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INTRODUCTION
Nasal polyposis is a chronic inflammatory disease of the sinus 
mucosa usually seen in association with chronic rhinosinusitis (1). 
The pathogenesis of chronic rhinosinusitis with nasal polyps is 
related to an altered inflammatory state that results in a tissue-
remodelling process (2). The inflammatory response in nasal 
polyps is associated with elevated levels of pro-inflammatory 
cytokines and growth factors in the nasal tissue. Although 
eosinophils and Th2-related cytokines dominate the pattern of 
inflammation in nasal polyps, structural cells such as fibrob-
lasts, as well as non-Th2-related cytokines and growth factors, 
also contribute to nasal polyp development (3). Fibroblasts 
can contribute to the regulation of inflammatory and immu-
nological responses by producing various growth factors and 
cytokines (4,5). 

Long-term therapy with intranasal glucocorticoids (GC) is 
widely used to control nasal polyp inflammation and growth, 

and also to restore the capacity to smell (6,7). Clinical improve-
ment is usually associated with a significant reduction in both 
the number of eosinophils and the levels of pro-inflammatory 
agents (7). GC effects are mediated by activation of an intracel-
lular receptor, namely the GC receptor (8).

The possibility to isolate and culture cells such as fibroblasts 
from patients affected by airway diseases has greatly contrib-
uted to our understanding of the function of these cells in such 
diseases. In vitro cell cultures also provide a valuable tool for 
testing the efficacy of new or standard therapeutic treatments. 
The results obtained from these in vitro models may, however, 
strongly depend on the experimental methods used in the cell 
cultures. Supplementation of the culture medium with FBS 
is widely used to achieve the proper growth and proliferation 
of cells. In addition to this role, FBS is also commonly used 
as a non-specific stimulus of cytokine production in a variety 
of cell types (9). It has been reported that endogenous steroids 
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SUMMARY Background: In vitro culture of nasal polyp cells is frequently used in the investigation of 
inflammatory mechanisms and effect of treatments in nasal polyposis. Research outcomes 
may, however, be influenced by the culture methodology used.

 Methods: Nasal polyp and nasal mucosa in vitro fibroblast cultures were pre-treated with 
foetal bovine serum (FBS)-free culture medium or medium supplemented with either FBS 
or charcoal-stripped (cs) FBS. Cells were then stimulated with FBS or csFBS, with or 
without different doses of dexamethasone for 4 and 24h. IL-6, IL-8, GM-CSF and VEGF 
release and cell viability were measured.

 Results: The highest cytokine levels were found in growth-arrested cells stimulated with 
10% FBS. csFBS poorly stimulated cytokine release. Nasal polyp released larger IL-8 
amounts than nasal mucosa fibroblasts. Dexamethasone decreased cytokine production 
dose- and time-dependently in both nasal mucosa and nasal polyp fibroblasts. The IC

25 of 
IL-8 inhibition by dexamethasone was higher in nasal polyp than in nasal mucosa fibrob-
lasts. Cell viability did not differ among treatments.

 Conclusions: Cytokine production by in vitro cultured nasal fibroblasts is affected by the 
culture conditions used and is inhibited by dexamethasone in both fibroblast types. Our 
results highlight the importance of culture methodology on nasal polyp research outcomes.
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contained in FBS can limit cell sensitivity to exogenously 
added steroids (10,11). For this reason, studies analysing GC 
action, such as the GC-induced translocation of the GC recep-
tor, use charcoal-stripped FBS, i.e. FBS in which endogenous 
steroids have been removed by incubation with dextran-coated 
charcoal (12,13). The effectiveness of this charcoal-stripped FBS 
in inducing cytokine release has, however, scarcely been inves-
tigated (14), and, to our knowledge, no studies have reported its 
efficacy compared to FBS.

Serum starvation of the cell culture by pre-treatment of cells 
with FBS-free medium for 18 to 24 h prior to cell stimula-
tion is often used in studies analysing cell proliferation and 
cytokine production and/or regulation by drug treatment in 
different cell types (9,15). The effect of this step, which causes 
growth arrest of the cell culture, on cytokine production, and 
its influence on cell sensitivity to GC, is as yet unclear.

