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ABSTRACT

Published: May 20, 2016

This study investigated the clinical significance of serum soluble Toll-like receptor
4 (sTLR4) in non-small cell lung cancer (NSCLC). A total of 54 NSCLC patients and 13
healthy volunteers were enrolled from January 2012 to December 2013. The patients
with NSCLC were characterized by significantly higher serum levels of sTLR4 compared
with those in healthy controls (P < 0.01). A positive correlation between serum sTLR4
and tumor stage was found in patients with stages I-III NSCLC. However, serum
sTLR4 in patients with metastatic NSCLC was significantly decreased compared with
those with stage III NSCLC (P < 0.05). Furthermore, low serum sTLR4 was identified
as a prognostic marker for poor survival of early-stage NSCLC patients who received
surgical resection. In conclusion, our present study identified sTLR4 as a potential

serum biomarker of NSCLC.

INTRODUCTION

Lung cancer is one of the most frequently diagnosed
cancers and the leading cause of cancer death worldwide
with high metastasis and recurrence rates [1, 2]. About
87% of lung cancer is classified as non-small cell lung
cancer (NSCLC), and the overall five-year survival rate
for NSCLC is only 18.2%. More than half of NSCLC
patients are diagnosed at an advanced stage, which is
primarily due to asymptomatic presentation and lack of
reliable biomarkers for early detection [3]. Therefore,
sensitive biomarkers for the diagnosis and prognosis of
NSCLC, as well as effectively discriminating advanced-
stage disease from early-stage disease, can be of great
clinical significance.

Toll-like receptors (TLRs) have recently emerged
as key immunomodulators of the immune response in
carcinogenesis and tumor progression. TLR4 is the first
human Toll homologue to be identified and has been
demonstrated to be expressed not only on immune cells
but also on various cancer cells [4-10]. Significantly
increased TLR4 expression has been observed in

NSCLC and correlated with malignancy of cancer cells
[5, 6].

Soluble forms of TLRs have been considered as
negative regulators of TLR function [11]. The involvement
of soluble TLR4 (sTLR4) in NSCLC has not been fully
elucidated. Notably, high-mobility group nucleosome-
binding protein 1 (HMGN1) and HMG box 1 (HMGBI1),
two major endogenous ligands of TLR4, have been
identified as biomarkers of NSCLC [12-14], indicating
that serum sTLR4 may also be of clinical significance in
NSCLC. Lan et al. recently reported that serum sTLR4
before radiotherapy may be a potential biomarker of
radiation-induced pneumonia in patients with local
advanced NSCLC [15]. However, the correlation between
serum sTLR4 and NSCLC progression, as well as the
effects of serum sTLR4 on survival of NSCLC patients,
has not been fully assessed.

In the present work, we measured the presence
of sSTLR4 in serum of patients with different stages of
NSCLC and evaluated its possible association with
clinicopathological characteristics of NSCLC patients.
The prognostic value of sSTLR4 was also investigated.
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RESULTS

Serum levels of sSTLR4 and HMGB1 in NSCLC
patients and healthy controls

The levels of sSTLR4 in serum were measured by
ELISA from 54 NSCLC patients and 13 healthy controls.
The mean level of serum sTLR4 was significantly higher
in NSCLC patients compared with that in healthy controls
(49.9874+16.8638 ng/mL vs. 35.4786+15.8397 ng/mL, P
<0.01) (Figure 1A).

To investigate whether sTLR4 is associated with
different stages of NSCLC patients, these NSCLC patients
were clinically staged according to the international staging
system (TNM stage), and the levels of serum sTLR4 were
compared between stages. The mean levels of serum sTLR4
were 39.9433+14.7845, 52.1485+11.6008, 62.1265+19.9893,
and 46.3377+13.2916 ng/mL in NSCLC patients with TNM
stages L, II, I1I, and IV, respectively (Figure 1B). Significant
differences were noted among the four stages (P < 0.05).
The levels of serum sTLR4 were significantly higher in
TNM stage II or III than in those in TNM stage I (P < 0.05).
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Serum sTLR4 level in patients with stage IV NSCLC was
significantly decreased than those with stage III NSCLC (P
< 0.05). No statistical difference in serum sTLR4 was found
between TNM stages I and IV. These data demonstrated
that the levels of serum sTLR4 increased as the TNM stage
increased in local NSCLC and then significantly declined in
patients with metastatic NSCLC.

