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ABSTRACT 
 
Introduction: Although we have a detailed understanding of how single microbial 
derived triggers activate specialized Toll-like receptors (TLR) on airway epithelial 
cells, we know little of how these receptors react in a more complex environment. In 
everyday life, nasal epithelial cells are exposed to multiple TLR agonists, therefore 
we explored whether exposure to one trigger could affect the responsiveness to 
another TLR trigger.  
Methods: Primary nasal epithelium from healthy individuals and the bronchial 
epithelium cell line NCI-H292 were exposed in vitro to different TLR specific agonists. 
The effect on the expression of different TLRs was determined using the q-PCR. We 
also evaluated the effect of TLR-3 stimulation on TLR-2, functionally using ELISA to 
determine levels of secreted mediators . 
Results: Stimulation of airway epithelial cells with a specific TLR agonist affects gene 
expression of other TLRs. In primary nasal epithelium, poly(I:C) challenge results in 
an up-regulation of the TLR-1, TLR-2, and TLR-3 genes and reduction of expression 
of TLR-5. Poly(I:C) induced activation of TLR-2 contributes to stronger cell responses 
to a TLR-2 agonist and regulation of these synergistic responses may take place at 
the mRNA level of IL-6 and IL-8. The effect of TLR-3 stimulation on TLR-2 
functionality and most of the effects on the expression of other TLRs could be 
replicated in NCI-H292. Poly(I:C) failed to up-regulate TLR-1 and showed an 
additional up-regulation of TLR-4. 
Conclusion: Our data suggest that to better understand TLR mediated innate 
responses we need to consider the impact of the presence of multiple triggers.  
 
 
INTRODUCTION 
 
The clinical and epidemiological observations that link upper airway diseases such as  
rhinitis or rhinosinusitis with lower airway diseases like asthma lead to the concept of 
the “united airways” [1, 2] This link also applies to treatment where local medical 
treatment of upper airways or lower airways will also result in a reduction of 
symptoms at the other location. Moreover, experimental models have shown that a 
stimulus applied locally to one location will trigger signs and symptoms at the other 
location [2-6]. To what extent cell biological or functional similarities and differences 
between upper and lower airway epithelial cells contribute to the “united airways” 
concept is largely unexplored. 

Airway epithelial cells not only function as a passive physical barrier for micro-
organisms, but also play an important role in orchestrating innate and adaptive 
immune responses through the presence and activation of pattern recognition 
receptors (PRR) [7]. An important class of PRRs are the Toll-like receptors (TLRs) 
where individual receptors recognize conserved motives associated with bacteria, 
fungi, or viruses [8, 9]. Most of the functional data on the TLR family in the airways 
has been collected in mice and in the lower airways of man, with the upper airways 
remaining unexplored in comparison [10-14]. Airway and especially nasal epithelium 
is constantly exposed to a variety of potentially immunogenic microorganisms, 
allergens or nanoparticles. Given the high microbial exposure levels in the upper 
airways, we wanted to explore the functionality of TLRs in nasal epithelial cells in 
more detail. Most of our knowledge on the activities of the TLR receptors comes from 
specific exposures or stimulation of a single TLR even though in everyday life we are 
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exposed to a multitude of different triggers. This could have functional consequences 
as in bronchial epithelial cells it was shown that activation of TLR-3 by the viral 
analogue poly(I:C) (polyinosinic:polycytidylic acid) affects the activity of a subsequent 
activation of TLR-2 by the bacterial cell wall component PGN (peptidoglycan) [12]. 

Our research group has a strong focus on the contribution of airway epithelial 
cells to local immune regulation [7, 8]. Previously, we have investigated the 
interaction of allergens with primary nasal epithelial cells [15] and of allergens with a 
model of lower airways epithelial cells, the cell line NCI-H292 [16, 17]. This approach 
has allowed us to identify processes that are potentially important in the response to 
allergens by focusing on those processes that are affected to a similar extent in 
primary nasal epithelial cells and in the cell line model [18]. Previous studies have 
shown that immortalized human bronchial epithelium [12], human airway smooth 
muscle [19] and small bronchial epithelial cells [13] exposure to poly(I:C) leads to an 
up-regulation of TLR-2 expression. In this manuscript we explore the functional 
interaction between TLR-3 and TLR-2 in primary nasal epithelial cells and we seek 
whether the functional collaboration of TLRs can be extended to lower airways, in  
the lung epithelium NCI-H292 cell line. We show that we could replicate some of the 
interactions between TLR family members that have been described in primary 
human bronchial epithelial cells, but also that some interactions seem specific for the 
human nasal epithelium.  

