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Summary
Toll-like receptors (TLRs) are involved in colorectal cancer (CRC) pathogenesis. However, the significance of
serum TLR concentrations in CRC is unknown. We analyzed serum TLR2 and TLR4 concentrations with
ELISA in preoperative samples from 118 patients with CRC and 88 matched controls. We also assessed tissue
TLR expression with immunohistochemistry and by detecting serum determinants of systemic inflammation.
Most participants (>70%) had undetectable serum TLR2. The mean serum TLR4 levels were lower in patients
than in controls (1.1 vs. 1.8 ng/ml; p=0.015). Undetectable TLR4 was more common in stage I (39%) than in
stages II-IV (11%, p<0.001). TLR2 or TLR4 expression in tumor cells did not correlate with serum levels, but
abundant TLR2 expression in normal colon epithelium was associated with detectable serum TLR2 (p=0.034).
Undetectable serum TLR2 was linked to high modified Glasgow prognostic scores (p=0.010), high CRP levels
(p=0.013), blood vessel invasion (p=0.013), and tended to be associated with worse 5-year survival (p=0.052).
In conclusion, serum TLR2 levels were inversely associated with systemic inflammation in patients with CRC.
Moreover, serum TLR2 levels might depend more on normal colorectal mucosa contributions than on tumor
tissue contributions. Further studies are required to assess the prognostic value of serum TLR2.
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Colorectal cancer (CRC) is the third most common malignancy in Europe and the US (1, 2). It is thought to
develop through a stepwise accumulation of genetic and epigenetic alterations (3). Currently, intensive
investigation has focused on how environmental factors and inflammation, in particular, affect CRC
development and prognosis (4). Chronic inflammation is a known risk factor of different forms of cancer (5).
Intensive immune cell infiltration in CRC specimens indicates a good prognosis (6, 7), but systemic
inflammation is a significant determinant of a poor prognosis in CRC (8-10). Understanding the inflammatory
component in the development and prognosis of tumors is important for creating new preventive and therapeutic
methods.

Toll-like receptors (TLRs) recognize micro-organisms and endogenous ligands. Ligand binding initiates a
signaling cascade that activates the inflammatory response (11, 12). In a previous study, we characterized TLR2
and TLR4 tissue expression in CRC and found downregulation of TLR4 and upregulation of TLR2 in tumor
tissues compared to normal mucosa. In addition, low TLR4 expression at the invasive front in the proximal
colon was associated with a poor prognosis and the presence of distant metastases (13).

Soluble TLRs are released from tissues and blood cells into the circulation, and their concentrations increase
during infections and inflammatory conditions (14). Only a few studies have assessed serum TLR levels in
malignancies. Reduced serum TLR9 concentrations have been detected in patients with breast cancer; indeed,
low TLR9 levels were associated with disease progression and advanced stages (15). A recent study found that
serum TLR4 was increased in non-small cell lung carcinoma, but the cellular origin was not studied (16). To our
knowledge, no previous studies have investigated serum TLR concentrations in CRC.

In the present study, we aimed to gain insight into the cellular origin and other factors that contribute to serum
TLR2 and TLR4 levels in CRC. We assessed serum TLR2 and TLR4 concentrations in 118 patients with CRC
and 88 matched controls. We analyzed associations between serum TLRs and tumor and patient characteristics.
We also analyzed TLR expression in tumor cells and normal colorectal mucosa. We determined whether serum
TLR concentrations were associated with biomarkers of systemic inflammation, including C-reactive protein
(CRP), and the modified Glasgow prognostic score (mGPS). Finally, we assessed the relationship between
serum TLR2 and TLR4 levels and survival.
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Materials and methods
Patients and controls
We collected data prospectively from 149 patients newly diagnosed with CRC that underwent surgery in Oulu
University Hospital between April 2006 and January 2010. Prior to entering the study, all patients provided
signed informed consent to participate (8, 13). Control serum samples were collected from age- and sexmatched healthy individuals that had voluntarily donated blood (Finnish Red Cross, Oulu, Finland; n=36, age
<65 years) and from patients that underwent cataract surgery (Oulu University Hospital; n=52, age ≥65 years).
In selecting subjects for the control group, we excluded individuals with other malignant diseases diagnosed
prior to or at the time of sample collection (11). Other criteria for excluding samples from the blood donors
included, e.g., acute infections; trauma or operations during the preceding four months; chronic diseases, such as
coronary artery disease, stroke or cancer; and organ transplantation. Due to sampling arrangements, control
serum samples were collected during the winter months. In contrast, patient samples were collected based on the
timing of the operative treatment, because they were collected just prior to the surgery. Thus, patient samples
were collected throughout the year. The Regional Ethics Committee of North Ostrobothnia Hospital District
approved both the original study design and the follow-up study (58/2005, 184/2009, 60/2012).

