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Abstract t 

Neutrophilss are involved in inflammatory process in patients with chronic bronchitis 

andd with chronic obstructive pulmonary disease (COPD). Neutrophils contain a 

varietyy of antimicrobial peptides, such as neutrophil defensins, that kill micro-

organismss and may contribute to the airway inflammation by induction of the release 

off  pro-inflammatory cytokines by epithelial cells. Bacteria such as H. influenzae 

colonizee such inflamed airways and cause recurrent infections in COPD patients. In 

thiss study, we showed that H. influenzae and neutrophil defensins synergized in 

increasingg the release of IL-6 and IL-8 by the airway epithelial cell line NCI-H292, by 

increasingg the IL-6 and IL-8 release more than 3-fold (p < 0.02). The synergy in the 

IL-66 and IL-8 release was mainly observed using relatively low bacterial load (105 

andd 106 CFU/ml) and low concentrations of defensins (20 ug/ml) after 24 hr of 

exposure.. IL-6 and IL-8 mRNA in NCI-H292 cells was also increased upon exposure 

too H. influenzae and defensins. Exposure to H. influenzae and neutrophil defensins 

comparedd to both stimuli alone had no detectable effect on the activity of the 

transcriptionn factor NF-KB, and only a moderate effect on AP-1 and C/EBP. In the 

presencee of H. influenzae and defensins the stability of the IL-6 and IL-8 mRNA was 

increased,, suggesting that the synergism was mainly post-transcriptionally regulated. 

Sincee COPD patients, especially those with bacterial infections, have chronically 

inflamedd airways, it is likely that the observed IL-6 and IL-8 release contributes to the 

inflammationn in the COPD patients. 
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Introductio n n 

Thee airways of patients with chronic bronchitis and chronic obstructive pulmonary 

diseasee (COPD) are chronically inflamed [3]. This inflammatory process may 

predisposee to bacterial colonization and (recurrent) infection of the lower respiratory 

tract,, with Haemophilus influenzae as one of the most frequently isolated pathogens 

[13].. H. influenzae persists in the airways of these patients, despite the abundant 

presencee of bactericidal antibodies and neutrophils [13]. Neutrophils contain a variety 

off  antimicrobial peptides, including neutrophil defensins. Defensins (also referred to 

ass human neutrophil peptide [HNP]) are small cationic peptides with a broad 

spectrumm of antimicrobial activities [9,10,18] and toxic activity for mammalian cells 

[17,26]. . 

Previously,, we have shown that defensins affect the interaction of H. influenzae 

withh epithelial cells by enhancing bacterial adherence, a process for which 

metabolicallyy active epithelial cells are required [11,12]. Since both H. influenzae 

[4,16,23]]  and neutrophil defensins [27,28] induce the release of the pro-inflammatory 

cytokiness interleukin-6 (IL-6) and IL-8, we determined whether defensins affect the 

IL-66 and IL-8 release induced by H. influenzae. This is of particular interest because 

bothh IL-6 [15,22] and IL-8 [1] are key mediators in neutrophilic inflammation. The 

lungg mucoepidermoid carcinoma derived epithelial cell line NCI-H292 was used as a 

modell  to analyze this interaction, since this cell line was previously used for the 

adherencee studies with H. influenzae and defensins [11,12], as well as for unraveling 

regulatoryy mechanisms in the IL-6 and IL-8 responses [19,20]. 

Inn this study, we showed that in the presence of neutrophil defensins, 

H.H. influenzae synergistically increased IL-6 and IL-8 release by NCI-H292 epithelial 

cells.. The increased IL-8 release was mainly due to increased stability of the IL-8 

mRNA. . 

Material ss and Methods 

Bacteriall  strains and culture 

HaemophilusHaemophilus influenzae strains A850048 and A950006 were cultured on chocolate agar 
platess (Oxoid, Haarlem, The Netherlands). These strains were used in previous studies 
[11,12,25]]  and were in vitro non-adherent and adherent, respectively, to NCI-H292 cells. The 
bacteriaa were resuspended in PBS at a density of OD6oonm of 1 (~ 109 CFU/ml). These 
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suspensionss were used for the adherence assays. For the analysis of cytokine release, 10-fold 
dilutionss in PBS were made. 

