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Abstract Lung carcinoma is one of the leading causes of

death worldwide. It is a non-immunogenic cancer, resistant

to immune surveillance. Toll-like receptors (TLRs) connect

the innate to the adaptive immune system. Given that

cancerous cells evade the immune system, the activation of

TLRs could represent a potential target for cancer therapy.

The induction of Th1-like and cytotoxic immunity by TLR

signalling could lead to tumour cell death, resulting in

tumour regression or arrest. However, basic research and

clinical trials revealed that the activation of specific TLRs,

such as TLR2, TLR4 and TLR9, do not have any anti-

tumour activity in lung carcinoma. Increasing evidence

suggests that TLRs are important regulators of tumour

biology; however, little is known about their function in

lung cancer. Thus, in order to develop new therapeutic

approaches, further studies are needed to understand the

connection between TLRs and lung cancer progression.

This review focuses on the potential mechanisms by which

TLR ligands can facilitate or not lung cancer and lung

metastases establishment/progression.
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Abbreviations

TLRs Toll-like receptors

MyD88 Myeloid differentiation factor

TRIF TIR-domain-containing adapter-inducing

interferon-b
PAMPs Pathogen-associated molecular patterns

DAMPs Danger-associated molecular patterns

DCs Dendritic cells

(pDCs) Plasmacytoid dendritic cells

hsp Heat shock proteins

Treg T regulatory cells

IDO Indoleamine-2, 3-dyoxigenase

HMGB1 High-mobility group box 1

Introduction

Lung carcinoma is one of the leading causes of death

worldwide. Despite advances in treatment, the prognosis

remains poor, with only 15% of patients surviving more

than 5 years from the time of diagnosis. It is a non-

immunogenic cancer, resistant to the surveillance of the

immune system [1, 2], which should protect the body from

tumour development by recognizing cancerous cells. The

process of shaping the immunogenicity of tumours has

been termed ‘cancer immune-editing’, which relies upon

the activation of the adaptive immune system to recognize

and eliminate ‘transformed’ cells [3]. Therefore, the acti-

vation of the immune system could represent a means to

induce tumour regression [2, 3]. However, many studies

have associated inflammation, thus the activation of the

immune system, to cancer [4]. The tumour microenviron-

ment is characterized by a process of chronic inflammation,

which can facilitate either tumour establishment or pro-

gression [4].

Toll-like Receptors (TLRs) play a key role in the innate

immune system. The recognition of specific molecules by
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TLRs leads to the activation of the adaptive immune sys-

tem. Thus, the exogenous activation of the immune system

via TLRs could on one side be a strategy to fight cancer,

but on the other exacerbate, a latent chronic inflammation,

which in turn, would further favour lung carcinoma

progression.

This review focuses on the differential effects of TLR

activation in lung carcinoma and explains the inefficiency

of most TLR ligands as anti-cancer adjuvants in lung car-

cinoma therapy, although they were described as potential

adjuvants for anti-cancer vaccines [5].

Toll-like receptors and their ligands

Toll-like Receptors (TLRs) recognize conserved molecular

patterns in microbes (pathogen-associated molecular pat-

terns: PAMPs) and endogenous ligands (danger-associated

molecular patterns: DAMPs) [6]. TLRs are expressed

either on the plasma membrane or in endosomal/lysosomal

organelles. Cell surface TLRs recognize the lipopolysac-

charide of Gram negative bacteria (TLR4), bacterial lipo-

proteins (TLR2/1 and TLR2/6) and flagellin (TLR5);

whereas endosomal TLRs mainly recognize nucleic acids,

such as double-stranded RNA (TLR3), single stranded

RNA (TLR7) and double stranded DNA (TLR9) [4, 7]

(Fig. 1). The activation of all TLRs leads to myeloid dif-

ferentiation factor 88 (MyD88)-dependent signalling

pathway, except for TLR3, which signals in a TIR-domain-

containing adapter-inducing interferon-b (TRIF)-depen-

dent manner (Fig. 1). TLR4 is the only receptor that

can induce both MyD88- and TRIF-dependent signalling

pathways [6]. MyD88- or TRIF-dependent signalling

pathways induce the synthesis or release of pro- and anti-

inflammatory cytokines and chemokines via the activation

of transcription factors, such as NF-jB, interferon regula-

tory factor (IRF)-3/7, AP-1 and others [7, 8] (Fig. 1).

