcinogenesis. 
Moreover, TLR9 is down regulated in the hyperplastic and villous 
polyps of CRC patients. Thus, TLR9 expression is protects against 
malignant transformation of colorectal mucosa [81]. Moreover, TLR9 
reduces apoptosis in gastrointestinal inflammatory disease.

Once activated TLR9 elicits either anti- or pro-inflammatory 
responses depending on whether its activation occurs on the apical or 
basolateral surface of the intestinal epithelium [27]. In experimental 
colitis models, the administration of CpG and other TLR9 agonists 
triggers apical TLR9-mediated tolerance, including a decrease inTLR4 
induced pro-inflammatory cytokine signaling, apoptosis, production 
of IFN-gamma and IL-6, anti-inflammatory IL-10 elevation, and 
ultimately a reduction in disease severity of colitis as well as other 
intestinal diseases [27]. Notably, TLR9 activation can limit TLR4 
signaling and subsequent inflammation and cell death in the gut [82]. 
On the contrary, basolateral TLR9 activation drives the production of 
pro-inflammatory cytokines (i.e., TNF, IL6, IL12) and NF-κB induced 
IL-8 secretion [27]. 

Another important effector of TLR signaling is MyD88. TLR/
IL1R employs MyD88 as an adaptor to bridge inflammatory and RAS 
oncogenic signaling pathways [83]. Up-regulated MyD88 is required for 
Ras-dependent proliferative signaling and malignant transformation 
[83-85]. In fact, MYD88 repression increases cellular damage, 
followed by increased cell death and improved chemotherapeutic 
responsiveness to cisplatin against colon cancer using in vitro and 
murine xenograft colon models [86]. This anti-tumorigenic and 
enhanced chemotherapeutic effect is linked to MYD88’s influence 
on RAS-dependent DNA repair and tumor suppressor genes, namely 
p53 and its target p21. In terms of DNA repair, MyD88 suppression 
decreases RAS activation of ERCC1 expression, leading to lowered 
nucleotide excision repair protein levels, increased DNA damage 
and subsequent increased cell death [87]. Alternatively, repression 
of MyD88 induces apoptosis through activation of p53 and its target 
p21 [83,86]. MyD88 repression reduces colon cancer proliferation and 
increases tumor cell death and sensitivity to cisplatin in colon cancer 
cell lines and murine xenograft models [83,86]. Notably, repression 
of cell models with RAS activation mutations or null for p53 fails to 
trigger apoptosis and presumably does not enhance chemotherapy 
responsiveness [83,86]. 

Innate immune  signaling pathway  sequence variants and 
colorectal cancer outcomes

Several studies suggest TLR-associated genetic susceptibilities are 
linked to alterations in colorectal cancer outcomes, including neoplasm, 
adenoma, colorectal cancer-specific death, poor differentiation, high 
UICC TNM stage, lymph node metastasis, and metastasis [3-7]. 
Selected Toll-like receptor sequence variants alter TLR signaling to 
responsivity/interaction with pathogens, receptor dimerization or 
interaction, TLR-adapter protein interaction/communication, TLR 
signaling, activation of interferon regulatory factors, cytokine secretion 
(IL-6, IL-8), cellular morphology (actin cytoskeletal disorganization, 
mitotic abnormalities), DNA repair capacity, epithelial-mesenchymal 
transition (Snail2, Vimentin), WNT signaling, cellular invasion, and 
inflammatory/immune responses favoring tumor growth. 

Careful evaluation of genetic epidemiology data provides intriguing 
observations of the complex role of TLR2 in CRC. A Brazilian cohort 