Clinical records were accessed to obtain clinical details and follow-up information for patients. Statistics
Finland provided data on the time and cause of death. Preoperative CRC staging was based on whole body
computed tomography (CT) scans. Local staging of rectal cancer was based on magnetic resonance imaging
(MRI). Patients with rectal cancer in stage T3 or T4 received preoperative neoadjuvant irradiation or
chemoradiation therapy (n=31), and they were excluded from the final analysis to avoid potential confounding
caused by preoperative treatment. Thus, a total of 118 patients were included in the final analyses. The TNM6
classification system (17) was used for staging, and the WHO2010 classification (18) was used for grading.
Serrated adenocarcinomas were diagnosed according to WHO2010 criteria, as described by Mäkinen et al (18,
19). Blood vessel invasion was defined as the presence of tumor cells in vessels with a thick muscular wall or in
vessels that contained red blood cells (20).
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We defined disease-free survival as the time interval between the primary operation and the detection of
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recurrence. The disease-free survival analysis was based on data for patients that received a curative primary
operation and did not die from a cause other than CRC during the 5-year follow-up period (n=83 patients). Fiveyear overall survival analyses included all patients alive 5 years after the primary operation (n=71 patients).

Serum TLR2 and TLR4 assays
We performed enzyme-linked immunosorbent assays (ELISAs) to determine the quantities of TLR2 and TLR4
in serum samples from 118 patients with CRC and 88 age- and sex-matched controls. We used ELISA kits with
human TLR2 antibody (Abcam, Cambridge, UK) and TLR4 antibody (MyBioSource, San Diego, USA),
according to the manufacturer’s instructions. Standards were provided in the kits, and they were included in
every plate. The color intensities of the samples were measured with a Victor3 plate reader (PerkinElmer,
Massachusetts, USA). All measurements were performed blinded to clinical data.

Serum CRP and Glasgow prognostic score determinations
We determined CRP (mg/l) and serum albumin (g/l) levels in preoperative blood samples from a previous study
(8). The mGPS was evaluated as follows: Score 0 = normal CRP and albumin values; score 1 = only CRP was
elevated (>10 mg/l); and score 2 = CRP was elevated (> 10 mg/l) and albumin was low (<35 g/l).

