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Purpose: Colorectal cancer (CRC) often recurs after curative resection. Identification of 
major risk factors for CRC recurrence is important for effective prevention and treatment. In 
this study, we examined the potential relationship between CRC and TLR3 as this remains 
unclear.
Patients and Methods: Correlations between TLR3 immunostaining and clinicopatholo-
gical factors and prognosis were examined in 50 samples that were randomly extracted from 
264 patients with CRC from January 2010 to December 2011. Chemokines induced by TLR3 
agonist stimulation were also examined using TLR3-positive human CRC cell lines. 
Furthermore, the association between TLR3 and chemokine expression was assessed by 
analyzing the immunohistochemistry of surgical specimens.
Results: Of the 50 patients, 14 (28%) were TLR3-negative. In the comparison of clinico-
pathological factors between the TLR3-negative and -positive groups, there were more 
lymph node metastasis-positive cases in the TLR3-negative group, and this difference was 
significant. Furthermore, there was no difference in overall survival rates between the two 
groups, but the 5-year recurrence-free survival (RFS) was significantly lower in the TLR3- 
negative group (46.2%) than in the TLR3-positive group (78.1%). Analysis of 5-year RFS 
using factors thought to be related to recurrence identified a high tumor budding and a TLR3- 
negative status as independent risk factors for recurrence. TLR3 activation of CRC cell lines 
induced expression of C-C motif chemokine ligand 2 (CCL2), C-C motif chemokine ligand 5 
(CCL5), and interleukin-8. The expressions of CCL2, CCL5, and IL-8 were observed in the 
TLR3-positive tumor cells of surgical specimens.
Conclusion: Non-expression of TLR3 in CRC cells was associated with lymph node 
metastasis and was an independent risk factor for recurrence. These results suggest that 
TLR3 may not only be used as a prognostic factor and a risk factor for recurrence, but further 
studies on the involvement of TLR3 with tumor growth may provide new therapeutic 
strategies.
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Introduction
Colorectal cancer (CRC) is a common malignant neoplasm with the third highest 
prevalence worldwide, after lung cancer and breast cancer. It has the second highest 
mortality rate after lung cancer.1 Hereditary CRC accounts for 10% of the cases, 
while all other cases are sporadic.2 Chronic inflammation and lifestyle and eating 
habits, including unchecked obesity, alcohol and red meat consumption, have been 
suggested as risk factors for CRC.3–6

Correspondence: Kenichi Hakamada  
Department of Gastroenterological 
Surgery, Hirosaki University Graduate 
School of Medicine, 5 Zaifu-cho, Hirosaki, 
Aomori 036-8562, Japan  
Tel +81 172 39 5079  
Fax +81 172 39 5080  
Email hakamada@hirosaki-u.ac.jp

Clinical and Experimental Gastroenterology                                         Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Clinical and Experimental Gastroenterology 2020:13 427–438                                             427

http://doi.org/10.2147/CEG.S252157 

DovePress © 2020 Yoshida et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://orcid.org/0000-0002-7086-714X
http://orcid.org/0000-0002-0238-2845
http://orcid.org/0000-0002-0655-8051
http://orcid.org/0000-0002-1033-8481
mailto:hakamada@hirosaki-u.ac.jp
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


CRC often recurs after curative resection, with recurrence 
rates reaching 13.3% in Stage II and 30.8% in Stage III 
cases.7 Therefore, it is important to evaluate the recurrence 
risk in individual cases and introduce adjuvant chemotherapy 
in addition to curative resection in CRC treatment strategies. 
The numbers of dissected lymph nodes (<12), T4, perfora-
tion cases, and poorly differentiated carcinoma in Stage II 
have recently been identified as high-risk factors for 
recurrence,8,9 but none of these factors is molecular in nature 
to serve as a therapeutic target. Therefore, there is the need to 
identify a molecule that is a strong recurrence risk factor to 
serve as a direct treatment target.