revealed a functional TLR2-196 to -174del polymorphism alters 
mRNA and protein expression as well as CRC susceptibility. Carriers 
of the TLR2-196 to -174del variant allele had a 1.6-1.7-fold increase 
in CRC risk under the dominant (OR = 1.72; 95%CI = 1.03-2.89; p = 
0.038) and additive (OR = 1.59; 95%CI = 1.02-2.48; p = 0.039) genetic 
models compared to the referent genotype [88]. Notably, carriers of 
the variant TLR2-196 to -174del allele possessed higher levels of the 
TLR2 transcript (2.2 fold higher) and protein (p = 0.03) relative to 
those with the referent genotype. In contrast, Noguchi and co-workers 
(2004) demonstrated the del/del polymorphism is linked to decreased 
gene transcription within a Japanese population [89]. However, 
given the impact of this functional del/del SNP in other cancers, the 
TLR2-196 to -174del polymorphism presumably enhances the pro-
inflammatory cytokine production favoring tumorigenesis. In a small 
CRC study (193 cases, 278 controls), TLR2 rs3804099 T597C was linked 
to a 79-90% reduction in CRC risk among Portuguese patients, which 
remained significant when the analysis was restricted to women or 
non-smokers [90]. This TLR2 rs3804099 T597C synonymous SNP, 
may alter: RNA stability, which in turn may alter protein expression 
and function; or dysregulate timing of co-translational folding of the 
gene product that alters the interaction of the gene product with its 
substrates [91,92]. TLR2 rs3804099 is located in the coding sequence 
of the extracellular domain of TLR2 at residue 199, an N-linked 
glycosylation site. Consequently, this synonymous SNP may obscure 
or expose the N-glycosylation site, which may subsequently alter TLR2 
trafficking, stability or signaling. Interestingly, monocytes with the 
TLR2 rs3804099 CC genotype was related to a 41% decrease in TNF-
alpha production relative to the TT genotype [90]. Although TLR4 
rs5743704 and rs5743708 were not linked to CRC, they were associated 
with CRC survival [93]. Possession of at least one TLR2 rs5743704 
A (HR = 1.89; 95%CI = 1.26-2.83) or TLR2 rs5743708 A (HR = 1.74; 
95%CI = 1.12-2.70) minor allele was linked to a 74-89% increase in 
overall colon cancer survival [93]. TLR2 rs5743704 is located at or near 
the Toll/interleukin-1 receptor (TIR) homology domain critical for the 
initiation of TLR signaling. Moreover, the TLR2 rs5743708 sequence 
variant is located at the carboxy terminal 19-amino acid ATG16L1-
binding motif that is implicated in TLR2 signaling during phagosome 
formation in macrophages [94]. 

To our knowledge, there are two published reports on the 
relationship between colorectal cancer and sequence variants detected 
within intracellular TLRs, namely TLR3, TLR8 and TLR9 [3,93]. 
Castro and co-workers (2011) studied 614 German men and women 
diagnosed with colorectal cancer and revealed inheritance of the 
TLR3 rs3775291 TT genotype (HR=1.93; 95% CI = 1.14-3.28) was 
linked with a 93% increase in CRC-specific death relative to patients 
with the referent CC genotype [3]. The relationship persisted even 
after adjusting for age or clinico-pathological parameters. The TLR3 
rs3775291 Leu412Phe polymorphism may disrupt the translation of the 
TLR3 protein leading to either a miscommunication or no interaction 
with its adapter protein, TRIF. Furthermore, this non-synonymous 
SNP may disrupt TLR3 signaling, block TLR3’s role as an anticancer 
immune stimulator and allow the tumor cell to escape cell. Slattery and 
co-workers (2012) evaluated four TLR3 SNPs (rs5743305, rs11721827, 
rs3775292, rs3775291) in relation to colon (1,555 cases, 1,956 crtls) 
and rectal cancer 754 cases, 959 crtls) susceptibility in a multi-ethnic 
study (90% Caucasian, 5% African-American, 5% Hispanic) [93]. 
Among these, TLR3 rs11721827 was linked to a 27% increase in rectal 
cancer risk under the dominant genetic model to a 27% increase in 
rectal cancer risk; whereas, the TLR3 rs3775292 sequence variant 
was associated with a 32% decrease in colon cancer risk under the 
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recessive genetic model. TLR3 rs11721827 and TLR3 rs3775292 are 
both intronic SNPs that may alter regulation of TLR3 transcription. 
Unfortunately, polymorphisms detected in other intracellular TLRs, 
such as TLR8 (rs3761623 Promoter) and TLR9 (rs352140 P545P, 
rs5743836 Promoter) did not significantly modify colorectal cancer 
outcomes [3]. 

