
Toll-like receptor agonists induce inflammation and cell death in a
model of head and neck squamous cell carcinomas

Introduction

The airways are constantly exposed to inhaled and digested

microbes. The immunological activity of their epithelial

lining keeps the microflora in balance. To fulfil its function

in the first line of defence, the epithelium has the ability to

release antimicrobial factors and mount an inflammatory

reaction.1–3 Like other cells involved in innate immunity,

epithelial cells recognize conserved molecular motifs of

microbial origin called pathogen-associated molecular

patterns (PAMPs) by use of different pattern-recognition

receptors. The Toll-like receptors (TLRs) are the most

important of these,4,5 comprising 10 members (TLR1–10)

in humans.6,7 Each TLR recognizes a specific microbial

pattern such as lipopolysaccharide (LPS), lipopeptides,

double-stranded (ds)RNA and flagellin,5,7–9 and thereby

initiates an immune response.4,5 TLRs have also been

implicated in the pathogenesis of several diseases, among

them cancer.10,11 Further, TLR ligands have been demon-

strated to have anticancer effects, and certain TLR agonists

appear to promote cell death in tumours.10 Imiquimod, a

TLR7/8 agonist, is used clinically for treating basal cell
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Summary

Toll-like receptors (TLRs) are increasingly implicated in the pathogenesis

of cancer. The present study describes TLR expression and function in

healthy and malignant airway epithelial cells. The squamous cell carci-

noma cell line Detroit-562 was compared with the healthy bronchial epi-

thelial cell line NL-20 and primary human nasal epithelial cells (HNECs).

TLR2, TLR3 and TLR5 were present in primary head and neck squamous

cell carcinomas (HNSCCs). Consistent with this, Detroit-562 expressed

TLR2, TLR3 and TLR5, whereas NL-20 expressed mainly TLR3 and

HNECs expressed TLR2-5. In Detroit-562, Pam3CSK4, poly(I:C) and fla-

gellin, ligands for TLR2, TLR3 and TLR5, respectively, induced an up-reg-

ulation of intercellular adhesion molecule 1 (ICAM-1), an increase in

interleukin (IL)-6 and IL-8 secretion and a decrease in cell viability. Addi-

tionally, poly(I:C) affected IL-1b production and the migratory behaviour

of Detroit-562. NL-20 responded with a slight increase in IL-8 secretion

upon poly(I:C) stimulation. Poly(I:C) induced a small increase in IL-1b,

IL-6 and IL-8 production in HNECs, while Pam3CSK4 increased viability.

The TLR signalling was transcription-dependent, but the pathways

involved differed among TLRs as well as cells. In Detroit-562, TLR2 and

TLR5 activation was mediated via c-jun N-terminal kinase (JNK)-, p38-,

phosphatidylinositol 3-kinase (PI3K)- and nuclear factor (NF)-jB-related

pathways, while TLR3 was dependent on NF-jB. In NL-20, TLR3 sig-

nalled via p38, and in HNECs, NF-jB, JNK and extracellular signal-

regulated kinase (ERK) appeared to be involved. We found that TLR

agonists induced a robust response in HNSCCs, characterized by genera-

tion of inflammation and cell death. A similar response was not seen in

normal epithelial cells. Thus, the TLR system should be considered an

important target in future antitumour immunotherapy.
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carcinomas, and in the past TLR3 agonists have been used

as adjuvants in cancer treatment.12,13

Head and neck squamous cell carcinomas (HNSCCs)

are the most frequent tumour types in the aerodigestive

tract. Their detection is often late, resulting in a poor

outcome for the patients.14,15 Better knowledge of the dis-

ease will be needed in order to develop new diagnostic

methods and therapeutic alternatives. A recent publica-

tion demonstrated that TLR3 stimulation induces tumour

proliferation in HNSCCs.16 However, the role of TLRs in

HNSCC is still far from understood. The present study

was designed to characterize TLR expression and function

in HNSCC by comparing the tumorigenic pharyngeal epi-

thelial cell line Detroit-562 with the healthy bronchial epi-

thelial cell line NL-20 in addition to primary human

nasal epithelial cells (HNECs).

Materials and methods

Reagents and antibodies

Tumour necrosis factor (TNF)-a was obtained from R&D

Systems (Minneapolis, MN), LPS (Salmonella minnesota)

from Alexis Biochemicals (Lausen, Switzerland), and

Pam3CSK4, flagellin (Bacillus subtilis) and chloroquine

from InvivoGen (San Diego, CA). Lyophilized poly(I:C)

(InvivoGen) was reconstituted in sterile physiological salt

solution, heated to 50� and then allowed to cool to room

temperature to ensure proper annealing. The following

monoclonal antibodies (mAbs) were used for flow

cytometry analysis: intracellular adhesion molecule 1

(ICAM-1)-phycoerythrin (PE) (clone HA58) and epithe-

lial cell adhesion molecule (EpCAM)-PE (1B7) from eBio-

science (San Diego, CA), unlabelled TLR1 (GD2.F4) from

Acris Antibodies (Hiddenhausen, Germany), TLR2-PE

(TL2.1), TLR3-PE (40C1285), TLR4-fluorescein isothio-

cyanate (FITC) (HTA125) and TLR5-PE (85B152.5) from

AMS Biotechnology (Abingdon, UK) and ICAM-1-fluo-

rescein (BBIG-I1) from R&D Systems. The following Abs

were used for immunohistochemistry: TLR2 (polyclonal,

rabbit) and TLR3 (40C1285.6) from AMS Biotechnology

and TLR5 (polyclonal, rabbit) from Abcam (Cambridge,

UK). To study intracellular signalling the cells were incu-

bated with the following inhibitors: PD98059, SB203580

(Tocris-Cookson, Bristol, UK), SP600125, LY294002

(Calbiochem, Bad Soden, Germany), MG-132 (Alexis

Biochemicals) and actinomycin D (Sigma-Aldrich,

St Louis, MO). All inhibitors, except actinomycin D, were

reconstituted in dimethyl sulphoxide (DMSO).

