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Abstract

The purpose of this study was to evaluate the clinical signifi-
cance of single-nucleotide polymorphisms in TLR1, TLR2, TLR6,
and TAK1 in patients with metastatic colorectal cancer (mCRC).
We genotyped 9 SNPs of TLR1, TLR2, TLR6, and TAK1 in mCRC
patients treated with first-line FOLFIRI (combination therapy of
irinotecan, 5-fluorouracil, and folinic acid) plus bevacizumab,
using a discovery cohort (TRIBE trial, n ¼ 228) and a validation
cohort (FIRE-3 trial, n ¼ 297), and analyzed for the association
with response rate (RR), progression-free survival (PFS), and
overall survival (OS). There was a significant association of TLR1
rs5743618 (T1805G) with the clinical outcome. In the TRIBE
cohort, a homozygous wild-type genotype (T/T) associated with a

significantly lower RR compared with variant T/G and G/G
genotypes (43% vs. 62%, P ¼ 0.025), and this observation was
validated in the FIRE-3 cohort (46% vs. 65%, P ¼ 0.021). In
addition, those patients with the T/T genotype had significantly
worse PFS (median, 8.2 vs. 10.5months; HR, 1.57; 95%CI, 1.09–
2.28, P¼ 0.014) andOS (median: 19.9 vs. 27.9months; HR, 1.63;
95% CI, 1.14–2.35, P ¼ 0.007), compared with those with other
genotypes in the TRIBE cohort. These differences remained
statistically significant in multivariate analysis. Our data sug-
gest that TLR1 rs5743618 could serve as a predictor of clinical
response to FOLFIRI plus bevacizumab in patients with mCRC.
Mol Cancer Ther; 15(7); 1740–5. �2016 AACR.

Introduction
In recent years, improved anticancer therapies have led to

significantly improved clinical outcome of patients with colorec-
tal cancer. However, as not all patients benefit from a chemo-
therapy regimen, predictive and prognostic biomarkers are critical
in identifying patients who most benefit from the chemotherapy.
Ras testing is the only validated predictive biomarker of EGFR-
inhibitor efficacy (1, 2), and there has been a lot of effort in
identifying the biomarker of anti-VEGF therapies (3–5). To date,

several studies have suggested that inflammatory and immune
responses within the tumormicroenvironment may play a role in
the efficacy of cytotoxic chemotherapy and targeted antibodies.
Most recently, it was shown that colorectal tumors with high
microsatellite instability (MSI) likely respond to immune check-
point inhibitors (6). Key genes involved in immune regulation
and inflammatory response may be novel biomarkers predicting
clinical responses and tumor prognosis in patientswithmetastatic
colorectal cancer (mCRC) patients.

Toll-like receptors (TLR) play a crucial role in the intestinal
mucosal innate and acquired immunity to maintain gut homeo-
stasis (7). TLR, one of the pattern-recognition receptors, recog-
nizes not only exogenous pathogen-associatedmolecular patterns
(PAMP) but also endogenous molecules, termed damage-associ-
atedmolecular patterns (DAMP), which are released from injured
or dying cells (8). Activated TLRs, by PAMPs or DAMPs, initiate
signal cascades, such as NFkB, MAPK, and IFN pathways, and
promote the secretion of cytokines and chemokines, which reg-
ulate immune and inflammatory responses against microbial
infection or tissue injury (9). Within the tumor microenviron-
ment, TLRs are expressed not only on immune cells but also on
tumor cells and stromal cells (10). Individual TLR signaling in
each cell initiates divergent pathways that can influence either
tumor promotion (e.g., proinflammation, angiogenesis, and anti-
apoptosis) or antitumor immunity (11). These biological
responses mediated by TLRs in the tumor microenvironment are
thought to influence clinical prognosis, as well as response to
anticancer therapy (12).
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In recent studies, TLR1 and TLR6, each of which forms a
heterodimer with TLR2, were suggested to be essential in regu-
lating mucosal immune response within the gut (13–16). We
herein focused on TLR1, TLR2, TLR6, and their common down-
stream signal molecule TAK1 (Supplementary Fig. S1), and
hypothesized that genetic variations in these genes may cause
inter-individual differences of clinical outcome inmCRC patients
treated with chemotherapy. Single-nucleotide polymorphisms
(SNP) are substantial germline genetic variations, some of which
may alter the gene function and/or activity. In this study, we tested
whether SNPs in these genes are associated with clinical outcome
in mCRC patients treated with FOLFIRI (combination therapy of
irinotecan, 5-fluorouracil, and folinic acid) plus bevacizumab
across independently different cohorts.