Selected TLR genetic alterations are linked with colorectal cancer 
risk, disease progression, and poor prognosis, albeit unequivocally. 
The TLR4 rs4986791 (T399I or 1196 C>T) is a non-synonymous SNP 
predicted to have a possible damaging effect on the TLR4 protein. The 
variant 399 T allele is linked to lower gene expression or conformational 
change of the recognition site with PAMPs [95]. This functional change 
may lead to a decreased induction of innate and adaptive immunity 
mediators or aberrant STAT3 activation and subsequent induction of 
cancer related genes. Collectively, the biological consequences of this 
SNP may contribute to increased CRC risk and poor disease prognosis. 
In a pilot study, Omrane and associates (2014) revealed inheritance 
of the TLR4 rs4986791 CT genotype was associated with a modest 
increase in the risk of poor colorectal tumor differentiation (OR = 
1.12; 95% CI = 1.02-1.22), lymph node metastasis (OR = 1.31; 95% 
CI = 1.02-1.69) and metastasis (OR = 1.5; 95% CI = 1.02-2.25) among 
240 Tunisian men (53 cases, 45 crtls) and women (47 cases, 95 crtls) 
[4]. In the same study, the T399I polymorphism was linked to tumor 
differentiation (p = 0.027) and tumor architecture (p = 0.02) among 
colorectal cancer patients [4]. However, five studies did not reveal a 
significant difference in the distribution of the possession of the TLR4 
rs4986791 variant T allele between colorectal cancer cases and controls 
among German, Croatian, Malaysian, and Russian patients [93,96-
99]. Despite these null reports, two meta-analyses demonstrated 
higher CRC susceptibility among carriers of the TLR4 rs4986791 
variant allele [100,101]. In a 2014 meta-analysis of six studies (1,209 
cases, 1,218 crtls), the TLR4 rs4986791 was related to a 1.3-1.77 fold 
increase in the risk of developing colorectal cancer under the additive 
and dominant genetic models [99-101]. In another meta-analysis, 
including six observational studies (619 cases, 632 crtls), harborers of 
the TLR4 rs4986791 399TT and TC+CC genotypes had a 4.5-4.99 fold 
increase in CRC risk compared to those with the CC genotype [97-
101]. Additional studies in larger and racially diverse sub-group may 
help clarify the role of TLR4 rs4986791 in CRC.

Several independent studies and two meta-analyses evaluated the 
relationship between colorectal cancer and the inheritance of TLR4 
rs4986790 D299G, which has the same functional consequence as the 
TLR4 rs4986791 T399I SNP [4,88,90,96-105]. Nine studies and two-
meta-analyses did not reveal significant differences in the frequency 
of the variant TLR4 rs4986790 allele comparing and colorectal cancer 
cases and controls among participants of European, Asian and 
Hispanic descent. On the contrary, three studies demonstrated the 
TLR4 rs4986790 variant G allele linked to a 1.18-2.25 fold increase in 
colorectal cancer among Croatians, rectal cancer and Russians as well as 
advanced and metastatic disease among Tunisians [4,97,98]. Similarly, 
German CRC cases (n =- 214) who possessed the TLR4 rs4986790 
(D299G) variant allele were more likely to have advanced disease (UICC 
≥ stage 3; 70% vs 46%, p = 0.142) and evidence of metastasis; 42% vs 19%, 
p = 0.0065) relative to those with the referent genotype [96]. In the same 
study, stably expressing TLR4 rs4986790 D299G Caco-2 cells displayed: 
a fibroblast-like appearance; higher levels of cellular proliferation and 
invasion; elevation in EMT markers (Snail2, Vimentin), cytoskeletal 
disorganization (i.e., Cx43, DKK1), and mitotic abnormalities relative 
to TLR4 WT Caco-2 cells. Additionally, intestinal xenograft tumors 
from Caco-2 TLR4 D299G cells in CD1 nu/nu female mice exhibited 

rapid growth after 22 days compared to Caco-2 TLR4 WT xenografts. 
This accelerated tumor growth may be attributed to the activation of 
an innate immune-related gene (i.e., phosphorylated STAT3) via Wnt 
signaling. Notably, TLR4 D299G Caco-2 cells treated with a STAT3 
inhibitor (100μM ofNSC74859 or anti-oxidant agent (i.e., 15 uM 
quercetin) resulted in a significant reduction in phosphorylated STAT3 
protein, cellular invasion and tumor growth relative to vehicle control. 

