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Abstract. Influence of allergy on clinical, immunological and histological characteristics of nasal polyposis. Objectives:
Although polyps seem to be a manifestation of the chronic inflammation of nasal/paranasal sinuses mucosa in both
allergic and non-allergic subjects, the pathogenesis of nasal polyposis remains unknown. The aim of this prospective
study was to compare the clinical characteristics of nasal polyposis in non-allergic and allergic patients, to compare the
cytokine levels in nasal secretions in atopic and non-atopic nasal polyp patients and to correlate these levels with
eosinophil counts in nasal polyp tissue specimens.

Methods: This study included thirty patients with nasal polyposis (13 atopic and 17 non-atopic) requiring surgical treat-
ment. Nasal secretion samples were collected from the nasal cavities of all 30 subjects a few days before the surgical
treatment. The levels of tumour necrosis factor-alpha (TNF-a), tumour necrosis factor-beta (TNF-f3), interleukin (IL)-
1B, IL-2, IL-12, interferon-gamma (IFN-y), IL-4, IL-5, IL-6, IL-10, and IL-8 were measured using the flow cytometric
method. Each of the 30 patients was staged clinically according to nasal symptom score, endoscopic score and Lund-
Mackay computed tomography (CT) score. All these patients had undergone sinus surgery. Eosinophils were counted in
hematoxylin- and eosin-stained sections of all nasal polyp samples.

Results: Our results showed that allergy does not modify the symptoms, or the endoscopic and CT findings, of nasal
polyposis. We found significantly higher concentrations of IL-4 (p<0.01), IL-5 (p<0.05), IL-6 (p<0.05) and TNF-f3
(p<0.05) in nasal secretions of allergic nasal polyp patients than in non-allergic ones. Eosinophil counts were signifi-
cantly higher in tissues of atopic patients’ polyps than in non-atopic subjects (p<0.01). No correlation was observed
between cytokine levels and eosinophil counts.

Conclusion: Non-atopic and atopic patients’ polyps have different immunological patterns. Our results showed that the
presence of Th2 cytokines was a more significant feature in allergic patients with nasal polyposis than in non-allergic
patients.

Introduction

Nasal polyposis is characterised
by the proliferation of the epithe-
lial layer, glandular hyperplasia,
thickening of the basement mem-
brane, oedema, focal fibrosis, and
cellular infiltration of the stromal
layer.! The lamina propria of the
polyp tissue containsmixed inflam-
matory cells, with eosinophils
being dominant. They play the
primary role in the perpetuation of
chronic inflammation." Polyps

originate most often in the ante-
rior ethmoid complex and from
there they can descend between the
middle turbinate and the lateral
nasal wall into the nasal cavity,
causing symptoms such as nasal
obstruction, anosmia, sneezing,
rhinorrhoea, and itching. Nasal
polyposis is a multifactorial dis-
ease with several aetiological fac-
tors. Oxidative stress and chronic
persistent inflammation are the
main factors in the development
of nasal polyps, and inflammation

triggers include bacterial, fungal
and viral infection, allergy, and
environmental pollution.>?

It has been suggested that an
ineffective local T-helper-1-based
(Th-1-based) immune response in
these patients is associated with
increased Th2-cytokine-based ac-
tivity, which contributes to a
chronic infection as well as to an
increased presence of eosinophils,
which then lead to further polyp
formation.* Ramanathan et al*
showed that the weakened Thl
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response in these patients may be
secondary to the down-regulation
of some specific toll-like receptors
(TLR) involved in the innate
immune response.

The prevalence of nasal poly-
posis in Europe is around 2.7%.
On the other hand, allergic rhinitis
is a high-prevalence disease in
developed countries, affecting
about 10-20% of the general pop-
ulation.” According to the results
of a recent large study®, the preva-
lence of rhinoconjunctivitis symp-
toms in childhood varied widely
worldwide (1.5-24.5%), and the
average overall prevalence of
allergy symptoms was 14.6%. The
incidence of allergy in patients
with nasal polyps has been found
to be very different depending on
the study. Mygind et al.” found no
increased prevalence of allergy in
patients with polyposis. However,
in recent years, an atopic origin of
nasal polyposis has been favoured
by some authors. Bachert et al?
suggested a potential local allergy
in the nasal mucosa caused by
increased total and specific IgE
in polyps, although there was no
systemic manifestation of allergy.
In a study of the prevalence of
polyposis in France, Klossek et
al”’ found allergy to be significant-
ly more frequent in the patient
group than in the control group
27.1% and 11.9% respectively).
Finally, Mufioz del Castillo et al.”
studied a total of 190 subjects,
finding a positive skin prick test in
63.2% of the patients. However,
the relationship between nasal
polyposis and allergy remains
incompletely defined. The interac-
tion of nasal polyposis and aller-
gic rhinitis has mainly been stud-
ied in order to determine whether
nasal polyps in allergic individu-
als are different from those in non-
allergic ones.