HNSCC tumours

Biopsies were obtained from three patients with HNSCC

during standard surgical procedure, and the use of tumour

biopsies for research purposes was approved by the local

Ethics Committee. All tumours were of squamous cell

carcinoma origin and located in the larynx. They were

embedded in paraffin, sliced into 3-lm sections, mounted

on glass slides and stored at )80� until use.

Cell lines

The human bronchial epithelial cell line NL-20

(CRL-2503), obtained from the American Type Culture

Collection (ATCC; Manassa, VA), is an immortalized and

non-tumorigenic cell line derived from normal bronchus.

This cell line was established through transfection with

the origin of replication-defective SV40 large T plasmid

p129. The cells were cultured in Ham’s F12 medium

(Gibco, Grand Island, NY) supplemented with 2�7 g/l

glucose, 5 lg/ml insulin, 10 ng/ml epidermal growth fac-

tor, 1 lg/ml transferrin and 500 ng/ml hydrocortisone

(Sigma-Aldrich), 2 mM L-glutamine, 0�1 mM non-essential

amino acids (NEAA) and 50 lg/ml gentamicin (Gibco),

and 4% fetal bovine serum (FBS; PAN Biotech, Aiden-

bach, Germany).

Detroit-562 (CCL-138), a human pharyngeal squamous

cell carcinoma cell line, was obtained from the ATCC.

This cell line was cultured in minimum essential medium

(MEM) with Earl’s salts and 2 mM L-glutamine (Gibco)

and supplemented with 10% FBS, 1 mM sodium pyruvate

(Sigma-Aldrich), 0�1 mM NEAA, 50 lg/ml gentamicin

and 0�25 lg/ml fungizone (Gibco).

Isolation of primary human nasal epithelial cells
(HNECs)

Isolation of primary HNECs was accomplished as

described by O’Brien et al.17 Briefly, nasal brushings were

performed on six healthy non-smoking subjects. Cells

were cultured in airway epithelial cell growth medium

supplemented with 0�4% bovine pituitary extract, 10 ng/

ml epidermal growth factor, 5 lg/ml insulin, 0�5 lg/ml

hydrocortisone, 0�5 lg/ml epinephrine, 6�7 ng/ml triiodo-

thyronine, 10 lg/ml transferrin, 0�1 ng/ml retinoic acid

(PromoCell, Heidelberg, Germany) and 100 U/ml penicil-

lin–streptomycin (Gibco). In the experiments, cells from

passages 1–3 were used and they were all positive for

EpCAM (> 90%), an adhesion molecule specific for

epithelial cells.18 All cells were cultured in tissue culture

flasks at 37� in a humidified 5% CO2 air atmosphere. The

study was approved by the local Ethics Committee.

Culture conditions

Cells were plated in 24-well culture plates (2�5 · 105 cells/

well) in 1 ml of complete MEM, Ham’s F12 medium or

airway epithelial cell growth medium and incubated over-

night. The cells were stimulated for 6 or 24 hr with vari-

ous concentrations of Pam3CSK4, poly(I:C), flagellin, LPS

� 2009 Blackwell Publishing Ltd, Immunology, 128, e600–e611 e601

TLRs in HNSCC



or TNF-a. The cells and the culture supernatants were

subsequently analysed using fluorescence-activated cell

sorting (FACS) and enzyme-linked immunosorbent assay

(ELISA). To study intracellular signalling pathways, cells

were pre-incubated for 1 hr with 10 lM for either of

the inhibitors PD98059, SB203580, SP600125, LY294002,

MG-132, or 5 lg/ml actinomycin D. Thereafter, TLR

ligands were added and the cells were incubated for an

additional 24-hr period. To block uptake by TLR3, cells

were pretreated with chloroquine (10 and 100 lM) for

30 min before the addition of poly(I:C).

Immunohistochemistry

Prior to staining, the tumour sections were deparaffinized

in xylen, rehydrated in decreasing concentrations of etha-

nol and incubated with a target retrieval solution for

20 min in a microwave oven to facilitate the binding of

Abs. To increase the membrane permeability, the sections

were treated with 1% Triton-X-100 followed by hydrogen

peroxidase to reduce the endogenous peroxidase activity.

Primary mouse Abs against TLR3 and rabbit Abs against

TLR2 and TLR5 (all diluted 1 : 20) were applied to the

sections for 2 hr. As a negative control, Ab diluent or

N-series Universal Negative Control Reagent (DakoCyto-

mation, Copenhagen, Denmark) was used. The sections

were incubated with either horseradish peroxidase

(HRP)-labelled goat anti-mouse or goat anti-rabbit poly-

mer for 30 min and subsequently 3,30-diaminobenzidine

(DAB) substrate-chromogen for 10 min for Ab detection.

Sections were dehydrated with increasing concentrations

of ethanol, washed with xylen and thereafter mounted in

Pertex� (Histolab products AB, Gothenburg, Sweden).

The staining was analysed by microscopy.

RNA extraction and real-time reverse transcription–
polymerase chain reaction (RT-PCR)

Epithelial cells were lysed in RLT buffer (Qiagen, Hilden,

Germany) supplemented with 1% 2-mercaptoethanol and

stored at )80� until use. The RNeasy Mini Kit (Qiagen)

was utilized for RNA extraction. For cDNA synthesis, the

Omniscript Reverse Transcriptase Kit (Qiagen) and Oli-

go(dT) primer (Novagen, Nottingham, UK) were used.

