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ABSTRACT

Introduction. Lung cancer remains the highest cause of cancer mortality 
worldwide. Toll-like receptors (TLR) are innate immune receptors that have both 
pro- and anti-tumorigenic properties. Based on findings from epidemiological studies 
and in rodents, we hypothesized that elevated TLR expression would be a positive 
prognostic indicator of disease in non-small cell lung carcinoma patients.

Results. Higher mRNA expression of TLR1-3 and 5-8 were significantly associated 
with increased overall survival (OS) when analyzed individually or as a group in 
both non-small cell lung carcinoma (NSCLC) patients and in the adenocarcinoma 
(ADC) subtype. Significant co-expression of many TLR combinations in ADC patients 
were also observed via RNA sequencing. Immunostaining demonstrated TLR4 and 8 
significantly correlated in tumor tissue, similar to RNA.

Methods. We used kmplot.com to perform a meta-analysis on mRNA expression 
of TLR1-10 to determine any significant associations with OS in NSCLC and the ADC 
subtype. cBioportal was also used simultaneously to assess co-expression in TLR1-10 
in ADC patients via RNA sequencing and to identify any molecular alterations. Lastly, 
immunostaining for a subset of TLRs was conducted on ADC patients.

Conclusions. Expression of innate immune receptors TLR1-10 is associated with 
improved survival outcomes in NSCLC. Thus, further evaluation of their predictive 
capacity and therapeutic utility is warranted.

INTRODUCTION

One out of every four cancers is lung cancer; thus, 
lung cancer is among those cancers where early detection 
and prevention is critical [1]. Human lung cancer includes 
small cell lung carcinoma (SCLC) and non-small cell lung 
carcinoma (NSCLC) types, with NSCLC accounting for 
85% of disease. NSCLC is divided into several subtypes, 
including adenocarcinoma (ADC), squamous, and large 

cell carcinoma, of which ADC has the highest incidence 
among smokers and is the typical subtype found in non-
smokers [2]. Several recent advances in lung cancer 
detection have been made, such as the use of CT scans 
in high risk individuals [3] and genetic analyses [4], 
although genetic analyses are still largely investigational. 
Determining novel biomarkers found at the initial stages 
of lung cancer can contribute to early detection, which is 
a focus of this translational study.

www.impactjournals.com/oncotarget/              Oncotarget, 2017, Vol. 8, (No. 54), pp: 91860-91875

                                                     Research Paper



Oncotarget91861www.impactjournals.com/oncotarget

Inflammatory mediators produced in situ by activated 
innate cells are indispensable to immunity during injury 
or infection, but are also associated with increased risks 
of cancer and tumorigenesis [5]. Thus, understanding 
the precise roles of inflammatory mediators in cancer 
could serve as potential biomarkers for early detection 
of cancers. In NSCLC, the role for the innate immune 
system is controversial due to evidence for both pro- and 
anti-inflammatory effects, thus, the pathways mediating 
these mechanisms need further elucidation [6-10]. The 
most commonly studied receptors in innate immunity are 
the toll-like receptors (TLRs). Eleven human TLRs exist, 
although only TLR1-9 are conserved among humans 
and rodents [11]. TLR4 was the first human homolog to 
TOLL receptor in Drosophila melanogaster identified 
and the most commonly studied TLR based on its ligand 
lipopolysaccharide (LPS, a component of endotoxin) [12, 
13]. TLR4 is triggered by the binding of activated host 
ligand(s) to form homodimers at the cell surface [14], 
which leads to the recruitment of adaptor molecules to 
the cytoplasmic domain, such as MYD88 and TRIF [15]. 
Downstream effectors from the TLR4/MYD88 signaling 
cascade include activation of NFκB leading to cytokine 
production and other functions as well as mitogen activated 
protein kinases (MAPK) such as ERK1/2 and p38 leading to 
additional transcription factor activation, such as CREB [16, 
17]. All 11 human TLRs have known exogenous ligands 
called pathogen-associated molecular patterns (PAMPs), 
except TLR10, which are shared by many pathogens but not 
expressed by the hosts [18]. Danger -associated molecular 
patterns (DAMPs) are endogenous ligands of TLRs, which 
are released from stressed cells undergoing necrosis, that 
promote inflammatory responses [18]. TLRs are expressed 
on many cell types, including macrophages, dendritic 
cells (DC)s, lymphocytes, and respiratory epithelial cells 
[19, 20].

Activation of innate immunity through TLR4 
can both exacerbate [13, 21, 22] and inhibit [23-25] 
lung inflammation and injury. Interestingly, several 
epidemiological studies observed significant decreases 
in lung cancer risk in individuals exposed to endotoxin 
(LPS), such as farm and some textile workers [26, 27]. 
TLR4 is the primary receptor that binds endotoxin [13] 
and, thus, is likely involved in the protective effect 
observed with endotoxin exposure. Consistent with this, 
Tlr4-deficient mice are also significantly more sensitive 
to lung tumor promotion, pulmonary inflammation, 
and have demonstrated differences in immune cell 
profiles compared to wild-type mice in a primary ADC 
model [28-30]. Protective effects of other TLRs on lung, 
prostate, gastric, and breast cancers have also been reported 
in humans and in mouse models [27-45]. Therefore, we 
hypothesized that the mRNA expression of TLRs 1-10 
would be a positive prognostic indicator for lung cancer 
risk. We first examined TLR1-10 mRNA expression 
profiles using a meta-analysis tool (kmplot.com) and  

compared expression levels to overall survival (OS), first 
progression (FP), and post-progression survival (PPS). Co-
expression patterns for TLR1-10 mRNA expression were 
simultaneously identified using the cBioportal database 
(http://cBioportal.org) and by immunohistochemical 
(IHC) staining for several of these TLRs. This is the first 
combined analysis of human TLR’s 1-10 in NSCLC, with 
a focus on ADC.