Toll-like receptors (TLRs) are pattern-recognition recep-
tors, and 13 types have been found in mammals.10 TLRs 
recognize the pathogen-associated molecular patterns 
(PAMPs) of bacteria-derived lipopolysaccharides and virus- 
derived DNA and RNA, and induce proinflammatory cyto-
kines in mechanisms that are important for the activation of 
the innate immune system.11 Similar to exogenous pathogen- 
derived PAMPs that induce inflammation, Matzinger pro-
posed that endogenous molecules released from injured 
cells, termed damage-associated molecular patterns 
(DAMPs), can also induce inflammation.12 Many DAMPs 
have now been identified, including high mobility group 1 
(HMGB1) and uric acid.13–15 Sato et al suggested that in the 
tumor microenvironment, necrotic cells released DAMPs 
into the extracellular space.16 The expression of TLRs has 
been confirmed in various carcinomas,16 and those TLRs are 
thought to be activated in the tumor microenvironment. 
Regarding their anti-tumorigenic effect, activation of TLRs 
led to the activation of immune cells, and a consequent 
induction of apoptosis. Conversely, their pro-tumorigenic 
effect was expressed as the activation of immunosuppressive 
cells, with consequent promotion of angiogenesis.16–18

In CRC, the expressions of TLR2, TLR3, TLR4, TLR5, 
and TLR9 has been confirmed.16 Nihon-Yanagi et al sug-
gested that TLR2 expression might be involved in sporadic 
colorectal carcinogenesis.19 So et al suggested that TLR4 
expression in tumor cells promotes tumor progression.20 

Eiro et al suggested a possible protective role of TLR9 
expression against malignant transformation in CRC.21 

These research about TLRs on CRC were only in vitro 
studies, and no clinicopathological study or investigation of 
the association of TRLs with clinical outcomes have been 
conducted.

TLR3 recognizes virus-derived double-stranded RNA 
(dsRNA), synthetic dsRNA, and polyinosinic-polycy-
tidylic acid (poly I:C), and induces the activation of type 

I interferons (IFNs), leading to the initiation of an antiviral 
response.22 Also, messenger RNA (mRNA) released from 
necrotic cancer cells and self dsRNA, acting as DAMPs, 
activated TLR3 expression.16,23 TLR3 has been reported 
to have antitumor activities and may be a favorable prog-
nostic factor since TLR3 activation is involved in the 
apoptosis and inhibition of the proliferation of breast 
tumors, melanomas, prostate cancers, and hepatocellular 
carcinoma cells.24–27 Also, a favorable outcome was found 
for patients with hepatocellular carcinoma who were 
TLR3-positive on immunohistochemistry, as opposed to 
the outcome for TLR3-negative patients.27

In this study, we examined TLR3 expression in CRC, 
and the clinicopathological factors and outcomes to eval-
uate the significance of TLR3 expression in CRC. 
Furthermore, cytokines induced by TLR3 activation were 
investigated in vitro in a cultured human CRC-derived cell 
line. In addition, we examined whether TLR3 expression 
in surgical specimens was involved in the secretion of 
these induced cytokines.

Patients and Methods
Patients
We obtained data on the 5-year outcomes in 113 of 264 
patients who underwent surgery for CRC at the Hirosaki 
University School of Medicine Hospital between January 
2010 and December 2011. The subjects were 50 patients 
who were randomly extracted from these 113 patients 
using a random number table.

Data Collection and Definitions
Clinical information (sex, age at time of surgery, and date of 
diagnosis), clinicopathological information (region occupied 
by tumor, histologic type, histological invasion depth, stro-
mal volume, local advancement pattern, vascular invasion, 
tumor budding, lymph node metastasis, distant metastasis, 
and disease stage), and postoperative information (recur-
rence, date of recurrence, and outcome) were collected. 
Pathological diagnoses were based on the criteria used in 
the Japanese Classification of Colorectal Carcinoma, 7th 
edition. The right colon was defined as the region from the 
cecum to the transverse colon, the left colon as the region 
from the descending colon to the rectum, the colon as the 
region from the cecum to the rectosigmoid. Overall survival 
(OS) was defined as the period from the diagnosis to final 
follow-up, and recurrence-free survival (RFS) as the period 
from the day of curative resection (R0) to recurrence. The 
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day of curative resection was defined as the first operation 
day in stage I–III cases without distant metastasis. In stage IV 
cases with distant metastasis, the day of curative resection 
was defined as the day of operation for distant metastasis 
after surgery for the primary lesion at the first surgery. 
Curative resection was achieved in 45 of the 50 patients, 
excluding 5 patients in whom curative resection for distant 
metastasis was not applicable.