We also accessed the serum levels of HMGBI in
the same group of NSCLC patients. Serum HMGBI levels
in NSCLC patients were significantly increased compared
with those in healthy controls (6.6451+4.8100 ng/mL vs.
3.5210+0.7788 ng/mL, P < 0.05) (Figure 1C). Further
analysis revealed that this difference mainly resulted from
a dramatic increase in serum HMGBI in stage IV NSCLC
patients (Figure 1D).

Serum sTLR4 level is associated with
pathological types of NSCLC

The main clinical and pathologic characteristics of
all patients are summarized in Table 1. The mean levels
of serum sTLR4 in squamous cell lung carcinoma or
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Figure 1: Serum levels of sSTLR4 and HMGBI1 in healthy controls and NSCLC patients. A. The levels of serum sTLR4
in healthy controls and NSCLC patients. * indicates P < 0.05 compared with healthy controls. B. The levels of serum sTLR4 in healthy
controls and patients with NSCLC at different TNM stages. * indicates P < 0.05 compared with stage I, and # indicates P < 0.05 compared
with stage III. C. The levels of serum HMGBI in healthy controls and NSCLC patients. * indicates P < 0.05 compared with healthy
controls. D. The levels of serum HNGBI in healthy controls and patients with NSCLC at different TNM stages. * indicates P < 0.05

compared with any other stage or controls.
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Table 1: Baseline characteristics of enrolled NSCLC patients

Variables N (%) sTLR4 (ng/ml) P-value
Mean+SD

Age
>60 27 (50) 51.4804+20.1651 0.727
<60 27 (50) 53.3463+18.8476

Gender
Male 34 (63) 51.4067+19.5683 0.360
Female 20 (37) 47.5747+10.8852

Smoking status
Non-smoker 17 (31) 49.2371+10.0973 0.786
Smoker 37 (69) 50.3322+19.3127

Pathological type”
Adenocarcinoma 32 (59) 46.1347+11.6985 0.043
Squamous cell carcinoma 21 (39) 56.8432+21.1424

Tumor stage

Stage | 14 (26)

Stage I1 14 (26)

Stage 111 13 (24)

Stage IV 13 (24)
Distance metastasis

Non-metastasis 41 (76)

Metastasis 13 (24)

39.9433+14.7845 0.003
52.1485+13.3620
61.5111+£21.2156
57.0300+21.9099

51.1446+17.8357 0.376
46.3377+13.2916

#: Another one case was malignant fibrous histiocytoma.

lung adenocarcinoma patients were 56.8432+21.1424 or
46.1347+11.6985 ng/mL, respectively. Both levels were
significantly higher than those in healthy controls (P <
0.05). Furthermore, compared with lung adenocarcinoma
patients, squamous cell lung carcinoma patients also
had significantly higher serum sTLR4 levels (P < 0.05)
(Figure 2). No significant relationship was found between
serum sTLR4 level and characteristics such as gender, age,
or smoking status. No statistical correlation was found
between sTLR4 and HMGB1 (P = 0.737). No significant
relationship was also noted between serum HMGBI level
and pathological type, gender, age, or smoking status (data
not shown).

Serum sTLR4 overexpression indicates a
favorable prognosis in patients with early-stage
NSCLC

All the 28 NSCLC patients with TNM stage I or
II received surgical resection. The association between
serum sTLR4 level and clinicopathologic characteristics

of these early-stage NSCLC patients is summarized in
Table 2.

Given the lack of clinically defined cutoff points
for the serum levels of sSTLR4 in NSCLC patients, the
median expression levels of sTLR4 (33.8154 ng/mL for
stage I and 48.9097 ng/mL for stage II) were used as
cutoff points to define the STLR4-low and sTLR4-high
groups in early-stage NSCLC patients. The sTLR4-low
group consisted of both stages I and II NSCLC patients
with serum sTLR4 levels below the cutoff points. The
sTLR4-high group consisted of both stages I and II
NSCLC patients with serum sTLR4 levels above the
cutoff points. The mean follow-up period was 26.0+10.1
months (range, 1.0-34.0 months). At the end of follow
up, six deaths and 22 survivals were reported. The one-,
two-, and three-year overall survival (OS) rates for
patients of the STLR4-high group were 100.0%, 100.0%,
and 86.0%, respectively. For patients of the sSTLR4-low
group, the one-, two-, and three-year OS rates were
85.0%, 76.0%, and 42.0%, respectively. The mean OS
of the sTLR4-high group was significantly longer than
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Figure 2: Serum levels of sSTLR4 in healthy controls and NSCLC patients with different pathological types. The mean
levels of serum sTLR4 in either squamous cell lung carcinoma or lung adenocarcinoma patients were significantly higher than those in
healthy controls. Furthermore, the mean levels of serum sTLR4 in squamous cell lung carcinoma were also significantly higher than
those in lung adenocarcinoma patients. * indicates P < 0.05 compared with healthy controls, and # indicates P < 0.05 compared with lung
adenocarcinoma.