Immunohistochemistry and assessment of TLR2 and TLR4 expression in tissues
TLR2 and TLR4 immunohistochemistry was conducted and analyzed as previously described (13). We analyzed
cancer specimens with tissue microarrays, and we analyzed whole sections of normal mucosa and lymph node
metastasis samples mounted on slides (13). Two independent researchers (KP and SAV) analyzed TLR2 and
TLR4 expression in a blinded manner. They separately assessed the intensity of the staining (0 = negative, 1 =
weak, 2 = moderate, and 3 = strong) and the percentage of positively-stained cells (0-100%) in the invasive
tumor front, in the bulk of the tumor, in the normal mucosa, and in lymph node metastases, when present. The
histoscore (0-300) for tissue samples was defined as the stain intensity score multiplied by the percentage of
positive cells. To improve representations of tumor mass, the tumor bulk and front histoscores were multiplied
by the largest diameter of the tumor, and the lymph node histoscore was multiplied by the number of metastatic
lymph nodes.
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Statistical analyses
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Summary statistics are expressed as the mean and standard deviation (SD) or the median and 25th – 75th
percentile, unless stated otherwise. The Chi-square test or Fisher’s exact test was used to analyze categorical
data, and the Student’s t-test was used for continuous data. We constructed receiver operating characteristic
(ROC) curves and calculated the area under the curve (AUC) to assess the diagnostic value of TLR2 and TLR4
for distinguishing between patients with CRC and controls. When the AUC was >0.7, we applied a cut-off value
at 90% sensitivity. A Kaplan-Meier survival curve was plotted, and the p-value was calculated according to the
log-rank test. A Cox proportional hazards model, adjusted for age, stage, and blood vessel invasion, was built to
assess the impacts of TLR2 and TLR4 on survival. The results of the Cox model are presented as the hazard
ratio (HR) with a 95% confidence interval (95% CI). Two-tailed p-values are presented. Analyses were
performed with SPSS for windows (IBM Corp. Released 2012. IBM SPSS Statistics for Windows, Version
21.0. IBM Corp., Armonk, NY, USA).

Results
Serum TLR2 and TLR4 concentrations in patients with colorectal cancer and controls
The characteristics of the patient and control groups and the features of the tumors are presented in Table 1.
Serum TLR4 levels were higher in the control group (mean 1.8 ng/ml, SD 2.2 ng/ml) than in the patient group
(mean 1.1 ng/ml, SD 1.6 ng/ml, p=0.015). The proportions of subjects with undetectable or low TLR4 levels
were similar in the CRC (15.5%; 18/118) and control (10.2%; 9/88; p = 0.30) groups. When only cases with
detectable TLR4 concentrations were compared, the difference between the control and patient groups remained
significant (respectively, means: 2.0 ng/ml, SD 2.3 ng/ml vs. 1.3 ng/ml, SD 1.6 ng/ml; medians: 1.0 ng/ml vs.
0.9 ng/ml; p=0.026). The ROC-curve AUCs (all patients: 0.587, 95% CI: 0.508-0.666 and patients with TLR4
>0: 0.580, 95% CI: 0.495-0.664) failed to reach the 0.7 threshold, which was the cutoff for a significant effect.
The control group was sampled in winter, when the risk of flu is high; thus, the presence of infection could have
contributed to the higher TLR4 values observed in the control group compared to the patient group. To test for
this possibility, we compared serum TLR4 values between controls and patients that underwent operations
during the flu season (October - March; n=44); we found that, although the trend remained the same, the
difference was no longer statistically significant (controls: 1.8 ng/ml, SD 2.2 ng/ml vs. patients: 1.3 ng/ml, SD
1.9 ng/ml; p=0.230). However, the percentage of patients with undetectable serum TLR4 was similar, regardless
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of whether the operation was performed in winter or in other seasons (winter: 13.6% vs. other: 16.7%; p=0.794).
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Female patients had higher serum TLR4 concentrations than male patients (Table 2).

The serum TRL2 concentrations were not significantly different between patient and control groups, but 74.9%
(152/203) of all subjects had undetectable TRL2 values. Again, the proportions of subjects with undetectable
serum TLR2 were similar between groups (CRC group: 87/115, 75.7%; controls: 65/88, 73.9%; p=0.771).
When we included only subjects with detectable TLR2 concentrations, we found a weak trend of a higher mean
concentration in the control group (mean 4.6 ng/ml, SD 5.8 ng/ml) compared to the patient group (mean 2.6
ng/ml, SD 4.5 ng/ml, median 1.4 ng/ml vs. 0.5 ng/ml; p=0.214). The ROC curve AUC was 0.692 (95% CI:
0.544-0.839).