Immunohistochemistry and Assessment
Immunohistochemistry (IHC) was performed on formalin- 
fixed, paraffin-embedded tissue sections using standard 
techniques with a BOND-III fully automatic immunostain-
ing device (Leica Camera AG, Wetzlar, Germany). Antigen 
retrieval was achieved using BOND Epitope Retrieval 

Solution 1 (ER1, a citrate based pH 6.0 solution, Leica 
Camera AG) for interleukin-8 (IL-8), and BOND Epitope 
Retrieval Solution 2 (ER2, an EDTA-based pH 9.0 solution, 
Leica Camera AG) for the rest. Following antigen retrieval, 
tissue samples were incubated for 15 min with mouse 
monoclonal antibodies against TLR3 (NBP2-24875, 
Novus Biologicals, Centennial, CO) at 1:30 dilution, for 
20 min with rabbit polyclonal antibodies against C-C motif 
chemokine ligand 2 (CCL2) (HPA019163, Sigma-Aldrich, 
St. Louis, MO) at 1:50 dilution, 20 min with goat polyclonal 
antibodies against C-C motif chemokine ligand 5 (CCL5) 
(AF-278-NA, R&D Systems, Minneapolis, MN) at 1:25 
dilution and for 20 min with rabbit polyclonal antibodies 
against IL-8 (AHC0881, Thermo Fisher Scientific, 
Waltham, MA) at 1:100 dilution. BOND Polymer Refine 

Table 1 Primer Sequences

Primer Name Sequence (5′ to 3′) Bases

CCL2 – forward AAA CTG AAG CTC GCA CTC TCG C 353
CCL2 – reverse ATT CTT GGG TTG TTG AGT GAG T

CCL5 – forward CTA CTC GGG AGG CTA AGG CAG GAA 318

CCL5 – reverse GAG GGG TTG AGA CGG CGG AAG C
IL-8 – forward AGG AGT GCT AAA GAA CTT CGA 219

IL-8 – reverse TGA ATT CTC AGC CCT CTT CAA

GAPDH – forward GCA CCG TCA AGG CTG AGA AC 142
GAPDH – reverse ATG GTG GTG AAG ACG CCA GT

Table 2 Patient Characteristics

Item Value Item Value Item Value

Sex: male (%) 30 (60.0) Tumor invasion (%) Venous invasion (%)

Age at surgery (y) (median [IQR]) 66.50 [57.50–74.00] pSM 4 (8.0) v0 6 (12.0)

Tumor location (%) pMP 11 (22.0) v1 17 (34.0)
Cecum 2 (4.0) pSS, pA 26 (52.0) v2 16 (32.0)

Ascending colon 10 (20.0) pSE 7 (14.0) v3 11 (22.0)

Transverse colon 4 (8.0) pSI, pAI 2 (4.0) Tumor budding (%)
Descending colon 2 (4.0) Stromal vol. (%) 1 31 (62.0)

Sigmoid colon 9 (18.0) med 5 (10.0) 2 11 (22.0)

RS 6 (12.0) int 43 (86.0) 3 8 (16.0)
Ra 4 (8.0) sci 2 (4.0) LN metastasis (%)

Rb 13 (26.0) INF (%) pN0 20 (40.0)

Differentiation (%) INF a 3 (6.0) pN1 14 (28.0)
Pap 1 (2.0) INF b 37 (74.0) pN2 12 (24.0)

Well 5 (10.0) INF c 10 (20.0) pN3 4 (8.0)

Mod 36 (72.0) Lymphatic invasion (%) Metastasis (%)
Por 6 (12.0) ly0 5 (10.0) M0 40 (80.0)

Sig 1 (2.0) ly1 21 (42.0) M1 10 (20.0)

Muc 1 (2.0) ly2 16 (32.0)
ly3 8 (16.0)
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Detection and BOND DAB Enhancer (Leica Camera AG) 
was used for detecting primary antibodies. Staining inten-
sity for TLR3 was evaluated as negative, weakly positive, 
or strongly positive by a pathologist who was blinded to the 
clinical information. Immunostainings for CCL2, CCL5 
and IL-8 were examined in tissues known to be positive 
and negative for TLR3 expression.