For each PCR reaction, 20 ng of cDNA was utilized. The

real-time PCR was carried out on a Smart Cycler (Cep-

heid, Sunnyvale, CA) using TaqMan Universal PCR Mas-

ter Mix, No AmpErase UNG and Assay-on-Demand Gene

Expression products containing unlabelled primers and

MGB probes for TLR1-TLR10 and b-actin (FAMTM dye-

labelled; Applied Biosystem, Foster City, CA). The ther-

mal cycler was programmed to perform an initial set-up

step (95� for 10 min) and 45 cycles of denaturation (95�
for 15 seconds), followed by annealing/extension (60� for

1 min). To assess gene expression, the comparative

threshold cycle (Ct) method was used.19 To determine the

relative amount of mRNA for the TLRs, the Ct values for

these genes were subtracted by the Ct values of the house-

keeping gene b-actin (DCt). The TLR mRNA concentra-

tion is expressed in relation to 100 000 mRNA molecules

of b-actin (100 000 � 2�DCt ) and presented as the mean

value ± standard error of the mean (SEM).

FACS analysis

The epithelial cells were analysed on a Coulter Epics XL

flow cytometer (Beckman Coulter, Marseille, France) and

gated based on forward and side scatter properties. Events

in the range 10 000–20 000 were collected and the data

were analysed with the EXPO32 ADC analysis software

(Beckman Coulter). Cells were incubated with Abs for

20 min at room temperature, and thereafter washed and

resuspended in phosphate-buffered saline (PBS). Unla-

belled TLR1 mAbs was detected using the Alexa Fluor

488 mouse IgG1 labelling kit (Molecular Probes, Eugene,

OR). To detect intracellular TLRs, the IntraPrep� per-

meabilization reagent kit was used according to the speci-

fications of the manufacturer (Beckman Coulter). Briefly,

the cells were fixed and permeabilized using formaldehyde

and saponin, respectively, prior to incubation with TLR

Abs or appropriate isotype controls.

Cell survival

The Vybrant Apoptosis Assay Kit #3 from Molecular

Probes was used to assess the percentages of viable, apop-

totic and necrotic cells. Briefly, the cells were stained with

Annexin-V-FITC (ANXV) and propidium iodide (PI) and

then analysed by FACS. Viable cells were defined as

ANXV) PI); apoptotic cells as ANXV+ PI); and necrotic

cells as ANXV+ PI+.

Nuclear and cytosolic protein extraction

Cells (3 · 106 cells/flask) were cultured overnight, stimu-

lated with or without poly(I:C) for 1 hr and thereafter

washed twice in cold PBS. The cells were resuspended in

hypotonic buffer and incubated for 15 min on ice, fol-

lowed by addition of Triton-X-100 (10%) and centrifu-

gation for 10 min. The supernatant contained the

cytosolic fraction whereas the pellet contained the nuclear

fraction. The pellet was then resuspended in cell extrac-

tion buffer for 30 min on ice with vortexing every 10 min

and centrifuged for 30 min. The nuclear-containing

supernatant was then collected.

ELISA

ELISA plates from R&D Systems were used to determine

the IL-1b (sensitivity level 1�0 pg/ml), IL-6 (0�7 pg/ml)
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and IL-8 (3�5 pg/ml) concentrations in the cell culture

supernatants. To detect nuclear and cytosolic NF-jB

expression, an ELISA from Biosource (Invitrogen, Carls-

bad, CA) was utilized (< 50 pg/ml).

Migration assay

To examine cell migration, the Oris Cell Migration Assay

Kit from AMS Biotechnology was used. Briefly, Detroit-

562 cells were plated (1 · 105 cells/well) on a 96-well

migration plate in 100 ll of complete medium with or

without poly(I:C) for 24 hr to allow cell attachment. The

inserts were removed (except for the reference wells), the

cells were washed, and fresh culture medium with or

without poly(I:C) was applied. After another 24 hr of

incubation to permit cell migration, the cells were fixed,

treated with Giemsa staining and analysed by microscopy.

The percentage of migrated cells was determined using

IMAGEJ (NIH, Washington, DC) and calculated as

migrated area = total area ) non-migrated area.

Statistics

Statistical analysis was performed using GRAPHPAD PRISM 5

(GraphPad Software, San Diego, CA). All data are

expressed as mean ± SEM and n is equal to the number of

experiments performed. For unpaired data, the statistical

difference was determined using the unpaired Student’s

t-test. Paired data were analysed using the paired t-test

(when two sets of data were compared) and one-way

repeated measures analysis of variance (ANOVA) with

Dunnett’s post-test (for comparisons of more than two

data sets). A P-value � 0�05 was considered statistically

significant.

Results

Expression of TLR2, TLR3 and TLR5 in primary
HNSCC

Immunohistochemical staining of primary HNSCC sec-

tions with Abs directed against TLR2, TLR3 and TLR5

was carried out. All three TLRs were detected within the

squamous cell carcinoma with the weakest expression of

TLR3 (Fig. 1a–c). The intensity of the TLR staining varied

among the different tumour cells within the HNSCC,

which indicates that squamous cell carcinomas are com-

posed of a heterogenic cell population.

TLR expression profiles in Detroit-562 and NL-20

To further analyse the TLR expression and function

in HNSCC, the squamous cell carcinoma cell line

Detroit-562 was chosen as a model, together with the

non-tumorigenic epithelial cell line NL-20. Expression of

TLR1–TLR10 mRNA was investigated in both cell lines

using real-time RT-PCR. Detroit-562 exhibited strong

expression of TLR2, TLR3 and TLR5, whereas TLR1 and

TLR4 were barely detected (Fig. 2a). TLR6 to TLR10 were

not found at all. NL-20 expressed mRNAs for TLR3 and

TLR4, while TLR1, TLR5 and TLR6 mRNAs were weakly

expressed (Fig. 2b). The remaining TLR mRNAs were

below the detection limit. To determine whether the

expression of mRNA actually reflected the expression of

proteins, cells were stained with mAbs against TLR1,

TLR2, TLR3, TLR4 and TLR5 or appropriate isotype con-

trols, followed by flow cytometry analysis. Detroit-562

expressed significant levels of TLR2, TLR3 and TLR5

(Fig. 2c), whereas NL-20 expressed TLR2 and TLR3

(a)

(b)

(c)

Figure 1. Head and neck squamous cell carci-

nomas (HNSCC) express Toll-like receptor 2

(TLR2), TLR3 and TLR5. The sections show

keratinized squamous cell carcinomas from the

larynx. The tumour sections were stained with

antibodies against (a) TLR2, (b) TLR3 and (c)

TLR5. For localization, the sections were

stained with 3,30-diaminobenzidine (DAB;

brown staining) and analysed by microscopy

(magnification ·4, ·10 and ·40). The arrows

indicate TLR-positive cells.
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(Fig. 2d). In contrast to the mRNA analysis, TLR4 was

absent in NL-20.