A few investigators reported on the impact of other TLR4 sequence 
variants on colorectal cancer risk [93,102,103,106]. Koop and co-
workers (2015) reported carriers of the TLR4 rs5030729 AA genotype 
had a 1.3 fold higher risk of developing CRC (IRR = 1.3; 95%CI = 1.06-
1.61) when compared to those with the TT genotype among Danish 
participants of a prospective case control study [102]. In the Clue II 
study, mentioned earlier, Tsilidis and co-workers (2009) demonstrated 
individuals who possessed the C allele for the TLR4 rs7873784 G>C 
SNP, located in the 3’ UTR, was linked to a 42% reduction in CRC 
risk (OR = 0.58; 95%CI = 0.37-0.91) relative to the reference genotype 
[103]. Contrary to the null findings in the Clue II study, Slattery and 
associates (2015) reported inheritance of the TLR4 rs11536898 AA 
genotype was inversely related to colon cancer (OR = 0.5; 95%CI 
= 0.29-0.87) but not rectal cancer [93]. However, this significance 
was lost after adjusting for multiple hypothesis testing. Within the 
aforementioned studies, several TLR4 SNPs (rs11536898, rs11536889, 
rs2737190, rs10116253, rs1927914, rs1927911, rs2149356, rs11536891, 
rs11536891, rs11536898, rs10759932, rs5030728, rs12377632, 
rs1554973, TLR4 -160 T/C, rs1927907, rs11536879, rs7873784), were 
not related to CRC risk among European American, Danish and 
Brazilian men [88,93,103,106]. 

TLR-associated sequence variants in the transmembrane receptor, 
TLR5, have both protective and stimulating effects on poor disease 
prognosis. Klimosch and associates (2013) evaluated two TLR5 
sequence variants (rs2072493 N592S; rs5744174 F616L) in relation to 
colorectal cancer risk among 613 German patients [5]. Possession of 
the TLR5 rs2072493 AG+GG genotype was strongly associated with 
a 1.6-1.9 fold increase in colorectal cancer-specific mortality (HR = 
1.89; 95% CI = 1.27-2.80) and overall mortality (HR = 1.57; 95% CI 
= 1.08-2.27) [5]. However, possession of at least one TLR5 rs5744174 
C variant allele was linked to a 34-49% reduction in colorectal cancer 
death and lymph node metastasis (OR = 0.59; 95%CI = 0.36-0.95; CC vs 
TT) Upon stratification by disease site, the findings for both the TLR5 
rs2072493 and rs5744174 sequence variants were only statistically 
significant among patients who had colon cancer. Moreover, the TLR5 
rs2072493 N592S SNP was related to distant metastasis (OR = 1.81; 95% 
CI = 1.13-2.90) and low tumor stage under the dominant genetic model 
(OR = 1.52; 95% CI = 1.06-2.20). According to structural evidence and 
modeling studies, the two TLR5 SNPs are not in direct contact with 
TLR’s activation site (i.e., flagellin D1) but they may alter the TLR5's 
dimerization or interaction with the flexible flagellin Do domain. Given 
the role of TLR5 in the gut and colorectal cancer, the investigators 
assessed whether these to sequence variants would modify TLR5 
signaling. Interestingly, these two TLR5 SNPs have opposing effects in 
TLR signaling using kidney 293T cells stably transfected with a single 
copy of TLR5 WT or variants. Consequently, the TLR5 rs2072493 N592S 
variant allele revealed a slight increase in IL-8 levels and TNF mRNA 
induction upon stimulation with S. typhimurium flagellin relative to 
the wildtype. However, these same cytokines were reduced in cells 
with the rs5744174 F616L relative to the referent genotype. Additional 
studies revealed the TLR5 rs5744174 F616L variant responded poorly 
toward all bacterial species tested; whereas, the TLR5 rs2072493 N592S 
variant revealed differential functional modulation depending on the 
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bacterial species. The TLR5 rs2072493 N592S demonstrated reduced 
responsivity to E. coli and P. Vulgaris compared to the WT. However, 
responsivity to gut-resident E. cloacae, A. faecalis and P. mirabilis 
were equally high for the TLR5 N592S and WT. Neither of these two 
TLR5 SNPs modified TLR5 functional activity in HCT116 and DLD1 
colorectal cells. However, the TLR5 rs5744174 F616L variant was 
hyporesponsive to the TLR5 flagellin ligand but not TLR5 R848 ligand 
in monocytes as demonstrated by a reduction in phospho-p38 and 
CD62L shedding relative to the WT genotype. Additional functional 
studies should assess whether these TLR5 sequence variants have 
functional consequences in other colorectal cancer cell lines and blood 
immune cells collected from racially/ ethnically yh diverse subgroups. 
Given the epidemiological and in vitro evidence, these two SNPs may 
play a significant role in innate immunity, immune surveillance and 
CRC progression.