Relationship between lesional and serum TLR2 and TLR4
As described in a previous study, in carcinoma cells, TLR2 expression was increased and TLR4 expression was
reduced compared to levels in normal colorectal epithelium (13). In the present study, we found that serum
levels of TLR2 and TLR4 were not correlated with the levels of TLR2 and TLR4 expression in carcinomas or
their nodal metastases (based on staining intensity, histoscores, and tumor mass-weighted histoscores; data not
shown). However, patients with measurable serum TLR2 had higher TLR2 expression in normal mucosa
(median histoscore 195, 95% CI: 125-185) compared to patients with undetectable serum TLR2 (median
histoscore 100, 95% CI: 107-136; p=0.034). In contrast, no association was found between serum TLR4
concentrations and TLR4 expression levels in normal mucosa.

Serum TLR2 and TLR4 concentrations and clinicopathological features of carcinomas
The frequency of undetectable serum TLR4 was higher in patients with TNM stage I disease compared to
patients in more advanced stages or the control group (Table 3). Additionally, the serum TLR4 concentration
was significantly lower among patients in stage I (mean 0.6 ng/ml, SD 0.9 ng/ml) than among the controls
(mean 1.8 ng/ml, SD 2.2 ng/ml; p<0.001). To test the impact of sampling the control group in winter, we
compared the control group to patients in stage I that had received operations during the flu season (n=7). We
found an even greater difference between groups (controls: 0.5 ng/ml, SD 0.6 ng/ml vs, patients: 1.8 ng/ml SD
2.2 ng/ml; p<0.001). However, the mean TLR4 values between patients in stage I and other patients were not
significantly different (stage I: mean 0.6 ng/ml, SD 0.9 vs. other stages: mean 1.2 ng/ml, SD 1.7 ng/ml;
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p=0.143). Moreover, although the difference was even greater for patients sampled in the flu season (stage I: 0.5
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ng/ml, SD 0.6 ng/ml and other stages: 1.5 ng/ml, SD 2.0 ng/ml), it failed to reach statistical significance
(p=0.188). Blood vessel invasion was strongly associated with undetectable serum TLR2 (Table 2). The
majority (95.7%; 22/23) of patients with blood vessel invasion had undetectable serum TLR2; only one of these
patients had measurable serum TLR2 (4.3%, 1/23; p=0.013).

In groups of high or low serum TLR2 concentrations, we found no differences in TNM stage distributions.
Moreover, the cancer grade was not associated with the TLR2 serum concentration. The variation in TRL4
serum concentration across tumor grades was uninterpretable, because TRL4 concentrations were higher in
Grade 2 than in both Grade 1 and Grade 3 (Table 2).

Serum TLR2 and TLR4 and the systemic inflammatory response
CRP concentrations were higher in patients with undetectable serum TLR2 concentrations (mean CRP: 13.9
mg/l, SD 31.3 mg/l) than in patients with measurable serum TLR2 (mean CRP: 5.1 mg/l, SD 6.6 mg/l; p=0.013).
Similarly, serum CRP tended to be higher in patients with undetectable serum TLR4 (mean CRP: 12.6 mg/l, SD
29.6 mg/l) compared to patients with measurable TLR4 (mean CRP: 6.0 mg/l, SD 8.3 mg/l; p=0.064). However,
among individuals with measurable serum TLR2 (n=28), those with mGPS scores of 0 had significantly higher
TLR2 levels (mean 3.28 ng/ml, SD 4.94 ng/ml) than in those with mGPS scores of 1 (mean 0.28 ng/ml, SD 0.22
ng/ml; p=0.010). No patients with measurable serum TLR2 had mGPS scores of 2. Among patients with
undetectable serum TLR2, 67 patients (75.3%) had mGPS scores of 0, 16 patients (72.7%) had mGPS scores of
1, and 4 patients (100%) had mGPS scores of 2. Serum TLR4 levels did not correlate with the mGPS scores.