TLR agonists induce pro-inflammatory mediators in
Detroit-562

To investigate whether the TLRs are functionally active,

the epithelial cells were stimulated with various TLR ag-

onists followed by analyses of ICAM-1 expression along

with IL-1b, IL-6 and IL-8 secretion. Detroit-562 and

NL-20 were stimulated with or without the ligands for

TLR2, TLR3, TLR4 and TLR5, namely Pam3CSK4,

poly(I:C), LPS and flagellin, respectively, for 6 or 24 hr.

TNF-a was used as a positive control. By gating ICAM-

1-positive cells, the mean fluorescence intensity (MFI) was

determined. Pam3CSK4, poly(:IC) and flagellin concentra-

tion-dependently up-regulated ICAM-1 after 24 hr

(Fig. 3a). Poly(I:C) also gave rise to a time-dependent up-

regulation of ICAM-1 (Fig. 3b), whereas a 6-hr culture

period was sufficient for Pam3CSK4 and flagellin to induce

maximum ICAM-1 expression. LPS did not have any effect

on ICAM-1 levels, which is an expected finding given the

absence of TLR4 expression (data not shown). In contrast

to Detroit-562, the non-tumorigenic cell line NL-20 was

unable to respond with ICAM-1 expression following TLR

ligand stimulation for 6 and 24 hr (data not shown).

Stimulation with Pam3CSK4, flagellin and particularly

poly(I:C) gave rise to an increase in IL-1b, IL-6 and IL-8

levels after a 24-hr culture period (Fig. 4a–c). A similar

increase was also seen after 6 hr, although it was less pro-

nounced (data not shown). Parallel to the inability of LPS

to induce ICAM-1 expression, cytokine secretion was not

affected (data not shown). Consequently, stimulation of

Detroit-562 with LPS was not further explored. In cul-

tures with NL-20, neither Pam3CSK4, LPS nor flagellin

enhanced IL-1b, IL-6 or IL-8 release (data not shown).

Poly(I:C), in contrast, induced increased IL-8 secretion

and a barely detectable increase in IL-6 production (con-

trol, 3�46 ± 0�27; 1 lg/ml, 8�73 ± 1�41; 10 lg/ml,

7�83 ± 1�35) after 24 hr. No effect was seen on cytokine

levels after 6 hr (data not shown).

Decreased viability in Detroit-562 after TLR agonist
stimulation

Previous studies have shown that TLR3 and TLR7/8

agonists induce apoptosis in human cancer cells.13,20 We

therefore endeavoured to assess whether the TLR ligands

could affect epithelial cell survival. After stimulation for

24 hr, cells were stained with ANXV and PI, and subse-

quently analysed by flow cytometry to detect viable,

apoptotic and necrotic cells. A significantly lower viabil-

ity, and conversely higher apoptosis and necrosis, were

seen in Detroit-562 stimulated with Pam3CSK4 and

poly(I:C) compared with untreated controls. Flagellin

gave rise to a slight increase in apoptosis (Table 1). As
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Figure 2. The Toll-like receptor (TLR) expres-

sion profiles in Detroit-562 and NL-20. The

epithelial cell lines Detroit-562 and NL-20 were

analysed for expression of TLR mRNA and

proteins using real-time reverse transcription–

polymerase chain reaction (RT-PCR) and fluo-

rescence-activated cell sorting (FACS) analysis,

respectively. (a, b) TLR mRNA expression in

(a) Detroit-562 and (b) NL-20. The values are

expressed in relation to the housekeeping gene

b-actin as 100 000 � 2�DCt (n = 6). (c, d)

Intracellular staining with monoclonal anti-

bodies against TLRs (open histograms) or

appropriate isotype controls (shaded

histograms) in (c) Detroit-562 and (d) NL-20.

Data show one representative out of three

independent experiments.
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NL-20 cells were unresponsive to Pam3CSK4, LPS and

flagellin, viability experiments were only performed with

poly(I:C). However, in contrast to Detroit-562, no differ-

ence in viability, apoptosis or necrosis was recorded after

stimulation.

TLR3-induced activation is completely abolished by
chloroquine

To ensure that the effects of poly(I:C) are mediated via

TLR3 and not through the other dsRNA receptors, pro-

tein kinase receptor (PKR) and retinoic acid-inducible

gene-I (RIG-1),21 cells were incubated with chloroquine

for 30 min and thereafter stimulated with poly(I:C) for

another 24 hr. Chloroquine inhibits endosomal acidificat-

ion and therefore blocks TLR3 without affecting PKR and

RIG-1.22 The effect of chloroquine on IL-8 production

was investigated, as poly(I:C) induced the strongest effect

on this cytokine. Both cell lines cultured with chloroquine

displayed an IL-8 concentration identical to that of the

control (data not shown). We could therefore conclude

that the response poly(I:C) induces in both Detroit-562

and NL-20 is generated exclusively via TLR3.

Poly(I:C) has a dual and time-dependent effect on
migration of Detroit-562

As the motility of cancer cells can be regarded as a mea-

sure of their ability to cause tumour metastases, the

capacity of poly(I:C) to induce cell migration was investi-

gated in Detroit-562. Cells were plated on a 96-well Oris

migration plate and cultured with or without poly(I:C).