Impact of innate immune  signaling suppression or 
stimulation on colorectal cancer treatment 

Colorectal cancer patients undergo treatment with surgery, 
radiation therapy, chemotherapy, or targeted therapy. However, these 
treatment strategies may lose their anti-tumorigenic and or immune 
enhancing effects due to an acquired drug resistance, up-regulation 
of oncogenic pathways and compromised DNA repair capacity. 
Manipulation of the TLR signaling pathway may potentiate the immune 
boosting and anti-carcinogenic effects of radiation, chemotherapy or 
targeted therapy. Recent use of TLR agonists or antagonists in pre-
clinical and clinical trials stems from (Supplemental Tables 1 and 2), in 
part, the role these innate immune manipulators play in tumor growth, 
cellular proliferation, cell death, inflammatory/immune responses, and 
DNA damage. 

Although TLRs are mainly expressed in innate immune cells 
(e.g., dendritic cells (DCs) they are also detected in tumor cells. The 
presence of TLRs on the cell surface of cancer cells suggests they may 
contribute to tumorigenesis and/or sensitivity toward chemopreventive 
agents. One study demonstrated TLR4 signaling and activation are 
enhanced in CRC cell models [107,108]. Pham and colleagues (2010) 
revealed a TLR4 agonist improved cyclophosphamide cytotoxicity 
by enhancing adaptive immune response activity [109]. The TLR4 
agonist lipopolysaccharide significantly enhanced DC maturation 
via natural killer (NK) cells in co-cultures [109]. TLR4 stimulation 
activates natural killer (NK) cells to stimulate immature DCs [109]. 
The interaction between NK cells and DCs results in activation and 
cytokine production in both cell types [109]. The addition of a TLR4 
agonist also increased production of cytokines (i.e., IL12-p40 and 
IL12p70) [109]. Further analyses demonstrated the addition of a 
TLR4 agonist and IL2 exposure to both NK cells and DCs stimulated 
T cells in a dose-dependent manner using allogeneic models [109]. 
Notably, IL2 is a cytokine known to activate NK cells, which in turn 
further increases cytokine production [109]. This boost in immune 
cell response along the TLR4-IL2 axis was associated with improved 
antitumor activity when combined with cyclophosphamide in CT-26 
murine colon cancer models [109].

Nucleic acid sensing (NAS) TLRs (TLR3, TLR7, TLR8 and TLR9) 
are promising therapeutic targets, as nucleic acid analogs for these 
TLRs are currently in clinical trials for the treatment of a variety of 
malignancies, including colorectal cancer [110,111]. Furthermore, the 
development of the next generation of NAS TLR-targeted therapeutics 
is an active area of research [110,112,113]. TLR ligands exert anti-
tumor effects against colorectal cancer by inducing cell death or 
activating immune cells [108]. Stier and colleagues (2013) showed 

TLR3 (Poly I:C), TLR4 (LPS), TLR7 and TLR8 (R848) ligands as single 
agents or in combination with Taxol, did not possess significant anti-
proliferative effects against CRC cells [108]. However, these ligands 
stimulated immune cells [i.e., T cells and natural killer (NK) cells] 
in a dose-dependent manner, which in turn increased cytotoxicity 
against CRC cells [108]. Although the addition of TLR3, TLR4, TLR7 
and TLR8 ligands to Taxol did not enhance tumor cell killing in vitro, 
combinations of Taxol+TLR7/8 ligands inhibited tumor growth in 
vivo [108]. Furthermore, the investigators observed greater anti-tumor 
effects using treatment combinations along with lymphocytes in vitro 
[108]. Treatment of colon tumor-bearing mice with a dual agonist of 
TLR7 and TLR8 elicited a MyD88-dependent antitumor response, 
substantiating the value of developing NAS TLR therapeutics and 
identifying the critical role of MyD88 in TLR7- and TLR8-mediated 
anti-tumor immunity [114]. Interestingly, there is a TLR3 agonist 
poly-ICLC clinical trial combined with CTLA-4 antibody and PD-
L1 antibody treat multiple types of solid tumors, including colorectal 
cancer (NCT02643303). 

The TLR3 ligand polycytidylic acid (Poly I:C), a synthetic form of 
dsRNA, reduced cell proliferation as well as increased nuclear apoptosis 
and NFkB activity in Poly I:C transfected SW480 and/or Colo320 colon 
carcinoma cell lines [74]. Since TLR3 can trigger apoptosis in tumor 
cells, Taura and co-workers (2010) hypothesized TLR3 stimulation 
with 5-flurouracil (F-FU), a P53 activating P53 compound would 
mediate TLR-3 related tumor cell killing [115]. As a consequence, the 
investigators revealed 5-FU increased TLR3 levels as well as coupled 
increased TLR3-related cell death in P53 expressing colon carcinoma 
cell lines (HCT116 p53+/+) transfected with Poly I:C. This increase in 
apoptosis was more pronounced in P53 expressing colon carcinoma 
cells when compared to P53 null cells. 