Celll  culture 

NCI-H2922 cells (ATCC CRL 1848) [2] were maintained in RPM1 1640 medium {In Vitrogen, 
Paisley,, UK) supplemented with 10% fetal calf serum (FCS). The cells were maintained in the 
absencee of antibiotics and grown in 25 or 75 cm2 culture flasks (Falcon) at 37°C in a 
humidifiedd atmosphere containing 5% CO2. For the analysis of cytokine release, 3x10 cells 
weree plated and grown overnight in 500 ul in 24-wells plates. For the analysis of mRNA and 
thatt of transcriptional activity, 15x10 cells were plated and grown overnight in 2.5 ml in 
6-wellss plates. For the adherence assays. 3x10' cells were plated and grown overnight in 500 
ull  in 24-wells plates on round glass coverslips (12 mm diameter) (Menzelglaser, 
Braunschweitz,, Germany). The culture medium was replaced by RPM1 1640 medium without 
FCSS and incubated for another night prior to the addition of bacteria and/or defensins. 

Isolationn of neutrophil defensins 

Thee neutrophil defensins were isolated as a mixture of FfNP-1, HNP-2, and HNP-3 from an 
aceticacetic acid extract obtained from human neutrophilic granules using gel filtration 
chromatographyy on Sephacryl S-200 HR (2.5x100 cm) (Pharmacia, Uppsala, Sweden) as 
describedd [27]. The purity of the defensins was assessed by SDS-PAGE and acid urea-PAGE 
andd mass spectrometry [14,27]. 

Exposuree of NCI-H292 cells to bacteria and defensins 

Cellss were exposed in serum-free RPMI medium to H. influenzae (106 CFU/ml), and 20 
ug/mll  HNP1-3, unless mentioned otherwise. They were added in 1 ml final volume for both 
24-- and 6-wells plates. As a positive control, TNF-ct (Sigma Chemical Co, St Louis, MO; 
200 ng/ml in 24-well plates and 5 ng/mi in 6-wells plates) was used. Four hr after the initial 
exposure,, 3 (xg/ml chloramphenicol was added to all wells. This concentration of 
chloramphenicoll  caused bacterial growth inhibition, as determined by colony counts after 24 
hrr incubation and did not affect IL-6 and IL-8 release. In selected experiments, heat-
inactivatedd bacteria (56°C for 30 min) and purified lipooligosaccharide (LOS) from 
H.H. influenzae strain 770235 (100 ug/ml) were used. To examine the effect of dexamethasone 
(dex)) on IL-6 and IL-8 release, the cells were co-exposed to 1 uM dexamethasone (Sigma 
Chemicall  Co). 

Afterr the appropriate time of stimulation, the culture supernatants from the 24-wells 
platess were collected and stored at -20°C until analysis. The NCI-H292 cells from the 6-wells 
platess were lyzed with TRIzol reagent (In Vitrogen) to isolate RNA according to the 
manufacturer'ss protocol. Alternatively, after the exposure of the epithelial cells grown in 
6-wellss plates, nuclear extracts were prepared (as outlined below). 

Determinationn of IL- 6 and IL- 8 proteins 

Thee concentrations of IL-6 and IL-8 in culture supernatants were measured using ELISA kits 
fromm Sanquin (Amsterdam, The Netherlands) according to the manufacturer's protocol. 
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RNAA analysis 

IL-66 and IL-8 mRNA were determined as described [19,20]. Briefly, RNA was dot spotted 
andd hybridized with specific 32P-labeled probes for IL-6 or IL-8. The mRNA levels were 
quantifiedd using a phosphorimager and variable loading was corrected by expressing mRNA 
levelss relative to the housekeeping GAPDH mRNA. The stability of IL-6 and IL-8 mRNA 
waswas analyzed following co-incubation with actinomycin D (5 fig/ml) (Sigma Chemical Co) 
forr 0, 40, and 80 min, after 8 and 24 hr of exposure to H. influenzae and defensins. 