RESULTS

This study presents results first indicating which 
TLRs are associated with improved outcomes for NSCLC 
and ADC patients, followed by more specific data on the 
co-expression of TLRs and their molecular alterations in 
ADC patients. Further analyses determined the types of 
TLR positive cell types observed in the tumor tissue as 
well as the correlative relationships between the various 
TLRs in the same patients.

Several TLRs are associated with improved 
outcomes in NSCLC and ADC patients

All 10 TLRs with available probes were compared 
individually and then combined for any significant 
associations with OS, PPS, and FP using kmplot.com. 
Table 1A displays all the individual TLRs, the univariate 
p values, multivariate p values for gene, histology, and 
gender, and hazard ratio’s (HR) in all NSCLC patients for 
OS. Figure 1 depicts the genes with significantly improved 
OS (TLR1,2, 3, 5, 6, 7, and 8), or in other words high 
TLR expression associated with increased survival with 
HR all below 1. For each one, both histology and gender 
are also significant when considered as co-variates in the 
multivariate analysis. Similar trends were observed when 
we considered the most prevalent subtype of NSCLC, 
ADC (Figure 2). TLR1, 2, 3, 5, 6, 7 and 8 were individually 
significantly associated with OS in ADC patients. When 
these same TLRs were stratified by stage, but not gender, 
they also associated as a co-variate in the multivariate 
analyses (see Table 1B). We also included TLR4 on these 
graphs due to previous studies in our laboratory as well 
as additional findings from others [28, 30, 36, 43]. We 
then compared all TLRs (1-10) combined (multi-gene) 
and the TLRs that were significantly associated to OS 
individually (TLR1,2,3,5,6,7,8) combined to determine 
if the combination of TLRs improved the OS. Figure 3 
and Supplementary Table 1 demonstrate that TLR1-10 
combined in the analysis are highly significantly associated 
with improved survival in both NSCLC (HR = 0.54, P = 
2.7 x 10-10) and ADC patients (HR = 0.38, P = 3.0x 10-9).  
The analysis was similar if we only considered those 
TLRs that were significant individually (TLR1,2,3,5,6,7,8: 
NSCLC, HR=0.52, P = 2 X 10-11; ADC, HR=0.38, P = 
2 X 10-9; see Supplementary Table 1). Since the analysis 
was weighted based on 1/HR per gene, these results 
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suggest that the combined analysis is driven largely by 
those TLRs with the lowest HR.

Interestingly, when only stage 1 patients were 
considered for combined TLR1-10 analysis (Figure 3B, 
n=449 for NSCLC; Figure 3D, n=346 for ADC), the HR 
were further decreased (NSCLC, HR = 0.36, P =1.9 x 10-9; 
ADC, HR =0.37, P = 3.8 x 10-6). The decrease in p value 
for stage 1 was largely due to decreased n, and thus power. 
The individual TLRs significant for stage 1 NSCLC were 
TLR2, 3, 5, 6, 7, 8 and for stage 1 ADC patients all TLR 

except TLR9 (see Supplementary Table 1C, 1D). Stage 
2 patients did not associate in the NSCLC patients, but 
did when only ADC was considered, however there were 
few of these patients (NSCLC, n=161; ADC, n=168; see 
Supplementary Table 1A, 1B), thus these analyses are not 
as reliable. A lack of information existed for stage ≥ 3 to 
perform analyses.

TLR5, 6, and 7 also associated with improved 
outcomes using PPS with univariate analysis (TLR5, HR= 
0.69 (0.54-0.89), P =0.0045; TLR6, 0.63 (0.41-0.97), 

Table 1A: Meta-analysis results for associations between the TLRs and overall survival for NSCLC patients.*

Univariate Multivariate

Gene Affy Probe ID n P value HR^ P value (gene)** HR (gene) P value (histology) P value 
(gender)

TLR1 210176_at 1926 6.50E-05 0.72 (0.61-0.85) 0.003 0.74 (0.63 0.87) 1.00E-15 0.0004

TLR2 204924_at 1926 5.40E-09 0.61 (0.52-0.72) 6.00E-04 0.74 (0.62-0.88) 1.00E-15 0.0006

TLR3 206271_at 1926 4.20E-07 0.66 (0.56-0.77) 0.0052 0.78(0.66-0.93) 1.00E-15 0.0003

TLR4 232068_s_at 1587 ns 0.85 (0.71-1.03) ns - - -

TLR5 210166_at 1926 1.80E-05 0.7 (0.59-0.82) 0.0173 0.81 (0.68 0.96) 1.00E-15 0.0005