Serum TLR2 and TLR4 levels and survival
Serum TLR4 was not correlated with either disease-free or overall survival. The 5-year survival rates were 50%
and 61.2% for patients without and with detectable TLR4, respectively (p=0.437). However, a trend suggested
that undetectable serum TLR2 was associated with worse overall survival. Patients with undetectable TLR2 had
19.8% worse 5-year overall survival than those with measurable TLR2 (55.2% vs. 75.0%; p=0.052; Figure 1).
Moreover, in a Cox model adjusted for stage, age, and blood vessel invasion, patients with undetectable serum
TLR2 had an elevated hazard ratio, but it was not statistically significant (HR 1.77, 95% CI: 0.75 to 4.18,
p=0.192; Table 4). The TLR2 level was not associated with disease-free survival.
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Discussion
To our knowledge, this study was the first to evaluate serum TLR2 and TLR4 concentrations in CRC. TLR4
levels were reduced in patients with CRC compared to control subjects. In TLR2 assays, undetectable levels
were common, but we observed no differences between the patients and controls. However, undetectable or low
serum TLR2 concentrations were associated with systemic inflammation, and there was a trend towards an
association between low TLR2 and a poor CRC prognosis. The expression of these TLRs in tumor cells was not
associated with serum levels. In contrast, high levels of TLR2 expression in normal colorectal mucosa were
associated with high serum TLR2 levels. These findings suggested that serum TLR2 levels may reflect TLR2
expression in normal colorectal mucosa, and that TLR2 levels might be inversely associated with systemic
inflammation in CRC.

It has been well documented that high CRP and high mGPS are associated with high recurrence rates and worse
overall survival in CRC (21-23). We found that the mean CRP concentration and mGPS were higher when the
serum TLR2 concentration was low or undetectable. However, the mechanisms underlying these associations
remain speculative at present. Growing evidence has suggested that soluble forms of TLR2 might downregulate
innate immune activation by sequestering pathogen-associated molecular patterns (PAMPs) and damageassociated molecular patterns (DAMPs). In that scenario, TLR ligands would not be detected by cell-membranebound TLRs (24). Accordingly, when serum levels of TLR2 were low or absent, systemic inflammatory
responses might rise, due to elevated levels of free TLR2 ligands with proinflammatory properties. Thus, low
serum TLR2 might contribute to aberrant systemic inflammation, but this hypothesis requires further
investigation.

Many factors have been shown to affect TLR2 and TLR4 expression in tissues, but factors that affect serum
levels are poorly characterized. However, micro-organisms and endogenous ligands released during tissue
damage, necrotic cell death, and infection could induce signaling pathways that contribute to serum TLR levels
(25, 26). In the present study, we found no association between serum TLR2 and TLR4 levels and tumor TLR2
and TLR4 expression; thus, these findings did not support the hypothesis that serum TLR2 and TLR4 levels are
significantly defined by tumor TLR expression or tumor mass. In contrast, we found that TLR2 expression in
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normal colorectal mucosa epithelial cells was positively correlated with serum TLR2 concentrations in patients
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with CRC. However, this correlation was not observed for TLR4.

Although this study was exploratory in nature, and thus, further confirmatory studies are required, the
association we found between mucosal and serum TLR2 levels represented the first evidence of a potential link
between the intestinal mucosal innate immune response and the serum concentration of a TLR. We recently
reported that the presence of a tumor did not modify adjacent human colorectal mucosal expression of TLRs
(27). That finding suggested that constitutive luminal factors, such as microbial flora, were more important in
the regulation of TLR expression than tumor-related factors. Based on our present finding of a correlation
between serum TLR2 levels and TLR2 expression in normal colorectal mucosa, combined with recent evidence
that probiotic flora administration could induce TLR2 expression and downregulate inflammation in colon
mucosa, we speculate that, in a subset of patients, it might be possible to downregulate systemic inflammation
in CRC by modifying the luminal flora (28).