On the basis of the importance of cell culture methodology 
on the outcome of the inflammatory response in nasal polyp 
research, we first hypothesised that culture conditions have 
a relevant impact on cytokine production. We also hypoth-
esised that nasal polyp fibroblasts produce greater amounts 
of cytokines, chemokines, and growth factors than a non-
inflamed nasal mucosa and have a diminished response to the 
inhibitory effects of GC.

Therefore, the objectives of this study were, first, to assess the 
role of culture conditions in the production of pro-inflamma-
tory mediators by nasal polyp and nasal mucosa fibroblasts; 
secondly, to compare the levels of produced mediators between 
nasal polyp and nasal mucosa fibroblasts and, finally, to exam-
ine the response of these mediators to GC.

MATERIALS AND METHODS
Subjects
Nasal polyp tissue was obtained from 8 asthmatic subjects 
referred to the Hospital Clínic of Barcelona for sinus surgery 
(48 (mean) ± 13 (SEM) yr; 5 men; 4 aspirin-intolerant). The 
study subjects were selected on the basis of a medical history 
consistent with severe nasal polyposis, as described in the 
EP3OS document (1), and documented disease in their sinuses, 
as shown via CT scan (6). All nasal polyp patients included 
herein had been followed up in the Rhinology Unit and Smell 
Clinic of our Hospital’s ENT Department for at least one 
year prior to surgery, and were assigned for surgery because 
they had not shown any significant improvement in nasal 
obstruction, rhinorrhea, and/or quality of life, as described 
elsewhere (7,16), after GC treatment. The diagnosis of asthma 
was established on the basis of the clinical history and the 
demonstration of a reversible bronchial obstruction, as previ-
ously reported (17). Diagnosis of aspirin intolerance was made 
on the basis of a clear-cut history of asthma attacks pre-
cipitated by non-steroidal anti-inflammatory drugs (NSAID), 
and confirmed by aspirin nasal challenge in patients with 
an isolated episode of NSAID-induced asthma exacerba-

tion, according to a method previously reported (18). Nasal 
mucosa was obtained from the inferior turbinate of 8 subjects 
undergoing turbinectomy for turbinate hypertrophy with  
or without septoplasty for nasal septum deviation (35 (mean) 
± 10 (SEM) yr; 7 men). All patients with nasal polyps were 
on intranasal fluticasone or budesonide therapy, which was 
discontinued at least five days before surgery. No subjects in 
the nasal mucosa group had a history of nasal or sinus dis-
ease and they had not received GCs for any reason. None of 
the subjects had suffered from an upper respiratory infection 
in the two weeks prior to surgery. Subjects were asked their 
permission and informed consent was given to study the spec-
imens under a protocol approved by the Ethics Committee of 
our hospital.

Fibroblast isolation from nasal polyp and nasal mucosa
Nasal tissues were cut into pieces and placed into 6-well plates 
(TPP, Switzerland) with Dulbecco’s modified Eagle’s medium 
(DMEM) containing 10% Foetal Bovine Serum (FBS), 100 U/
ml penicillin, 100 μg/ml streptomycin and 2 μg/ml amphoter-
icin B. Tissues were incubated in a humidified atmosphere at 
37ºC and 5% CO

2 for approximately 3 weeks, during which 
time fibroblasts migrated from the tissue and proliferated 
on the surface of the culture well. When 80% confluence was 
achieved, fibroblasts were then passaged in 150-cm2 flasks. 
Experimental assays were carried out between passages 4 and 
8. The fibroblast purity of the population was determined 
by immunocytochemistry against vimentin (V5255, Sigma) 
or pan-cytokeratin (C2562, Sigma), as previously reported 
(15,19). After the second passage, 100% of both nasal mucosa 
and nasal polyp cell cultures were cytokeratin-negative and 
vimentin-positive. Fibroblast cultures were also tested for 
mycoplasma contamination using a PCR-based mycoplasma 
detection kit (VenorGeM, Minerva Biolabs).