TLR6 239021_at 1926 5.50E-06 0.64 (0.53-0.78) 0.001 0.72 (0.59 0.87) 1.00E-15 0.0017

TLR7 220146_at 1926 6.60E-10 0.6 (0.51-0.71) 1.00E-15 0.6 (0.51-0.71) 1.00E-15 0.0006

TLR8 229560_at 1587 0.00022 0.7 (0.58-0.85) 0.0095 0.78 (0.64-0.94) 1.00E-15 0.0024

TLR9 223903_at 1587 ns 0.94 (0.78-1.13) ns - - -

TLR10 223751_x_at 1926 ns 0.85 (0.71-1.03) ns - - -

* For all significant TLRs, FDR 5% was tested, NSCLC combined samples P <0.0173; ADC samples P <0.0066; ** Multivariate for all 
NSCLC for gender and histology; ^ Hazard ratio. Ns, not significant. Dash indicates test was not performed due to non-significance in 
univariate analysis.

Table 1B: Meta-analysis results for associations between the TLRs and overall survival for ADC patients.*

Univariate Multivariate

Gene Affy Probe ID n P value HR^ P value (gene)** HR (gene) P value (stage) P value (gender)

TLR1 210176_at 720 1.50E-03 0.63 (0.47-0.84) 0.0029 0.65 (0.48 - 0.86) 1.00E-15 ns

TLR2 204924_at 720 1.60E-08 0.43 (0.32-0.58) 1.00E-15 0.45 (0.33-0.6) 1.00E-15 ns

TLR3 206271_at 720 3.00E-04 0.59 (0.44-0.79) 0.0028 0.64 (0.48-0.86) 1.00E-15 ns

TLR4 232068_s_at 673 ns 0.76 (0.56-1.03) - - - -

TLR5 210166_at 720 0.0057 0.67 (0.5-0.89) 0.0066 0.67 (0.5 - 0.89) 1.00E-15 ns

TLR6 239021_at 720 0.00054 0.58 (0.43-0.79) 0.0049 0.64 (0.46 - 0.87) 1.00E-15 ns

TLR7 220146_at 720 2.90E-11 0.37 (0.27-0.5) 1.00E-15 0.41 (0.3 - 0.57) 1.00E-15 ns

TLR8 229560_at 720 0.0027 0.69 (0.54-0.88) 0.0014 0.6 (0.43-0.82) 1.00E-15 ns

TLR9 223903_at 673 ns 1.17 (0.87-1.59) ns - - -

TLR10 223751_x_at 720 ns 0.97 (0.78-1.23) - - - -

* For all significant TLRs, FDR 5% was tested, ADC combined samples P <0.0066; ** Multivariate for ADC for gender and stage; ^ 
Hazard ratio. Ns, not significant. Dash indicates test was not performed due to non-significance in univariate analysis.
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Figure 1: TLRs that significantly associate with overall survival in NSCLC patients. Multivariate analysis was performed 
(co-variates: gender and histology) and TLRs that significantly associate with overall survival (OS) are presented with the exception of 
TLR4. N= 1926 for every TLR except TLR4 (n=1587); analyzed via kmplot.com. Hazard ratio (HR), 95% confidence intervals, and 
logrank P presented per TLR.
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Figure 2: TLRs that significantly associate with overall survival in the ADC subtype. Multivariate analysis was performed 
(co-variates: gender and stage) and TLRs that significantly associate with overall survival (OS) are presented with the exception of TLR4. 
N= 720 for every TLR except TLR4 (n=673); analyzed via kmplot.com. Hazard ratio (HR), 95% confidence intervals, and logrank P 
presented per TLR.
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P =0.034; TLR7, HR = 0.64 (0.5-0.83), P =5.3x10-4) 
however, following multivariate analysis, none remained 
significant due in part to a lack of power. However, 
combining all TLRs for the univariate analysis to determine 
associations with PPS was significant (HR= 0.58 (0.38-0.9), 
P =0.013) for NSCLC. ADC did not have enough samples 
to perform the analysis. Similarly, the FP analysis associated 
only with TLR2 for univariate analysis and following 
multivariate analysis (NSCLC, HR =0.63 (0.47-0.85), 
P =2.5x10-3; ADC, HR=0.55 (.38-.78), P =0.00085). When 
all TLRs were combined in a multivariate analysis, TLRs 
significantly associated with FP (HR= 0.72 (0.53-0.98), 
P =0.038) for NSCLC, but not ADC.

Lastly, using the kmplot.com website, we were 
also able to determine any significant differences 
between control, non-tumor bearing patients (n=86) 
and lung NSCLC patients (n=1926). Several TLRs had 
significantly lower mRNA expression in the control versus 

NSCLC tumor tissue, namely TLR1,2,3,7,9, and 10 while 
TLR4,5,6 and 8 did not (see Supplementary Table 2). No 
comparisons were available for ADC only.

Co-expression of TLRs in ADC patients

Analysis of co-expression of the different TLRs 
in lung ADC revealed that several of the TLRs were 
expressed similarly in ADC (see Supplementary 
Table 3). Figure 4 demonstrates the TLRs with the 
largest significant correlations, however, some TLRs 
co-express with multiple other TLRs (eg.TLR1 co-
expresses with TLR4, 6, 7, and 10, see Figure 4). In 
an ADC cell line (NCI-H1650), the majority of the 
TLRs were expressed similarly (see Supplementary 
Figure 1). Additional genes that are also significantly 
co-expressed with each TLR are listed separately in 
Supplementary Table 3.