Nasal secretions represent a
first line defence medium, in
which the leucocytes probably act
as an efficient part of the defence
mechanism, along with the muco-
ciliary transport system and the
biochemical properties of the
mucus." Nasal secretions contain
small amounts of cytokines, which
are potent biological factors in-
volved in the regulation of inflam-
mation and immune defence, and
other inflammatory mediators ex-
pressed by various epithelial and
non-epithelial cells.”” As cytokines
play a dominant role in the patho-
physiology of airway disease, the
cytokine profile in nasal secre-
tions may help to identify the
mechanisms underlying nasal
polyposis.

In this prospective study we
compared the clinical parame-
ters of allergic and non-allergic
patients with nasal polyps and the
levels of Thl cytokines IL-2, IL-
12 and IFN-vy, Th2 cytokines IL-4,
IL-5, IL-6 and IL-10, proinflama-
tory cytokines TNF-a,, TNF-f3 and
IL-1P, and chemokine IL-8 in
nasal secretion samples of atopic
and non-atopic patients with nasal
polyposis. We also compared
eosinophil counts in nasal polyp
tissue specimens taken from these
patients. The aim of this study was
also to evaluate whether there was
any correlation between cytokine
levels in nasal fluid and eosinophil
counts in nasal polyp tissue.

Methods

Study population

This prospective study included
thirty patients with nasal polypo-
sis requiring surgical treatment
(13 allergic and 17 non-allergic),
which was performed in accor-
dance with the Declaration of
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Helsinki. Written informed con-
sent was obtained from all sub-
jects. The study was approved by
the Ethics Committee of the Mili-
tary Medical Academy, Belgrade,
Serbia. The diagnosis of nasal
polyposis, which is considered to
be a complicated form of chronic
rhinosinusitis, was based on each
patient’s medical history and on
the results of anterior rhinoscopy,
nasal endoscopy and computed
tomography (CT) in accordance
with the current European Guide-
lines.” The exclusion criteria were
the presence of antrochoanal and
sphenochoanal polyps, bronchial
asthma, aspirin sensitivity, cystic
fibrosis, and primary ciliary dysk-
inesia. None of the subjects
included in this investigation had
any acute respiratory tract infec-
tion and none of them were treat-
ed with oral and topical corticos-
teroids, antibiotics and antihista-
mines for at least three weeks
before recruitment.

Determination of allergy

Skin prick tests were performed
on all patients for sensitivity to 18
common inhaled allergens: Alter-
naria alternata, Artemisia vul-
garis, Aspergillus fumigatus, Can-
dida albicans, cat dander, Clado-
sporium herbarum, cockroach,
Cupressus arizonica, Dermato-
phagoides farinae, Dermatopha-
goides pteronyssinus, dog dander,
grasses (group), Olea europaea,
Parietaria judaica, Penicillium
notatum, Plantago lanceolata,
Platanus acerifolia, Salsola kali).
A test result was considered posi-
tive when at least one of the
induration diameters was 3 mm
higher than that in the negative
control. Total serum IgE level
was measured using the ELISA
kit (Elitech Diagnostics, France).
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Subjects were considered allergic
if they had a serum IgE level
> 160 IU/mL.

Clinical score

The same otorhinolaryngologist
examined all the patients. The
patients were asked to assess their
symptoms associated with nasal
polyposis. The presence of nasal
symptoms associated with nasal
polyposis (obstruction, anosmia,
sneezing, rhinorrhoea, and itch-
ing) on the day of recruitment to
the study was scored according
to Tsicopoulos et al.” from O to
3:0 for no symptoms, 1 for mild
symptoms, 2 for moderate symp-
toms, and 3 for severe symptoms
resulting in a global nasal symp-
tom score of 15.