Fibroblast culture and treatment
Cells were seeded into 24-well plates at 3 x 104 cells/well, 1 ml/
well in DMEM supplemented with 10% FBS for 24 h. Then, 
cells were pre-treated with FBS-free DMEM or DMEM sup-
plemented with either 10% FBS or 10% charcoal-stripped FBS 
(csFBS, Invitrogen) for 24 h. The incubation of nasal fibrob-
lasts with FBS-free DMEM for 18 to 24 h provoked growth 
arrest, i.e. more than 90% of cells in G0/1 phase of the cell 
cycle, as determined by FACS analysis of propidium-iodide-
stained cells (data not shown). Cells pre-treated with FBS-free 
DMEM were then stimulated with either 10% FBS or 10% 
csFBS and cells pre-treated with FBS-supplemented medium 
were stimulated as in their pre-treatment. Dexamethasone 
(DEX, FortecortinTM, Merck) was added 1 h after the 
FBS stimuli at concentrations ranging from 10-10 to 10-6M. 
Supernatants were collected at 4 and 24 h of DEX addition 
and stored at -80ºC until the cytokine measurement.

Cell viability
Cell viability after treatment was analysed by incubation of 
cells with the tetrazolium salt XTT (Cell Proliferation Kit II, 
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XTT, Roche, Germany) for 3 h, following the manufacturer’s 
instructions. Absorbance was measured in duplicate at 490 nm.

Cytokine determination
Human vascular endothelial growth factor (VEGF), granulo-
cyte and monocyte colony stimulation factor (GM-CSF), inter-
leukin (IL)-6 and IL-8 were quantified using a specific BDTM 
Cytometric Bead Array (CBA) Flex Set (BD Biosciences, 
USA) using a FACS CANTOTM Flow Cytometer (Becton 
Dickinson). Sensitivities of the assays were < 4.5 pg/ml for 
VEGF, < 0.2 pg/ml for GM-CSF, < 1.6 pg/ml for IL-6, and < 
1.2 pg/ml for IL-8. Concentrations were calculated on the basis 
of standard curves using the FCAP Array v1.0.1 software (Soft 
Flow, Inc). IL-6, IL-8 and VEGF levels were also measured 
by using commercial enzyme-linked immunosorbent assay 
(ELISA) DuoSet kits (R&D Systems), according to the manu-
facturer’s instructions. All samples were tested in duplicate 
and diluted until the cytokine level was within the linear range 
of the standard curve. The detection threshold was 10 pg/ml 
for each cytokine. Cytokine production was corrected by cell 
number as determined by the XTT assay. A good correlation 
was found between cytokine results measured by CBA and 
those measured by conventional ELISA (r = 0.97; p < 0.001).

Statistical data analysis
Data are given as median and 25th to 75th percentiles. 
Nonparametric statistical analysis was performed by using the 
Friedman test and Wilcoxon rank test for within-group com-
parisons, and the Kruskal-Wallis test and Mann-Whitney U 
test for between-group comparisons. Rho Spearman’s analysis 
was used to assess the correlation between CBA and ELISA 
measurements in IL-6 and IL-8 cytokine production. Statistical 
significance was set at p < 0.05.

RESULTS 
Influence of growth arrest and serum on cytokine secretion 
We aimed to investigate the effect of growth arrest and serum 
on the release of cytokines by nasal mucosa and nasal polyp 
fibroblasts. To investigate the influence of growth arrest, cells 
were either pre-treated or otherwise; this pre-treatment – which 
provoked cell-cycle arrest – was undertaken with FBS-free 
DMEM for 24 h. To investigate the influence of serum, cells 

were pre-treated and stimulated with DMEM supplemented 
with either 10% FBS or 10% charcoal-stripped-FBS (csFBS), 
which does not contain endogenous steroids. Cytokine release 
was measured in cell-culture supernatants by CBA after 0, 4 
and 24 h of FBS/csFBS stimulation. 

Time-course experiments (0 to 24 h) showed that, among the 
different mediators studied, IL-8 and IL-6 were the most abun-
dant cytokines released by nasal fibroblasts, followed by VEGF 
(Figure 1). GM-CSF levels were below the detection threshold 
of the assay at both baseline and after 4 h of any treatment, 
its levels being only detectable in growth-arrested cells stimu-
lated with FBS for 24 h (nasal mucosa: 7.4 (median); 2 - 10.7  
(25th - 75th percentiles) pg/ml and nasal polyp: 3.4; 1.3-6 pg/ml; ns).