Figure 3: Combination of TLR1-10 significantly associates with overall survival for both NSCLC and ADC, specifically 
in stage 1 patients. (A) Association between NSCLC patients and TLR1-10 mRNA expression (n= 1145) via multivariate analysis (co-
variates: gender and histology); (B) Association between NSCLC patients that are only stage 1 and TLR1-10 mRNA expression (n=449) via 
multivariate analysis (co-variates: gender and histology); (C) Association between ADC patients and TLR1-10 mRNA expression (n=673) 
via multivariate analysis (co-variates: gender and stage); (D) Association between ADC patients that are only stage 1 and TLR1-10 mRNA 
expression (n=346) via univariate analysis. Analysis was performed using kmplot.com and Supplementary Table 1 has details for each of 
these analyses as well as stage 2 analyses. Hazard ratio (HR), 95% confidence intervals, and logrank P presented.
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Molecular alterations in TLRs in ADC patients

The cBioportal.org website was also used to 
evaluate molecular alterations for each TLR. The Pan-
Lung Cancer panel (n=1089 patients both ADC and 

squamous cell carcinoma) demonstrated low somatic 
mutation, deletion and amplification rates for TLR1, 
2, 6, 9, and 10, however for each of the other TLRs, 
one of these molecular alterations was > 2% ≤ 10%, 
see Supplementary Table 4A. When we compare these 

Figure 4: Significant co-expression between TLRs in ADC patients demonstrating the importance of evaluating 
multiple TLRs at once in a cancer population. ADC patient data from TCGA provisional set (cBioportoal.org) that included 
n=230 samples analyzed by RNA sequencing and presented here as RNAseq V2 RSEM (RNA-Seq by Expectation Maximization) with the 
Pearson correlation as well as p value noted on each graph.
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results to the same ADC panel used for the co-expression 
analysis, the numbers change slightly, but the trend 
remains similar. We also included mRNA upregulation in 
the ADC molecular alteration table (Supplementary Table 
4C) that demonstrates that four TLRs (TLR4, 5, 6 and 9) 
were upregulated between 5-10%, but all were ≥ 3%.

Clinical characteristics for the human tumors 
stained for TLRs

Table 2 displays the subtypes of ADC that were 
assessed in this pilot study (acinar, acinar mucinous, and 
acinar solid) with stage and principle inflammatory cell 
type noted. The types of inflammatory cells observed in 
the tumor tissue were primarily lymphocytes. Because 
the sample number is low for the different morphologies 
at each stage, true inflammation differences cannot be 
adequately determined.

Expression of TLRs (2, 3, 4, and 8) in lung ADC 
from the same patients

These four TLRs were chosen based on significance 
in the OS analysis and previous studies in our laboratories 
(TLR4). Positive staining for TLR4 and TLR8 was 
observed in macrophages around the periphery of the 
tumors, but sparse staining was observed within the tumor 
itself (Figure 5). Lymphocytes also stained weakly for 
TLR4 or TLR8 (data not shown). TLR2 staining (Figure 5) 

was similar to that observed with TLR4 and TLR8, while 
TLR3 staining (Figure 5) was observed in all cells.

Analyses were then done to determine any 
significant correlations between the individual innate 
immune markers using Metamorph analysis to determine 
the area stained positively per tissue area (Supplementary 
Figure 2) followed by Pearson correlations (Table 3). 
TLR2 expression significantly correlated to TLR4 and 
TLR8 expression (Table 3). In addition, TLR4 expression 
also significantly correlated to TLR8 expression. 
There were no significant differences observed for all 
of the TLRs immunostained based on tumor staging or 
morphology, likely due to a low power. However, when 
stage comparisons were done (data not shown), the data 
suggests that TLR staining did not vary greatly in the 
tumors at stages 1-3. Comparisons of staining patterns 
to inflammatory cell type does support macrophage 
staining with all TLRs assessed, but not all patients with 
high numbers of pulmonary macrophages have high TLR 
staining.

DISCUSSION

In these studies, we provide evidence for a 
significant association between high mRNA expression 
of TLR1-10 in NSCLC patients and improved outcomes 
for OS (Figure 1) as well as the same comparison for the 
primary NSCLC subtype, ADC (Figure 2). Interestingly, 
these findings remain significant when assessed by stage, 

Figure 5: Representative images of TLRs in human neoplastic lung tissue. Immunohistochemical staining for TLR’s 2, 3, 4 and 
8 depicting staining in the tumor cells for all TLRs except TLR8. TLR8 (black arrow) demonstrates macrophage staining. Magnification 
bars: 100X (black line = 50 μM); insets 200X (black line = 20 μM). Dashed boxes indicate areas magnified within the insets.
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specifically stage 1. Stage 2 NSCLC and ADC patient 
numbers were low therefore the analysis while significant 
for ADC, is less reliable and ≥ stage 3 not evaluated. Thus, 
a complete analysis of stage was not possible for these 
studies. Individual analysis for each TLR revealed that 

high mRNA expression for TLR1, 2, 3, 5, 6, 7, and 8 were 
significantly associated with improved OS and were likely 
responsible for the majority of the overall TLR association 
observed for the analysis. In addition, significant 
associations between NSCLC patients with high TLR1-10 

Table 2: Clinical characteristics of human lung adenocarcinomas.