Reagents
Poly I:C and anti-actin rabbit IgG were obtained from 
Sigma-Aldrich. Non-silencing negative control small- 
interfering RNA (siRNA) (1027281) and siRNA against 
TLR3 (SI02655156) were purchased from Qiagen 
(Hilden, Germany). Lipofectamine RNAi MAX was pur-
chased from Invitrogen (Carlsbad, CA). A NucleoSpin 
RNA kit was obtained from Takara-Bio (Shiga, Japan). 
Oligonucleotide primers for the reverse transcription- 
polymerase chain reaction (RT-PCR) and an oligo(dT)18 
primer were synthesized by Greiner Japan (Tokyo, 
Japan). dNTP mix and Moloney murine leukemia virus 
reverse-transcriptase (M-MLV RT) were obtained from 
Thermo Fisher Scientific. SsoAdvanced Universal SYBR 

Green Supermix was purchased from Bio-Rad (Hercules, 
CA). Precast polyacrylamide gels were purchased from 
ATTO (Tokyo, Japan). Enzyme-linked immunosorbent 
assay (ELISA) kits for CCL2, CCL5, and IL-8 were 
purchased from R&D Systems.

Cell Culture
The human CRC cell line SW480 (ATCC, Rockville, MD) 
was cultured in RPMI 1640 medium containing 10% fetal 
bovine serum (FBS) (Thermo Fisher Scientific) combined 
with amphotericin B, penicillin, and streptomycin under 
5% CO2 at 37°C.

Poly I:C Treatment and siRNA 
Transfection
SW480 was treated with poly I:C at a concentration of 0.08– 
50 µg/mL and incubated for 24 h. For transfection with non- 
silencing control siRNA or siRNA against TLR3, the med-
ium was changed to one containing no antibiotic from the 
day before transfection, and cells were treated with siRNA 
for 4 h using Lipofectamine RNAi MAX for transfection. 

Figure 1 Immunohistochemistry for TLR3. (A) TLR3 was not stained for tumor cells. (B) TLR3 was weakly stained around the nucleus. (C) TLR3 was strongly stained 
around the nucleus and weakly for the cytoplasm (Magnification: upper 40×, lower 200×).
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The medium was then replaced with one containing antibio-
tics, and cells were treated with 30 µg/mL poly I:C for 4 to 24 
h on the following day. The cells were then used for quanti-
tative real-time RT-PCR and Western blot analyses, and the 
conditioned medium was used for ELISA.

Quantitative Real-Time RT-PCR Analysis
Total RNA was extracted using a NucleoSpin RNA kit. 
Single-stranded complementary DNA (cDNA) was synthe-
sized from 1 µg of total RNA using M-MLV RT. For ampli-
fication of the cDNAs of CCL2, CCL5, IL-8, and 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 
SsoAdvanced Universal SYBR Green Supermix was used. 
The primers used for quantitative real-time RT-PCR are 
shown in Table 1. Each sample was measured in triplicate.

Western Blot Analysis
After incubation, the cells were dissolved with Laemmli’s 
reducing sample buffer. Lysates were used in 7.5% poly-
acrylamide gel electrophoresis, and separated proteins 
were transferred to polyvinylidene difluoride membranes. 
These membranes were blocked and then incubated with 
anti-TLR3 (1:500) and anti-actin (1:5000) antibodies, fol-
lowed by incubation with horseradish peroxidase-conju-
gated secondary antibody. Bands were detected using 
chemiluminescence.

ELISA for Measurement of CCL2, CCL5 
and IL-8 Proteins in Culture Medium
CCL2, CCL5, and IL-8 levels in the conditioned medium 
were measured using ELISA kits.