Cells were supplemented with poly(I:C) during either the

attachment phase or the migration phase, termed early

and late addition, respectively. Upon early addition of

poly(I:C), a concentration-dependent decrease in migra-

tion was seen. When added at a late phase, a clear

increase in migration was produced (Fig. 5a–d).
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Figure 3. Toll-like receptor (TLR) agonists induce up-regulation of

intercellular adhesion molecule 1 (ICAM-1) in Detroit-562. The cells

were stimulated with or without Pam3CSK4, poly(I:C), flagellin or

tumour necrosis factor (TNF)-a (10 ng/ml) for 6 or 24 hr. Thereaf-

ter, the cells were stained with monoclonal antibodies against ICAM-

1 and analysed by fluorescence-activated cell sorting (FACS). The

mean fluorescence intensity (MFI) of the ICAM-1-positive cells was

calculated. (a) ICAM-1 expression after stimulation for 24 hr. (b)

Time-dependent up-regulation of ICAM-1 by poly(I:C) (C = control;

n = 4; *P < 0�05; **P < 0�01; ***P < 0�001).
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Figure 4. Toll-like receptor (TLR) ligands

induce cytokine secretion. Cells were stimu-

lated with or without Pam3CSK4, poly(I:C),

flagellin or tumour necrosis factor (TNF)-a
(10 ng/ml) for 24 hr. Thereafter, interleukin

(IL)-1b, IL-6 and IL-8 production was mea-

sured in the cell culture supernatants by

enzyme-linked immunosorbent assay (ELISA).

(a) IL-1b, (b) IL-6 and (c) IL-8 secretion by

Detroit-562 (n = 6). (d) IL-8 secretion by

NL-20 after poly(I:C) stimulation (C = con-

trol; n = 6; *P < 0�05; **P < 0�01;

***P < 0�001).
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TLR-mediated effects in primary human nasal
epithelial cells (HNECs)

NL-20 is a transfected cell line that originates from the

bronchi. Primary human epithelial cells were obtained

from the nose in order to provide an additional match to

the pharyngeal cell line Detroit-562. These primary cells

were also used to verify the differences we have found in

TLR responsiveness between Detroit-562 and NL-20.

HNECs were found to display a TLR profile restricted to

TLR1–TLR5 (Fig. 6a). In this respect, the data for HNECs

resembled the data obtained from Detroit-562 and NL-20,

but with expression levels more similar to the former.

HNECs were then stimulated with Pam3CSK4, poly(I:C)

and flagellin for 24 hr with a subsequent analysis of

ICAM-1 expression, IL-1b, IL-6 and IL-8 release and cell

viability. As found for NL-20, none of the ligands seemed

to affect ICAM-1 expression. However, poly(I:C) induced

an increase in IL-1b, IL-6 and IL-8 secretion, and flagellin

gave rise to a barely noticeable, yet significant, increase in

IL-6 levels (Fig. 6b–e). Neither poly(I:C) nor flagellin

affected the survival of HNECs, whereas Pam3CSK4 gave

rise to a small but significant increase in the percentage

of viable cells (Table 2).

TLR signalling in Detroit-562, NL-20 and HNECs is
dependent on different mitogen-activated protein
kinase (MAPK) pathways

To study the signalling pathways activated by the TLR

ligands, cells were pretreated with various MAPK inhibi-

tors or actinomycin D for 1 hr. Thereafter, TLR ligands

were added and the cells were cultured for another 24 hr.

The effect of the different inhibitors on IL-8 secretion was

analysed, as the TLR agonists in general exerted the stron-

gest effect on IL-8 release. Incubation with the transcrip-

tional inhibitor actinomycin D showed that the TLR

responses in both cell lines were transcription-dependent

(data not shown). More specifically, it was found that

TLR2 and TLR5 activation of Detroit-562 was affected by

the inhibitors SB203580, SP600125, LY294002 and MG-

132; SB203580, SP600125 and LY294002 inhibit p38

MAPK, c-jun N-terminal kinase 1/2 (JNK1/2) and phos-

phatidylinositol 3-kinase (PI3K), respectively, and MG-

132 suppresses IjBa degradation, which prevents nuclear

factor kappa B (NF-jB) nuclear translocation (Fig. 7a,b).

No effect was seen with PD98059, which inhibits extra-

cellular signal-regulated kinase (ERK) activation. In con-

trast, TLR3 signalling seemed to be solely dependent on

Table 1. Decreased viability in Detroit-562 after Toll-like receptor (TLR) ligand stimulation

Ligand

Concentration

(lg/ml)

Detroit-562 NL-20

Viable Apoptotic Necrotic Viable Apoptotic Necrotic

Pam3CSK4 0�1 45�01 ± 3�29* 32�32 ± 2�10* 20�25 ± 2�43 ND ND ND

1 47�22 ± 3�91 30�00 ± 1�52 20�19 ± 2�08 ND ND ND

Poly(I:C) 1 45�96 ± 2�75* 29�16 ± 1�12 22�05 ± 2�61 88�39 ± 2�07 3�23 ± 0�54 7�65 ± 1�42

10 39�20 ± 4�51** 29�27 ± 3�16 27�27 ± 2�14** 89�06 ± 0�69 2�76 ± 0�64 7�16 ± 0�33

Flagellin 0�1 54�03 ± 4�89 26�29 ± 2�33* 17�35 ± 2�26 ND ND ND

1 47�93 ± 3�84 30�19 ± 2�76 20�01 ± 3�28 ND ND ND

Control 0 55�96 ± 4�84 25�34 ± 2�88 16�79 ± 2�42 89�40 ± 1�04 3�67 ± 0�73 6�24 ± 0�40

ND, not done.

n = 4; *P < 0�05; **P < 0�01.