As shown in Figure 1, the highest induction of IL-8, IL-6 
and VEGF over time for both nasal mucosa and nasal polyp 
fibroblasts was found in growth-arrested cells stimulated with 
10% FBS. Using this same stimulus, cytokine production in 
non-growth-arrested cells was much lower than that in growth-
arrested cells. In both growth-arrested and non-growth-arrest-
ed cells, stimulation with csFBS provoked a poor induction 
of all cytokines compared to FBS-stimulated cells. The lowest 
cytokine levels for both nasal mucosa and nasal polyp fibrob-
lasts were found in non-growth-arrested cells stimulated with 
csFBS (Figure 1).

At the time of maximal induction of cytokine production by 
the stimulus, i.e. 24 h, IL-8 production was higher in nasal 
polyp than in nasal mucosa fibroblasts in all the cell-culture 
conditions tested, this difference being particularly marked 
(p < 0.05) in growth-arrested cells stimulated with 10% FBS 
(Figure 1). No significant differences were found in GM-CSF, 
VEGF and IL-6 production between nasal mucosa and nasal 
polyp fibroblasts for any of the experimental conditions tested. 

IL-8, IL-6 and VEGF production in response to dexamethasone
Since maximal cytokine secretion was found in growth-arrested 
cells with 10% FBS as a stimulus, we studied the effect of DEX 
in these conditions and calculated the inhibitory concentra-
tion needed to cause a 25% cytokine inhibition (IC

25) in all the 
samples. To minimise the high inter-individual variability in 

Table 1. Effect of growth-arrest and serum stimulation for 4 and 24 h on fibroblast viability.

Cell culture conditions

Absorbance (A490) nm

Nasal Mucosa Nasal Polyp

4 h 24 h 4 h 24 h

GA_FBS 1.3 (1.0-2.3) 1.9 (1.4-2.4) 1.5 (1.3-2.1) 1.8 (1.6-2.0)

GA_csFBS 1.9 (1.2-2.3) 2.1 (1.4-2.4) 1.6 (1.2-2.1) 2.0 (1.8-2.2)

Non-GA_FBS 1.3 (0.7-2.5) 1.9 (1.0-2.5) 1.3 (1.3-2.1) 2.2 (1.8-2.3)

Non-GA_csFBS 1.2 (0.8-2.5) 2.0 (1.6-2.4) 1.3 (1.1-2.0) 2.0 (1.8-2.4)

Results are expressed as median and 25th-75th percentiles. GA, Growth-arrest; Non-GA, non-growth-arrest; FBS, Foetal Bovine Serum; csFBS, 

charcoal-stripped FBS.

Fernández-Bertolín et al.
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Figure 1. Effect of growth arrest and serum on IL-8, IL-6 and VEGF secretion. The effect of growth arrest and serum on the secretion of IL-8 (A), 

IL-6 (B), and VEGF (C) was analysed in nasal mucosa (left graphs) and nasal polyp fibroblasts (right graphs). Fibroblasts were either growth-arrested 

(GA), by pre-treatment with FBS-free DMEM, or non-growth-arrested (Non-GA), by pre-treatment with 10% FBS or 10% charcoal-stripped FBS 

(csFBS), for 24 h. Cells were then stimulated with either FBS or csFBS for 4 and 24 h. Supernatants were collected and assessed for cytokine produc-

tion. Results are expressed as median and 25th-75th percentile values. *, p < 0.05 compared to 0 h; and †, p < 0.05 compared to 4 h by Wilcoxon test.
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cytokine release upon FBS stimulation (Figure 1) and to opti-
mally visualise the effect of DEX on cytokine release, cytokine 
production (pg/ml corrected by cell number) at each DEX 
concentration was normalised to control (non-DEX-treated) 
cells (100%) for each specimen. As shown in Figure 2, DEX 
treatment for 4 h inhibited IL-8 (Figure 2A) and IL-6 secre-
tion (Figure 2B) in a dose-dependent manner in both nasal 
mucosa (8; 1.7-28.3 nM for IL-8 and 1.8; 0.8-4.2 nM for IL-6) 
and nasal polyp fibroblasts (17.3; 1.2-50.6 nM for IL-8 and 
6,5; 3.5-17.1 nM for IL-6), without any statistically significant 
differences in the IC25 for IL-6 and IL-8 between nasal mucosa 
and nasal polyp fibroblasts.