Table 3 Clinicopathological Factors in TLR3-Negative and TLR3-Positive Cases on IHC

Variables TLR3-Negative [N=14] TLR3-positive [N=36] p-value

Sex: male (%) 10 (71.4) 20 (55.6) 0.35

Age at surgery (y): median [IQR] 64.00 [54.50–73.75] 66.50 [59.75–74.00] 0.64

Tumor location (%)

Right/Left 7 (50.0)/7 (50.0) 9 (25.0)/27 (75.0) 0.11
Colon/Rectum 9 (64.3)/5 (35.7) 24 (66.7)/12 (33.3) 1

Differentiation (%)
Well-mod/por 12 (85.7)/2 (14.3) 30 (83.3)/6 (16.7) 1

Tumor invasion (%)
pT1-2/pT3- 3 (21.4)/11 (78.6) 12 (33.3)/24 (66.7) 0.51

Stromal vol. (%)
Med/int/sci 1 (7.1)/13 (92.9)/0 4 (11.1)/30 (83.3)/2 (5.6) 1

INF (%)
INF a/b/c 1 (7.1)/11 (78.6)/2 (14.3) 2 (5.6)/26 (72.2)/8 (22.2) 0.87

Lymphatic invasion: Ly+ (%) 12 (85.7) 33 (91.7) 0.61
Venous invasion: V+ (%) 13 (92.9) 31 (86.1) 0.66

Tumor budding: high (2 or 3) (%) 8 (57.1) 11 (30.6) 0.11

LN metastasis: pN+ (%) 12 (85.7) 18 (50.0) 0.03
Metastasis: M1 (%) 3 (21.4) 7 (19.4) 1

pStage (%)
I 1 (7.1) 9 (25.0) 0.12

II 1 (7.1) 9 (25.0)

IIIa 6 (42.9) 4 (11.1)
IIIb 3 (21.4) 7 (19.4)

IV 3 (21.4) 7 (19.4)

Outcome: alive (%) 10 (71.4) 28 (77.8) 0.72

Note: Categorical variables by Fisher exact test, continuous variables by Mann–Whitney U-test.
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Statistical Analyses
To evaluate patients’ background, Fisher’s exact test was used 
to analyze nominal variables, and a Mann–Whitney U-test was 
used for continuous variables. In the univariate analysis, OS 
and RFS were calculated using the Kaplan-Meier method and 
analyzed using the Log rank test. In the multivariate analysis 
of RFS, a Cox proportional hazards model was employed. 
Quantitative real-time PCR and ELISA data are shown as the 
mean ± SD (n = 3), with a Student’s t-test used for analysis. P 
<0.05 was regarded as significant in each analysis. All statis-
tical analyses were performed using EZR (Saitama Medical 
Center, Jichi Medical University, Japan), a graphical user 
interface for R (The R Foundation for Statistical Computing, 
Vienna, Austria).28

Results
Patient Characteristics
The patient characteristics of the 50 patients (60% male) 
with CRC is shown in Table 2. The median age at the time 
of surgery was 66.5 years old. The median (IQR) duration 
of follow-up was 64.0 months (range, 51.4–76.3 months). 
Lesions were located in the colon in 33 patients (66%). 

The histologic type was well-differentiated in 42 patients 
(84%). The depth of tumor invasion was submucosa (SM) 
in 4 patients, and the invasion distance exceeded 1000 µm 
in these patients. Distant metastasis was present in 10 
patients (20%) as at the first surgery, and chemotherapy 
was performed after surgery for the primary lesion, fol-
lowed by surgery for distant metastasis in 5 of these cases.