(a) (b) (c) 60

40

20

M
ig

ra
te

d 
ar

ea
 (

%
)

0
– 1 1

E L E L E L

10 10

*

*
**

100 100

–

Poly(I:C) (µg/ml)

(d)

Early/late (E/L) addition

Figure 5. Poly(I:C) affects migration of Detroit-562. Cells were plated on a cell migration plate (100 000 cells/well) and incubated in the absence

or presence of poly(I:C) (early addition). After 24 hr, the inserts were removed, and the cells were washed and cultured in medium with or with-

out poly(I:C) (late addition) for another 24 hr. Thereafter, cells were stained with Giemsa staining and analysed by microscopy. Results show

migration for (a) untreated cells, (b) early addition of poly(I:C), and (c) late addition of poly(I:C). (d) Percentage of migrated area (n = 6;

*P < 0�05; **P < 0�01).
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NF-jB (Fig. 7c). To ensure that the blocking effects of the

inhibitors were not attributable to unspecific mechanisms,

cells were incubated with the various inhibitors in the

absence of TLR ligands. None of the inhibitors was found

to exhibit any unspecific effects on Detroit-562. In NL-20,

however, the poly(I:C)-induced effects were abolished by

SB203580, suggesting a p38 MAPK-mediated activation

(Fig. 7d). However, no firm conclusions regarding the

involvement of NF-jB and JNK in NL-20 signalling could

be drawn from these experiments as they were found to

have unspecific effects on IL-8 production. Because of the

large variations between the different donors and the rela-

tively small increase in IL-8 seen upon poly(I:C) stimula-

tion, it was difficult to dissect which signalling pathways

were activated in HNECs. However, it appeared as if

NF-jB, JNK and ERK were involved (Fig. 7e).

To further explore the importance of NF-jB in TLR3

signalling in the tumorigenic cell line, cells were stimu-

lated with or without poly(I:C) for 1 hr. Thereafter,

nuclear proteins were extracted in conjunction with cyto-

solic proteins followed by analyses of NF-jB translocation

by use of ELISA. Detroit-562 showed a much higher ratio

of NF-jB in the nucleus when stimulated with poly(I:C)

(P = 0�02), compared with the unstimulated control

(Fig. 8a). TLR3 activation in NL-20 and HNECs, in con-

trast, did not induce any significant NF-jB translocation

(NL-20, P = 0�19; HNECs, P = 0�21) (Fig. 8b,c). Taken

together, these data show differences in signalling path-

ways not only between the different ligands, but also

between the three cell types stimulated via identical TLRs.

Discussion

There are several reports indicating that TLRs might have

a role in the pathogenesis of cancer.13,20 The present

study investigated the differences in TLR expression and

function in the tumorigenic pharyngeal epithelial cell line

Detroit-562 as compared with the healthy bronchial

epithelial cell line NL-20 along with primary human
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Figure 6. Responses induced by Toll-like receptor (TLR) ligands in human nasal epithelial cells (HNECs). (a) HNECs were analysed for expres-

sion of TLR mRNA using real-time reverse transcription–polymerase chain reaction (RT-PCR). The values are expressed in relation to the house-

keeping gene b-actin (n = 5). (b) The cells were cultured with or without Pam3CSK4, poly(I:C), flagellin or tumour necrosis factor (TNF)-a
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by fluorescence-activated cell sorting (FACS). The mean fluorescence intensity (MFI) of the ICAM-1-positive cells was calculated (n = 4). (c, d,

e) After stimulation, the cell culture supernatants were analysed for (c) interleukin (IL)-1b, (d) IL-6 and (e) IL-8 production by enzyme-linked

immunosorbent assay (ELISA) (C = control; n = 6; *P < 0�05; **P < 0�01).

Table 2. Pam3CSK4 increased the viability of human nasal epithelial

cells (HNECs)

HNECs

Ligand

Concentration

(lg/ml) Viable Apoptotic Necrotic

Pam3CSK4 0�1 72�20 ± 2�77*** 13�55 ± 3�29 5�76 ± 1�18

1 72�35 ± 2�35*** 14�59 ± 3�00 5�39 ± 1�02

Poly(I:C) 1 69�44 ± 1�25 17�36 ± 2�31 5�25 ± 0�55

10 68�14 ± 2�34 17�04 ± 2�74 6�06 ± 0�52

Flagellin 0�1 68�48 ± 2�41 17�16 ± 1�84 6�73 ± 0�66

1 68�26 ± 3�12 18�79 ± 3�68 5�64 ± 0�52

Control 0 68�19 ± 2�73 18�00 ± 2�54 6�19 ± 1�09

n = 4; ***P < 0�001.
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epithelial cells isolated from the nose. Expression of

TLR2, TLR3 and TLR5 in squamous cell carcinomas was

identified using immunohistochemical staining of HNSCC

sections. Detroit-562 was found to express high levels of

TLR2, TLR3 and TLR5. Stimulation with Pam3CSK4,

poly(I:C) and flagellin gave rise to very strong activation

of Detroit-562, manifested as an up-regulation of ICAM-

1 expression, increased IL-1b, IL-6 and IL-8 secretion and

decreased viability. Further, the migratory behaviour of

these cells appeared to be affected by poly(I:C). NL-20,

however, only expressed TLR3 and responded weakly to

TLR stimulation, demonstrated by the release of a small

amount of IL-8 in response to poly(I:C). Results from

studies using HNECs showed weak activation upon

poly(I:C) stimulation, which further confirmed the

impression that tumorigenic airway epithelial cells are

more TLR responsive than healthy cells.