Isolationn of nuclear  extracts and electrophoretic mobilit y shift assay (EMSA) 

Nuclearr extracts were isolated as described [19,20]. Protein concentrations were measured 
usingg a protein assay kit (Bio-Rad, Hercules, CA). Two ug of the nuclear extracts were 
incubatedd with 32P-labeled oligonucleotides at 4°C for 1 hr as described [19,20] and separated 
onn a 4% non-reducing poly-acrylamide gel at slowly increasing voltages (80-200V). The 
specificityy of the bands was confirmed by supershift using 1 ug of antibodies against 
C/EBP-pp for C/EBP, p65 for NF-KB, and c-fos and c-jun for AP-1, (Santa Cruz biotechnology 
Inc.,, Santa Cruz, CA). The intensity of the bands were quantified using a phosphorimager. 
Thee following oligonucleotides were used in the EMSA: NF-KB, 5'-
TTGCAAATCGTGGAATTTCCTCTGACATAA-3';; C/EBP, 5'-TTAAAGGACGTCACA 
TTGCACAATCTTAATAA-3' ;; AP-1, 5'-TTAAGTGTGATGACTCAGGTTTAA-3\ 

Bacteriall  adherence assay 

Thee adherence assay was used as described [11,12,25] to determine whether adherence of the 
H,H, influenzae strains was affected by the presence of 1 uM dexamethasone. Briefly, the 
mediumm covering the cells grown on glass coverslips was replaced with RPMI 1640 medium 
withoutt FCS. Bacteria and defensins were added in rapid succession at final concentrations of 
1088 CFU/ml and 20 |xg/ml, respectively. After 4 hr of incubation and subsequent washing, the 
cellss were fixed in 4% paraformaldehyde and 1% glutaraldehyde and the number of adherent 
bacteriaa was counted using light microscopy [11,25]. 

Statisticall  analysis 

Thee data were statistically analyzed by a student's t-test and differences were considered 
significantt at p < 0.05. 

Results s 

Synergisticc effect of H. influenzae and defensins on IL- 6 and IL- 8 release by 

NCI-H2922 cells 

Thee effect of H. influenzae and neutrophil defensins on IL-6 and IL-8 release by 

NCI-H2922 cells was determined. In initial experiments, cells were exposed to 

1066 CFU/ml of the non-adherent H. influenzae strain A850048 or to 20 ug/ml 
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neutrophill  defensins or to a combination of both. IL-6 release was not observed after 

66 hr exposure to H. influenzae strain A850048 alone or defensins alone. However, 

exposuree to the combination of//, influenzae strain A850048 and defensins resulted in 

aa low release of IL-6 (table 1). The IL-8 release after 6 hr exposure was low for 

//.. influenzae strain A850048 alone and defensins alone. The combination of 

//.. influenzae strain A850048 and defensins resulted in a non-significant 2-fold 

increasedd IL-8 release (table 1). These results indicated that the IL-6 and IL-8 release 

mayy occur more rapidly in the presence of both H. influenzae and defensins. Exposure 

forr 24 hr to either H. influenzae strain A850048 or defensins resulted in a limited 

releasee of IL-6 (table 1). The combination of H. influenzae and defensins 

synergisticallyy increased the IL-6 release 3-fold compared to the IL-6 release by either 

//.. influenzae or defensins (p < 0.04). Similarly, the IL-8 release by NCI-H292 cells 

wass 3-fold enhanced upon exposure to the combination of//, influenzae A850048 and 

defensinss compared to the release after exposure to H. influenzae alone and defensins 

alonee (p < 0.001) (table 1). These results indicated that H. influenzae and neutrophil 

defensinss synergistically enhanced IL-6 and IL-8 release by NCI-H292 cells. 

Exposuree for 30 hr with H. influenzae strain A850048 alone resulted in increased IL-6 

levelss compared to that after 24 hr, diminishing the synergistic effect of defensins on 

thee IL-6 release (table 1). For IL-8, the synergism was still observed after 30 hr of 

exposuree to H. influenzae strain A850048 and defensins (p < 0.05) (table 1). 

Tablee 1. Levels of IL-6 and IL-8 in cell culture supernatant of NCI-H292 cells after 

6,, 24, and 30 hr of exposure to H. influenzae (Hi) strain A850048 (106 CFU/ml), 

defensinss (HNP1-3, 20 ug/ml), or a combination of both. 

control l 

Hi i 

HNP P 

Hi+HNP P 

6hr r 

IL-6a a 

<< 10 

<< 10 

<< 10 

222 5 

IL-8a a 

<< 15 

233 7 

244 9 

666 6 

IL-6a a 

<< 10 

355  22 

244 7 

1822 * 

244 hr 

IL-811 1 

<< 15 

9 9 

1533  101 

10900 * 

300 hr 

IL-6a a 

<< 10 

2844  172 

244 4 

3677  89 

IL-8a a 

<< 15 

6366  238 

1000 4 

* * 

dataa are expressed as the average  SEM (pg/ml) for three independent experiments, 
eachh performed in triplicate. 
pp < 0.05 compared to Hi A850048 alone, to defensins alone, and to the sum of both. 
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Wee next determined the IL-6 and IL-8 release following exposure to various 