Lung TLRs in health and cancer

TLRs are widely expressed on both resident lung cells as

well as on infiltrating cells of myeloid and lymphoid origin.

Airway epithelial cells express high levels of TLR1, TLR2,

TLR3, TLR4, TLR5, TLR6 and TLR9 [7, 9, 19]. Inter-

estingly, TLR2, TLR4, TLR7/8 and TLR9 are over-

expressed in lung carcinoma compared with the ‘normal’

lung [11, 12]. Similarly, TLRs are expressed on the infil-

trating immune cells, which activation can dictate the

adaptive immunity polarization.

The fine interaction between the stromal and the hae-

matopoietic cell lineage in the lung becomes very

Fig. 1 TLR signalling and their ligands

1212 Cancer Immunol Immunother (2011) 60:1211–1220

123



important during cancerous conditions. The activation of

TLRs on both cell types can facilitate the recruitment of

immuno-stimulant or tolerogenic cells to the lung, where

they can participate in the oncogenic process. The activa-

tion of TLRs on epithelial cells promotes the production of

chemokines, such as CXCL-8 (IL-8), a potent neutrophil

chemoattractant [9], and the release of growth factors, such

as vascular endothelium-derived growth factor (VEGF)

that recruits blood vessels to inflamed and damaged airway

epithelium [13]. Similarly, the activation of TLRs on innate

immune cells, such as Antigen-Presenting Cells (APCs)

(i.e. Dendritic Cells (DCs), can enhance the adaptive

immune system by the following mechanisms: (i) antigen

processing and presentation, (ii) up-regulation of co-stim-

ulatory molecules, such as CD80/86, which are necessary

for CD4? T-cell activation from naı̈ve CD4 T cells [14]

and(iii) modulation of T regulatory cells (Treg) activity by

the production of some cytokines such as IL-6 [15]. TLR-

induced synthesis/release of pro-inflammatory cytokines

can dictate the adaptive immunity polarization. For

example, TLR ligation can lead to the production of

IL-12p35 or IL-12p19 and IL-27, which promote Th1 or

Th17 immunity, respectively [16]. A Th1-like bias can

affect the immune surveillance to an effective anti-tumour

immune response in lung carcinoma (Fig. 2). In contrast,

TLR-mediated Th17 immunity can exert either pro-tumour

[17] or anti-tumour [18] activity depending on the mouse

tumour model and on the tissue/organ. An outstanding

study on IL-17 knockout mice demonstrated that the Th17

immunity has anti-tumour activity in lung carcinoma [18].

It seems clear that TLR-mediated synthesis/release of

inflammatory mediators from lung stromal and immune

cells dictates pulmonary immune microenvironment pav-

ing the way for lung cancer establishment/progression [10].

In particular, the insult of an inert antigen [10] or low

concentrations of an antigen [11] can sensitize and facili-

tate a Th2-like immunity that, in contrast to a Th1-like

immunity, dampens the host response, favouring a latent

chronic inflammation. The progression of chronic altera-

tions in the pulmonary network can be at the basis of

tumour establishment/progression in the lung [4, 8]. The

predominance of a Th2-like chronic inflammation in the

lung can facilitate the proliferation of ‘transformed’ cells,

which are not recognized by the immune system. More-

over, it is to note that immunosuppressive networks and

especially T regulatory (Treg) cells can alter the Th2-like

response facilitating the chronic inflammation and thus

tumour immune escape in the lung [2, 3] (Fig. 2).