Ex vivo staining of HNSCCs showed the presence of

TLR2, TLR3 and TLR5. Consistent with these findings,

the squamous cell carcinoma cell line Detroit-562 dis-

played high levels of expression of TLR2, TLR3 and TLR5

at both the mRNA and protein levels. The non-tumori-

genic cell line NL-20 showed weak mRNA expression of

TLR3 and TLR4, whereas FACS analysis demonstrated the

25 000 
(a) 

(d) (e) 

(b) (c) Detroit-562 Detroit-562 

HNECsNL-20 

– 

– – 

+ + 

ERK p38 JNK PI3K NF-κB 

+ + + + – 

– – 

+ + 

ERK p38 JNK PI3K NF-κB 

+ + + + – 

– – 

+ + 

ERK p38 JNK PI3K NF-κB 

+ + + + 

– 

– – 

+ + 

ERK p38 JNK PI3K NF-κB 

+ + + + – 

– – 

+ + 

ERK p38 PI3K 

*** 

*** 

*** 

** 

*** ** 
* * * ** 

+ + 

Detroit-562 

20 000 

15 000 

15 000 

10 000 

10 000 

IL
-8

 (
pg

/m
l) 

IL
-8

 (
pg

/m
l) 

IL
-8

 (
pg

/m
l) 

IL
-8

 (
pg

/m
l) 

IL
-8

 (
pg

/m
l) 

5000 

Pam3CSK4 

Inhibition Inhibition 

Flagellin 

Inhibition 

Poly(I:C)

Inhibition 

Poly(I:C)

Inhibition 

Poly(I:C)

5000 

4000 

3000 

2000 

1000 

0 

0 

100 

80 

60 

40 

20 

0 

25 000 

20 000 

15 000 

10 000 

5000 

0 0 

Figure 7. Mitogen-activated protein kinase (MAPK)-dependent Toll-like receptor (TLR) signalling in Detroit-562, NL-20 and human nasal epi-

thelial cells (HNECs). Cells were pretreated with vehicle [dimethyl sulphoxide (DMSO)] or MAPK inhibitors for 1 hr, and further incubated for

24 hr with TLR ligands. The supernatants were then collected and analysed for interleukin (IL)-8 by enzyme-linked immunosorbent assay

(ELISA). (a, b, c) Detroit-562 stimulated with (a) 1 lg/ml Pam3CSK4, (b) 1 lg/ml flagellin or (c) 10 lg/ml poly(I:C). (d) NL-20 and (e) HNECs

stimulated with 10 lg/ml poly(I:C) (n = 4; *P < 0�05; **P < 0�01; ***P < 0�001). ERK, extracellular signal-regulated kinase; JNK, c-jun N-term-

inal kinase; PI3K, phosphatidylinositol 3-kinase; NF-jB, nuclear factor kappa B.

Detroit-562 
(a) (b) (c) 

* 

0·8 

0·6 

0·4 

F
ol

d 
in

du
ct

io
n 

(n
uc

le
ar

/to
ta

l) 

0·2 

0·0 
Control Poly(I:C)

0·8 

0·6 

0·4 

F
ol

d 
in

du
ct

io
n 

(n
uc

le
ar

/to
ta

l) 

0·2 

0·0 
Control Poly(I:C)

0·8 

1·0 

0·6 

0·4 

F
ol

d 
in

du
ct

io
n 

(n
uc

le
ar

/to
ta

l) 

0·2 

0·0 
Control Poly(I:C)

NL-20 HNECs

Figure 8. Nuclear factor (NF)-jB-dependent Toll-like receptor 3 (TLR3) activation in Detroit-562. Cells were stimulated with or without

poly(I:C) (10 lg/ml) for 1 hr. Proteins were extracted from the nucleus as well as the cytosol and further analysed for NF-jB by enzyme-linked

immunosorbent assay (ELISA). NF-jB was determined in (a) Detroit-562, (b) NL-20 and (c) human nasal epithelial cells (HNECs) (nuclear/

total) (n = 3–4; *P < 0�05).

e608 � 2009 Blackwell Publishing Ltd, Immunology, 128, e600–e611

C. Rydberg et al.



presence of TLR2 and TLR3. However, the functional

analyses revealed that TLR3 was the only active receptor

in NL-20. There were differences not only in expression

patterns, but also in expression levels between the two cell

lines. Previous studies have shown that epithelial cells

from nasal polyps express all TLRs to different extents,3

that TLR2, TLR3, TLR5 and TLR6 have the highest levels

of expression in airway epithelium,2 and that HNSCC cell

lines express only TLR3.16 The discrepancy between these

and the present data might be explained by the use of dif-

ferent primers for real-time RT-PCR, as well as by the

way in which the data were analysed and presented. Some

authors presented a picture of a gel, whereas others sim-

ply depicted the inverted Ct values without comparing

the results with those for a housekeeping gene. Moreover,

the epithelial cell activation in response to Pam3CSK4,

poly(I:C) and flagellin demonstrated in the present study

has been confirmed previously by several groups.2,23,24

Changes in ICAM-1 expression together with IL-1b,

IL-6 and IL-8 secretion were chosen as markers of epithe-

lial cell activation. These markers are important mediators

in inflammation where they are essential for the recruit-

ment and transmigration of leucocytes. They have also

been shown to be expressed by tumour cells.25–27 Upon

stimulation with Pam3CSK4, poly(I:C) and flagellin,

Detroit-562 responded with very strong up-regulation of

ICAM-1 and increased production of IL-1b, IL-6 and IL-8.

The largest effect was seen with poly(I:C). In contrast, NL-

20 responded with only a small increase in IL-8 secretion

after stimulation with poly(I:C). This indicates that pre-

dominantly TLR3, but also TLR2 and TLR5, are highly

active receptors in the malignant cell line. Similar results

were reported recently, demonstrating that the human pul-

monary carcinoma cell line NCI-H292 has higher TLR

expression than normal human bronchial epithelial cells,

and that the TLR ligand-induced IL-8 and vascular

endothelial growth factor (VEGF) production is higher in

the tumorigenic cell line.24 These differences support the

present data, indicating that normal airway epithelium ini-

tiates a less robust innate immune response to PAMPs

than carcinogenic epithelial cells. Furthermore, experi-

ments using chloroquine, which blocks uptake of poly(I:C)

by TLR3, show that these effects exclusively are mediated

through TLR3 and not PKR or RIG-1.21 Taken together,

our data suggest that carcinoma cells upon TLR activation

promote a strong epithelial immune response by inducing

recruitment of leucocytes and at the same time facilitating

trans-epithelial leucocyte migration.