Table 2: Association between serum sTLR4 level and clinicopathologic characteristics in 28 early-stage NSCLC
patients who received pneumonectomy

Variables Early-stage sTLR4-low sTLR4-High P-value
patients (n=14) (n=14)
(n=28)
Age (mean+SD) 60.4+7.5 60.2+9.5 60.5+5.0 0.922
>60 15 8 7 0.705
<60 13 6 7
Gender
Male 17 7 10 0.246
Female 11 7 4
Smoking status
Non-smoker 9 5 4 1.000
Smoker 19 9 10
Pathological type
Adenocarcinoma 16 11 5 0.022
Squamous cell carcinoma 12 3 9
that of the sTLR4-low group (33.23+0.74 vs. 26.17+2.88 patients of the STLR4-low group, respectively. Although
months, P = 0.032) (Figure 3A). The one-, two-, and the mean DFS in the sTLR4-high group (25.50£3.15
three-year disease-free survival (DFS) rates for patients months) was longer than that in the sTLR4-low group
of the sTLR4-high group were 71.0%, 64.0%, and (15.5743.29 months), the difference was not significant
64.0%, respectively, and 36.0%, 36.0%, and 24.0% for (P =0.051, Figure 3B).
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As shown in Table 2, serum sTLR4 level was not
associated with characteristics such as gender, age, and
smoking status in early-stage NSCLC. Serum sTLR4
was significantly higher in early-stage squamous cell
lung carcinoma patients than that in early-stage lung
adenocarcinoma patients (P = 0.022). However, there
was no significant difference in either OS (P = 0.509) or
DFS (P = 0.795) between early-stage squamous cell lung
carcinoma patients and early-stage lung adenocarcinoma
patients (Figure 3C and 3D).

DISCUSSION

The present study aimed to evaluate the clinical
significance of serum sTLR4 in NSCLC. TLR4 has recently
emerged as a key regulator of innate and adaptive immunity
[16, 17]. Notably, the immune response is regulated at
multiple levels, and the release of extracellular domains of
immune receptors, including TLRs, represents one of the
most important regulatory mechanisms [11, 15, 18-20].

In the present work, we evaluated serum levels
of sTLR4 in 54 NSCLC patients and 13 healthy
controls. Patients with NSCLC were characterized
by significantly higher serum levels of sTLR4 in
comparison with healthy controls. A positive correlation
between serum sTLR4 and tumor stage was found in
localized disease, whereas serum sTLR4 level declined
significantly in patients with metastatic NSCLC. These
results suggested that sSTLR4 was involved in the
carcinogenesis, progression, and metastasis of patients
with NSCLC.

We also identified the prognostic role of serum
SsTLR4 in early-stage NSCLC patients who received
surgical resection. Unfortunately, even surgical resection
is a potentially curative therapy for early-stage NSCLC
patients and has been confirmed to provide better survival
outcomes; the postoperative recurrence rate remains higher
in NSCLC patients than in patients with other types of
cancer [21]. In the present study, we found that early-stage
NSCLC patients with high serum sTLR4 at diagnosis had
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Figure 3: OS and DFS curves of 28 early-stage NSCLC patients after surgery assessed by Kaplan—Meier analysis
according to serum sTLR4 levels or pathological types. A. Patients with low serum levels of sSTLR4 were significantly associated
with poor OS (P = 0.032). B. Serum levels of sSTLR4 were not significantly associated with DFS (P = 0.051). C. Pathological types were
not significantly associated with OS (P = 0. 509). D. Pathological types were not significantly associated with DFS (P = 0.795).
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a superior OS after curative resection compared with those
with low serum sTLR4.