We found that controls had higher serum TLR4 concentrations than patients with CRC, but the difference could
be explained at least partly by the effects of the flu season. However, patients with stage 1 CRC had even lower
serum TLR4 concentrations than controls during flu season. Mechanisms that give rise to low serum TLR4
levels in stage I CRC remain speculative; however, our results did not support the hypothesis that they might be
explained by the observed downregulation of TLR4 in tumor tissues. Although we did not observe an
association between serum TLR4 levels and TLR4 expression in normal colorectal mucosa, we could not
exclude a contribution from non-neoplastic small intestine mucosa, where variations due to environmental
factors are more extensive (29).

Most of the patient group and a majority of the control group had undetectable serum TLR2 levels, but TLR4
could be detected in the majority of subjects. A more sensitive method for measuring serum TLR2 might have
provided more information about TLR2 levels and their relationship to CRC features. On the other hand, there
could be important physiological differences between TLR2 and TLR4. In normal mucosa, TLR2 staining was
weaker than TLR4 staining, as shown in our previous study (13). This difference in physiological tissue
expression levels of these receptors, taken together with the correlation between serum TLR2 levels and normal
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colorectal mucosa TLR2 expression, suggested a potential mechanistic link that might explain why serum TLR2
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concentrations were undetectable or low more often than serum TLR4 concentrations.

This study had some limitations. First, the small sample size might have limited our statistical power. For
example, in the Cox model, the HR for absent serum TLR2 was 1.77, which did not reach statistical
significance; indeed, neither did blood vessel invasion (HR 1.65, p=0.16, Table 4), even though its association
with survival has been well established. These results require further investigation with a larger patient group.
Another limitation was that the method for measuring TLR2 serum level was not sufficiently sensitive, which
resulted in many specimens with undetectable TLR2. Additionally, all the blood samples in the control group
were collected during winter months, which could have introduced seasonal variation effects on TLR levels, as
speculated earlier. Multiple hypotheses were tested in this exploratory study, and therefore, we interpreted
findings with caution when p-values were near 0.05. These results require further validation in independent
studies.

In summary, this study was the first to evaluate serum TLR levels in CRC. We found that CRC was
characterized by low serum TLR4 levels, but the underlying mechanism remains unclear. We found that
undetectable or low serum TLR2 levels in CRC were associated with systemic inflammation, and we observed a
trend that suggested an association between low serum TLR2 and a poor prognosis. Moreover, we found an
association between normal colorectal mucosal TLR2 expression and serum TLR2 levels, which suggested that
normal intestinal mucosa may contribute to serum TLR2 levels. More studies are needed to test the hypothesis
that an induced increase in systemic TLR2 levels might downregulate systemic inflammation. We hypothesize
that a modification in the intestinal microbiome might induce an intestinal mucosal TLR2 response. Additional
studies are required to assess the prognostic value of serum TLR2 and TLR4.
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Table 1. Characteristics of 118 patients with colorectal carcinoma and 88 controls. Survival data applies to the
patient group.

Characteristic

Survival at 5-year
follow-up, n (%)

Controls, n (%)

Patients, n (%)
56 (47.5)
62 (52.5)

35 (62.5)
36 (58.1)

46 (52.3)
42 (47.7)

69 (36-89)

67 (60-74)

67 (46-87)

Radical1
Palliative2

94 (80.3)
23 (19.7)

69 (73.4)
2 (8.7)

Proximal colon
Distal colon
Rectum
Multiple tumors

46 (39.0)
39 (33.1)
32 (27.1)
1 (0.8)

27 (58.7)
25 (64.1)
18 (56.3)
1 (100.0)

0
1
2
Data missing

90 (76.3)
22 (18.6)
4 (3.4)
2 (1.7)

62 (68.9)
6 (27.3)
1 (25.0)

I
II
III
IV

18 (15.3)
48 (40.7)
30 (25.4)
22 (18.6)

15 (83.3)
37 (77.1)
16 (53.3)
3 (13.6)

I
II
III
Data missing

17 (14.4)
86 (72.9)
14 (11.9)
1 (0.8)

13 (76.5)
53 (61.6)
5 (35.7)
0 (0)

No
Yes

72 (61.0)
46 (39.0)

53 (73.6)
18 (39.1)

No
Yes
Data missing

91 (77.1)
23 (19.5)
4 (3.4)

61 (67.0)
8 (34.8)

Serum TLR2 ng/ml, mean (SD)
median (IQR)3

0.6 (2.5)
0.0 (0.0.)