Stimulation with the TLR agonists, preferably poly(I:C),

significantly decreased the viability of Detroit-562, while

this was not seen with NL-20 or HNECs. This suggests a

role of TLR ligands in inducing apoptosis in malignant

epithelial cells without affecting the normal epithelium.

This is corroborated by previous reports demonstrating

that TLR7/8 and TLR3 agonists have the ability to induce

apoptosis in human cancer cells.13,20 However, there are

contrasting data showing that activation of TLR2, TLR4

and TLR9 might enhance tumour proliferation.28,29 Fur-

thermore, a recent study by Pries et al.16 demonstrated that

TLR3 participates in HNSCC proliferation by activation of

NF-jB and oncogenes such as c-Myc. These discrepancies

suggest that the role of TLRs in squamous cell carcinomas

might be very complex, an impression supported by recent

genetic data on TLR polymorphism in tumour cells.30 It

may be that external stimuli can induce either tumour

progression or tumour regression depending on which

TLR is activated and which cell type carries the receptor.

To assess whether poly(I:C) might have an impact on

the formation of metastases, the motility of Detroit-562

was assessed in a migration assay. The effects exerted by

poly(I:C) were found to be highly dependent on when it

was applied, thus reflecting the stage of the tumour cells.

If poly(I:C) was added early when the cells were allowed

to attach and proliferate, cell migration was decreased. In

contrast, if the cells were stimulated during the migratory

phase, poly(I:C) gave rise to enhanced migration. The

effects seen on migratory behaviour might also be an

indirect artefact of the poly(I:C)-induced cell activation

demonstrated by the increases in ICAM-1, IL-1b, IL-6

and IL-8, possibly also in concert with increases in other

mediators. It has been reported that ICAM-1 plays a role

in the migration of tumour cells.31 Previous studies indi-

cate that high expression of ICAM-1 is correlated with

metastases and a poor prognosis.32 There are also con-

trasting data indicating that up-regulation of ICAM-1 on

tumour cells induced by IFN-c would lead to an

enhanced immune response against the tumour itself.33

Our data suggest that the migratory behaviour of cancer

cells is very complex, and even though cells are more

motile this does not signify that they are more inclined to

form metastases. Also, formation of metastases is an

extremely intricate phenomenon, involving interactions

with many different tissues, such as blood vessels, connec-

tive tissues and components within various organs.34

The possibility cannot be excluded that the differential

responses observed between Detroit-562 and NL-20 could

be attributable to tissue specificity, given that the cell lines

are derived from the pharynx and bronchus, respectively.

Also, the non-tumorigenic cell line NL-20 is immortalized

with the SV40-large T antigen, and might not therefore be

an appropriate control for studying signalling pathways

and apoptosis. Therefore, primary HNECs were obtained

in order to confirm that malignant cells are more respon-

sive to TLR agonists and use different signalling pathways,

as well as to obtain a better match with Detroit-562.

Although HNECs exhibited a similar expression pattern to

Detroit-562, their responsiveness to the different TLR

ligands differed significantly. HNECs were, similarly to

NL-20, almost unresponsive to the different TLR ligands

and responded only with induction of IL-1b, IL-6 and IL-8
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upon poly(I:C) stimulation. In addition, a small increase

in cell survival was seen with Pam3CSK4.

Incubation with actinomycin D showed that TLR sig-

nalling in Detroit-562 and NL-20 was transcription-

dependent. By studying the signal transduction pathways

induced by the various TLR agonists, we found differ-

ences among the different TLRs, but also between the var-

ious cells stimulated through the same TLR. Signalling

through TLR2 and TLR5 in Detroit-562 was mediated by

a combinatorial activation of the JNK, p38 MAPK, PI3K

and NF-jB pathways, whereas only NF-jB was involved

upon TLR3 activation. The intracellular pathways of TLRs

are dependent on which adaptor molecule the TLR asso-

ciates with;9 TLR3 utilizes the MyD88-independent

pathway, whereas TLR2 and TLR5 signalling is MyD88-

dependent.1,5,35 Therefore, it was not surprising that

different signalling pathways were used. Interestingly, acti-

vation of TLR3 in NL-20 was mediated via p38 MAPK

and possibly also NF-jB. Upon poly(I:C) stimulation in

HNECs, ERK, JNK and NF-jB signalling pathways

seemed to be involved, although large variation was seen

between the different donors. Although we were not able

to make any firm conclusions as to the involvement of

NF-jB in NL-20 and HNECs, it appears that TLR3 sig-

nalling in healthy epithelial cells is dependent on several

pathways. In Detroit-562, in contrast, TLR3 seems to be

completely dependent on NF-jB for activation.

In TLR signalling, NF-jB is an important transcription

factor regulating genes encoding proteins implicated in

inflammation, immunity and cell proliferation as well as

apoptosis.10,36 NF-jB and pro-inflammatory agents have

previously been found to be expressed in HNSCC cell

lines and tumour samples.27,37,38 Van Waes et al.39 have

shown that inhibition of NF-jB induces apoptosis in

patients with advanced HNSCC. Our data, however, dem-

onstrate that stimulation of TLR3 induces NF-jB activa-

tion and a simultaneous decrease in tumour cell survival.

This indicates that NF-jB activation in tumours might

not only be involved in tumour progression, but also in

tumour regression.

The present study demonstrates clear differences in the

expression patterns, expression levels and functional abili-

ties of TLRs in normal and malignant airway epithelial

cells. In squamous cell carcinomas, activation of TLRs,

predominantly TLR3, induces a strong epithelial innate

immune response and provokes cell death. This suggests a

dual action of the TLR agonists in HNSCCs – as immune

stimulators and as apoptosis inducers. Hence, the TLR

system has to be considered as an important target in

anti-tumour immunotherapy.
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