In murine models, 5-fluorouracil (5-FU) combined with the TLR5 
agonist Entolimod reduced toxicity to 5-FU, a chemotherapeutic agent 
often used to treat patients with metastatic CRC. Resistance to 5-FU 
is linked to upregulation of genes associated with apoptotic inhibition 
and cellular stress/defense, including IRAK1, MALTI, BIRC5, MICB, 
and SDF2L1 [116]. The protective effects of Entolimod are mediated 
through NFκB induction of IL6 [117]. Notably, a Phase I TLR5 agonist 
Entolimod clinical trial involved patients with unspecified solid tumors; 
however, it is not clear whether this study consisted of colorectal cancer 
patients (NCT01527136).

Systemic delivery of small molecule TLR7 agonists can prime 
immune system responses to reduce tumor and metastatic burden 
[118]. TLR7 agonist DSR-6434 displays significant anti-tumor activity 
in BALBc and C57B16 murine models [118]. DSR-6434 boosts IFNγ 
and CD8+ T cells, suggesting this agent is capable of producing a 
long-lasting immune response [118]. Furthermore, exposure to 15 
Gy ionizing radiation (IR) and DSR-6434 (0.1 mg/kg) generated 
synergistic effects, which surpassed tumor growth reduction caused 
by either therapy alone [118]. Also, local IR combined with DSR-
6434 reduced lung metastasis incidence and improved survival in the 
metastatic sarcoma KHT model [118]. In a nutshell, the TLR7 agonist 
DSR-6434 potentiates and elongates the anti-tumorigenic effects of 
ionizing radiation (e.g., inducing DNA damage, triggering cell death, 
stimulating immune cell activation, activating antigen-presenting cells, 
releasing immunosuppressive cytokines) [118]. Perhaps this enhanced 
anti-tumorigenic response is attributed to monocyte-derived IL6 
activation of NK cells and CD8+ T cells [118]. 

The TLR7 agonist imiquimod (IMQ) exhibits both anti-cancer 
and inflammatory activity [119]. Although this agent increases host 
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response, it can also stimulate immunosuppressive markers, such as 
iNOS, IL10, and indoleamine 2,3-dioxygenase (IDO) [119]. IMQ 
treatment also increased expression of IL2, IL12b, FasL, and CCL2 
in IDO-KO mice and draining lymph nodes. Hence, in the absence 
of IDO, IMQ stimulates the release of cytokines needed for antigen-
specific T cells [119]. TLR signaling can activate innate as well as 
adaptive immune cells. TLRs are primarily expressed on antigen 
presenting cells [i.e., dendritic cells (DC) and macrophages], but are 
also found on natural killer (NK) cells, B cells, and cytotoxic CD8+ T 
cells [120]. Antigen contact and TLR activation can lead to increased 
proliferation, cytokine secretion, co-stimulatory molecule expression, 
phagocytic activity, and antigen presentation in these immune cells 
[120]. More specifically, TLR7 activation can stimulate DCs to produce 
a pro-inflammatory response associated with increased cytokine 
release, antigen processing, and T cell activity [120]. 

TLR8 is a potent activator of innate immune response capable 
of stimulating Th1-polarizing cytokines and chemokines [121]. 
Consequently, Northfelt and co-workers (2014) revealed TLR8 
agonist VTX-2337 rapidly increased G-CSF, IL6, MCP1, and MIP-1β 
in nonhuman primates [121]. A Phase I clinical trial demonstrated 
a high tolerance for VTX-2337 among cancer patients with primary 
and recurrent solid tumors, including colorectal, pancreatic, breast 
and renal cancers (NCT02650635). VTX-2337 also induced dose-
dependent increases in cytokines and biomarkers of immune 
activation, such as GCSF, CCL2, CCL4, and TNFα. This agent exhibited 
the best overall anti-tumor response among patients diagnosed with 
stable disease [121]. Furthermore, administration of VTX-2337 as part 
of a combination regimen may enhance efficacy [121]. Additionally, 
investigators are evaluating VTX-2337 in a combination therapy in 
ovarian, Fallopian tube, and primary peritoneal cancers within a Phase 
1/2 clinical trial (NCT02431559).