After 24 h of DEX treatment, the release of IL-8 (Figure 
2C), IL-6 (Figure 2D) and VEGF (Figure 2E) was also dose-
dependently inhibited in both nasal mucosa (0.3; 0.1-1.6 
nM for IL-8, 0.7; 0.5-1.1 nM for IL-6 and 0.8; 0.2-1.2 nM 
for VEGF) and nasal polyp fibroblasts (1.4; 0.9-10.4 nM 
for IL-8, 0.9; 0.5-2.9 nM for IL-6 and 0.5; 0.4-0.9 nM for 
VEGF). At this time-point, DEX provoked a similar reduc-
tion of IL-6 and VEGF in both nasal mucosa and nasal polyp 
fibroblasts, whereas DEX was less effective in inhibiting IL-8 

release in nasal polyp compared to nasal mucosa fibroblasts 
(p < 0.05). 

Effect of culture conditions and dexamethasone on cell viability 
Because viability can alter the biosynthetic capacity of cells, we 
assessed whether the effects of growth arrest, serum and DEX 
on cytokine production were caused by the induction of cyto-
toxicity as measured by the Cell Proliferation Assay (XTT). 
There were no significant changes in the A490nm values between 
FBS- and csFBS-treated cells, or between growth-arrested 
and non-growth-arrested cells, either at 4 h or 24 h (Table 1). 
Furthermore, no significant differences in A490nm values were 
found after DEX treatment, indicating that DEX did not 
induce cytotoxicity in nasal fibroblasts (Figure 3).

DISCUSSION 
Since the methodology used in in vitro cell culture models of 
nasal polyposis may have a relevant impact on the outcome of 
the inflammatory response in nasal polyp research, the main 
aim of our study was to assess the role of culture conditions 
in the production of pro-inflammatory mediators by nasal 
polyp and nasal mucosa fibroblasts. We show that both nasal 
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Figure 2. Effect of dexamethasone on IL-8, IL-6 and VEGF secretion. The effect of dexamethasone on IL-8 (A,C), IL-6 (B,D) and VEGF (E) secre-

tion was analysed in nasal mucosa and nasal polyp fibroblasts. Fibroblasts were growth-arrested and then exposed to 10% FBS (control, C) and 

increasing amounts of dexamethasone (10-10 to 10-6M) for 4 h (A, B) and 24 h (C-E). Cytokine production (in pg/ml) was corrected by cell number and 

normalised to control (non-DEX-treated cells: 100%). Results are expressed as median and 25th-75th percentile values. *, p < 0.05 compared to control 

(C) by Wilcoxon.
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polyp and nasal mucosa fibroblasts release IL-6, IL-8, VEGF 
and GM-CSF and that the production of these mediators is 
significantly affected by the cell-culture conditions used. In 
particular, both the type of FBS used to stimulate the cells 
and the pre-treatment, or otherwise, of the cell culture with 
FBS-free medium (24 h) prior to cell stimulation have a signifi-
cant impact on the release of these mediators. We report that 
growth-arrested cells stimulated with 10% FBS provide the 
ideal conditions for inducing maximal production of cytokines 
by both nasal mucosa and nasal polyp fibroblasts.

csFBS has been used in studies that examine the mechanisms 
of steroid-receptor activation upon hormone binding (10,12,20) to 
avoid that endogenous steroids contained in FBS can limit cell 
sensitivity to exogenously added steroids. In fact, Ouatas and 
coworkers (10) and Berteaux and coworkers (11) reported a lack of 
induction of steroid-responsive genes in cell lines cultured with 
the steroid in the presence of serum-containing medium, while 
cells were responsive to the steroid in serum-stripped medium. 
However, while maximal response is achieved in these studies 
using csFBS, we found that csFBS is a much weaker inducer 
of cytokine production compared to FBS. This suggests that 
charcoal-stripping of serum may have removed stimulators 
required for nasal fibroblasts to induce cytokine release. One of 
such removed stimulators might be the estrogen 17β-estradiol 
(21). This hormone is reported to increase IL-6, IL-8 or VEGF 
release by different in vitro cultured cell types, including fibrob-
lasts (22-25). We could speculate that removal of estradiol from 
FBS could be at least partly responsible for the poor induction 
of cytokine release by csFBS compared to FBS in our cells. All 
in all, these observations should be taken into account when 
using csFBS as a stimulus for in vitro cell culture studies. 