TLR3 Expression in CRC Correlates with 
Lymph Node Metastasis
Of the 50 patients, 14 (28%) were TLR3-negative on IHC 
(Figure 1A), 21 (42%) were weakly positive, and 15 
(30%) were strongly positive (Figure 1B and C). The 
stained region was located mainly around the nucleus. 
Perinuclear stainability was strong in strongly positive 
TLR3 cases, and staining was also noted in the cytoplasm 
in these cases. Weakly and strongly positive cases were 
combined as a TLR3-positive group for comparison with

TLR3-negative cases (Table 3). These groups showed 
no significant differences in sex, age, tumor location, inva-
sion depth, stromal volume, local advancement pattern, 
vascular invasion, tumor budding, or distant metastasis, 

Figure 2 The association of TLR3 with OS and RFS in CRC. We compared OS (A) and RFS (B) in both TLR3-positive and -negative groups. (A) There was no significant 
difference in OS in both groups (TLR3-positive: 80.2% vs TLR3-negative: 78.6%). (B) On the other hand, the TLR3-negative group had a significantly lower RFS than did the 
TLR3-positive group (TLR3-positive: 78.1% vs TLR3-negative: 46.2%), indicating that the TLR3-positive group had significantly less recurrence.
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but there were more lymph node metastasis-positive cases 
in the TLR3-negative group (85.7%) than TLR3-positive 
group (50.0%), and this difference was statistically signif-
icant (p = 0.03).

TLR3-Negative CRC is a Risk Factor for 
Recurrence
OS and RFS in the TLR3-negative and -positive groups 
are shown in Figure 2. There was no difference in OS 
between the two groups, but the 5-year RFS rate of 46.2% 
in the TLR3-negative group was significantly lower than 
that of 78.1% in the TLR3-positive group (p = 0.01). The 
results of the univariate analysis of 5-year RFS with dif-
ferentiation grade, invasion depth, vascular invasion, 
tumor budding, and lymph node metastasis, and TLR3 
(all factors thought to be related to recurrence) are 
shown in Table 4. Recurrence tended to occur in advanced 
stage cases, but there was no significant difference for 
differentiation grade, invasion depth, or vascular invasion. 
However, the 5-year RFS was significantly shorter in 
patients with a high tumor budding, lymph node 

metastasis, and a TLR3-negative status. In the multivariate 
analysis using a Cox proportional hazards model with 
these three factors, a high tumor budding (hazard ratio 
[HR]: 7.52, 95% confidence interval [CI]: 2.07–27.33, p 
<0.01) and a TLR3-negative status (HR: 3.05, 95% CI: 
1.05–8.83, p = 0.04) were identified as independent risk 
factors for recurrence (Table 5).

TLR3 is Expressed in SW480 Cells, and 
Poly I:C Induces CCL2, CCL5, and IL-8 in 
These Cells
The expression of TLR3 was examined by Western blot 
analysis after treating SW480 cells with 0–50 µg/mL poly 
I:C for 24 h (Figure 3). TLR3 was expressed low levels and 
steady state in these cells, and there was no poly I:C- 
induced change. Upon treatment of the cells with poly I:C, 
mRNA levels for CCL2, CCL5, and IL-8 increased, peaked 
within 4 hours, and then decreased (Figure 4A–C). Poly I:C 
also induced mRNA and protein expression of these 
chemokines in a concentration-dependent manner 
(Figure 4D–I).

Table 4 Univariate Analysis of 5-Year Recurrence-Free Survival (RFS)

Univariate Analysis N 5-Year RFS (95% CI) p-value

Differentiation

High (pap, tub) 38 0.737 (0.566–0.849) 0.18

Low (por, sig, muc) 7 0.429 (0.098–0.734)

Tumor invasion

pT1-2 15 0.867 (0.564–0.965) 0.07
pT3-4 30 0.600 (0.405–0.750)

Lymphatic invasion
Ly0 5 0.800 (0.204–0.969) 0.65

Ly+ 40 0.675 (0.507–0.797)

Venous invasion

V0 6 0.833 (0.273–0.975) 0.48

V+ 39 0.667 (0.496–0.791)

Tumor budding

Low (1) 28 0.893 (0.704–0.964) <0.01
High (2–3) 17 0.353 (0.145–0.570)

Lymph node metastasis
pN0 20 0.900 (0.656–0.974) <0.01

pN+ 25 0.520 (0.312–0.692)

TLR3

Negative 13 0.462 (0.192–0.696) 0.01

Positive 32 0.781 (0.595–0.889)

Note: Log rank test.
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TLR3 is Involved in Poly I:C-Induced 
CCL2, CCL5, and IL-8 Expression
The introduction of siRNA against TLR3 inhibited poly I: 
C-induced expression of CCL2, CCL5, and IL-8 mRNA 
and protein (Figure 5A–F), showing that these processes 
are dependent on TLR3.