It is thus clear that the activation of TLR-dependent

signalling pathways can play a fundamental role in tumour

immunology, deciding for the fate of cancerous cells in the

lung. Increasing evidence has highlighted the involvement

of TLRs in the progression and development of cancer [8,

22]. In the nineteenth century, the involvement of TLRs in

cancer was firstly observed by William Coley who dis-

covered that repeated injections of bacterial toxins (later

identified as LPS-Coley’s toxin) could serve as an efficient

anti-tumour adjuvant [1]. Since then, numerous studies

have been conducted on TLR ligands and their anti-tumour

activity. However, the debate on the role of TLRs in cancer

is still open, since they can either participate to the acti-

vation of the immune system to fight cancerous cells or

promote carcinogenesis by the enhancement of chronic

inflammatory responses [4, 7, 8, 22].

Activation of TLRs on dendritic cells (DCs)

in lung cancer

DCs bridge the innate to the adaptive immune system.

They line the external microenvironment and lung epithe-

lium, where they survey the tissues for incoming antigens

[23]. Lung DCs can be simply divided into conventional

and plasmacytoid DCs (pDCs) [24]. When immune ho-

moeostasis of the lung is disturbed by an inciting pathogen

or inflammatory insult, additional monocyte-derived DCs

are rapidly recruited to the lung, where they cooperate with

the resident cDCs [23]. DCs express all the receptors of the

innate immune system, such as TLRs, and have the

potential to take up the antigen, process it and present it to

T cells, so that to evoke an adaptive immune response. The

acquisition of antigens by lung DCs is TLR-dependent.

Human and mouse myeloid DCs (mDCs) express TLR1, 2,

3, 4, 5, 6, 7/8 and 9 [25, 28], which can modulate DC

activation markers [14, 26]. However, the role of all TLRs

Fig. 2 The activation of Antigen Presenting Cells (APCs), such as

DCs, mast cells and B cells, via TLRs can lead to differential adaptive

immunity. The induction of a Th1-like as well as T cytotoxic (Tc)-

like immunity leads to tumour regression, differently than a Th2-like

and T reg-mediated immunity
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on DCs in lung carcinoma still needs elucidation. In the

absence of TLR ligation, lung DCs are minimally active

[23]. The activation of TLR2 and TLR4 on lung-derived

DCs can lead to the proliferation of either Th1- or Th2-like

immune responses [21]. This dichotomy maybe explained

by the dose of PAMPs inhaled and recognized by the

specific TLR. An example is LPS, the TLR4 ligand, that at

high doses can induce a Th1-mediated response, but at low

doses, it facilitates a Th2-like immune response in a

MyD88-dependent manner in the lung [21]. The adoptive

transfer into the lung of an innocuous pathogen-pulsed DCs

can facilitate a Th2 skew leading to immune tolerance [21].

Lung cancer is characterized by a Th2-like microenviron-

ment, where DCs, that highly populate the tumour micro-

environment, are in their immature state [22, 25, 26].

Immature DCs present lower expression of activation

markers, such as CD80/86 [14] and MHC II [26]. It is

likely that immature mDCs in lung carcinoma could be due

to the presence of pDCs, as described in Th2-based lung

pathologies, such as asthma [29], and some viral [30] and

bacterial infections [26]. Our published data show that the

ablation of pDCs facilitates mDCs to their mature pheno-

type associated with higher presence of the cytotoxic

CD8? T cells and less Treg, resulting in tumour arrest in a

mouse model of lung carcinoma [22]. However, the

molecular mechanism by which pDCs render mDCs

immature is still not known. We could speculate that the

expression of tolerogenic patterns in pDCs can modify

mDCs activity in an indirect or cell–cell contact manner.

Nonetheless, it is conceivable that mDCs are rendered

immature by tolerogenic factors (i.e. TGFb and IDO

metabolites) produced by stromal cells in a TLR-dependent

manner.

pDCs uniquely and highly express TLR7/8 and TLR9

[28]. The activation of these receptors leads to the pro-

duction of IFNa/b in a MyD88-dependent manner [31].