1.0 (3.1)
0.0 (0.1)

1.1 (3.5)
0.0 (0.1)

Serum TLR4 ng/ml, mean (SD)
median (IQR)4

1.1 (1.6)
0.6 (1.4)

1.2 (1.6)
0.7 (1.3)

1.8 (2.2)
0.9 (1.8)

Gender
Male
Female

Age, median (range)
Type of operation

Location of tumor

Modified Glasgow prognostic score

Stage

Grade

Lymph node metastasis

Blood vessel invasion

This article is protected by copyright. All rights reserved.

Accepted Article

Values are the number (%) of individuals in each group, unless otherwise specified.
1
One patient underwent radical surgery for distant metastases in a second operation
2
Metastases were treated non-operatively in two patients (both alive at the 5-year follow-up)
3
No significant difference in serum TLR2 between patients and controls, p=0.251
4
Significant difference in serum TLR4 between patients and controls, p=0.015

Table 2. Serum TLR2 and TLR 4 concentrations (mean and median) and clinicopathological features of
patients with colorectal carcinoma

All Patients

Serum TLR2 (ng/ml),
Mean (SD) / Median
(IQR)
0.6 (2.5) / 0.0 (0.0)

Age
≤75 (n=84)

0.8 (2.9) / 0.0 (0.0)

>75 (n=31)

0.1 (0.3) / 0.0 (0.02)

Sex
Male (n=56)

0.7 (2.2) / 0.0 (0.0)

Female (n=62)

0.6 (2.7) / 0.0 (0.08)

BMI
<25 (n=47)

0.4 (1.5) / 0.0 (0.0)

25-30 (n=46)

1.0 (3.1) / 0.0 (0.1)

1.4 (1.9) / 1.0 (1.4)

>30 (n=23)

0.6 (2.9) / 0.0 (0.0)

1.1 (1.1) / 0.7 (1.4)

Location of tumor*
Proximal colon (n=46)

0.7 (2.9) / 0.0 (0.1)

Distal colon (n=39)

0.6 (2.4) / 0.0 (0.0)

1.2 (2.0) / 0.5 (1.4)

Rectum (n=32)

0.6 (1.9) / 0.0 (0.0)

1.0 (1.3) / 0.3 (1.6)

WHO grade
Grade 1 (n=17)

0.9 (2.6) / 0.0 (0.2)

Grade 2 (n=86)

0.4 (1.8) / 0.0 (0.008)

1.3 (1.8) / 0.8 (1.5)

Grade 3 (n=14)

1.6 (5.2) / 0.0 (0.3)

0.8 (0.6) / 0.6 (0.9)

TNM Stage
Stage I (n=18)

1.2 (2.9) / 0.0 (0.7)

Stage II (n=48)

1.0 (3.4) / 0.0 (0.0)

1.1 (1.4) / 0.6 (1.3)

Stage III n=30)

0.06 (0.1) / 0.0 (0.04)

1.7 (2.3) / 0.9 (1.7)

Stage IV (n=22)

0.2 (0.6) / 0.0 (0.09)

0.9 (1.1) / 0.6 (1.4)

Primary tumor
T1 (n=4)

-/-

Variable

P value

0.86

Serum TLR4 (ng/ml),
Mean (SD) / Median
(IQR)
1.1 (1.6) / 0.6 (1.4)
1.1 (1.4) / 0.5 (1.4)

P value

0.66

1.2 (2.1) / 0.6 (1.4)
0.41

0.8 (1.1) / 0.4 (1.4)

0.048

1.4 (1.9) / 0.9 (1.5)
0.45

0.68

0.97

0.96

0.37

0.9 (1.4) / 0.4 (1.2)