The expression and activation of TLR4 have been
reported on a variety of tumor and stromal cells in the
tumor microenvironment [17, 22, 23]. The soluble form
of TLR4 has been demonstrated to exert inhibitory activity
on TLR signaling [11, 24-26]. One possible mechanism is
that the complex formed by sTLR4 and MD-2 may block
the interaction between membrane-bound TLR4 and its
ligands [11]. For example, the sSTLR4-MD-2 complex
has been demonstrated to compete with wild-type TLR4-
MD-2 receptor complex for LPS recognition [25].

HMGBI, a major endogenous ligand of TLR4,
is one of the earliest identified and well-characterized
alarmins [27-29]. HMGBI expression is increased in
the lungs of NSCLC patients and correlates with disease
progression [29]. Serum levels of HMGBI of patients with
NSCLC have also been demonstrated to be significantly
higher than those in healthy controls [12, 13]. However,
contradictory data on the biomarker function of HMGB1
in NSCLC have been reported [12, 13]. The results of our
present work demonstrated an increasing trend of serum
HMGBI from stage I to stage III in patients with NSCLC
without statistical significance. Serum HMGBI1 level was
significantly higher only in stage IV than in any other
stage.

In addition to HMGBI1, sTLR4 also has other
endogenous ligands, including several heat shock proteins
(HSPs) and S100 proteins. For example, HSP27 is
reportedly involved in cancer metastasis and prognosis,
and the serum levels of HSP27 have been demonstrated
to be significantly increased in cancer patients [30]. As
another example, the ST00A8/S100A9 complex has also
been identified as a potent amplifier of inflammation in
tumorigenesis [31].

These endogenous ligands of TLR4 bind and
activate TLR4 on tumor and stromal cells during cancer
development and contribute to increased evasion of immune
surveillance [17, 22, 23]. Therefore, increasing levels of
serum sTLR4, by blocking the binding of TLR4 ligands to
membrane-bound TLR4, may inhibit intracellular signaling
through membrane-bound TLR4 and then dampen the pro-
inflammatory tumor microenvironment. The results of the
present study indicated that serum sTLR4 played an active
role in NSCLC pathogenesis and could become a serum
biomarker for NSCLC to evaluate disease progression and
predict the outcomes for early-stage patients who received
surgical resection. More work needs to be conducted to
decipher the exact mechanisms by which sTLR4 regulate
tumor immunity.

A possible shortcoming of our study was that the levels
of sSTLR4 or HMGB1 may be affected by many factors, such
as infection, certain medicines, or even obesity [32]; hence,
large variations in serum levels of sTLR4 and HMGBI1
were found between NSCLC patients even within the same
stages. These variations may potentially dilute the value

of using serum sTLR4 as a prognostic marker. However,
after application of the exclusion criteria of this study, we
clearly demonstrated that serum levels of sTLR4 were
positively correlated with tumor stages in NSCLC patients
with local disease. For patients with metastatic NSCLC,
the serum sTLR4 levels declined significantly, whereas the
serum HMGBI levels rose. Most importantly, our study also
suggested that serum sTLR4 may be useful for evaluating
disease progression and predicting the outcomes for early-
stage patients undergoing surgical resection.

The present study only evaluated the clinical
significance of serum sTLR4 and HMGBI in a relatively
small group, so further studies are required to validate
these results in large-scale and compare them with
other existing biomarkers of NSCLC, such as squamous
cell carcinoma antigen, cytokeratin 19 fragment 21-1,
carcinoembryonic antigen, cancer antigen-125, or
carbohydrate antibody 19-9 [33].

Taken together, our present work, as well as our
previous work on HMGN1 [14], suggested that the
alarmin system, which consists of alarmins and their
soluble or membrane-bound receptors, hold great
potential as ideal biomarkers to predict prognosis,
monitor disease progression, or even access therapeutic
effects of NSCLC patients.

MATERIALS AND METHODS

Patients

A total of 54 NSCLC patients and 13 healthy
volunteers were enrolled in the Department of Biotherapy,
Tianjin Medical University Cancer Institute and Hospital
(TMUCIH), Tianjin, China, between January 2012 and
December 2013. All patients were diagnosed for the
first time during the enrollment period and classified
into TNM stages. The following patients were excluded
from this study: patients with previous or simultaneous
cancers; patients who suffered from concomitant diseases
that can influence the levels of STLR4 or HMGBI1, such
as trauma/fracture, inflammatory systemic disease, or
infection; and patients who were treated with medication
that can influence the levels of STLR4 or HMGB1 within
one month. Postoperative treatment for patients with
stage I or II NSCLC was strictly based on the National
Comprehensive Cancer Network Clinical Practice
Guideline in NSCLC. The study was approved by the
ethics committee of TMUCIH according to the principles
expressed in the Declaration of Helsinki. All the patients
and healthy volunteers provided informed consent prior
to participation.