CFU/mll  of//, influenzae strain A850048 and various concentrations of defensins after 

244 hr of exposure. At 105 and 106 CFU/ml of//, influenzae, defensins synergized in 

bothh IL-6 and IL-8 release (figure 1). A more than 5-fold increased IL-6 release was 

foundd for 105 CFU/ml of H. influenzae and 10 or 20 ug/ml defensins (p < 0.005) 

comparedd to the exposure to either H. influenzae or defensins (figure 1A). For 

1066 CFU/ml of//, influenzae and 2, 10 or 20 ug/ml neutrophil defensins, a more than 

3-foldd increase (p < 0.02) was observed compared to either H. influenzae or defensins 

(figuree 1A). Similarly, IL-8 release increased more than 3-fold with 105 and 106 

CFU/mll  of bacteria and 10 or 20 ug/ml of neutrophil defensins (p < 0.04) (figure IB). 

Higherr concentration of H. influenzae (107 and 108 CFU/ml) in combination with 

defensinss did not result in a further increased IL-6 and IL-8 release (figure 1). These 

resultss indicated that the synergism of H. influenzae and defensins was most 

prominentt at low amounts of bacteria. 

noo bacteri a 10'CFU/m l l 1066 CFU/ml 107 CFU/ml 108 CFU/ml 

400 0 
350 0 

—— 30 0 
ÜÜ 25 0 
SS 20 0 
«TT 15 0 
dd 10 0 jjiiLiittl l 

00 2 10 20 0 2 10 20 0 2 10 20 0 20 

00 20 

^^ 400 -
2000 - jttik k 

00 2 10 20 0 2 10 20 0 2 10 20 0 20 

HNP1-33 (MQ/ml) 

00 20 

Figuree 1. The release of IL-6 (A) and IL-8 (B) by NCI-H292 cells after 24 hr exposure to 
variouss numbers of H. influenzae (Hi) strain A850048 and various concentrations of 
neutrophill  defensins (HNP1-3). The results are expressed as the average and SEM of at least 
threee independent experiments, each performed in triplicate. *, p < 0.05 compared to the IL-6 
andd IL-8 levels released after exposure to either H. influenzae or defensins as well as to their 
sum. . 
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Too determine whether this synergism was also observed for an adherent strain, 

thee effects of exposure of the cells to H. influenzae strains A850048 and A950006 

weree compared. Exposure for 24 hr to both H. influenzae strains (106 CFU/ml) in 

250 0 

noo bacteria Hii A50048 
viable e 

HiA50048 8 
C C 

HiA9500066 HiA950006 

viable e C C 

Figuree 2. The release of IL-6 (A) and IL-8 (B) by NC1-H292 cells after 24 hr exposure to 
1066 CFU/ml H. influenzae strain A850048 or A950006 in the absence (-) and presence (+) of 
200 ng/ml neutrophil defensins (HNP1-3). Viable or heat-inactivated (56°C for 30 min) 
H.H. influenzae strains were used. The results are expressed as the average and SEM of at least 
threee independent experiments, each performed in triplicate. *, p < 0.05 compared to the IL-6 
orr IL-8 levels released after exposure to either H. influenzae or defensins as well as to their 
sum;; ** , p < 0.05 compared to the IL-6 or IL-8 levels released after exposure to either 
H.H. influenzae or defensins. 
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combinationn with defensins (20 ug/ml) resulted in a more than 3-fold increased IL-6 

andd IL-8 release compared to the IL-6 and IL-8 release upon exposure to either 

H.H. influenzae strain A850048, A950006 or defensins alone (p < 0.04) (figure 2). 