 
 
MATERIALS AND METHODS 
 
Patient Characteristics 
Inferior turbinate tissue was obtained from patients who underwent corrective surgery 
for turbinate hypertrophy with or without septoplasty. The patients had no history of 
allergic disease and their non-atopic status was confirmed with a negative Skin Prick 
Test for 18 of the most common aeroallergens [20, 21]. None of the subjects had a 
current respiratory tract infection, none of them suffered from asthma and none of 
them was treated with nasal corticosteroids or other nasal medication in the four 
weeks prior to inclusion. In addition, those patients that smoked were excluded. 
Under Dutch law, tissue removed during mandatory surgery (so not specifically 
removed for a research purposes) can be used for research when the origin cannot 
be traced back to the patient. Despite the fact that there is no legal obligation, 
patients were informed of the intention to use their waste material. If they objected, 
the material was not used.  
 
Cell cultures 
Primary nasal epithelial cells were obtained by digesting nasal turbinates with 0.5 
mg/ml collagenase 4 (Worthington Biochemical Corp., USA) for 1 hour in Hanks’ 
balanced salt solution (HBSS; Sigma-Aldrich,NL) with a subsequent incubation with 
anti-EpCAM MicroBeads (Miltenyi Biotec, DE) and a positive selection on a magnetic 
column.  Retained cells were grown in a 75 mL flasks in BEGM growth medium 
(Lonza Clonetics, NL). Culture medium was replaced every other day. Cells were 
grown in fully humidified air containing 5% CO2 at 37°C. NCI-H292 human airway 
epithelial cells (American Type Culture Collection, USA) were cultured in RPMI 1640 
medium (Invitrogen, NL) supplemented with 1.25 mM L-glutamine, 100 U/mL 
penicillin, 100 μg/mL streptomycin and 10% (v/v) fetal bovine serum (HyClone, 



87 
 

Chapter 5 

Logan, USA). Cells were grown in fully humidified air containing 5% CO2 at 37°C and 
were sub-cultured weekly. 
 
TLR stimulation experiment 
NCI-H292 or primary nasal epithelial cells were cultured to 80% confluence in 12-well 
plates. 24 hours before the stimulation, culture medium was replaced with serum-free 
RPMI 1640 medium containing 100 U/mL of penicillin and 100 µg/mL of 
streptomycin. Cells were then stimulated with 10 μg/mL PGN (Sigma-Aldrich, DE) 
and/or with 20 μg/mL poly(I:C) (Sigma-Aldrich, DE). Supernatants were removed 
after 4, 8, 16, and 24 hours of stimulation and those of 8 and 24 hours were stored 
for further analysis; cells were used for RNA extraction. For the TLR-2 – TLR-3 
cross-talk experiment, cells were initially exposed to poly(I:C) for 24 hours, then the 
stimulus was removed and the cells were subsequently exposed to PGN for 
additional 24 hours. During the stimulation with poly(I:C) - 1, 4, and 24 hours after 
stimulation and with PGN - 0.25, 0.5, 1, 2, 4, 8, 16, and 24 hours after stimulation 
supernatants were removed and those of 8 and 24 hours were stored for further 
analysis and cells were collected for RNA extraction.  
Each experiment was performed at least three times with three biological replicates. 
 