IFN type I was primarily considered beneficial for tumour

immuno-editing, acting on the homoeostasis of haemato-

poietic cells [25, 31, 32], since it can stimulate NK cell

proliferation and activation, CD8? T-cell cytotoxicity,

cytokine secretion, TRAIL-mediated cell death and cross-

presentation [32]. However, host targets of IFN type I

maybe multiple and its function has not been clearly

defined yet in lung carcinoma. Since pDCs are the major

IFN-producing cells, it is likely that the tumour microen-

vironment disables their anti-tumour function [33]. Indeed,

the high production of lung prostaglandin E2 (PGE2) and

TGFb, an immunosuppressive cytokine, reduces the pro-

inflammatory activity of pDCs, facilitating the tolerogenic

phenotype enforced by the direct pDC-mediated recruit-

ment of Tregs [34, 35]. There is no direct evidence about

PGE2, IFNa/b and pDCs in lung cancer models; however,

it might be the reason of that pDCs are tolerogenic in

the lungs of cancer patients [22, 26]. It is of note that the

differential microenvironment in tumours can dictate the

immune cell phenotype and that the choice of the experi-

mental mouse model is fundamental to understand the

immune microenvironment in lung carcinoma. Indeed,

several studies on lung carcinoma are based on the

implantation of tumour cells on the right flank of mice;

however, this mouse model does not mimic the pulmonary

environment. Moreover, transgenic mouse models for

Her2, epithelial growth factor receptor (EGFR) and kRas

are not appropriate for the study of tumour immune escape

and even less for the implication of TLRs in lung carci-

noma, since the ligation of some TLRs induces the acti-

vation of Her2, EGFR and kRas-dependent signalling

pathways [13, 19, 31].

Moreover, the activation of TLR2, TLR4, TLR7/8 and

TLR9, all of which are highly expressed in lung carci-

noma tissues, induce the production of IFN type I and

IFNc that in turn can facilitate the expression of some

tolerogenic enzymes, such as indoleamine-2, 3-dyoxi-

genase (IDO) [28, 30], and immunosuppressive cytokines,

such as IL-10 and TGFb [30], that are implicated in the

generation of adaptive and natural Tregs, respectively

[37]. pDCs can also directly bind to Treg via PD-1/PD-L1

axis, enhancing the tolerogenic scenario in lung cancer

[34, 36]. Moreover, the production of TGFb can lead to

either innate Treg or Th17 generation [35]. TLR4, 7 and 9

activations promote TGFb release, which in the presence

of IL-6, an NF-jB-dependent cytokine [37], leads to a

predominant Th17 immune response rather than Treg-

mediated tolerance [37]. The genetic absence of IL-17

increases lung metastasis under TLR9 stimulation with

CpG-ODN [18]; however, other tumour animal models

show reduced tumour burden in IL-17 receptor (IL-17R)

knockout mice [17] The discrepancy on the role of IL-17

in cancer could be due to the knockout animal models or

to the tissue-specificity.

Activation of TLRs on B cells in lung cancer

TLRs are crucial for the humoral immune system orches-

trated by B cells, which undergo maturation, proliferation

and immunoglobulin switching following TLR activation

[34]. The number of B cells in the lung during physio-

logical conditions is very low (&0.1%), but it is threefold

increased during lung cancer, especially in the absence of

tolerogenic cells [our unpublished data and 40]. Contro-

versial studies refer to B cells as both anti-tumour and pro-

tumour cells. B cells express high levels of TLR7 and

TLR9 [28]. Some authors assumed that B cells countered
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T-cell-mediated immunity enhancing tumour cell growth

[41]. The pro-tumour activity of B cells was ascribed to

their regulatory phenotype. In sharp contrast, our published

data show that CpG, TLR9 ligand, polarizes B cells toward

a B1 phenotype, which instead facilitates tumour regres-

sion in the lung of tumour-bearing mice [40]. In the latter

study, the activation of TLR9 in B cells caused them to

become good APCs and as well as immunoglobulin-pro-

ducing cells, with resultant tumour regression in a mouse

model of lung carcinoma [40]. However, the modulation of

B-cell-derived immunity by other TLRs in lung carcinoma

needs further consideration. Understanding the role of

these cells and delineating the impact of TLR-dependent

signalling in the lung tumour microenvironment could

open new prospective for lung cancer therapy.