Exposuree of heat-inactivated H. influenzae strain A850048 or strain A950006 to the 

NCI-H2922 cells resulted in a slightly higher IL-6 release compared to the viable 

strainss (figure 2A). This IL-6 release was 1.8-fold increased in the presence of 

defensinss (not significantly). IL-8 release upon exposure to the combination of heat-

inactivatedd H. influenzae strain A850048 and defensins was still significantly more 

thann 2-fold increased (p < 0.05) compared to either heat-inactivated H. influenzae or 

defensinss (figure 2B). This suggested that a heat-stable bacterial component is 

involved.. Since lipooligosaccharide (LOS) from H. influenzae is a heat-stable 

componentt and LOS induces IL-6 and IL-8 release by epithelial cells [23], we studied 

whetherr purified LOS displayed a similar synergism with defensins on the IL-6 and 

IL-88 release as shown for defensins and H. influenzae bacteria. Exposure for 24 hr to 

1000 ug/ml purified LOS from H. influenzae, resulted in a release of 211 3 pg/ml 

IL-66 and 322  122 pg/ml IL-8 (n = 3). The combination of purified LOS and 

defensinss (20 ug/ml) did not affect the release of these cytokines by the NCI-H292 

cellss compared to the release by LOS alone and defensins alone (IL-6: 99  31 pg/ml 

andd IL-8: 229  77 pg/ml). Therefore, LOS did not mimic the synergistic effect of 

bacteriaa and defensins on the cytokine release by NCI-H292 cells. 

Effectt  of/ƒ. influenzae and neutrophil defensins on IL- 6 and IL- 8 mRNA levels 

Too examine the mechanism by which H. influenzae and defensins synergized in the 

IL-66 and IL-8 release, we first determined IL-6 and IL-8 mRNA expression in time. 

Theree was no apparent increase in the IL-6 mRNA level after exposure to defensins 

(200 \iglm\). Upon exposure to H. influenzae alone (106 CFU/ml), the level of IL-6 

mRNAA was slightly increased after 24 hr, but not yet after 8 hr (figure 3A). Exposure 

too H. influenzae (106 CFU/ml) and defensins (20 ug/ml) increased IL-6 mRNA levels 

byy 2.5-fold at 24 hr as compared to that with bacteria alone (non-significant). IL-8 

mRNAA levels were also increased after 24 hr exposure to H. influenzae (figure 3B), 

butt only slightly further increased by H. influenzae and defensins (non-significant). 

Exposuree to defensins did not increase IL-8 mRNA levels in NCI-H292 cells. These 

resultss indicated that the IL-6 and IL-8 mRNA levels were only increased after more 

thann 8 hr exposure to H. influenzae and defensins. 
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-OO Hi A850048+HNP 
-AA HA850048 
-  HNP1-3 
-X-- - - control 

00 4 8 12 16 

Stimulatio nn tim e (hr) 

Figuree 3. IL-6 (A) and IL-8 (B) mRNA levels in NC1-H292 cells after exposure to 
H.H. influenzae strain A850048 (106 CFU/ml) and neutrophil defensins (HNP1-3, 20 ug/ml). 
Thee results are expressed as the fold increase compared to resting, non-exposed cells. The 
averagee and SEM of three independent experiments, each performed in duplicate or triplicate 
aree shown. 

Transcriptiona ll  activity of transcriptio n factors N F - K B , C/EBP and AP-1 

IL- 66 gene transcription in TNF-a- and LPS-stimulated NCI-H292 cells is dependent 

onn transcription factor CCAAT/enhancer binding protein (C/EBP) [19] and the 

productionn of IL-8 on nuclear factor KB ( N F - K B) and activator protein-1 (AP-1) [20]. 

Too determine whether the synergism between H. influenzae and defensins is related to 
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TNF F 

1 1 
control l HNP P Hii + HNP ss s 

11 2 4 24 1 44 24 1 2 4 24 1 244 p65 

control l Hii + HNP 

Figuree 4A. The DNA-binding activities for NF-KB in nuclear extracts of NCI-H292 cells 
uponn exposure to H. influenzae strain A850048 (106 CFU/ml) and neutrophil defensins 
(HNP1-3,, 20ug/ml). The upper part of the figure shows a representative electrophoretic 
mobilityy shift assay (EMSA) gel and the lower part the quantification the gels from three 
independentt experiments. The arrows indicate the specific bands. The supershift (ss) as 
determinedd using specific antibody against the p65 subunit of NF-KB for the samples after 24 
hrr exposure to the combination of H. influenzae and defensins is indicated on the right part of 
thee gel. 
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TNFF control Hi HNP Hi + HNP ss 