RNA extraction and Real-time quantitative RT-PCR analysis 
Quantitative polymerase chain reaction (qPCR) was used to determine the 
differential expression of selected genes. Extracted mRNA (Nucleospin RNA II kit, 
Machery-Nagel, DE) was used for cDNA synthesis with the MBI Fermentas first 
strand cDNA kit (Thermo Scientific, NL). cDNA transcripts were quantified by real-
time quantitative PCR (iCycler iQ MultiColor Real-Time PCR Detection System; Bio-
Rad, FR) with specific primers  and IQTM SYBR Green Supermix (Bio-Rad, FR). The 
following primers were used for the PCR reactions: GAPDH:  5’-GAAGGTGAAGGTC 
GGAGTC-3’ and 5’-GAAGATGGTGATGGGATTTC-3; IL-6: 5’-TGACAAACAAATTC 
GGTACATCCT-3’ and  5’-AGTGCCTCTTTGCTGCTTTCAC-3’; IL-8: 5’-CCACACT 
GCGCCAACACAGAAATTATTG-3’ and 5’-GCCCTCTTCAAAAACTTCTCCACAACC 
C-3’; TLR-1: 5’-AAAAGAAGACCCTGAGGGCC-3’ and 5’-TCTGAAGTCCAGCTGA 
CCCT-3’; TLR-2: 5’-AACCCTAGGGGAAACATCTCT-3’ and 5’-GGAATATGCAGCCT 
CCGGAT-3’; TLR-3: 5’-AAATTGGGCAAGAACTCACAGG-3’ and 5’-GTGTTTCCA 
GAGCCGTGCTAA-3’; TLR-4: 5’-TACAAAATCCCCGACAACCTC-3’ and 5’-AGCC 
ACCAGCTTCTGTAAACT-3’; TLR-5: 5’-TGCATTAAGGGGACTAAGCCTC-3’ and 5’-
AAAAGGGAGAACTTTAGGGACT-3’; TLR-9: 5’-GTGCCCCACTTCTCCATG-3’ and 
5’-GGCACAGTCATGATGTTGTTG-3’. 
Expression levels of evaluated genes were calculated using the comparative ∆∆Ct 
method. Each value was corrected for the expression of the housekeeping gene 
GAPDH and compared to the control condition. Data were analyzed in the Bio-Rad 
CFX Manager program (Bio-Rad, FR). 
 
Determination of cytokine and chemokine production by ELISA 
Measurements of secreted cytokines were performed by sandwich ELISA in 8 or 24-
hour cell-free supernatants. The release IL-6 and IL-8 was detected using pairs of 
specific mAbs and recombinant standards obtained from BioSource International 
(Camarillo, USA).  
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Statistical analysis 
Data are expressed as mean ± SD. Assessment of statistical significance was 
performed using paired Student’s t tests with GraphPad. P values < 0.05 were 
considered significant.  
 
 
RESULTS 
 
Poly(I:C) stimulation affects expression levels of other TLRs in primary nasal 
epithelium 
Given the relevance of viral and bacterial exposure to the upper airways in man and 
a previously reported cross-talk between different TLRs in human bronchial 
epithelium [12], we sought to investigate whether the TLR-3 agonist poly(I:C) induces 
expression of other TLRs in nasal epithelium. We exposed primary nasal cells 
isolated from three healthy and non-allergic individuals to poly(I:C) and evaluated the 
effect on the expression of TLRs over a 24-hour time course. As shown in figure 1, 
TLR-3 activation by poly(I:C) in primary nasal epithelial cells affects the expression of 
a specific group of TLRs, although the absolute level of induction and the time point 
of maximal induction seems to vary between individuals. Figure 1B shows a strong 
and statistically significant up-regulation of TLR-2 mRNA expression (7.2  (± 1.0)  fold  
in individual A, 13.1  (± 1.2) fold in individual B, and 5.5 (± 0.5) fold in individual C, p 
< 0.05), with maximum expression reached after 24, 8, or 16 hours respectively. 
Poly(I:C) stimulation reduced the expression of TLR-5 (Figure 1E) by 4-5 fold in 
individual A and C, while individual B responded even stronger with a 17.3 (± 2.2)  
fold reduction of TLR-5 expression (p < 0.05). Additionally, poly(I:C) provocation 
dramatically induced TLR-3 expression, ranging from 5 fold to 130 fold (p < 0.05, 
Figure 1C). TLR-1 mRNA is present and up-regulated after poly(I:C) stimulation in 
two individuals (Figure 1A, p < 0.01), while for individual C we could not detect any 
TLR-1. Moreover, poly(I:C) triggering did not affect TLR-4 expression in any of the 
subjects.  