Materials and Methods
Patients and samples

This study enrolled two independent cohorts with mCRC
patients who were enrolled in a prospective randomized phase
III clinical trial, TRIBE (17) or FIRE-3 (18), and underwent
FOLFIRI plus bevacizumab as the first-line chemotherapy. The
TRIBE study consisted a total of 508 patients with untreated
mCRC, from 34 Italian centers, were enrolled and randomly
assigned to receive either FOLFIRI plus bevacizumab (arm A, n
¼ 256) or FOLFOXIRI plus bevacizumab (arm B, n¼ 252). In the
FIRE-3 study, 752 patients with mCRC, from centers in Germany
and Austria, were randomized to receive FOLFIRI plus cetuximab
(n¼ 380) or FOLFIRI plus bevacizumab (n¼ 372) as the first-line
chemotherapy. Although patients were initially enrolled without
regard to KRAS status, the enrollment was restricted to only
patients with KRAS exon 2 wild-type tumors due to the emerging
evidence on the negative predictive value of KRAS exon 2 muta-
tions for cetuximab. Eligibility criteria of our study included
patients with histologically confirmed colorectal adenocarcino-
ma, measurable metastatic disease according to Response Evalu-
ation Criteria in Solid Tumors (RECIST) v1.1, and no previous
exposure to systemic chemotherapy except for adjuvant chemo-
therapy, and all patients received irinotecan-based regimen (FOL-
FIRI). In this study, 228 patients with sufficient samples from arm

A of TRIBE (89% of 256 enrolled patients) and 297 patients with
sufficient samples from the bevacizumab arm of FIRE-3 (80% of
372 enrolled patients) were enrolled as discovery and validation
cohorts, respectively.

All patients signed an informed consent before entering the
randomized trials that included information regarding the use of
their blood or tumor tissue to explore relevant molecular para-
meters. This study was conducted adhering to the REporting
recommendations for tumor MARKer prognostic studies
(REMARK). The tissue analysis was approved by the University
of Southern California (USC) Institutional Review Board of
Medical Sciences and conducted at the USC/Norris Comprehen-
sive Cancer Center in accordance with the Declaration of Helsinki
and Good Clinical Practice Guidelines.

Selected polymorphisms and genotyping
Candidate SNPs in TLR1, TLR2, TLR6, and TAK1 were selected

for analyses when having a minor allele frequency of �10% in
Europeans according to the Ensembl database (19). Among the
candidate SNPs, we focused on 9 SNPs that had a biological
significance reported in literature reviews or were considered
potentially functional according to the F-SNP database (20).
The characteristics of the selected polymorphisms are shown
in Table 1.

Genomic DNA was extracted from formalin-fixed paraffin-
embedded (FFPE) specimens in patients enrolled in FIRE-3, and
from blood in patients enrolled in TRIBE using the QIAamp
DNAeasy Kit (Qiagen) according to the manufacturer's instruc-
tions. The primers used for polymerase chain reaction analyses are
listed in Table 1. DNA sequences were analyzed using the ABI
Sequencing Scanner version 1.0 (Applied Biosystems). Investiga-
tors involved in SNP analyses were blinded to patients' clinical
data.

Statistical analysis
The endpoints of the current study were objective response rate

(RR), progression-free survival (PFS), and overall survival (OS).
Tumor responses based on RECISTwere grouped into responders,
including complete or partial response, and nonresponders,

