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INTRODUCTION
In 1995, Tos developed a model describing different stages of
nasal polyposis development: Initially, inflammation induces a
rupture of the epithelium, which is followed by a granulation
tissue prolapse due to rising oedematous, submucosal pres-
sure. Subsequently, vascularization and epithelialization com-
plete nasal polyp formation [1]. The mechanisms leading to ini-
tial protrusion are still under investigation, and several factors
have been discussed to be responsible for initiating this
process, including inflammatory changes associated with aller-
gy [2] and aspirin-intolerance [3], fungal infections [4], bacteria
[5] and respiratory viruses [6]. Human rhinoviruses (HRV)
account for more than 50% of these viral upper respiratory
infections in adults [7]. Tissue damage caused by HRV infec-
tions is mediated primarily by host immune responses, includ-
ing the recruitment of eosinophils [8]. Tissue eosinophilia is
considered a histological hallmark of nasal polyposis and has
been shown to correlate with disease severity as well as recur-
rence rate after sinus surgery [9]. Eosinophils cause injury to
respiratory tissue by releasing cytotoxic substances like major

basic protein, eosinophil cationic protein (ECP), eosinophil
peroxidase and autocrine production of cytokines and
chemokines, which results in a self-sustained inflammatory
process [10,11]. The selective recruitment of eosinophils from
the microvasculature to the site of inflammation is mediated
by CC-chemokines, most prominently RANTES (Regulated
upon Activation, Normal T-cell Expressed and Secreted) and
eotaxin [11-13]. Eotaxin is more selective in attracting
eosinophils than RANTES due to its exclusive use of CC-
chemokine receptor-3 (CCR-3) and the predominant expres-
sion of CCR-3 on eosinophils [14]. Although chemokines can
be secreted by numerous cell types, production by residential
cells is particularly relevant to the eosinophil accumulation in
nasal polyps, since fibroblasts are the major cellular source of
RANTES and eotaxin production in nasal mucosa [15]. In
order to further define a possible role of rhinovirus in the
pathogenesis of nasal polyposis, we inoculated primary nasal
fibroblast cell cultures with HRV-16 and measured gene
expression and protein production of RANTES and eotaxin in
a time and dose dependent manner.

Tissue eosinophilia is a hallmark of nasal polyposis and its pathogenesis is an area of high

interest. RANTES and eotaxin are both known to recruit eosinophils, however, the mechanisms

triggering their induction are still uncertain, and viral infections have been suggested to be

involved in this process. Therefore, we investigated whether rhinovirus infection is a stimulus

for RANTES and eotaxin expression and production. Fibroblasts were cultured from healthy

nasal mucosa obtained during endonasal surgery. Cultured cells were infected with human rhi-

novirus-16 for one to 72 hours. Following total RNA isolation and reverse transcription,

RANTES- and eotaxin-mRNA levels were analyzed. In addition, RANTES and eotaxin secre-

tion was measured in culture supernatants by means of an ELISA. Rhinovirus infection

induces RANTES-mRNA expression as early as one hour after infection, persisting for up to 72

hours. Eotaxin-mRNA profiles did not alter significantly from control. Protein production was

confirmatory for both chemokines, indicating distinct translational latency. Our data suggest

that RANTES functions as a host defence mechanism responding to rhinovirus infection, thus

supporting a linkage between rhinovirus infections and the pathogenesis of nasal polyposis.
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MATERIAL AND METHODS
Patients

Primary cell cultures used for the stimulation experiments
were derived from healthy mucosa samples collected from two
female patients (age 72 and 37 at the time of surgery), who
have been treated with partial conchotomy for hyperplasia of
the inferior turbinates. Aside from nickel hypersensitivity in
the 37-year-old woman, there were no allergies as well as no
airway hyperreactivities reported in both patients. After patient
written consent, specimens have been retrieved without any
additional resection (ethical commission approval AZ 22/93).
Immediately after resection, the tissue samples were processed
for primary cell culture. 