To analyze to what extent this observation is mirrored in a bronchial cell line, 
we exposed NCI-H292 cells to poly(I:C) in a similar setup and evaluated the effect on 
the expression of the TLRs. Poly(I:C) led to a significant (p < 0.001) induction of TLR-
2 expression with 12.1 (± 1.0) fold up-regulation 4 hours after exposure and to a 
down-regulation of TLR-5 by 4.0 (± 1.2) fold (p = 0.01) which is in line with the 
observation in primary nasal cells (Figure 2B and 2E). However, expression profiles 
of TLR-3, TLR-4, and TLR-9 in response to the viral analogue differ between the 
upper and lower airway epithelial cells. In the cell line, TLR-3 expression was no 
longer affected by poly(I:C), whereas TLR-4 showed a significant 4.5 (± 1.0) fold up-
regulation (p = 0.04) (Figure 2C and 2D). Additionally, in contrast to nasal epithelium, 
TLR-9 expression was significantly down-regulated by 4.2 (± 1.0)  fold  (p = 0.03) in 
the NCI-H292 cell line (Figure 2F). Moreover, expression of TLR-1 was not affected 
by poly(I:C) challenge. 
 
Pre-exposure to poly(I:C) enhances pro-inflammatory responses of primary 
nasal epithelium to PGN 
The up-regulation of TLR-2 expression after poly(I:C) exposure suggests a 
collaborative interaction between the TLR-2 and TLR-3. However, this does not 
necessarily prove that the up-regulation of TLR-2 mRNA is functionally significant. In 
the next set of experiments we were able to show that stimulation of TLR-2 with PGN 
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after an initial pre-stimulation of nasal epithelium with poly(I:C) led to a higher 
production of IL-6 and IL-8 than in the absence of this pre-stimulation. 

Table 1 summarizes the data to show that in four out of five individuals we 
tested a synergy was observed, so that the induction level for IL-6 and IL-8 by PGN 
after the poly(I:C) pre-stimulation was significantly higher than after the both 
individual stimulations. As the baseline and induced levels of IL-6 and IL-8 were 
highly variable for each tested individual, we calculated the degree of the synergy 
separately and showed for the 8 hours PGN stimulation a synergy factor of between 
2.0 (± 0.2) and 3.7 (± 0.7) fold for IL-6 and between 2.8 (± 0.7) and 6.3 (± 1.4) fold 
increase for IL-8. For the 24 hours PGN stimulation these synergy factors were 
between 1.6 (± 0.3)  and 5.2 (± 0.7) for IL-6 and between 1.4 (± 0.2) and 2.5 (± 0.7) 
for IL-8 (p values are stated in the table). Interestingly, one individual showed no 
synergy in response to PGN after poly(I:C) pre-exposure.   

 
 

 
 
Figure 1. Primary nasal epithelial cells modulate the expression of Toll-like Receptors 
in response to TLR-3 ligand poly(I:C):  A) up-regulation of TLR-1; B) up-regulation of TLR-
2; C) up-regulation of TLR-3; D) expression of TLR-4; E) down-regulation of TLR-5; F) 
expression of TLR-9. Statistical analysis (paired Student’s t test) is based on the average 
values calculated as a mean of the values for the three subjects and considered significant if 
p < 0.05 (*). 
 

The observation of the synergy between responses to poly(I:C) and PGN in 
nasal epithelial cells could be replicated in the NCI-H292 cell line. When a 24 hours 
exposure to poly(I:C) is followed by 8 hours of PGN stimulation the NCI-H292 cell 
line produces  6,325 (± 560) pg/mL of IL-6 and 1,010 (± 100) pg/mL of IL-8, while in 
the absence of the poly(I:C) pre-stimulation this is only 222 (± 17) pg/mL of IL-6 and 
74 (± 13) pg/mL of IL-8 (Figure 3). Additionally, as a control condition we determined 
the effect of the poly(I:C) pre-stimulation only and this yielded 1,598 (± 100) pg/mL of 
IL-6 and 151 (± 16) pg/mL of IL-8. This shows that the increased levels of IL-6 and 
IL-8 induced by PGN after the initial poly(I:C) simulation cannot be explained by 
simple addition of the production levels from the only the poly(I:C) pre-stimulation or 
the PGN stimulation without the poly(I:C) pre-stimulation. When we divide the PGN-
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induction levels after poly(I:C) pre-stimulation (6,325 (± 560) pg/mL for IL-6 and 
1,010 (± 100) pg/mL for IL-8) by the sum of both single stimulations (1,820 (± 190) 
pg/mL for IL-6 and 225 (± 32) pg/mL for IL-8) we can calculate a 3.5 (± 0.5) fold 
synergy for IL-6 (p = 0.03) and 4.5 (± 0.6) fold for IL-8 (p = 0.02). Additionally, we 
tested a prolonged 24 hours exposure to PGN after the initial 24 hours of cells 
stimulation with poly(I:C). The outcome mirrors the 8 hours PGN observation. Here, 
the poly(I:C) pre-exposure followed by 24 hours PGN provocation leads to 17,920 (± 
400) pg/mL of IL-6 and 1,350 (± 200) ng/mL of IL-8 production, versus just 9,720 (± 
900) pg/mL of IL-6 (p = 0.02) and 790 (± 25) pg/mL of IL-8 (p = 0.03) for the 
cumulative expression levels in both the control conditions.  
 