ID Stageb Primary Growth Pattern Principle Inflammatory Cell Typea

1 I Acinar L

2 I Acinar L

3 I Acinar, mucinous L,AM

4 II Acinar L

5 II Acinar L

6 II Mucinous, solid L

7 II Acinar AM

8 II Acinar L

9 II Acinar, mucinous L,AM

10 II Acinar, solid L

11 II Acinar L,AM

12 II Acinar, mucinous L

13 II Acinar L

14 II Acinar L

15 III Solid L

16 III Acinar, solid AM,L

17 III Solid L

18 III Acinar, solid L,AM

a. Principle inflammatory cell type present in associated tissue: L=lymphocytes; AM=alveolar macrophages; N= none 
observed.
b. Tumor Staging based on the Pathologic TNM classification.

Table 3: Correlations between TLRs expression in the tumor tissue.*+

Protein TLR2 TLR3 TLR4 TLR8

TLR2 ----------- r# = 0.243 r = 0.564 r = 0.731

p<0.331 p<0.015 p<0.0006

TLR3 r# = 0.243 ----------- r = 0.265 r = 0.178

p<0.331 p<0.288 p<0.480

TLR4 r = 0.564 r = 0.265 ----------- r = 0.658

p<0.015 p<0.288 p<0.003

TLR8 r = 0.731 r = 0.178 r = 0.658 -----------

p<0.0006 p<0.480 p<0.003

* n=18 patients for this analysis; + Correlations were performed on the tumor area per tissue areas per protein; # r = 
correlation coefficient. Bolded values are significant, p<0.05.
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expression and improved PPS and FP outcomes were also 
observed. Our analysis of co-expression of the different 
TLRs also suggests that some of these TLRs are similarly 
expressed in lung cancer and combined with the OS, PPS, 
and FP findings, further supports that multiple TLRs 
increased at the same time could potentially be positive 
indicators for patients, at least in early stage disease. 
Molecular alterations in some TLRs may influence 
response, although the levels of deletions, amplifications, 
mutations, and mRNA upregulation were generally low 
in all TLRs (eg. the highest for mRNA upregulation was 
TLR5 at ~10%). Thus, these findings in conjunction with 
the survival analysis further support the concept that 
increasing TLR expression could improve outcomes. 
Lastly, we also observed similar positive correlations 
between TLR4 and 8 when mRNA or protein expression 
were compared (Table 3). Collectively, these studies 
demonstrate that TLRs have potential as prognostic 
markers for lung cancer and further studies to validate 
these findings are needed. A recent promising study in 
NSCLC patient serum demonstrated that low soluble 
TLR4 is a prognostic marker for poor survival of early 
stage NSCLC [40], supporting TLRs as markers in early 
stage disease.

Although the expression of these TLRs was similar 
and some of these significantly correlated to one another, 
they are expressed in different cellular locations and are 
activated by different PAMPs. For example, TLR1, 2, 
4, 5, 6, and 10 are expressed on the cell surface while 
TLR3, 7, 8, and 9 are located in endosomal compartments 
[46]. Receptor dimerization is also different between 
these TLRs: TLR3, 4, 5, and 9 dimerize with themselves 
while TLR8 dimerizes with TLR7 and TLR2 dimerizes 
with itself, TLR1, TLR6, or TLR10 [46, 47]. PAMPs 
were the ligands initially discovered for these TLRs and 
most are either bacterial components or viruses, however, 
endogenous ligands (DAMPs) have been identified that 
can activate these receptors, such as formyl peptides and 
heat shock proteins, that are released from injured or dying 
cells [48]. The ligand(s) that is activating the TLRs in these 
studies is unclear, however, the similarity in expression 
between these different TLRs suggests a potential common 
stimulus inducing endogenous ligands (DAMPs) [18], 
such as oxidative stress [49] or involvement of chaperones, 
such as Gp96, an endoplasmic reticulum master chaperone 
for TLRs [50]. Interestingly, several TLRs are also 
located at similar chromosomal locations (Supplementary 
Table 3) and some have transcription factor binding site 
commonalities. For example, TLR1 and 6 are located on 
chromosome 4p14 and these two TLRs have a predicted 
STAT-1 binding site in common (genecards.org). Other 
TLRs residing on unique chromosomal regions also 
have transcription factor binding sites in common, such 
as predicted AP-1/c-Jun sites on TLR1, 2, 3, 4, 5, 6, 7, 
and 9 (genecards.org). Lastly, based on literature and 
our staining in lung tissues, these receptors appear to be 

cell-type specific. This difference in cell type may reflect 
differences in the ligands and needs to be further evaluated 
in the future with more clinical samples for each stage to 
improve our understanding of the cell types involved in 
regulating these responses. Thus, chromosomal location, 
transcription factors, cell type, and potential similarities 
in DAMPs or pathways that activate TLRs may all be 
contributing factors in the regulation of these TLRs in 
lung cancer.