The TLR9 ligand, CpG oligodeoxynucleotide 1826 (CpG), inhibits 
colon adenocarcinoma tumor growth and liver metastasis in murine 
models via Th1 activity [122]. Th1 function undergoes enhancement 
by pro-inflammatory cytokines (e.g., IL-12, IL-18, IFNα, and TNFα), 
which stimulates NK cell activity and directly kills tumor cells with 
low MHC class I expression [122]. Upon binding to TLR9, CpG also 
regulates MHC class I and II molecule expression along with co-
stimulatory molecules CD80 and CD86. Additionally, CpG stimulates 
the proliferation of B-cells, IgM secretion, and isotype switching 
[122]. The agonist also induces the infiltration of lymphocytes and 
macrophages in tumors; however, the exact mechanism is unknown 
[122]. TLR9, expressed in β-lymphocytes, monocytes, and plasmacytoid 
dendritic cells in humans, recognizes unmethylated CpG-ODN present 
in bacterial and viral DNA. Stimulation of TLR9 with CpG-ODN in 
combination with an anticancer drug (i.e., Adriamycin) reduces 
cell proliferation and viability as well as elevated NFkB activity in 
colon carcinoma cell lines (i.e., SW480 and/or Colo320 cells) [74]. 
Another TLR9 agonist, MGN1703, stimulates antitumor responses 
through NK cells, monocytes, macrophages, and cytokine induction 
[123]. MGN1703 is effective and well tolerated in CRC, renal cell, 
and melanoma patients. In a Phase II clinical trial study, MGN1703 
demonstrated antitumor effects against CRC, including higher 
progression-free survival (PFS) in some patients, as well as increased 
activation of NK cells and monocytes [123]. Moreover, TLR9 agonists 
decrease estrogen activation in ER-positive breast cancer [81]. Since 
estrogen receptors have a functional role in colorectal cancer, TLR9 
agonists may have therapeutic value in colorectal cancer by suppressing 
estrogen activation [81]. Collectively, these results suggest stimulation 

of TLR9 is pivotal for regulating cell viability, cytotoxicity of anticancer 
drugs, cell death and immune escape of tumor cells.

TLR9 agonists enhance antitumor and immune boosting effects 
of monoclonal antibodies and other agents targeting cancer growth 
pathways. Monoclonal antibodies (e.g., cetuximab and panitumumab) 
and receptor tyrosine kinase inhibitors (e.g., gefitinib and erlotinib) 
targeting EGFR are effective cancer treatments [124]. However, 
resistance is often a challenge with these agents. Resistance to tyrosine 
kinase inhibitors often occurs due to mutations or loss of EGFR, 
activation of other tyrosine kinases or signaling pathways, and induction 
of angiogenesis by tumor-derived factors [124]. In CRC and several 
other cancers, KRAS mutations can lead to activation of RAS/MAPK 
pathway signaling and subsequent resistance to EGFR inhibitors [124]. 
However, the TLR9 agonist, IMO, heightens the antitumor activity of 
anti-EGFR and anti-ERBB2 monoclonal antibodies by enhancing the 
immune effects of these agents [124]. IMO can boost immune response 
by increasing activation of NK cells, DCs, and cytotoxic T cells, as well 
as the production of antitumor cytokines [124]. IMO also enhances 
antibody-dependent (i.e., cetuximab) cell mediated cytotoxicity 
by inhibiting colorectal tumor growth and maintains sensitivity to 
cetuximab, based on in vitro and in vivo models [124]. 

Candidate TLR signaling targets ideal for precision medicine 
and colorectal cancer treatment 