TLR3-Positive CRC Surgical Specimens 
Demonstrated Expression of CCL2, 
CCL5 and IL-8
Immunostainings for CCL2, CCL5 and IL-8 of TLR3-posi-
tive CRC surgical specimens are shown in Figure 6. CCL2 
and IL-8 stained weakly in the cytoplasm of the tumor cells. 
In comparison, CCL5 stained uniformly and strongly in the 
cytoplasm. CCL5 and IL-8 also stained in stromal cells.

Discussion
The lymph node metastasis-positive rate was high, and the 
5-year RFS was short in patients with a TLR3-negative 

surgical specimen, compared to those who were TLR3- 
positive. Furthermore, TLR3-negative expression was an 
independent risk factor for recurrence. In cultured cells, 
TLR3 activation promoted the induction of CCL2, CCL5, 
and IL-8 in a TLR3-positive CRC-derived cell line 
(SW480) indicating dependence on the TLR3 signal. In 
surgical specimens, the expressions of CCL2, CCL5 and 
IL-8 were found in the cytoplasm of TLR3-positive CRC. 
The expressions of CCL5 and IL-8 were also found in 
stromal cells. This suggests that TLR3 may inhibit CRC 
growth and metastasis via these chemokine’s pathways 
and may be useful as a new treatment target.

While TLR expression in cancer has been reported to have 
both pro-tumorigenic and anti-tumorigenic effects,16–18 

TLR3 has been found to inhibit the growth of various 
carcinomas.24–27 Nojiri et al found that poly I:C transfection 
of SW480 cells activated TLR3 and induced apoptosis in 
CRC,29 whereas Niedzielska et al showed that TLR3 mRNA 
expression tended to decrease in adenocarcinoma than in a 
polyp.30 In the present study, positive TLR3 expression also 

Table 5 Results of Multivariate Analysis of Factors with a Potential Association with 5-Year Recurrence-Free Survival Using a Cox 
Proportional Hazard Model

Multivariate Analysis Hazard Ratio (95%-CI) p-value

Tumor budding: high 7.52 (2.07–27.33) <0.01

LN metastasis: pN+ 2.52 (0.48–13.12) 0.27

TLR3: negative 3.05 (1.05–8.83) 0.04

Figure 3 Western blot analysis. TLR3 is expressed in SW480; Cultured SW480 cells were treated with 0–50 µg/mL poly I:C for 24h and the cells were lysed. The lysate was 
subjected to Western blot analysis for TLR3 and actin. Expression of a small amount of TLR3 protein was detected even in cells without treatment with poly I:C. Significant 
upregulation of TLR3 protein by poly I:C was not observed.
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reduced the lymph node metastasis rate and the recurrence 
rate, supporting the results of previous reports on various 
carcinomas. Furthermore, this is the first report on the clin-
icopathological association of TLR3 with outcomes in CRC.

Many studies on the relationship between CRC and che-
mokines have been reported.31 Generally, CCL2 induces 
macrophages in inflammatory regions and induces tumor- 
associated macrophages around tumors.32 Watanabe et al 
found that a reduced CCL2 level in CRC cells is related to 
lymph node metastasis on immunostaining and a poor 
outcome,33 suggesting that CCL2 is tumor-suppressive. 
Musha et al reported that CCL5 induced CD8+ T cells in 
CRC, and this was related to a favorable outcome.34 Daster 
et al suggested that a high frequency of CD8+ T cell infiltra-
tion is significantly predictive of a lack of lymph node 
metastasis in early rectal cancer.35 According to Kobayashi, 