Primary cell culture of human nasal fibroblasts

Nasal tissue was cut into small fragments and cultured in
fibroblast medium containing DMEM, 10% fetal calf serum
(FCS) supplemented with penicillin (100 U/ml), streptomycin
(100 µg/ml) (Biochrom, Berlin, Germany) and 2 mM gluta-
mine at 37°C in 5% CO2 humidified atmosphere. After cells
were spread, tissue fragments were removed. The first passage
was performed upon a confluent cell layer. The cells were
washed in PBS and covered in 0.05% trypsin, 0.02% EDTA for
5 min. Further treatment with trypsin was inhibited by adding
FCS-containing DMEM. The cell suspension was centrifuged
for 10 min at 1000 rpm, and the cell pellet was resuspended
with fibroblast medium and seeded in 75 cm2 flasks.

Viral stocks

HRV-16 was obtained from the American Type Culture
Collection (ATCC, Rockeville, MD). Viral stocks were multi-
plied by infection of HeLa cells. Cultures were grown in MEM
EBS, 2% FCS, and 2 mM glutamine for several days at 37°C,
5% CO2 under continuous movement until cytopathic effects
were obvious. The cultures were then frozen and thawed twice
to disrupt cells. The virus-containing fluid was frozen in
aliquots at –70°C.

Titration of HRV-16

Rhinovirus was titrated by exposing confluent cell-monolayers
of fibroblasts in 96-well plated to serial logarithmic dilutions of
virus-containing medium. The plates were incubated at 37°C
for 5 days. After medium removal, the cells were washed with
100 µl of PBS and fixed by adding 50 µl of methanol per well
for one minute. The methanol was replaced with 100 µl of 0.1%
crystal violet for 20 min. Plates were rinsed with PBS and
absorbance was measured at 550 nm using a plate reader
(Dynatech Laboratories, Chantilly, VA, USA). The amount of
specimen required to infect 50% of cells (TCID50) was deter-
mined using the Reed and Muench formula [16].

Infection of human nasal fibroblast with HRV-16

Nasal fibroblasts were plated in 6-well plates until reaching
80% confluence. FCS-free fibroblast medium containing HRV-

16 in the TCID50 was added in two different experimental
setups. Cells were harvested at 1, 3, 6, 12, 24, 48 and 72 hours.
A fibroblast monolayer with non-virus-containing medium
served as control. Harvested cells were used for RNA isolation;
supernatants were used for RANTES and eotaxin detection
with ELISA.

RNA isolation

RNA was isolated using TRIzol® (GIBCO BRL, Eggenstein,
Germany) according to the manufacturer’s instructions.
Briefly, cells were lysed by adding 1 ml TRIzol®, and 0.2 ml
chloroform was added and centrifuged at 12,000 rpm for 15
min at 4°C. RNA was precipitated from the aqueous phase by
addition of 0.5 ml ice-cold isopropyl alcohol and 1 µl glycogen
followed by a 10 min centrifugation at 12,000 rpm and 4°C.
The resulting RNA pellets were rinsed with cold 75% ethanol,
dried and suspended in 50% formamide. The RNA concentra-
tion was quantified by measuring the absorbance of an aliquot
in water at 260 nm. The integrity of the RNA was assessed in
an ethidium bromide containing 1% agarose gel. RNA was
stored at -80°C until further processing. 

RANTES and eotaxin SQRT-PCR

One µg total RNA was reversely transcribed using an
Oligo(dT)-18 primer, SuperScript™ II RNAse H-Reverse
Transcriptase and standard reagents according to the recom-
mendations of the manufacturer (GIBCO BRL, Eggenstein,
Germany). Briefly, in a total of 8 µl volume 1 µg RNA were
assembled with 0.5 µg Oligo(dT) (GIBCO BRL, Eggenstein,
Germany) and DEPC-water, heated to 70°C for 10 min, and
chilled on ice for 5 min. Subsequently, 4 µl of First Strand
Buffer, 2 µl of 0.1 M DTT and 5 µl of 2 mM dNTP mix were
added to each sample. After 2 min incubation at 37°C, 1 µl of
Superscript II was added and samples were incubated at 44°C
for 45 min. The enzyme was inactivated by incubation at 70°C
for 15 min. RT products were diluted with nuclease-free water
to a final volume of 200 µl and kept at 4°C. Intron spanning
sets of primers specific for RANTES sense 5’-GCC TCG CTG
TCA TCC TCA TTG-3’, antisense 5’- TAA CTG CTG CTC
GTC GTG GTC-3’, eotaxin sense 5’-CCC AAC CAC CTG
CTG CTT TAA CCT G-3’, antisense 5’-TGG CTT TGG AGT
TGG AGA TTT TTG G-3’, glycerinaldehyd-3-phosphatdehy-
drogenase (G3PDH) sense 5’-CCA GCC GAG CCA CAT
CGC-3’, antisense 5’-ATG AGC CCC AGC CTT CTC CAT-3’
were used to enable comparison between different cDNA con-
tents of the samples. Subsequently, cDNA corresponding to 50
ng RNA served as template in a Duplex-PCR-reaction contain-
ing 0.8 µM of primers specific for RANTES, eotaxin and 0.1
µM of a G3PDH specific primer pair as internal control. PCR
products were subjected to 2% agarose gel-electrophoresis and
visualized by ethidium bromide staining. PCR signals were
quantified using the analysis software E.A.S.Y Win 32
(Herolab, Belm, Germany). Relative RANTES and eotaxin
gene expression was adjusted to G3PDH signal strength.
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RANTES and eotaxin ELISA