Prospective targets recommended for colorectal cancer therapy 
include TLR-associated targets that displayed a strong influence on 
CRC outcomes in the aforementioned epidemiological, pre-clinical 
and clinical studies. Candidate TLR-associated genes that may serve as 
potential therapeutic targets for the treatment of aggressive colorectal 
cancer include TLR3, TLR4, TLR5, TLR7, TLR8, TLR9, and MYD88. 
In particular, TLR signaling genes are upregulated (TLR4, TLR7-10) 
or downregulated (TLR9) in CRC tissue and/or inflammatory/immune 
regulatory cells in the stroma. Additional tumor-based studies are 
needed to assess levels of TLR2, TLR5, TLR6 and TLR10 in colorectal 
cancer tissue and the tumor microenvironment. TLR4 and TLR8 
expression were linked with aggressive tumor behavior, including 
lymph node metastasis, metastasis, tumor recurrence, advance tumor 
stage, adenomas, large tumor size, large tumor volume, poor survival 
and disease recurrence. Stimulation to TLR (TLR3, TLR5, TLR7, TLR8, 
TLR9) ligands or MyD88 repression may exert anti-tumor effects and/
or improve the efficacy of radiation/chemotherapy. For instance, the 
TLR3 agonist (Poly I:C) reduced cell proliferation and increased cell 
death in colon cancer cell lines. Apparently there is an on-going clinical 
trial to evaluate the impact of TLR3 agonist (Poly I:C) combined with 
a checkpoint inhibitor (e.g., CTLA-4). Improved effectiveness of 
conventional therapies against colorectal cancer are characterized by 
enhancing cell death of tumors, decreasing nucleotide excision DNA 
repair, stimulating adaptive immune response activity and enhancing 
tumor suppressor genes. Suppression of MyD88 in vitro enhances 
responsivity to chemotherapy, presumably through an increase in 
DNA damage, which in turn promotes cellular death of tumor cells. 
Thus several TLRs (TLR3, TLR5, TLR7, TLR8 and TLR9) and MYD88 
are promising therapeutic targets for the treatment of a variety of 
cancers, including colorectal cancer. Additional studies will further 
elucidate the role of TLRs in colorectal cancer as well as assess how 
one or more agonist/antagonist improves the anti-tumor and immune 
boosting capacity of current therapies. 

Collectively, the aforementioned functional SNPs suggest 
inheritance of high-risk TLR signaling related sequence variants 
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may help to identify patients who should receive more aggressive 
treatment for colorectal cancer. Alternatively, these high-risk sequence 
variants may also identify target genes that may undergo stimulation 
by TLR agonists to boost the immune system and improve response 
to available cancer treatments. Although there are no specific studies 
on the impact of TLR signaling associated SNPs on responsiveness to 
available therapies to treat colorectal cancer, studies involving breast 
cancer patients may offer some guidance [125-129]. In fact, non-
metastatic breast cancer patients with lymph node involvement (n = 
280) who possessed the TLR4 299Gly loss-of-function allele and received 
anthracycline chemotherapy and local radiotherapy relapsed more 
quickly after surgery, than patients who carried the TLR4 299Asp/
Asp referent genotype. Five years post-treatment, the frequency of 
metastasis was significantly higher among TLR4 299Gly carriers (40%) 
relative to patients without the variant allele (26.5%) (P < 0.05, RR = 
1.53; 95%CI = 1.1–3.58). Moreover, there was a lower percentage of 
metastasis-free patients with the mutated TLR4 when compared to 
those without inheritance of the variant allele (P < 0.05). Additionally, 
two copies of the TLR3 rs3775291 T variant allele decreased survival 
among colorectal cancer patients without adjuvant therapy [3]. 
Subsequent studies will help to assess whether genetic susceptibilities in 
TLR-related markers will alter responsivity to treatment with radiation, 
chemotherapy, immunotherapy (including immune stimulation with 
TLR agonists/antagonists) and combination therapy.

Discussion and Conclusion
Epidemiological, pre-clinical and clinical studies offer critical 

knowledge on the role of essential TLR signaling markers pivotal to 
colorectal cancer development and disease progression. Although 
genetic variations detected within the Toll-like receptor-related 
markers alter colorectal cancer outcomes and responsivity to adjuvant 
therapy, For instance, further research is needed to determine the 
functional consequence of various TLR-related sequence variants.  In 
addition, many studies fail to include underserved populations (e.g., 
African Americans) who suffer disproportionately from colorectal 
cancer. Moreover, past and ongoing clinical trial studies shed 
light on TLR-associated therapeutic targets (TLR3, TLR4, TLR7-9, 
MyD88) that may help replace or complement conventional (i.e., 
immunotherapy, radiation, chemotherapy) treatment modalities 
against aggressive colorectal. TLR ligand stimulation or repression 
of downstream signaling markers (e.g., MyD88) may exert anti-
tumor effects or improve the efficacy of radiation/chemotherapy. This 
improved effectiveness of conventional therapies against colorectal is 
characterized by enhancing cell death, decreasing nucleotide excision 
DNA repair, and stimulating adaptive immune response activity. 
Additional tumor-based, pre-clinical and clinical studies will further 
assess whether targeting one or multiple TLR markers will improve the 
efficacy of existing or new immunotherapy, radiation, chemotherapy 
modalities. Such efforts will help further develop of the next generation 
of cell surface and nucleic acid sensing TLR-targeted therapeutics for 
the effective treatment of aggressive colorectal cancer.
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