 
Figure 2. The NCI-H292 cell line was exposed to poly(I:C) and expression profiles of A) 
TLR-1, B)  TLR-2, C) TLR-3,  D) TLR-4,  E) TLR-5, and F) TLR-9 over 24-hour time courses 
were quantified by the real-time PCR. The experiment was performed three times with three 
biological replicates. Values in the graph represent a mean value of three with a standard 
deviation. Paired Student’s t test was used for the assessment of statistical significance and 
values p < 0.05 were considered statistically significant (*). 
 
Synergy between TLR-2 and TLR-3 triggering is regulated at mRNA level in 
primary nasal epithelium 
Increased level of IL-6 and IL-8 in the supernatants after ligation of TLR receptors 
could be due to enhanced transcription of the gene, increased translation of the 
mRNA or increased secretion of the protein. In a detailed time course of the 
expression profile in primary nasal epithelial cells we showed that the synergy 
between poly(I:C) pre-stimulation and PGN activation can already be detected at the 
mRNA level. Figures 4A (IL-6) and 4B (IL-8) show the absolute mRNA level after 
both single stimulations and after co-stimulation in nasal epithelium of one 
representative individual. A significantly increased levels at the highest expression 
peaks of IL-6 (2.3 (± 0.2) fold higher, p < 0.05) and IL-8 (2.6 (± 0.4)  fold higher, p < 
0.05) were found and also the area under the expression profiling curves of three 
individuals revealed a significant enhancement of up-regulation of the IL-6 and IL-8 
gene expression with 1.68 (± 0.4) fold (p = 0.01) and 1.5 (± 0.3) fold (p = 0.05) 
respectively.   
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Figure 3. Production levels of IL-6 and IL-8 in the NCI-H292 cell line. Cells were pre-
exposed to poly(I:C) for 24 hours and then stimulated with PGN for 8 (A and B) or 24 hours 
(C and D). Production levels from the sum of single trigger conditions were compared to 
subsequent poly(I:C) and PGN stimulation and p < 0.05 values (paired Student’s t test) were 
considered significant and indicated by (*). 
 

 
 
Figure 4. Expression levels of IL-6 and IL-8 genes upon 24 hours stimulation with 
poly(I:C) followed by 24 hours exposure to PGN. Absolute levels of expression are shown 
after correction for the housekeeping gene GAPDH. Values in the graph represent an 
average value of three biological replicates with a standard deviation. Expression levels from 
the sum of single trigger stimulations were compared to subsequent poly(I:C) and PGN 
challenge and p < 0.05 values (paired Student’s t test) were considered significant and 
indicated by (*). 
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DISCUSSION 
 
In this manuscript we show that stimulation of airway epithelial cells with a specific 
agonist for one Toll-like receptor may lead to the transcriptional deregulation of 
another TLR and that this deregulation can have functional consequences. 

When primary nasal epithelial cells are exposed to poly(I:C), the activation of 
TLR-3 leads to a significant up-regulation of the TLR-2 mRNA. Furthermore, this up-
regulation of TLR-2 also translated into an increased functionality of TLR-2 when this 
receptor is stimulated by PGN. In an extended time course that included pre-
stimulation of primary nasal epithelial cells with poly(I:C), we detected a higher 
expression and production of IL-6 and IL-8 upon PGN stimulation than in the 
absence of the poly(I:C) pre-simulation. These levels of IL-6 and IL-8 are several fold 
higher even in comparison to the combined levels of these mediators due to the 
individual stimulation of cells by poly(I:C) and PGN. This functionality was previously 
also observed in bronchial epithelial cells [12] pointing yet again to a conserved 
mechanism in both upper and lower airways that could contribute to the united 
airways concept [22]. Also the bronchial epithelial cell line NCI-H292 mimics this 
effect of TLR-3 stimulation on TLR-2 functionality strengthening the validity of this 
model with respect to the conserved airway epithelial processes. The same 
interaction between TLR-3 and TLR-2 has been previously observed in murine 
myeloid dendritic cells [23] and human airway smooth muscle [19] showing presence 
of this mechanism in other than airway epithelial cells. When we investigated the 
underlying mechanism of the effect of poly(I:C) on TLR-2 activity, we could detect the 
same synergy at the RNA level of the mediators: the overall amount of the RNA 
produced (the area under de curve) was significantly higher in the poly(I:C) pre-
stimulated cells after PGN exposure than without this pre-stimulation. 