Activation of TLRs on macrophages in lung cancer

Macrophages highly populate tumour microenvironment

[42]. Their phenotype depends on the physiological and/or

pathological condition. They can be classically active (M1)

or alternatively activated (M2). In the first case, macro-

phages highly produce pro-inflammatory cytokines, highly

express MHC molecules and have a potent tumoricidal

activity [43]. Instead, the M2 phenotype is characterized by

the production of high amounts of IL-10 and TGFb,

immunosuppressive cytokines, by anti-inflammatory

activity and tissue repair functions [43]. Cancerous tissues

are highly populated by M2 [42], which promote angio-

genesis and tissue remodelling [44]. Lung macrophages

express higher levels of TLR2, 3, 4, and 6 than TLR7 and

TLR9 [45]. In tumour microenvironment, stimulation of

macrophages with TLR ligands can drive towards the M2

phenotype [46]. Activation of the TLR2 signalling pathway

facilitates lung metastasis growth, probably because of its

high expression on tumour-associated macrophages

(TAMs) [47]. Furthermore, TLR4-activated TAMs are

responsible for the increased cancerous lesions [48].

Interestingly, TLR9 activation by CpG-ODN (type B)

induces a high influx of macrophages into the lung of

tumour-bearing mice [22]. MyD88 knockout mice have a

reduced tumour growth correlated to the decreased influx

of macrophages to the tumour environment [49]. The

activation of MyD88-dependent signalling pathway targets

NF-jB that maintains macrophages in an M2 phenotype

[49]. Thus, it seems obvious to ask whether the activation

of TRIF-dependent signalling pathway could modulate

macrophage phenotype towards M1. We speculate that

because IL-12 production is induced by IFN type I, the

production of which is strongly stimulated by TLR3 acti-

vation, this receptor could lead to the development of the

M1 phenotype within the tumour.

Activation of TLRs on myeloid-derived suppressor cells

(MDSCs) in lung cancer

Myeloid-derived suppressor cells (MDSCs) as well as

macrophages restrain tumour immune surveillance [50]. A

very recent paper proposes that the activation of TLR2 on

MDSCs facilitates tumour immune evasion, thus promot-

ing tumour growth, in lymphoma, colon carcinoma and

lung adenocarcinoma models [51]. Indeed, TLR2 knockout

mice develop lower lung metastasis foci than wild type

mice, after Lewis Lung Carcinoma cells (LLC1) implan-

tation [47]. Moreover, the administration of CpG-ODN,

TLR9 ligand, favours the recruitment of MDSC to the lung

of tumour-bearing mice [40]. MDSCs together with Tregs

may be the major responsible cells for lung tumour pro-

gression. Since both cell types can be directly or indirectly

influenced by TLR activation, understanding their role in

lung carcinoma could be of potential therapeutic

application.

Activation of TLRs on NK cells in lung cancer

NK cells, together with the cytotoxic T lymphocytes

(CTLs), are the major cellular effectors against tumours.

NK cells can be activated by mDCs and pDCs via both

cell–cell contact and via IFN type I [52]. Tumour regres-

sion and CTLs induction can largely depend on MyD88-

dependent signalling pathway that leads to the expression

of MHC I, fundamental for CTLs activity [53]. In contrast,

although NK cells are barely activated by MyD88-depen-

dent pathway, their cytotoxicity can be induced by TRIF-

dependent pathway [54]. Indeed, the genetic absence of

TRIF facilitated tumour progression in melanoma-bearing

mice that received Poly I:C, TLR3 ligand [54]. In this latter

study, the activation of TLR3 on mDCs facilitated NK cell-

mediated cytotoxicity in a cell–cell contact manner [54].