1.2 (1.4) / 1.0 (1.2)

0.4 (0.4) / 0.3 (0.6)

0.6 (0.9) / 0.3 (1.2)

0.5 (0.4) / 0.4 (0.8)

T2 (n=19)

1.2 (2.9) / 0.0 (0.2)

1.2 (2.1) / 0.3 (1.8)

T3 (n=85)

0.6 (2.6) / 0.0 (0.0)

1.2 (1.5) / 0.7 (1.3)

T4 (n=9)

0.1 (0.3) / 0.0 (0.3)

1.0 (1.1) / 0.4 (2.2)

Lymph node metastasis
N0 (n=70)

1.0 (3.2) / 0.0 (0.01)

N1 (n=27)

0.2 (0.6) / 0.0 (0.08)

1.5 (2.3) / 0.8 (1.4)

N2 (n=19)

0.1 (0.2) / 0.0 (0.0)

1.4 (1.4) / 0.9 (1.9)

0.72

Distant Metastasis

This article is protected by copyright. All rights reserved.

1.0 (1.3) / 0.5 (1.3)

0.28

0.061

0.035

0.17

0.45

0.62

0.7 (2.7) / 0.0 (0.004)

M1 (n=22)

0.2 (0.6) / 0.0 (0.09)

Lymphatic invasion
No (n=72)

1.0 (3.2) / 0.0 (0.04)

Yes (n=46)

0.2 (0.8) / 0.0 (0.0)

Blood vessel invasion
No (n=91)

0.8 (2.8) / 0.0 (0.09)

Accepted Article

M0 (n=96)

0.93

1.2 (1.7) / 0.5 (1.4)

0.80

0.9 (1.1) / 0.6 (1.4)
0.50

1.1 (1.7) / 0.5 (1.4)

0.36

1.2 (1.5) / 0.6 (1.3)
0.015

0.02 (0.1) / 0.0 (0.0)

1.1 (1.5) / 0.5 (1.3)

Yes (n=23)
Modified Glasgow
Prognostic Score (mGPS)
0 (n=90)

0.8 (2.8) / 0.0 (0.008)

1 (n=22)

0.08 (0.2) / 0.0 (0.07)

0.9 (1.8) / 0.6 (0.8)

2 (n=4)

-/-

0.8 (0.5) / 0.8 (1.0)

0.36

1.5 (1.9) / 0.9 (1.6)

0.53

1.2 (1.5) / 0.8 (1.4)

*One case with multiple tumors was not included
Note that the N varies, due to missing samples

Table 3. Serum TLR4 detection in different TNM stages of colorectal carcinoma

Disease status

TLR4 = 0
(undetectable)
n (%)

TLR4 >0
(detectable)
n (%)

TNM Stage I

7 (38.9)

11 (61.1)

TNM Stage II-IV

11 (11.2)

87 (88.8)

0.008

Control group

9 (10.2)

79 (89.8)

0.006
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p-value
(vs. TNM stage I)

0.38
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Table 4. Results from a multivariate Cox model for testing the impact of TLR2 on 5-year survival; age, stage,
and blood vessel invasion are adjustment factors.

Contributing factors

N

Univariate HR

HR1

95% CI

p-value

Age, >75-y

31

1.63

1.63

0.87 to 3.08

0.12

Stage III/IV

52

4.09

3.54

1.81 to 6.90

<0.001

Blood vessel invasion

23

3.09

1.65

0.83 to 3.28

0.16

Serum TLR2 > 0

27

2.16

1.77

0.75 to 4.18

0.19

HR: Hazard ratio; 95% CI: 95% confidence interval
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Fig. 1 Kaplan-Meier curves show overall survival in patients with colorectal cancer with different serum TLR2
concentrations. Patients with undetectable serum TLR2 (solid line, TLR2=0; n=87) are compared to patients
with measurable serum TLR2 (dotted line; TLR2 >0; n=27).
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