Samples collection and preparation

All blood samples were obtained prior to the
initiation of any treatment and collected in non-
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heparinized tubes. The clinical and demographic features
of patients with different stages of NSCLC or healthy
volunteers were recorded during blood collection. Serum
samples were prepared by centrifugation for 15 min at
1000 xg, divided into four to five aliquots, and stored at
—80 °C until assayed.

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of sTLR4 were measured
by ELISA (KA1238, Abnova) according to the
manufacturer’s instructions. In brief, 100 uL of standard,
blank, or sample was added to an appropriate well of a
microtiter plate that was pre-coated with an antibody
specific to TLR4. The plate was sealed and incubated at
37 °C for 2 h. The liquid of each well was removed, and
100 pL of biotin-conjugated polyclonal antibody specific
for TLR4 was added to each well. The plate was sealed
again and incubated at 37 °C for 1 h. After three washes,
100 pL of horseradish peroxidase-conjugated avidin was
added to each well. The sealed plate was incubated at 37
°C for another hour. After five washes, 90 uL of TMB
substrate solution was added to each well. The plate was
then covered and incubated about 15-30 min at 37 °C and
protected from light before adding 50 pL of sulfuric acid
stop solution to each well. The optical density of each well
was read at 450 nm with a microplate reader (Synergy HT,
BioTek, Winooski, VT, USA). The concentration of sTLR4
in the serum samples was then calculated according to the
standard curve.

The serum levels of HMGB1 were quantified by
sandwich ELISA (HMGB1 ELISA Kit II, Shino-Test
Corporation, Japan) in a modified procedure suggested
by the manufacturer. In brief, 10 pL of sample was
added to an appropriate well of a microtiter plate to
immobilize anti-HMGBI1 antibody on the well together
with 100 uL of sample diluents. Subsequently, the plate
was sealed and incubated for 24 h at 37 °C to allow
HMGBI to specifically bind to the antibody. After five
washes, 100 pL of peroxidase-conjugate secondary
antibody was added to each well. The plate was then
sealed and incubated at 25 °C for 2 h. After another
five washes, 100 uL of substrate solution was added
to each well, and the plate was incubated for 30 min at
room temperature. The optical density of each well was
read at 450 nm after adding 100 pL of stop solution to
each well.

Follow up

All patients visited TMUCIH for follow up every
three months in the first two years, and every six months
in three to five years after curative pneumonectomy.
Follow-up evaluations included medical interviews,
physical examination, routine laboratory testing, and chest
radiography. The last follow-up date for patients still alive

was March 2015. Causes of death and sites of recurrence
were confirmed by hospital records, death certificates, and
radiological findings. OS reflected the interval between
the time of pneumonectomy and time of death or the last
date of follow up. DFS was the time of pneumonectomy
to the time when recurrence was diagnosed or to the last
date of follow up. Recurrent tumors were treated at the
Department of Biotherapy, TMUCIH.

Statistical analysis

All statistical analysis was performed with the
Statistical Package for the Social Sciences (SPSS) version
13.0 (Chicago, IL, USA). Numerical data were expressed
as the mean + standard deviation. The Kolmogorov—
Smirnov test was applied to evaluate normality of data.
Categorical variables were compared by chi-square test or
Fisher’s Exact Test. Comparisons of numerical data were
performed by independent sample t-test, Wilcoxon Rank
Sum Test, or one-way ANOVA with Student Newman—
Keuls test for pairwise comparison. The correlations
between sTLR4 and other variables were measured by
Pearson correlation analysis or Spearman correlation
analysis. OS and DFS were calculated by the Kaplan—
Meier method and compared by log-rank test. A two-
tailed P value less than 0.05 was considered statistically
significant.

ACKNOWLEDGMENTS

The authors sincerely thank all the doctors
and patients who participated in this study. This
work was funded, in part, by grants from the
National Major Scientific and Technological Special
Project for “Significant New Drugs Development”
(N0.20157X09102018), National Basic Research
Program of China (973 Program, No. 2012CB933304),
Tianjin  Application Foundation and Advanced
Technology Research Program (No. 13JCYBJC41400
and 14JCTPJC00476), and the National Natural Science
Foundation of China (No. 81572265).