However, it is also to point out that TLR3 activation can

lead to the apoptosis cascade [55] that can serve as a

potential strategy for tumour regression as already dem-

onstrated in a prostate cancer mouse model after Poly I:C

administration [56]. Moreover, Poly I:C can also sense

cytoplasmic receptors such as MDA5 and RIG1, which

contribute to NK activation [57]. Interestingly, pulmonary

metastasis-bearing mice were protected when NK cells

were activated through in vivo administration of Poly I:C

[58]. However, since Poly I:C mimics viral moieties [31], it

would be very interesting to understand how some viruses,

such as human papillomavirus and respiratory syncytial

virus, can precede cancer development [59]. The answer to

this question may underlie TLR7 and TLR9 signalling,

which expression seems to be reduced by the viral particles

[59], contributing to reduced innate immune response
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during oncogenesis. Recent studies on TLR2 agonists

including lipopeptides also revealed that stimulation of

TLR2 on mDC results in activation of the MyD88 pathway

in mDC to drive external NK activation [61]. However, the

activation of NK cells was mediated by the production of

cytokines by TLR2-MyD88 response on mDCs [60]. This

effect was also observed for other TLR agonists, such as

imiquimod (TLR7/8 agonist), [61] CpG-ODN (TLR9

agonist) [22], LPS (TLR4 agonist) [62], which did not

induce a direct activation of NK cells. Nonetheless, the

activation of NK cells after the administration of TLR3

[47], TLR7/8 [63] ligands reduced lung metastases.

Activation of TLRs on mast cells in lung cancer

Mast cells are found in many tumours [64]. They are highly

represented in lung carcinoma, where their presence cor-

relates with increased intratumoral microvessel density,

enhanced tumour growth and tumour invasion, and poor

clinical outcome [65]. However, the localization of mast

cells into the tumour, rather than in the peritumoural area,

could reflect improved survival in non-small-cell lung

cancer [66]. Activation of mast cell receptors, including

TLRs, can release many pro-angiogenic and tumour growth

stimulatory mediators, which in turn can affect both stro-

mal and cancerous cells by enhancing tumour proliferation.

In contrast, the activation of TLR2 on mast cells countered

tumour growth in a mouse model of lung carcinoma in

which LLC1 cells were implanted subcutaneously [67].

Although extensive studies demonstrate a pro-tumorigenic

role for mast cells, Oldford et al. [67] demonstrated that the

activation of TLR2 on these cells increases IL-6 anti-

tumour activities and promotes NK and CD8? cytotoxic

T-cell recruitment into the tumour mass in a CCL1-

dependent manner. Though, it is well documented that IL-6

can increase the pro-tumour activity of STAT-3 [22] and

that TLR2 is crucial for Treg expansion [68].

Similarly to TLR2, the activation of TLR3, TLR4,

TLR7 and TLR9 [69] can increase the release of IL-5 [73],

IL-13 and IgE from mast cells, which are highly implicated

in the airway eosinophilic inflammation such as asthma

[70], Th2-like pathology. Since lung carcinoma is a Th2-

based pathology, the role of mast cells in lung tumour

growth still remains controversial. Moreover, the activation

of TLR9 by CpG-ODN inhibits the accumulation of peri-

bronchial mast cells in vivo which alter lung expression of

Th2 cell-derived mast cell growth factors [71]. In addition,

the stimulation of TLR3 on human mast cells decreases

mast cell adhesion to fibronectin and vitronectin, extra-

cellular matrix proteins, highly produced in lung cancer

and thus abrogates mast cell attachment-dependent poten-

tiation of IgE-mediated responses [72]. It is clear that the

role of mast cells and specifically the role of TLRs on mast

cells can contribute to lung cancer establishment/

progression.

Activation of TLRs on stromal cells in lung cancer

The stromal matrix plays a fundamental role in the

development and progression of lung cancer [74]. Stromal

cells modulate the tumour immune microenvironment, by

‘deciding’ the immune cell phenotype, depending on the

pro-inflammatory or anti-inflammatory cytokines they

produce [75].

TLRs are implicated in tissue homoeostasis and tissue

remodelling [76]. TLR2 and TLR4 are crucial for the

epithelial cell homoeostasis during the steady state phase.