We also show that proliferating (non-growth-arrested) cells 
produce much fewer cytokines and growth factors upon stimu-
lation than cells that have been growth-arrested prior to 
stimulation, indicating that growth arrest of the cell culture is 
required to obtain maximal responsiveness. There are almost 
no studies specifically reporting the benefits of doing growth 
arrest versus not doing it on cytokine production. However, 

similarly to our findings, one study (26) reports that transcrip-
tion of the cytokine-inducible gene cylooxygenase-2 (COX-2) 
is suppressed in proliferating versus quiescent fibroblasts. 
The author argues that an array of other genes, in addition to 
COX-2, is likely to be suppressed in proliferating cells, and fur-
ther postulates that suppression of stress-induced expression 
of proinflammatory genes such as COX-2 in proliferating cells 
helps reduce the generation of DNA-damaging oxidants.

Among the cytokines analysed in this study, IL-6 and IL-8, 
which are involved in the regulation of inflammatory respons-
es (27-29), are the ones released in greatest amounts by both nasal 
mucosa and nasal polyp fibroblasts. Only the levels of IL-8, 
however, were significantly increased in nasal polyp compared 
with nasal mucosa fibroblasts. Increased production of IL-8 
has also been reported in in vitro cultured nasal polyp epithe-
lial cells (27) and in nasal polyp cells and tissues compared to 
controls (30,31). The present study suggests that fibroblasts can 
contribute to the increased production of IL-8 detected in vivo 
in patients with nasal polyps. 

VEGF is increased in asthmatic airways (32) and correlates 
directly with disease activity and inversely with airway calibre 
and airway responsiveness (33,34). Similarly, VEGF has been 
found increased in nasal polyps, compared with nasal mucosa 
tissues (35), and has been implicated in the development of nasal 
polyp hyperplasic epithelium (36). However, we did not find 
significant differences in VEGF production between nasal 
mucosa and nasal polyp fibroblasts.

GCs, the most effective medication used in long-term treat-
ment of nasal polyps, modulate many fibroblasts’ functions, 
including secretion of cytokines and growth factors (37,38). In 
agreement with previous studies (15,39,40), GCs inhibited the 
FBS-induced release of IL-6, IL-8 and VEGF in a dose- and 
time-dependent manner in nasal mucosa and nasal polyp 
fibroblasts. Sensitivity to the DEX-mediated inhibition of IL-6 
and VEGF production did not differ between nasal mucosa 
and nasal polyp fibroblasts. On the other hand, nasal polyp 
fibroblasts appeared to be less sensitive (higher IC25) to DEX-
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Figure 3. Dexamethasone does not alter nasal fibroblasts’ viability. The 
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Cells were growth-arrested and then exposed to 10% FBS (control, C) 
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mediated inhibition of IL-8 compared with nasal mucosa 
fibroblasts. The slightly lower sensitivity of nasal polyp fibrob-
lasts to DEX inhibitory effects might be the result of their 
higher IL-8 production. The biological significance of this 
finding, however, remains to be determined.

Finally, we demonstrate that differences in cytokine produc-
tion among the different experimental treatments are not 
related to changes in cell viability. 

In summary, we report that growth-arrested cells stimulated 
with 10% FBS provide the ideal conditions for inducing maxi-
mal production of IL-6, IL-8, VEGF, and GM-CSF by nasal 
polyp and nasal mucosa fibroblasts. We also found that IL-6 
and IL-8 were the cytokines produced in the greatest amounts, 
although only IL-8 levels were significantly greater in nasal 
polyp than in nasal mucosa fibroblasts. DEX reduced the pro-
duction of all cytokines in both nasal polyp and nasal mucosa 
fibroblasts, although nasal polyp fibroblasts were slightly less 
sensitive to DEX-mediated inhibition of IL-8 compared to 
nasal mucosa fibroblasts. In conclusion, our study demon-
strates that the production of cytokines by in vitro cultured 
nasal fibroblasts is significantly affected by the culture condi-
tions used and is inhibited by dexamethasone in both fibrob-
last types. Our results ultimately highlight the importance of 
culture methodology on nasal polyp research outcomes.
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