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA
Cancer J Clin. 2015; 65:5-29.

2. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J,
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin.
2015; 65:87-108.

3. DeSantis CE, Lin CC, Mariotto AB, Siegel RL, Stein
KD, Kramer JL, Alteri R, Robbins AS, Jemal A. Cancer

www.impactjournals.com/oncotarget

40112

Oncotarget



10.

11.

12.

13.

14.

15.

16.

17.

treatment and survivorship statistics, 2014. CA Cancer J
Clin. 2014; 64:252-71.

Sato Y, Goto Y, Narita N, Hoon DS. Cancer Cells
the
Microenviron.

Tumor
2009;

Expressing Toll-like Receptors and

Microenvironment.  Cancer
2:205-14.

Zhang YB, He FL, Fang M, Hua TF, Hu BD, Zhang ZH,
Cao Q, Liu RY. Increased expression of Toll-like receptors
4 and 9 in human lung cancer. Mol Biol Rep. 2009;
36:1475-81.

Fu HY, Li C, Yang W, Gai XD, Jia T, Lei YM, Li Y. FOXP3
and TLR4 protein expression are correlated in non-small
cell lung cancer: implications for tumor progression and
escape. Acta Histochem. 2013; 115:151-7.
Castano-Rodriguez N, Kaakoush NO, Mitchell HM.
Pattern-recognition receptors and gastric cancer. Front
Immunol. 2014; 5:336.

Yesudhas D, Gosu V, Anwar MA, Choi S. Multiple roles
of toll-like receptor 4 in colorectal cancer. Front Immunol.
2014; 5:334.

Husseinzadeh N, Davenport SM. Role of toll-like receptors
in cervical, endometrial and ovarian cancers: a review.
Gynecol Oncol. 2014; 135:359-63.

Ahmed A, Redmond HP, Wang JH. Links between Toll-
like receptor 4 and breast cancer. Oncoimmunology. 2013;
2:€22945.

Ten Oever J, Kox M, van de Veerdonk FL, Mothapo KM,
Slavcovici A, Jansen TL, Tweehuysen L, Giamarellos-
Bourboulis EJ, Schneeberger PM, Wever PC, Stoffels
M, Simon A, van der Meer JW, et al. The discriminative
capacity of soluble Toll-like receptor (sTLR)2 and sTLR4 in
inflammatory diseases. BMC Immunol. 2014; 15:55.
Shang GH, Jia CQ, Tian H, Xiao W, Li Y, Wang AH, Dong
L, Lin DJ. Serum high mobility group box protein 1 as a
clinical marker for non-small cell lung cancer. Respir Med.
2009; 103:1949-53.

Jakubowska K, Naumnik W, Niklinska W, Chyczewska
E. Clinical Significance of HMGB-1 and TGF-beta Level
in Serum and BALF of Advanced Non-Small Cell Lung
Cancer. Adv Exp Med Biol. 2015; 852:49-58.

Wei F, Yang F, Jiang X, Yu W, Ren X. High-mobility
group nucleosome-binding protein 1 is a novel clinical
biomarker in non-small cell lung cancer. Tumour Biol.
2015; 36:9405-10.

Lan F, Yue X, Ren G, Wang Y, Xia T. Serum toll-like receptors
are potential biomarkers of radiation pneumonia in locally
advanced NSCLC. Int J Clin Exp Pathol. 2014; 7:8087-95.
Sautes-Fridman C, Cherfils-Vicini J, Damotte D, Fisson
S, Fridman WH, Cremer I, Dieu-Nosjean MC. Tumor
microenvironment is multifaceted. Cancer Metastasis Rev.
2011; 30:13-25.

Kelsh RM, McKeown-Longo PJ. Topographical changes in
extracellular matrix: Activation of TLR4 signaling and solid
tumor progression. Trends Cancer Res. 2013; 9:1-13.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Zunt SL, Burton LV, Goldblatt LI, Dobbins EE, Srinivasan
M. Soluble forms of Toll-like receptor 4 are present in
human saliva and modulate tumour necrosis factor-alpha
secretion by macrophage-like cells. Clin Exp Immunol.
2009; 156:285-93.