Activation of the aforementioned TLRs allow the cell to

avoid death and facilitate the repair and regeneration of

the tissue via the activation of the phosphoinositdyl-

3-kinase (PI3 K)-Akt signalling pathway, which in turn

up-modulates the expression of anti-apoptotic proteins, such

as Bcl-2, IAPs [54]. PI3 K-Akt, NF-jB, MAPKs, JNKs,

p38 and ERKs, all of which involved in TLR signalling,

are essential for the differentiation/proliferation of lung

cancer cells [77] (Fig. 3). The activation of TLR2, 4 and

TLR9 has been reported to induce the release of both

anti-inflammatory cytokines, such as TGFb and IL-10,

and of growth factors such as VEGF and fibroblast

growth factor 2 (FGF2), involved in the development of

lung cancer. Thus, since TLR2, TLR4, TLR7/8 and TLR9

are highly expressed in lung carcinoma tissues, it is likely

that they can modulate tumour proliferation via the up-

regulation of one of the above proteins. Indeed, TLR2 can

facilitate the extracellular matrix remodelling [76] and

TLR4 induces EGFR-mediated signalling [75, 76], which

can allow lung carcinoma to establish and progress

(Fig. 3). Interestingly, the induction of the TLR9 signal-

ling pathway is described as beneficial for tumour

regression, especially in association with cetuximab (an

EGFR inhibitor: monoclonal antibody) treatment [78];

however, these studies were conducted on in vitro models

and contrast with the observation that human tumour

epithelial lung cells are highly proliferative in the pres-

ence of CpG-ODN, the TLR9 ligand [79]. Furthermore,

the activation of TLR9 can induce VEGF release and lead

to enhanced lung cancer progression in mice [80].

Moreover, no studies have been conducted on TLR3 and

TLR7 signalling in lung carcinoma. It has been described

that TLR3 and TLR7 activation promotes tumour

regression in prostate and melanoma mouse models by

inducing apoptosis [54, 76], as observed in in vitro studies

on a human lung cancer cell line treated with a TLR7

ligand, imiquimod [12].
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Tumour progression depends on vascular endothelium

growth factor (VEGF) that facilitates angiogenesis, a

physiological process that is ‘used’ by tumour cells to sur-

vive [81]. In vitro models showed a lower proliferation of

HUVEC cells when CpG-ODN and bevacizumab (VEGFR

inhibitor: monoclonal antibody) are co-administered [78].

VEGF has a central role at connecting the reactive lung

stroma with immune cells [81], since it is produced by

cancer cells themselves but also by fibroblasts and immune

cells [75, 80, 81]. Indeed, CpG-ODN-induced lung carci-

noma progression is also associated with VEGF release

from lung fibroblasts in mice [80]. However, although

VEGF is considered a potential pro-tumour factor forming

new vessels that feed the tumour mass, it can also promote

vascular permeability, facilitating the influx of inflammatory

cells to the lung [75], which could facilitate the anti-tumour

or pro-tumour activity. Noteworthy, the extravasation of

fibrin, hyaluronan acid and other extracellular matrix pro-

teins can occur and these can be ‘sensed’ as dangerous

signals (DAMPs) by TLR2 and TLR4, further exacerbating

the inflammatory cascade [75, 82]. Moreover, lung VEGF

functionally affects local mDCs for the transition from the

innate response to a Th2-like skew [83]. TLR2 [75], TLR4

[75] and TLR9 [80] activation can induce VEGF production,

but little is known about other TLRs.

The activation of TLRs on endothelial cells leads to the

release of pro-inflammatory cytokines, such as IL-1, IL-6,

and of chemokines, such as IL-8, and of ICAM-1 which

facilitate leukocyte recruitment to the lung [83]. Interest-

ingly, endothelial cells increase the immunosuppressive

potential of activated Treg by upregulation of PD-1 and

stimulation of the production of high levels of IL-10 and

TGF-b after TNFa and IFNc stimulation [84], most likely

facilitating the interaction between Treg and pDCs and the

further recruitment of pDCs or other immunosuppressive

cells to the lung. This scenario could exacerbate lung

tumour progression.

Basic fibroblast growth factor (bFGF) is another

important growth factor highly detected in lung cancerous

lesions [80, 85]. It is produced by fibroblasts, recruited by

VEGF and other factors, such as platelet-derived growth

factor (PDGF), and released by cancer cells [80, 85].

Cancer-associated fibroblasts (CAFs) are associated with

tumour growth and progression as a consequence of both

higher release of growth factors (i.e. VEGF, bFGF and

PDGF) and release of TGFb, IL-10 and IL-6, which enrol

regulatory cells [75, 80].