IL-8 has a highly neutrophil-selective chemotactic activity.36 

In addition, Granot et al showed that tumor-entrained neu-
trophils had cytotoxic activity, killed tumor cells, and inhib-
ited metastasis.37 In the present study, TLR3 expression in 
CRC patients was involved in the reduction of lymph node 
metastasis and recurrence rates. Furthermore, CCL2, CCL5, 
and IL-8 expressions were induced in a TLR3-dependent 
manner in TLR3-positive CRC cells, and these chemokines’ 
expression was observed in TLR3-positive CRC in surgical 
specimens. These results suggest that the TLR3-mediated 
induction of the secretion of these chemokines in CRC may 
have inhibited lymph node metastasis through stromal cells 
such as macrophages, T cells, and neutrophils.

One limitation of this study is that the direct effects of 
these chemokines on tumor cells or stromal cells were not 
investigated. Similar to TLR, chemokines have been 

Figure 4 Treatment of SW480 with poly I:C induces the expression of CCL2, CCL5, and IL-8. (A–C) SW480 was treated with 30 µg/mL poly I:C for up to 24h, and RNA was 
extracted. The expression of CCL2, CCL5, and IL-8 mRNA was examined using quantitative real-time RT-PCR analysis. Poly I:C induced these mRNA in a time-dependent manner, and 
the expression peaked at 4h. (D–F) The cells were treated with 0–50 µg/mL poly I:C for 4h and quantitative real-time RT-PCR was performed. Treatment of SW480 with poly I:C 
induced the expression of these mRNA in a concentration-dependent manner. (G–I) The cells were treated with poly I:C as in (A–C), and the medium was collected. The 
concentration of CCL2, CCL5, and IL-8 proteins was measured using ELISAs. Poly I:C induced expression of CCL2, CCL5, and IL-8 proteins in SW480. *p-value < 0.01; Student’s t-test.
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Figure 5 TLR3 is involved in the expression CCL2, CCL5, and IL-8 induced by poly I:C. SW480 were transfected with siRNA against TLR3 or non-silencing control siRNA. 
After 48 h, the cells were treated with poly I:C. After further incubation for 4 h and 24 h, RNA was extracted, and the conditioned medium was collected. The expressions 
of mRNA (A–C) and protein (D–F) for CCL2, CCL5, and IL-8 were estimated using quantitative real-time RT-PCR and ELISA, respectively. Expression of all of CCL2, CCL5, 
and IL-8 was upregulated by poly I:C and siRNA against TLR3 inhibited the upregulation of these molecules. *p-value < 0.01; Student’s t-test.

Figure 6 Immunohistochemistry for CCL2, CCL5 and IL-8 in TLR3-positive CRC in surgical specimens. In TLR3-positive CRC specimens, CCL2 was partially stained in the 
cytoplasm of tumor cells (arrow head). CCL5 was uniformly stained in the cytoplasm of the tumor cells and was also found in the surrounding stromal cells. IL-8 was 
uniformly and faintly stained in the cytoplasm of tumor cells and also stained in stromal cells (Magnification: 200×).
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reported to have both pro-tumorigenic and anti-tumori-
genic effects in the tumor microenvironment.38 To further 
evaluate whether secreted chemokines can suppress metas-
tasis through stromal cells, it would be necessary to co- 
culture CRC cells and stromal cells to examine the inter-
actions that occur when TLR3 is activated.

The present study indicated that the non-expression of 
TLR3 in CRC cells was associated with lymph node metas-
tasis, and was an independent risk factor for recurrence. Risk 
factors for recurrence of CRC are mostly surgical and patho-
logical. However, further studies on the association between 
CRC and TLR3 may lead to the development of new ther-
apeutic strategies, using TLR3 as a molecular target and a 
prognosticator for recurrence in CRC.

Conclusion
In summary, the non-expression of TLR3 in CRC cells was 
associated with lymph node metastasis and was an indepen-
dent risk factor for recurrence. This is the first report showing 
the relationship between TLR3 and prognosis in CRC. These 
results suggest that TLR3 may not only be used as a risk 
factor for recurrence and a prognostic factor, but further 
studies on the involvement of TLR3 with tumor growth 
may provide new molecular targeting therapeutic strategies.
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