11 1 2 4 24 1 2 4 24 1 2 4 24 1 2 4 24 C/EBP-p 

11 1 2 4 24 1 2 4 24 1 2 4 24 1 2 4 24 

TNFF control Hi HNP Hi + HNP 

Figuree 4B. The DNA-binding activities for C/EBP in nuclear extracts of NCI-H292 cells 
uponn exposure to H. influenzae strain A850048 (106 CFU/ml) and neutrophil defensins 
(HNP1-3,, 20ug/ml). The upper part of the figure shows a representative electrophoretic 
mobilityy shift assay (EMSA) gel and the lower part the quantification the gels from three 
independentt experiments. The arrow indicate the specific bands. The supershift (ss) as 
determinedd using specific antibody against the C/EBP-P subunit of C/EBP for the samples 
afterr 24 hr exposure to the combination of H. influenzae and defensins is indicated on the 
rightt part of the gel. 
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TNFF contro l Hi i HNPP Hi + HNP ss 

11 1 2 4 24 1 2 4 24 1 2 4 24 1 2 4 24 fos jun 

TNF F contro l l Hii  + HNP 

Figuree 4C. The DNA-binding activities for AP-1 in nuclear extracts of NCI-H292 cells upon 
exposuree to H. influenzae strain A850048 (106 CFU/ml) and neutrophil defensins (HNP 1-3, 
20ug/ml).. The upper part of the figure shows a representative electrophoretic mobility shift 
assayy (EMSA) gel and the lower part the quantification the gels from three independent 
experiments.. The arrow indicate the specific bands. The supershift (ss) as determined using 
specificc antibody against respectively the fos and jun subunit of AP-1 for the samples after 
244 hr exposure to the combination of H. influenzae and defensins is indicated on the right part 
off  the gel. 
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ann increased activation (i.e. increased nuclear localization and specific binding 

capacity)) of the relevant transcription factors, we performed electrophoretic mobility 

shiftt assays (EMSA) with nuclear extracts. NCI-H292 cells were exposed for 1, 2, 4 

andd 24 hr to either H. influenzae strain A850048 (106 CFU/ml) or defensins 

(200 ug/ml) or a combination of both, after which nuclear extracts were obtained. The 

specificc bands were identified by a specific antibody-induced shift, as shown in the 

rightt lanes of figure 4. For all conditions, no clear activation of the transcription 

factorss was observed. Only after 24 hr of exposure to defensins or the combination 

H.H. influenzae and defensins, a slightly increased activation of C/EBP and AP-1 was 

observed.. These results indicated that the synergism by H. influenzae and defensins in 

IL- 66 and IL-8 release was not mainly due to an increased transcriptional activity. 

88 hr st imulat ion B B 244 hr st imulation 

Hii A 850048 + HNP 
HNP1-3 3 
Hii A 850048 

Hii A850048 + HNP 
HNP1-3 3 
Hii A850048 

200 40 60 80 

00 20 40 60 80 

timee after addition of actinomycin D (min) 

Figuree 5. Stability of IL-6 (A,B) and IL-8 (C,D) mRNA after 8 hr (A,C) and 24 hr (B,D) of 
exposuree to H. influenzae strain A850048 (106 CFU/ml) and neutrophil defensins (HNP 1-3, 
200 ug/ml). The results are expressed as the average and SEM of five different experiments, 
eachh performed in duplicate or triplicate. *, p < 0.05 compared to the rate of mRNA 
degradationn upon exposure to either H. influenzae or defensins alone; ", p < 0.01 compared to 
thee rate of mRNA degradation upon exposure to H. influenzae alone. 
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Stabilityy of mRNA for  IL- 6 and IL- 8 

Previouss studies have indicated that mRNA degradation plays an important role in 

regulatingg IL-6 and IL-8 mRNA expression [7]. To determine whether the synergism 

inn IL-6 and IL-8 mRNA release was dependent on a prolonged half-life for IL-6 and 

IL-88 mRNA, mRNA half-lives were assessed after 8 and 24 hr of exposure to 

H.H. influenzae strain A850048 (106 CFU/ml) and defensins (20 ug/ml). For IL-6 

mRNAA at 8 and 24 hr of exposure and for IL-8 mRNA at 8 hr of exposure, no 

differencess in mRNA stability were observed for the different stimuli (figure 5). IL-8 

mRNAA degradation in cells after 24 hr of exposure to H. influenzae and defensins, 

however,, revealed mRNA stabilization (figure 5). This stabilization was significant at 

400 min after the addition of actinomycin D as opposed to that in cells exposed to 

H.H. influenzae alone or defensins alone (p < 0.04) and significant at 80 min after the 

additionn of actinomycin D compared to H. influenzae alone (p < 0.008). Defensins 

alonee tended to increase the half-life of IL-8 mRNA, but this was not significant 

comparedd to the exposure to H. influenzae alone. These results indicated that the 

synergismm between H. influenzae and defensins in IL-8 release was, at least in part, 

duee to an increased stability of IL-8 mRNA. 