The role of the innate immune system in lung 
cancer remains a controversial issue with respect to pro- 
or anti-tumorigenic functions and how TLR signaling is 
involved with tumor cells, epithelial cells, and the tumor 
microenvironment. We will briefly discuss both pro- and 
anti-tumorigenic studies in the context of TLRs, but refer 
readers to a more comprehensive review [42].

The pro-tumorigenic literature for the TLRs 
demonstrated increased immunostaining of TLRs in 
NSCLC patients compared to controls for TLR 3, 4, 7, 8, 
and 9, all in small studies similar to our immunostaining 
study, which did not differentiate lung cancer subtypes 
[42, 51, 52]. In vitro studies using NSCLC cell lines 
(A549 and NCI-H1299) demonstrated that TLR4 signaling 
induced immune escape through immunosuppressive 
cytokines and resistance to apoptosis [53]. miRNAs have 
also recently been linked to TLRs in lung cancer in human 
patients as well as in vitro studies in a pro-tumorigenic 
capacity. TLR4 and TLR9 increase miRNA expression of 
miR-21 and miR26a, respectively, in a xenograft model 
or primary human lung cancer cells [54, 55]. One of few 
TLR1 studies in lung cancer demonstrated miR15a/16 
inhibits TLR1 leading to some inhibition of lung tumor 
xenografts, supporting a role for TLR1 in lung cancer 
development [56].

As described earlier, our studies using primary 
mouse lung cancer models have demonstrated a protective 
nature of TLR4 that resulted in reduced tumor numbers, 
specific macrophage populations, myeloid-derived 
suppressor cells (MDSCs), and neutrophils, among 
other inflammatory cell types [28-33]. Studies in human 
populations demonstrated that the TLR4 polymorphism 
that confers reduced TLR activity (rs4986790) was 
also associated with elevated lung cancer risk [36, 
43]. In another human study, elevated levels of TLR5 
immunostaining in NSCLC patients associated with an 
improved diagnosis [45]. Thus, these results support anti-
tumorigenic roles for TLRs in tumorigenesis.

Several research groups have tested TLR-targeted 
therapies in animal models or clinical trials, and although 
there are risks involved, such as the dual roles of some 
TLRs, these therapies have some real potential in cancer. 
We highlight a few of these studies here. Immunomax, a 
plant-derived agonist for TLR4, is currently in preclinical 
testing in mice for metastatic breast cancer with prolonged 
survival as well as decreasing tumor development in 31% 
of mice [35]. TLR4 is activated via Immunomax turning 
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on dendritic cells, eventually triggering tumoricidal natural 
killer cells to inhibit tumor growth [35]. Additionally, in 
breast cancer there are currently several clinical trials 
assessing efficacy of TLR7/8 agonists (TLR8, VTX-
2337 and cyclophosphamide, NCT02650635; TLR7, 
imiquimod, cyclophosphamide, and radiotherapy) [57-
59]. Loxoribin, a TLR7 agonist, inhibited tumor growth 
using xenograft models for both lung and colon cancer, 
both mediated by promoting CD4+ T cells and activating 
dendritic cells [39]. Conversely, in A549 cells, TLR7 
or TLR8 agonists led to increased tumor cell survival, 
chemoresistance, and increased anti-apoptotic protein 
expression [60], as well as appear to increase MDSCs 
and reduce CD8+ T cells in mice, promoting tumor 
growth [34]. Similar to lung and breast cancer, TLR7 
agonists (eg., imiquimod) activate the immune response 
in skin cancers (melanoma, squamous cell carcinoma, 
and basal cell carcinoma) and several agonists are 
currently in clinical trials for melanoma (imiquimod 
(NCT01678352) and resiquimod (NCT01748747)) [57, 
58, 61]. Interestingly, activation of multiple TLRs using a 
combination of TLR3, TLR4, and TLR7 ligands resulted 
in tumor rejection in 50% of mice in a B16-OVA tumor 
model with poor immunogenicity [62], increasing innate 
immunity and CD8+ and CD4+ T-cell responses. This 
report of “multiple adjuvant combination and antigen 
targeting” [62], supports the use of these TLR ligands in 
poorly immunogenic tumors and provides a mechanism 
for why some of these models may be more responsive 
than others to these TLR ligands. Lastly, two clinical trials 
using TLR9 agonists (IMO-2055, phase II; MGN1703, 
phase I) have been utilized as immunomodulators for lung 
cancer and found possible anti-tumor efficacy, either in 
combination (IMO-2055) with erlotinib (EGFR inhibitor) 
and bevacizumab (VEGFA inhibitor) or alone (MGN1703) 
[37, 41]. MGN1703 is currently in a phase II trial in 
small cell lung cancer. Based on these trials in lung, the 
finding that high TLR9 expression in triple negative breast 
cancer is predictive of an improved prognosis is another 
area of interest therapeutically [63]. TLR9 expression 
may influence the tumor immunophenotype and thus has 
potential to improve chemotherapy and is currently in 
clinical trials for other types of cancers (eg. lymphomas, 
colorectal cancer) [58, 59]. We refer readers to several 
references [57-59] for more comprehensive reviews.