Polystyrene plates were coated overnight at 4°C with 2 µg/µl
polyclonal anti-RANTES IgG (R&D Systems, Minneapolis,
MN, USA) in sodium carbonate buffer (pH 8.9) and blocked
with 1% (w/v) BSA in PBS for 1 hour at room temperature.
After washing the plate with Tween (0.05% in PBS), the pro-
tein supernatants were added and allowed to bind to the poly-
clonal anti-RANTES antibody for one hour. Subsequently,
biotinylated monoclonal antibodies were added at appropriate
dilutions tested in advance [17]. The enzymatic color reaction
was performed using the avidin-biotin-peroxidase method
(ABC-kit, Vector Laboratories, Burlingame, CA, USA) with o-
phenylendiamin as substrate. Optical density was measured at
492 nm in a Behring ELISA processor II (Behring, Liederbach,
Germany). A complete calibration curve was used to calculate
the concentration of RANTES in ng/ml. For the eotaxin

ELISA, the same protocol was used with monoclonal eotaxin
capture antibody and biotinylated eotaxin detection antibody
purchased from R&D (Minneapolis, MN, USA). 

Statistical evaluation

Statistical analysis was performed using SPSS 9.0 (Statistical
Package for the Social Sciences, SPSS Inc., Chicago, IL, USA).
Both G3PDH adjusted chemokine expression as well as pro-
tein production in the virus-stimulated cells were compared to
the control at various time intervals, and analyzed using the
paired t-test. A p < 0.05 was considered significant.

RESULTS
Agarose gel electrophoresis assessment of the RNA samples
revealed sufficient quality and quantity. 

Figure 1. RANTES- (left panel) and eotaxin- (right panel) mRNA expression in nasal fibroblasts at various time points after rhinovirus infection,

adjusted to relative G3PDH signal strength. Values are relative to the G3PDH signal. Increased mRNA expression post infection is observed for

RANTES, but not for eotaxin. Results are mean ± SEM.

Figure 2. Time-courses of RANTES (left panel) and eotaxin (right panel) production after exposure of nasal fibroblasts to HRV-16. Both chemokines

tend to increase with time. RANTES production becomes significantly elevated at the 72 hour-time point. Results are mean ± SEM of nasal cells from

two patients. *p < 0.05.
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Effects of HRV infection on chemokine mRNA expression

RANTES-mRNA could not be detected before stimulation.
RANTES-mRNA levels were elevated as soon as one hour
after infection (15% of the relative G3PDH value) and reaching
a plateau at six hours (35%). Highest RANTES-mRNA levels
were measured at the 72 h time point with 65%. In contrast,
eotaxin-mRNA was constitutively expressed (Figure 1). 

Effects of HRV-16 stimulation on chemokine protein production in

nasal fibroblasts

No basal RANTES protein production was found in super-
natants of uninfected fibroblasts. RANTES was furthermore
not detectable the first 12 hours after incubation of fibroblasts
with rhinovirus. RANTES production started at 24 hours
although increased levels of RANTES in all cultures were not
measured before 48 hours (0.19 ng/ml). Maximal elevated
RANTES levels were detected at 72 hours (0.67 ng/ml).
Eotaxin protein production trended, like RANTES, to increase
with latency. During the first 24 hours of HRV exposure,
eotaxin levels were within the basal production (0.09 ng/ml).
After 36 hours of HRV-stimulation, eotaxin was detected at a
concentration of 0.22 ng/ml. The level of eotaxin production
continued to rise up to 0.69 ng/ml, reaching a maximum level
of 0.84 ng/ml, at 48 and 72 hours, respectively. In summary, a
trend of late rhinovirus-stimulated eotaxin production in nasal
fibroblasts can be seen, although none of the elevated eotaxin
levels became statistically significant (Figure 2).