Effectt  of dexamethasone on the cytokine release 

Corticosteroidss exert anti-inflammatory effects by modulating the expression of many 

inflammatoryy mediators such as that of IL-6 and IL-8 [5]. In this study, the effect of 

thee corticosteroid dexamethasone on the synergistically increased release of IL-6 and 

Tablee 2. Effect of dexamethasone (dex, 1 uM) on the adherence of H. influenzae to 

NCI-H2922 cells in the presence and absence of neutrophil defensins (HNP1-3, 

200 ug/ml) 

A850048 8 

A8500488 + HNP1-3 

A950006 6 

A9500066 + HNP1-3 

control l 

0 0 

138 8 

23 3 

126 6 

Adherence e 

range e 

(108-179) ) 

(13-35) ) 

(96-172) ) 

.a a 

dex x 

0 0 

137 7 

26 6 

106 6 

range e 

(99-197) ) 

(12-59) ) 

(94-117) ) 

adherencee (bacteria / epithelial cell) as determined by light microscopy of two different 
experimentss performed in duplicate 
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IL- 88 by NCI-H292 cells induced by H. influenzae strain A850048 and A950006 

(100 CFU/ml) and defensins (20 |ig/ml) was assessed. The adherence of both 

H.H. influenzae strains as well as the defensin-enhanced adherence of these strains were 

nott affected by 1 uM dexamethasone (table 2). Dexamethasone (1 uM) markedly 

inhibitedd IL-6 release induced by H. influenzae strain A850048 as well as strain 

A9500066 and by defensins alone (figure 6A). In contrast, dexamethasone did not 

significantlyy inhibit the IL-6 release after exposure with H. influenzae strain A850048 

2500 -, 

200 0 

EE 150 
'S) ) 

<£> > 
\\ 100 

500 -

B B 
1200 0 

1000 0 

—— 800 

O) ) 
aa 600 
oo o 

—— 400 

200 0 

HNP P 

 control 

Qdex x 

HiA8500488 HiA850048 Hi A950006 Hi A950006 
++ HNP t-HNP P 

HNP P HiA8500488 HiA850048 Hi A950006 Hi A950006 
+HNPP +HNP 

Figuree 6. Effect of dexamethasone on the IL-6 (A) and IL-8 (B) release by NCI-H292 cells 
afterr 24 hr of exposure to H. influenzae strain A850048 (106 CFU/ml) and neutrophil 
defensinss (HNP1-3, 20 ug/ml). The results are expressed as the average and SEM of four 
independentt experiments, each performed in triplicate. *, p < 0.05 compared to the control in 
thee absence of dexamethasone. 
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andd defensins. IL-6 release after exposure to H. influenzae strain A950006 was 

significantlyy inhibited (p < 0.04). IL-8 release upon exposure to H. influenzae strain 

A88 50048 as well as strain A950006 and defensins was significantly inhibited by 

dexamethasone.. These results indicated that the synergistic increased IL-6 and IL-8 

releasee was sensitive to dexamethasone. 

Discussion n 

Thee results from the present study showed that the combination of H. influenzae and 

neutrophill  defensins synergistically increased the production of the pro-inflammatory 

cytokiness IL-6 and IL-8. The underlying mechanism involved at least stabilization of 

IL-88 mRNA. IL-6 and IL-8 release induced by H, influenzae and defensins was 

sensitivee to downregulation by the corticosteroid dexamethasone. 