In this study, we used measurements of IL-6 and IL-8 as a functional readout 
of the collaborative interaction between the TLR-3 and TLR-2. A recent observation 
stressed the crucial role of IL-6 in the effect of poly(I:C) on the increased TLR-2 
expression. This cytokine was demonstrated as a part of an autocrine loop where IL-
6 produced by epithelial cells after the poly(I:C)-mediated TLR-3 activation binds to 
the IL-6 receptor on the secreting cell and through Stat3 and NF-B dependent 
pathway leads to the induced expression of TLR-2. Stat3 activation was necessary 
for the poly(I:C)-induced up-regulation of TLR2 suggesting that the functional 
synergistic interaction between TLR-3 and TLR-2 is possible only if the TLR-3 and 
TLR-2 agonists trigger the same cell [24].  

The detailed time course of the expression of other TLR family members after 
poly(I:C) stimulation in the primary nasal epithelial cells of the healthy individuals 
revealed some additional observations. We found an up-regulation of TLR-1 and 
TLR-3 and a down-regulation of TLR-5. This differed from our observations in the 
NCI-H292 bronchial cell line, where activation of the TLR-3 receptor by poly(I:C) has 
a strong impact on up-regulation of the TLR-2 and TLR-4 genes, but as clearly there 
is a significant down-regulation of the TLR-5 and TLR-9 genes, which is largely 
similar to the report of Ritter [13] and that of Melkamu. However, there are also some 
differences between the three observations. Ritter could show no effect on TLR-4, 
whereas Melkamu and us did show that TLR-3 activation led to an up-regulation of 
TLR-4. We failed to detect a change in TLR-1 in bronchial epithelium that was 
reported in both previous studies. It is not clear why these differences occur, but the 
most likely explanation is the precise nature of the cells under investigation. Only 
Ritter used real primary bronchial epithelial cells (from the small airways), whereas 
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Melkamu used commercial primary bronchial cells that have been transfected with 
the catalytic subunit of the human telomerase gene to extend their life span, and we 
have used a bronchial cell line that has been derived from pulmonary squamous 
epithelial carcinoma. This suggests that although the NCI-H292 cell line does 
replicate important aspects of primary nasal and bronchial epithelial responses, it 
does not mirror all aspects of airway epithelial cells.  

Our data demonstrate significant inter-individual differences in primary cell 
responses to TLR agonists. One of the obvious explanations for this would include 
the variation in the expression levels of receptors and key downstream signaling 
molecules. Recent report of Lee and colleagues suggests that genetic variants of the 
STAT and IRF transcription factors may also contribute to the inter-individual 
differences in host responses to pathogens  [25]. At the moment, we are still 
struggling with understanding  how to determine the minimal cell response that is 
required for the ability to trigger proper inflammatory responses. Therefore, not only 
can we observe the inter-individual differences, but also we are unable to interpret 
how relevant the extent of these variations is 

A few aspects need to be considered when analyzing the functional interaction 
between the cell responses to a bacterial and viral trigger. First of all, although the 
focus of the mode of action of poly(I:C) is on TLR-3, it is clear that also the RIG-I and 
MDA5 receptors have been implicated in recognition of double-stranded viral RNA 
and poly(I:C) [26]. The increased expression of IL-6 and TLR-2 after poly(I:C) 
stimulation could be blocked by an antibody for TLR-3, but the increased production 
of RANTES could not be inhibited [24] showing that the responsiveness of airway 
epithelial cell to poly(I:C) is more complex than just acting through TLR-3. Secondly, 
stimulation or infection of cells by virus will not be identical to the effect of poly(I:C) 
we report on in this manuscript. A final aspect is whether in vivo an epithelial cell can 
or will be simultaneously exposed to both a viral and bacterial trigger that would allow 
synergy between the two responses. Our data show that both stimuli do not need to 
target the same cell at the same time, but rather one stimuli (poly(I:C) followed by the 
other one (PGN), as an up-regulation of TLR-2 can still be detected 24 hours after 
exposure to poly(I:C) and so is the TLR-2 activity.  