Yang HB, Xie KQ, Deng JM, Qin SM. Expression of
soluble Toll-like receptors in pleural effusions. Chin Med J
(Engl). 2010; 123:2225-30.

Kacerovsky M, Andrys C, Hornychova H, Pliskova L,
Lancz K, Musilova I, Drahosova M, Bolehovska R, Tambor
V, Jacobsson B. Amniotic fluid soluble Toll-like receptor
4 in pregnancies complicated by preterm prelabor rupture
of the membranes. J] Matern Fetal Neonatal Med. 2012;
25:1148-55.

Chansky K, Sculier JP, Crowley JJ, Giroux D, Van
Meerbeeck J, Goldstraw P, International Staging C,
Participating I. The International Association for the Study
of Lung Cancer Staging Project: prognostic factors and
pathologic TNM stage in surgically managed non-small cell
lung cancer. J Thorac Oncol. 2009; 4:792-801.

Weng H, Deng Y, Xie Y, Liu H, Gong F. Expression and
significance of HMGBI1, TLR4 and NF-kappaB p65 in
human epidermal tumors. BMC Cancer. 2013; 13:311.
Huang B, Zhao J, Li H, He KL, Chen Y, Chen SH, Mayer
L, Unkeless JC, Xiong H. Toll-like receptors on tumor cells
facilitate evasion of immune surveillance. Cancer Res.
2005; 65:5009-14.

Iwami KI, Matsuguchi T, Masuda A, Kikuchi T,
Musikacharoen T, Yoshikai Y. Cutting edge: naturally
occurring soluble form of mouse Toll-like receptor 4
inhibits lipopolysaccharide signaling. J Immunol. 2000;
165:6682-6.

Hyakushima N, Mitsuzawa H, Nishitani C, Sano H,
Kuronuma K, Konishi M, Himi T, Miyake K, Kuroki Y.
Interaction of soluble form of recombinant extracellular
TLR4 domain with MD-2 enables lipopolysaccharide
binding and attenuates TLR4-mediated signaling. J
Immunol. 2004; 173:6949-54.

Mitsuzawa H, Nishitani C, Hyakushima N, Shimizu T,
Sano H, Matsushima N, Fukase K, Kuroki Y. Recombinant
soluble forms of extracellular TLR4 domain and MD-2
inhibit
and dampen

surface
lipopolysaccharide-induced pulmonary

lipopolysaccharide binding on cell

inflammation in mice. J Immunol. 2006; 177:8133-9.

Yang D, Chen Q, Yang H, Tracey KJ, Bustin M, Oppenheim
JJ. High mobility group box-1 protein induces the migration
and activation of human dendritic cells and acts as an
alarmin. J Leukoc Biol. 2007; 81:59-66.

Messer J, Chang E. Intracellular HMGBI1: defender of
client proteins and cell fate. Oncotarget. 2015; 6:8432-3.
doi: 10.18632/oncotarget.3836.

Kang R, Chen R, Zhang Q, Hou W, Wu S, Cao L, Huang
J, YuY, Fan XG, Yan Z, Sun X, Wang H, Wang Q, et al.
HMGBI in health and disease. Mol Aspects Med. 2014;
40:1-116.

WWw

.impactjournals.com/oncotarget

40113

Oncotarget



30. Zhao M, Ding JX, Zeng K, Zhao J, Shen F, Yin YX,

31.

Chen Q. Heat shock protein 27: a potential biomarker of
peritoneal metastasis in epithelial ovarian cancer? Tumour
Biol. 2014; 35:1051-6.

Ehrchen JM, Sunderkétter C, Foell D, Vogl T, Roth J. The
endogenous Toll-like receptor 4 agonist SI00A8/S100A9
(calprotectin) as innate amplifier of infection, autoimmunity,
and cancer. J Leukoc Biol. 2009; 86:557-66.

32.

33.

Wagner M. A dangerous duo in adipose tissue: high-
mobility group box 1 protein and macrophages. Yale J Biol
Med. 2014; 87:127-33.

Lin XF, Wang XD, Sun DQ, Li Z, Bai Y. High Serum
CEA and CYFRA21-1 Levels after a Two-Cycle Adjuvant
Chemotherapy for NSCLC: Possible Poor Prognostic
Factors. Cancer Biol Med. 2012; 9:270-3.

www.impactjournals.com/oncotarget

40114

Oncotarget