Thee increased release of IL-6 and IL-8 was apparent already 6 hr after exposure 

too defensins together with a relatively low bacterial load of 106 CFU/ml. At 24 hr of 

exposure,, the synergistic effect was predominantly seen with low bacterial loads 

(1055 and 106 CFU/ml). These findings may indicate that in the respiratory tract of 

COPDD patients, the inflammatory processes are affected by the combination of 

H.H. influenzae and defensins by lowering the threshold numbers of bacteria required to 

inducee a rapid inflammatory response. Thereby, the local milieu can respond quickly 

too relatively low bacterial loads. It is of interest to note that in the presence of high 

numberss of bacteria, defensins did not further increase IL-6 and IL-8 release. It may 

bee envisaged that this mechanisms limits extensive inflammation and subsequent 

tissuee damage. 

Thee synergistic increased IL-6 and IL-8 release with defensins was observed with 

viablee and heat-inactivated H. influenzae, suggesting that the relevant bacterial 

componentt was heat-stable. Although LOS of H. influenzae is heat-stable and has 

beenn shown to induce IL-6 and IL-8 release by epithelial cells [23], purified LOS 

combinedd with defensins did not synergize in the release of IL-6 and IL-8. 

Purificationn of LOS may have affected its conformational state [24], which might 

explainn the loss of synergism and thus does not exclude LOS as a relevant component 

inn the synergized IL-6 and IL-8 release. Alternatively, another heat-stable bacterial 

componentt such as peptidoglycan may be involved in the synergism between 

defensinss and bacteria in IL-6 and IL-8 release. 
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Thee induction of IL-6 and IL-8 protein by H. influenzae and defensins is slow as 

comparedd to previous studies with this cell line when exposed to TNF-oc [19,20]. This 

iss also reflected at the mRNA level, where no clear peaks were observed, but instead a 

ratherr gradual increase. The most pronounced effect was seen when H. influenzae and 

defensinss were combined, resulting in further increased IL-6 and IL-8 mRNA levels 

afterr 24 hr of exposure. Also the transcriptional activation compared to the control 

treatmentt with culture medium only, as assessed by EMSA experiments, was hardly 

observedd for H. influenzae and defensins as well as the combination of both. This is in 

linee with the findings for mRNA expression. The most significant effect was on IL-8 

mRNAA degradation, which is an important mechanism to modulate mRNA 

expression.. The combination of H. influenzae and defensins as well as defensins alone 

increasedd the stability of IL-8 mRNA after 24 hr of exposure. Previously, it was 

shownn that neutrophil defensins did not affect the stability of IL-8 mRNA in A549 

cellss after 6 hr of exposure [27]. This is in line with our results, since 8 hr exposure to 

defensinss did not affect the half life of IL-8 mRNA in NCI-H292 cells. 

Glucocorticoids,, such as dexamethasone, reduce the expression of the 

inflammatoryy cytokines by various means, such as by preventing translocation of 

transcriptionn factors to the nucleus and/or by inducing IKBO., the inhibitor of NF-KB 

[5,8,21].. Previously, it was shown that dexamethasone also promoted IL-6 and IL-8 

mRNAA degradation [6]. Since exposure of NCI-H292 cells to H. influenzae and 

defensinss resulted in a reduced IL-8 mRNA degradation and thus stability of the IL-8 

mRNA,, it may be envisaged that this increased stability will counteract the effect of 

dexamethasone.. Pre-treatment of the NCI-H292 cells for 16 hr with dexamethasone 

resultedd in a further reduced IL-6 and IL-8 release by NCI-H292 cells exposed to the 

combinationn of H. influenzae and defensins (data not shown). This is in line with the 

previouslyy described observation that after pre-treatment, dexamethasone inhibited the 

neutrophill  defensin-induced cytokine release by airway epithelial cells [28]. 

Inn summary, the results from this study show that the release of pro-inflammatory 

cytokiness IL-6 and IL-8 is synergistically increased upon exposure to H. influenzae 

andd neutrophil defensins. The synergized IL-6 and IL-8 release was most evident at 

loww bacterial concentrations. The mechanism by which the IL-8 release was 

synergisticallyy increased involved at least mRNA degradation. Since IL-8 is a 

chemoattractantt for neutrophils [1], the enhanced cytokine release may result in the 

influxx of neutrophils and consequently the release of neutrophil products, including 
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neutrophill  defensins, subsequently resulting in the defensin-enhanced adherence and 

increasedd cytokine release. Therefore, the synergistic increased cytokine release by 

H.H. influenzae and defensins at low bacterial loads likely contributes to the chronic 

inflammationn and infection as observed for the COPD patients. 
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