 
 
CONCLUSIONS 
 
The present study demonstrated that exposure of primary nasal epithelial cells to 
poly(I:C) associated with viral infection resulted in a functional up-regulation of the 
anti-bacterial defense associated TLR-2. These results suggest that the in vivo 
outcome of TLR activation in a context where we are exposed to multiple triggers 
may differ from what we have learned from in vitro studies where most often only 
single stimuli are considered. Moreover, the expression and activity profiles of the 
TLR family are likely to be different at a detailed level between different individuals 
and between the upper and lower airways. Although the detailed differences might 
not necessarily lead to a different response, it does remind us that the way we 
interact with the environment will depend on both the complexity of the environment 
and our individual genetic make-up. 
 Observed in vitro TLR-2/TLR-3 functional cross-talk in nasal epithelium may 
implicate in vivo consequences. In vivo exposure of the nasal cavity to a virus could 
potentially lead to long-lasting activation of enhanced anti-bacterial responses.  It 
would be interesting to verify whether there is a link  between the presence/absence 
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of  the TLR-2/TLR-3 synergistic responses  and the possibility of acquiring a bacterial 
superinfection or bacterial biofilm formation. 
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Subject  Sum of PGN and poly(I:C)  PGN  after poly(I:C) Synergy Factor      

   pg/mL  SD  pg/mL  SD     SD  p value 

                 

A                      

1  49.3 10.9 137.5 13.4 2.8  0.4  0.02 

2  25.4 2.1 74.8 25.5 2.9  0.6  0.03 

3  408.5 60.1 1508.9 375.2 3.7  0.7  0.007 

4  9.8 0 19.6 4.5 2  0.2  0.02 

5  22.6 3 14.8 4.7 0.66  0.1  0.09 

     

B    

1  127.9 35.8 807.6 135.2 6.3  1.4  <0.0001 

2  1086.5 581.2 3091 529.2 2.8  1  0.04 

3  4923.3 1546.9 20782 5046.6 4.2  1.2  0.04 

4  2471.9 1117.5 6995.9 409.9 2.8  0.7  0.0006 

5  563.3 112.4 541.7 52.4 1  0.1  0.66 

     

C    

1  59.7 3.6 310.9 66.9 5.2  0.7  0.003 

2  78.7 6.9 234.6 36 3  0.4  0.002 

3  975.1 242.5 1560.6 137.6 1.6  0.3  0.047 

4  59.5 7.6 116.2 12.1 1.9  0.2  0.006 

5  52.4 17.2 56.6 6.5 1.1  0.2  0.62 

     

D    

1  1480.4 264.6 2257.7 58.1 1.5 0.2  0.02 

2  10,969.7 3505.3 27,728.6 6707 2.5 0.7  0.03 

3  24,047.0 2377.5 42,183.8 6630.1 1.8 0.2  0.002 

4  9110.6 1555.5 12,831.0 1126 1.4 0.2  0.044 

5  5422.2 1444 5955.6 554.6 1.1 0.2  0.14 

 
Table 1. Production levels of IL-6 and IL-8 in primary nasal epithelial cells as a sum of 
stimulation with PGN or poly(I:C) alone and PGN with poly(I:C) pre-exposure. A and B show 
IL-6 and IL-8 produced in response to 8 hours stimulation with PGN respectively, C and D – 
after 24 hours exposure to PGN, respectively. Synergy factors were obtained by dividing 
production levels of IL-6 or IL-8 in response to PGN with poly(I:C) pre-stimulation by the sum 
of single trigger stimulations. Statistical significance was calculated by comparing the 
absolute production levels of IL-6 or IL-8 in response to PGN with poly(I:C) pre-exposure by 
the sum of single trigger stimulations. Paired Student’s t test was used for the assessment of 
statistical significance. Each value represents a mean value of three biological replicates ± 
SD. 
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