Some limitations of this study are the following. 
Currently TLR11 does not exist on any of the microarray 
platforms at cBioportal or kmplot.com, thus could not 
be evaluated in these studies. The sample size for the 
TLR immunostaining data set was low, which reduces 
the statistical power of this study and we only had one 
pulmonary pathologist review the slides. Also, some 
clinical data, such as tumor staging was not done for all 
the tissues. The stage at which lung cancer is detected 
is crucial to the patient’s outcome, e.g. the difference 
between stage 1 versus stages ≥3 has 5-year survival rates 

of ~45% compared to ≤ 14%, respectively. Thus, future 
experiments should focus on obtaining more samples for 
these staging analyses.

In conclusion, our novel findings support a role for 
these TLRs as positive prognostic markers for lung cancer, 
particularly in early stage disease. More studies are needed 
to further investigate the addition of these markers into 
gene panels in current use for early detection and predictive 
models as well as additional studies in serum of patients 
similar to the soluble TLR4 study recently published. For 
example, a combination of identifying TLRs in serum and 
18F-FDG positron emission tomography (PET) imaging 
could aid in determining what patients are sensitive to 
TLR therapies, similar to other markers (eg p53,[64]). The 
future of TLRs and their role and possible utility in cancer 
research will rely on a better understanding of the role of 
these individual TLRs and the combination of TLRs in 
the tumor microenvironment, tumor development, and 
progression, including the specific dimer partners for some 
TLRs, different types and subtypes of cancer (i.e. SCLC 
compared to NSCLC), tumor aggressiveness, and the 
type of specific innate immune cells associated with these 
TLRs. These findings may be useful for future therapy 
development and diagnostic strategies for NSCLC.

MATERIALS AND METHODS

Meta-analysis for NSCLC and ADC patient 
survival

We used a program at http://kmplot.com/lung (2015 
version; Aug 1, 2016- Sept 1, 2016) for these analyses 
that uses publically available data sets (Gene Expression 
Omnibus (GEO); Cancer Biomedical Informatics Grid 
(caBIG); The Cancer Genome Atlas (TCGA)) from 
several human Affymetrix microarray platforms because 
these arrays have 22,277 probe sets in common [65]. The 
NSCLC patient data sets for 2,427 patients are: GSE4573, 
GSE14814, GSE8894, GSE19188, GSE3141, GSE31210, 
GSE29013, GSE37745, GSE30219, GSE31908, 
GSE43580, GSE50081, caArray, and TCGA (see Győrffy 
et al., 2013 for clinical characteristics) [65]. Of these data 
sets, arrays were done on some but not all patients with 
a total evaluated for NSCLC (OS, n=1926; FP, n=982; 
PPS, n=344) and the most prevalent subtype of NSCLC, 
adenocarcinoma (ADC; OS, n=720; FP, n=461; PPS, 
n=125). Differences in n per TLR evaluated were due 
to a lack of representation in some data sets, thus the n 
per TLRs differs for TLR4, 8, and 9. We assessed all 10 
TLRs that were present on these Affymetrix platforms; if 
more than one probe per gene was present, then the Jetset 
function (http://www.cbs.dtu.dk/biotools/jetset/; Aug. 15, 
2016) [66] was used that selects the optimal probe set for 
each gene. For each TLR, we performed a univariate and 
multivariate COX regression analysis for OS and FP, and 
a univariate COX regression analysis for PPS due to a lack 
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of power for both NSCLC and ADC. For the multivariate 
analysis we used the same co-variates (NSCLC, histology 
and gender; ADC, stage and gender) as in Győrffy 
et al., 2013. These specific parameters for the multivariate 
analyses were chosen where the most clinical information 
was available. In addition, we also evaluated differences 
based on stage, however only stage 1 contained sufficient 
numbers of patients to perform the analysis while stage 2 
was preliminary (stage 1, n =449; stage 2, n=161).

Details of the statistical packages used for the 
development of this program are found in several 
references [65, 67]. Briefly, the raw CEL files were 
MAS5 normalized using the Affy Bioconductor library 
[65, 67]. Quality control excluded biased arrays where 2 
or more parameters (ie. percent present calls, background, 
rawQ, etc) are out of the 95% range of all arrays. 
Batch effects were also reduced by setting the average 
expression per chip to 1000 as a second normalization 
step [65, 67]. The data was then analysed using km-
plot as the software that takes R (Bioconductor package 
within kmplot.com) and the database called PostgreSQL 
to integrate the gene expression data and clinical data 
[65, 67]. Kaplan Meier survival plots, the hazard ratio 
HR with 95% confidence intervals and logrank P were 
then calculated and plotted in kmplot.com stratifying by 
the median values for gene expression as the threshold 
for high and low expression per gene evaluated. For the 
multivariate analyses, each gene was weighted based on 
1/HR per gene to account for differences in univariate 
significance. Lastly, False discovery rate (FDR) was 
done for multiple testing using kmplot.com (http://
kmplot.com/analysis/index.php?p= multiple testing; Aug. 
15, 2016) based on the brainwaver library in R [68]. The 
FDR cutoff was set at 5%. Tumor tissue versus control 
lung tissue (n=86 samples) from non-tumor-bearing 
patients was also compared for each TLR via a Mann-
Whitney U-test in kmplot.com (Aug. 23, 2016).