Table 1. SNPs and Primers

SNP Location MAFa
Base change
(amino acid change) Primer sequence

TLR 1 rs5743618 Exon 4 0.25 T > G F 50-TGGCACACCATCCTGAGATAC-30

(missense) R 50-ACCCGGAAAGTTATAGAGGAACC-30

rs5743565 50-UTR 0.19 T > C F 50-TGGCCTGAGAAACAGAAGGAC-30

R 50-CCCGCCATTTGTATTCTCTTC-30

TLR 2 rs3804099 Exon 3 0.44 C > T F 50-CCTTGAGGAACTTGAGATTGATG-30

(synonymous) R 50-CCAAACATTCCACGGAACTTG-30

rs4696480 Promoter 0.48 T > A F 50-ATGGTTCTGGAGTCTGGGAAG-30

R 50-CCAAGGGAGCAGTTTATTGTGAG-30

TLR 6 rs3821985 Exon 1 0.32 G > C F 50-CCTTCGTCATGAGACCTACTTTG-30

(synonymous) R 50-CTCATGCACCAAGCACATTC-30

rs5743818 Exon 1 0.27 A > C F 50-CCCAGGCAGAATCATGTTCAC-30

(synonymous) R 50-TTGGATCTGCCCTGGTATCTC-30

TAK1 rs1145727 Intron 0.30 A > G F 50-GCTAAGATGAGAGTCAAGACAGAGAC-30

R 50-GCTGAGTTAATTCTGACAAAAGGAC-30

rs157688 50-UTR 0.31 T > C F 50-TCCTCAAATTAGACAAGGAACAGAG-30

R 50-AGAAGCCTAGGCCTTAAAGGTG-30

rs157432 Intron 0.30 T > G F 50-AAGAATGGACCCCTGCCTTC-30

R 50-GCCTTCATCATTAGCCCTTACC-30

Abbreviation: 50-UTR, 50-untranslated region.
aMinor allele frequency (MAF), according to the Ensembl database (phase I of the 1000 Genomes Project) for Europeans.
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including stable or progressive disease. PFS was defined as the
period from the first day of starting first-line chemotherapy to the
first day of documented disease progression or death. If progres-
sionor deathwasnot observed, PFSwas censoredon thedayof the
last CT scan. OSwas defined as the period from starting therapy to
thedate of death or censored on thedate of last contact if alive. The
differences in baseline patient characteristics between the two
cohorts were examined using a c2 test or the Wilcoxon rank-sum
test when appropriate. Allelic distribution of polymorphisms by
ethnicity was tested for deviation from the Hardy–Weinberg
equilibrium (HWE) using the exact test. Linkage disequilibrium
among selected SNPs was assessed using D0 and r2 values, and the
haplotype frequencies were inferred using Haploview version 4.2
(www.broad.mit.edu/mpg/haploview). The power to detect an
association between a SNP and PFS would be 80% when the
minimumhazard ratio (HR) varied from1.53 to 2.05 using a two-
sided log-rank test at the 0.05 significance level in the training
cohort (n ¼ 228, 174 PFS events). We assumed that the minor
allele frequency ranged from0.05 to0.4, and thedominantmodel
was considered. The power would be from 88% using the same
test to detect the same rangedHRswith the same allele frequencies
under the dominantmodel in the validation cohort (n¼ 297, 252
PFS events). The associations between polymorphisms and PFS,
OS, andRRwere investigatedusingKaplan–Meier curves, log-rank

test, and Fisher exact test. A Cox proportional hazards regression
model with stratification factors was fitted to reevaluate the
association between SNPs and PFS and OS considering imbal-
ances in the distributions of baseline characteristics among
cohorts. The baseline demographic and clinical characteristics
that remained significantly associated with endpoints in the
multivariable analysis (P < 0.1) were included in the final model.
All analyses were performed with two-sided tests at a significance
level of 0.05 by using the SAS 9.4 (SAS Institute).

Results
The baseline characteristics of the two cohorts included in this

study were summarized in Table 2. Compared with the FIRE-3
cohort, the TRIBE cohort comprised younger patients and better
performance status, fewer patients received primary tumor resec-
tion, more patients with synchronous metastasis, and more
patients with KRAS mutant. The median PFS, OS, and follow-up
period were 9.7, 26.1, and 49.3months in the TRIBE cohort; 10.1,
23.8, and 40.8 months in the FIRE-3 cohort, respectively. Geno-
typing was successful in at least 90% of cases in each polymor-
phism analyzed. In failed cases, genotyping was not successful
because of limited quantity and/or quality of extracted genomic
DNA. The allelic frequencies for all SNPs were within the

Table 2. Baseline clinical characteristics of the TRIBE and FIRE-3 cohorts

TRIBE cohort (N ¼ 228) FIRE-3 cohort (N ¼ 297)
n (%) n (%) Pa

Gender
Male 138 (61) 195 (66)
Female 90 (39) 102 (34) 0.23

Age
Median (range) 60 (29–75) 65 (31–76) <0.001
<65 163 (71) 156 (53)
�65 65 (29) 141 (47) <0.001

Performance status
ECOG 0 188 (83) 163 (55)
ECOG 1–2 39 (17) 134 (45) <0.001
Unknownb 1 (0.4)

Primary tumor site
Right side 57 (25) 63 (21)
Left side 156 (68) 180 (61) 0.84
Unknownb 15 (7) 54 (18)