DISCUSSION
The exact localization of CC-chemokine production within the
nasal tissue is of importance for understanding the sequential
accumulation of different inflammatory cells. Nasal RANTES
production is mainly localized to fibroblasts and endothelial
cells, while eotaxin production is connected to endothelial
cells, fibroblasts and also epithelial cells [18]. This is suggestive
for a role for RANTES as first general immune response medi-
ator in the vicinity of blood vessels involving various inflam-
matory cells, including eosinophils, T lymphocytes and mono-
cytes. On the other hand, eotaxin is a more selective
eosinophil chemoattractant. It is therefore not surprising that
its concentration increases with proximity to the epithelial
luminal side of the nose, where nasal pathogens, e.g. viruses
get in first contact with the nasal mucosa. Eotaxin seems to be
involved in a precise selection of eosinophils to migrate to the
airway lumen to defend pathogens at this site.

In nasal polyps, increased levels of RANTES and eotaxin have
been measured, suggesting a role in the pathogenesis of this
disease [13,19], however the factors causing their increased pro-
duction have not been identified yet. In consideration of previ-
ous reports on other viral induced airway diseases supporting a
triggering effect of antiviral host response, we suspected that
these host defense mechanisms could also trigger a nasal poly-
posis in reaction to a rhinovirus infection [20,21]. Our data

show that the stimulation of fibroblasts, which are the major
source of CC-chemokines in the nose, with rhinovirus, induces
production of RANTES. This present observation identifies a
possible link between rhinovirus infection and eosinophilic
inflammation of the nose. Evidence for a HRV-induced nasal
eosinophil accumulation was also published by Greiff et al.,
who found increased ECP and eotaxin in the nasal lavage of
patients undergoing experimental HRV-16 infection [22,23].
The upregulation of RANTES in nasal cells in response to rhi-
novirus inoculation is consistent with previous investigations
in the lower respiratory tract, where interactions of rhinovirus
and eosinophils have been studied more extensively due to the
known association of common colds and asthma exacerba-
tions: An increase of RANTES and eotaxin following rhi-
novirus infection has been shown for bronchial cells [24,25]. 

The recruitment of eosinophils into the nasal mucosa is a part
of an antiviral immune response. The eosinophil secretory
products eosinophil-derived neurotoxin (EDN) and ECP have
both ribonuclease activity, and have recently been shown to
inactivate single-stranded RNA virions: both ECP and EDN
promoted a dose-dependent decrease in respiratory syncytial
virus infectivity [26]. Antiviral activity of EDN has also been
demonstrated against pneumonia virus of mice, parainfluenza
virus and the human immunodeficiency virus [27-29]. This
suggests also an antiviral effect of these eosinophil products
against other single-stranded RNA viruses like HRV. However,
the antiviral activity of eosinophil released products is accom-

Figure 3. Schematic illustration of the potential effects of human rhi-

novirus induced release of RANTES and eotaxin in the mucosa: (1)

Human Rhinovirus is infecting nasal mucosa, which triggers (2)

RANTES and (3) eotaxin production. Both mediators lead to

eochemotaxis (4), which promote proinflammatory cytokines (PIC)

and CC receptor expression in the endothelium. CCR-3 positive

eosinophils in the bloodstream start the process of leukodiapedesis

first by rolling and adhesion (5), than by migration through the

endothelium into the submucosa (6), from where on they follow their

chemotactic gradient.
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panied by their detrimental features causing ciliostasis, epithe-
lial destruction and selfsustained inflammatory changes.
Tissue eosinophilia once initiated by RANTES and eotaxin is
prolonged by IL-3, IL-5, and GM-CSF, which are known to
inhibit eosinophil apoptosis and will be produced by
eosinophils in an autocrine manner [30-32]. 
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