Evaluation of co-expression between TLR1-10 
and molecular alterations present in TLR1-10 in 
ADC patients

The cBioportal database at www.cBioportal.
org (Aug. 19, 2016) [69, 70] was used to determine 
significant co-expression in tumors (mRNA expression 
from RNAseq in ADC patients) between TLR1-10 via 
correlation analyses using the TCGA Provisional data set 
with n=230 patients for the RNAseq analysis [71]. All 
details on this ADC patient population for these analyses 
are found in the Supplementary Table 3 and Methods from 
the Cancer Genome Atlas Research Network (2014; see 
[71]). Both Pearson and Spearman correlation analyses 
were performed for all TLRs in cBioportal.org as well as 
Sigma Plot (12.3). In addition, we identified molecular 
alterations (amplifications, deletions, mutations, and 
mRNA upregulation) in ADC patients for each TLR as 

well as a Pan-Lung Cancer Panel (TCGA, Nature, 2016, 
[72]) with both ADC (n=585 patients) and squamous cell 
carcinoma (n=504 patients). (see Supplementary Table 4).

Patient selection for IHC staining

Eighteen archived lung ADCs were obtained from 
McLaren Regional Medical Center, Flint, MI (DW). 
Tumor stage and histopathology was performed by a 
board certified pathologist (DW). Principle inflammatory 
cell types were identified by morphology [73]. The 
clinical characteristics of the tissues used in this study 
are presented in Table 2, however, because these patients 
were not part of a clinical trial, we were not able to obtain 
additional clinical data. All procedures were approved 
by the Internal Review Board at McLaren (#504) and in 
accordance with the Biomedical and Health Institutional 
Review Board at Michigan State University (#08-1114). 
These studies are in compliance with the Helsinki 
Declaration, including the additional amendments.

Immunohistochemistry (IHC) for TLR proteins

Tissue expression of TLR 2, 3, 4, and 8 were 
evaluated using peroxidase biotin-streptavidin 
immunohistochemistry. A list of primary antibodies used 
in this study and dilutions are shown in Supplementary 
Table 5. Secondary antibodies were purchased from 
DAKO (Carpinteria, CA) and the remaining reagents from 
Sigma Chemical Co. (St. Louis, MO) unless otherwise 
indicated. Lung tissue sections were cut (5 μm per section) 
(Investigative Histopathology Laboratory, Michigan 
State University) and then deparaffinized. For antigen 
retrieval (Supplementary Table 5), slides were steamed 
for 24-27 minutes. Sections were then treated with 3% 
H2O2 to inactivate endogenous peroxidase activity, rinsed, 
incubated in blocking buffer (2.5% BSA solution prepared 
in TBST) and then incubated overnight (12 h) at 4 °C in 
primary antibody diluted in blocking buffer. Following 
incubation, tissues were rinsed with TBST and then 
treated with DAKO universal labelled streptavidin-biotin2 
system, horseradish peroxidase (LSAB2 System HRP) 
for use with primary antibodies from rabbit or mouse. 
3’-3’-diaminobenzidine (DAB) was used for detection. All 
antibody incubations were performed in Shandon racks 
(Thermo Fisher Scientific, Waltham, MA) at the same time 
and sections were washed with TBST between steps.

Quantification of IHC stain intensity

Tissue-specific expression of the TLRs was 
quantified using MetaMorph Imaging Software, version 
7 (Molecular Devices; Sunnyvale, CA) and a light 
microscope equipped with a color digitalcamera (Olympus 
DP20, Tokyo, Japan). Color images (10-20 images per 
tissue) for each stain were taken under 20X magnification 
using the auto exposure lock to avoid fluctuations in 
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lighting intensity. Images were then imported into 
MetaMorph for quantification. For each protein, a color 
threshold (representing the total pixilated area of positive 
stain) was set and then quantified. The total tissue area was 
then measured from grayscale images after thresholding 
for all-inclusive tissue (total pixilated area of tissue). 
For each stain assessed, the threshold intensity was kept 
constant across all images to ensure optimal consistency. 
Data are expressed as the average area of positive stain 
in relation to the total surface area of lung tissue. Human 
tonsil was used as a positive control for TLR antibodies 
or without the primary antibody, as a negative control 
(Supplementary Figure 3). Staining intensity was also 
reviewed and evaluated by DW to examine cell specific 
expression, ie. tumor versus immune cells.

Statistical analyses

All statistical analyses, other than those performed in 
kmplot.com or cBioportal, were conducted using SigmaStat 
12.3 (Systat Software, INC, San Jose, CA). Because no 
significant differences were observed among the tumor 
stages or tumor morphologies for the IHC staining, all 
tumor samples and adjacent, non-neoplastic samples were 
combined for statistics). The correlation analyses were done 
using the Pearson Correlation, Sigma Stat. For all analyses 
done, statistical significance was accepted at P < 0.05.

Abbreviations

Adenocarcinoma, ADC; bovine serum 
albumin; BSA; damage-associated molecular pattern, 
DAMP; first progression, FP; lipopolysaccharide, 
immunohistochemical, IHC; LPS; overall survival, 
OS; non-small cell lung carcinoma, NSCLC; pathogen-
associated molecular patterns, PAMP; phosphate buffered 
solution, PBS; post progression survival, PPS; small-cell 
lung carcinoma, SCLC; toll-like receptor, TLR; tris-
buffered salt solution plus 0.1% tween, TBST.
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