Liver limited disease
Yes 72 (32) 96 (32)
No 156 (68) 201 (68) 0.86

Number of metastatic sites
<2 99 (43) 107 (36)
�2 129 (57) 142 (48) 0.92
Unknownb 48 (16)

Time to metastasis
Synchronous 188 (82) 185 (62)
Metachronous 40 (18) 63 (21) 0.038
Unknownb 48 (16)

Primary tumor resection
Yes 144 (63) 257 (87)
No 84 (37) 40 (13) <0.001

Adjuvant chemotherapy
Yes 28 (12) 54 (18)
No 200 (88) 243 (82) 0.065

KRAS status
Wild-type 96 (42) 249 (84)
Mutant 93 (41) 48 (16) <0.001
Unknownb 39 (17)

aBased on the c2 test or the Wilcoxon rank-sum test whenever appropriate.
bNot included in the test.
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probability limits of HWE (P > 0.001), with exception of TLR6
rs3821985 in the FIRE-3 cohort. High linkage disequilibriumwas
found between TLR6 rs5743818 and TLR6 rs3821985 (D0 ¼ 0.95,
r2 ¼ 0.53) in the TRIBE cohort.

Association of SNPs with clinical outcome
We first evaluated the relation of each SNP to RR, PFS, and OS,

using the TRIBE cohort as a discovery study. When there were
statistically significant associations between SNP and clinical
outcome, a validation study was subsequently performed using
the FIRE-3 cohort.

TLR1. Table 3 shows the association between TLR1 rs5743618
and clinical outcome. In TRIBE, the homozygous wild-type T/T
genotype was associated with a significantly lower RR compared
with other variant T/G and G/G genotypes (43% vs. 62%, P ¼
0.025). In addition, those patients with the T/T genotype showed
significantly worse PFS and OS as compared with those with the
T/G or G/G genotypes (Fig. 1). The median PFS was 8.2 months
for patientswith the T/T genotype comparedwith 10.5months for
patients with other genotypes (HR, 1.57; 95% CI, 1.09–2.28, P¼
0.014), and the median OS were 19.9 and 27.9 months, respec-
tively (T/T vs. any G, HR, 1.63; 95% CI, 1.14–2.35, P ¼ 0.007).
These differences remained statistically significant in multivariate
analyses (PFS; HR, 1.50; 95% CI, 1.01–2.22, P ¼ 0.046, and OS;
HR, 1.53; 95% CI, 1.06–2.23, P ¼ 0.025). In FIRE-3, the same
association was observed in RR (T/T: 46% vs. any G: 65%, P ¼
0.021). However, significant differences between genotypes were
not observed in PFS and OS. For TLR1 rs5743565, there was no
association with clinical outcome (Supplementary Table S1).

TLR2. For TLR2 rs3804099 and rs4696480, both polymorph-
isms significantly associated with PFS in univariate analyses, but
these significances were lost when a multivariable testing was
applied (Supplementary Table S1).

TLR6. In TRIBE, the TLR6 rs5743818 A/A genotype was asso-
ciated with a significantly lower RR compared with the A/C and
C/C genotypes. Univariate analysis showed that patients with the
A/A genotype had significantly shorter PFS compared with those
with A/C or C/C genotype. However, this significance did not
retain statistical significance in multivariate analysis. The associ-
ation between this SNP and RR was not validated in FIRE-3.
For rs3821985, there was no association with clinical outcome
(Supplementary Table S1).

TAK1. In TRIBE, patients homozygous (A/A) for rs1145727
showed significantly shorter OS compared with those with A/G or
G/G genotypes, which retained statistical significance in multi-
variate analysis.However, these results were not validated in FIRE-
3. For rs157688, although the C/C genotypewas associatedwith a
significantly longer PFS andOS thanother genotypes in univariate
analyses, these differences did not remain significant in multi-
variate analyses. For rs157432, no association with clinical out-
come was observed (Supplementary Table S1).

Discussion
Our data showed for the first time that the SNP in TLR1 was

associated with clinical outcome in patients with mCRC. TLR1
rs5743618 was significantly associated with clinical response to
chemotherapy FOLFIRI plus bevacizumab, which was validated
in an independent cohort. This polymorphism also significantly
correlated with PFS andOS in the TRIBE cohort in both univariate
and multivariate analyses. These findings indicate that a cellularTa
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TLR1 signaling plays a critical role in the efficacy of FOLFIRI plus
bevacizumab and may be a novel target for drug development.