IL-6 is a pro-inflammatory cytokine that guides different

immune responses through the activation of signal trans-

ducer and activator of transcription 3 (STAT-3), a tran-

scription factor constitutively activated in cancer [86].

Activation of the MyD88-dependent signalling pathway

can lead to the synthesis/release of IL-6 from several types

of cells, such as fibroblasts and immune cells [31, 76, 80].

It acts in an autocrine or paracrine manner, and the acti-

vation of STAT-3 can promote either a Th17-mediated

immune response [18] or to the activation of the immu-

nosuppressive MDSCs [87, 88]. The induction of a Th17

bias is concomitant to the presence of TGFb, IL-6, IL-1

and IL-21 [17, 18]; whereas the activation of MDSCs could

be associated with the presence of some DAMPs, such as

hsp72 (heat shock protein), vimentin, an extracellular

matrix protein produced by fibroblasts, and high-mobility

group box 1 (HMGB1), which are released into the tumour

microenvironment [4, 88]. TLR2 ‘senses’ hsp72 [88],

HMGB1 [4] and vimentin; whereas TLR4 and TLR9

Fig. 3 The activation of TLR2

(red arrows), TLR4 (black
arrows) and TLR9 (blue
arrows) on stromal cells can

facilitate lung tumour

progression by inducing the

synthesis/release of both

immune-suppressive cytokines,

such as TGFb and IL-10, which

facilitate tumor progression, and

extracellular matrix proteins and

growth factors (i.e. VEGF, EGF

and FGF2). Little is known

about the role of TLR7 and

TLR3 in lung carcinoma
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recognize HMGB1 [4]. We could speculate that the rec-

ognition of one of these DAMPs establishes an inflam-

matory response into the tumour microenvironment so that

to accelerate lung cancer progression.

Actual clinical trials for TLR ligands

William Coley firstly described LPS as a potential anti-

tumour agent [4]. The administration of LPS in Phase II

clinical trials for lung cancer did not have any anti-tumour

effects [22]. Similarly, CpG-ODNs failed in Phase III

clinical trial for lung carcinoma patients, reflecting the

discrepancy between humans and mice [25, 80]. The

underlying reason could be the way CpG was administered

in mice compared with humans, or the differences between

human and mice immune cell phenotypes. Moreover, to

our knowledge, no clinical trials are actually in progress to

test the anti-tumour activity of TLR3 and TLR7 ligands in

lung carcinoma.

Summary

The biology of TLR signalling in lung cancer could be

fundamental, since they are implicated in tumour estab-

lishment and progression. Elucidation of their role in lung

tumorigenesis could drive towards new therapeutic

approaches. Based on the recent findings, TLR signalling

on tumour stroma can orchestrate immune-suppressive

mechanisms that favour tumour immune escape, but on the

other hand, it could activate the immune system to exert

anti-tumour responses. However, if chronic inflammation is

at the basis of tumour progression/establishment, the main

question to answer is whether the activation of TLRs on

immune cells but not on stroma cells, or viceversa, could

represent new therapeutic approaches for lung carcinoma.

Thus, further studies are needed to better elucidate the

differential effects of TLRs on specific cell types involved

in lung carcinoma.
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anowski J, Roliński J (2008) Phenotype of dendritic cells gen-

erated in the presence of non-small cell lung cancer antigens—

preliminary report. Folia Histochem Cytobiol 46(4):465–470

27. Sorrentino R, Gray P, Chen S, Shimada K, Crother TR, Arditi M

(2010) Plasmacytoid dendritic cells prevent cigarette smoke and

Chlamydophila pneumoniae-induced Th2 inflammatory respon-

ses. Am J Respir Cell Mol Biol 43(4):422–431

28. Xu H, Zhang GX, Ciric B, Rostami A (2008) IDO: a double-edged

sword for T(H)1/T(H)2 regulation. Immunol Lett 121(1):1–6

29. de Heer HJ, Hammad H, Soullié T, Hijdra D, Vos N, Willart MA,
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