TLR1 rs5743618 (base pair change: T1805G, amino acid change:
I602S) is a commonnonsynonymous SNP lying just at the junction
of the transmembrane and cytoplasmic domain of TLR1. Although
the mechanism by which I602S affects the function of TLR1
remains unclear, it has been suggested that a structural change
induced by the substitution of a serine (S) for an isoleucine (I)
within the transmembrane domain affects the extracellular ligand-
binding domain or the intracellular domain that binds to adaptor
proteins (21). Indeed, several studies have shown that I602S is
associatedwithdecreasedcytokine responses.Hawnandcolleagues
(21) demonstrated that the individuals with a variant genotype
(602S) showed a significantly decreased IL6 level compared with
those with a wild-type genotype (602I) in a ligand-stimulated
whole-blood cytokine assay. In another study, homozygous for
the 602S allele exhibited significantly lower levels of TNFa release
in response to the ligand (22). Thesepiecesof evidence indicate that
the variant 602S genotype relates to impaired TLR1 signal and
subsequent decreased cytokine production.

However, the functional role of the TLR1 signal in the tumor
microenvironment is not fully understood. Specific TLRs are
known to recognizeDAMPs released from stressed or dying tumor
cells upon use of chemotherapy agents. The TLR activated by
DAMP generates various biological responses, including inflam-

mation, immune response, angiogenesis, and antiapoptosis in the
tumor microenvironment, which contribute to create an ideal
condition for cancer cell survival and result in chemoresistance
(23, 24). Recent studies have also described the biological func-
tions of TLR1, which may lead to cancer promotion and survival.

One possible role is to promote angiogenesis. TLR1/2 hetero-
dimers on endothelial cells recognize amolecular pattern of a lipid
oxidation product, w-(2-carboxyethyl1)pyrrole (CEP), which is
generated as a consequence of oxidative stress (25). TLR1/2 sig-
naling triggered by CEP activates the downstream NFkB pathway,
and eventually promotes angiogenesis. Notably, the CEP-induced
TLR1/2 signal was demonstrated to be independent of the VEGF
pathway and have a proangiogenic effect comparable with VEGF in
an in vitro study (26). This evidence implies that the TLR1/2 signal
may act as an important alternative proangiogenic pathway inde-
pendent of VEGF. Therefore, oxidative stress induced by chemo-
therapymay activate the TLR1/2 signal and promote angiogenesis,
which results in the resistance to bevacizumab.

Another possible role of TLR1/2 is regulating T-helper 17
(Th17) polarization in the gut. Th17 is known to have a protective
immune response against bacteria in the gut, and the TLR1/2
signal in dendritic cells contributes to the Th17 polarization at
mucosal surface by inducing IL6 and IL23 (15). However, there is
still controversy over whether Th17 has a tumor-promoting
function or has a tumor-suppressing function in the tumor
microenvironment. Recent studies have shown that Th17 infil-
trate in the tumor microenvironment negatively influenced the
prognosis of colorectal cancer patients (27, 28). The mechanism
underlying this association is considered to be that Th17-related
cytokines, such as IL17, IL21, and IL22, stimulate the STAT3 and
NFkB pathways in cancer cells along with IL6 and TNFa, which
leads to CRC cell growth and survival (29). Therefore, the TLR1/2
signal may also play a key role in inducing Th17 polarization in
the tumor microenvironment.

Taken together, our findings suggest that the protumorigenic
effects mediated by TLR1/2 were impaired in the individuals with
variant T/G or G/G genotypes, which resulted in better responses
against FOLFIRI plus bevacizumab. However, this study is
hypothesis generating. As the biological role of TLR1 in the tumor
microenvironment remains unclear, further functional studies are
warranted to fully elucidate the underlying biological mechan-
isms of TLR1. This study has limitations such as sample size and
the retrospective design of this study. Larger prospective studies
are critical to validate our findings.

In conclusion, this is the first study to show the association of
genetic variations in TLR1, TLR2, TLR6, and TAK1 with clinical
outcome of mCRC patients treated with chemotherapy. Our
findings suggest that TLR1 rs5743618 could serve as a predictive
biomarker of clinical response to FOLFIRI plus bevacizumab. As
the long-term goal of pharmacogenetic studies is to use genotype
data to predict the efficacy of drugs and to individualize the
treatment of patients, if our findings are validated prospectively,
this SNP could be helpful in the selection of appropriate patients
who would benefit from FOLFIRI plus bevacizumab in mCRC
patients.
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Prognostic significance of TLR1 rs5743618 in the TRIBE cohort.
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