Nasal endoscopy was performed
in a sitting position with a rigid
endoscope (0° and 30°; Storz,
Tuttlingen, Germany). Topical
anaesthesia or decongestion were
not used. Endoscopic physical
findings were scored according to
Malm." The degree of nasal poly-
posis was classified in relation to
fixed anatomical landmarks in
four steps: 0=%“no polyposis®,
1 ="mild polyposis (small polyps
not reaching the upper edge of the
inferior turbinate)“, 2 =“moderate
polyposis (medium sized polyps
reaching between the upper and
lower edges of the inferior turbi-
nate)*, 3="severe polyposis (large
polyps reaching below the lower
edge of the inferior turbinate)“.
The maximum endoscopic score
is 6 bilaterally.

Findings from CT scans were
graded according to the Lund-
Mackay score.” The mucosal ab-
normalities were graded as O (no
abnormality), 1 (partial opacifica-
tion), or 2 (total opacification) of
the frontal, maxillary, anterior

ethmoid, posterior ethmoid and
sphenoid sinus, bilaterally. The
ostiomeatal complexes were scored
bilaterally as O (not occluded) or
2 (occluded). The maximal CT
grading score was 24.

Sampling of nasal secretions and
cytokine determination

Nasal fluid samples were collected
from nasal cavities of all 30 subjects
(13 allergic and 17 non-allergic
patients with nasal polyps) a few
days before the endoscopic sinus
surgery using a modified absorp-
tion technique with cotton-wool
sticks (length 10 millimetres,
diameter 4 millimetres; Institute
of Virology, Vaccines and Sera,
,»lorlak®, Belgrade, Serbia), which
were inserted into the nasal cavity
posterior to the mucocutaneous
junction for 60 seconds, as previ-
ously described.' All the samples
were placed in a 2 mL Eppendorf
tube containing 1 mL of trans-
fer medium (phosphate-buffered
saline with gentamicin 50 pg/mL,
penicillin G 340 U/mL, fungizone
500 ug/mL) for 30 minutes to
allow the diffusion of cytokines
into the medium and then stored at
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4°C for a maximum of 2 h until
processed. Nasal fluid was cen-
trifuged at 1000 g for 10 minutes
to separate the cellular compo-
nents. After centrifugation, super-
natants were portioned and stored
at -70°C pending cytokine deter-
mination. The levels of eleven
cytokines (TNF-a, TNF-§, IL-183,
IL-2,1L-4,1L-5,1L-6,1L-8,IL-10,
IL-12, and IFN-y) were measured
in all of the 30 samples using a
commercial flow cytometric kit
(Flow Cytomix, Bender Med-
Systems, USA) on the flow cyto-
fluorimeter (Beckman Coulter
XL-MCL, USA), which was con-
nected with BMS Flow Cytomix
Pro 2.2 Software in accordance
with the manufacturer’s instruc-
tions. Table 1 shows the sensitivi-
ty (lower and upper limits) of
detection. The examination was
performed twice in the same
sample, and the concentrations
obtained were then averaged.
Reproducibility within the assay
was evaluated in independent
experiments as follows for cyto-
kine determination in the same
sample. Table 1 lists the coeffi-
cients of variation for cytokines.
According to the producer’s infor-

Table 1

The sensitivity limits of cytokine determination and coefficients of variation

Cytokine Lower limit Upper limit Coefficient of variation
TNF-a 22 pg/mL 17.000 pg/mL 8%
TNF-$ 32 pg/mL 17.000 pg/mL 8%

IL-1P 17 pg/mL 11.000 pg/mL 5%
IL-2 28 pg/mL 11.000 pg/mL 6%
IL-4 20 pg/mL 11.000 pg/mL 7%
IL-5 30 pg/mL 12.000 pg/mL 3%
IL-6 21 pg/mL 11.000 pg/mL 2%
IL-8 13 pg/mL 10.500 pg/mL 2%
IL-10 20 pg/mL 11.000 pg/mL 2%
1IL-12 15 pg/mL 2.300 pg/mL 5%

IFN-y 8 pg/mL 11.000 pg/mL 2%
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mation (Bender MedSystems, USA,
Flow Cytomix BMS810FF), the
overall intra-assay coefficient
of variation should not exceed
10%.

Tissue preparation and quantifi-
cation of eosinophils

All the patients underwent endo-
scopic surgery under general
anaesthesia from the same sur-
geon. Nasal polyps located in the
middle meatus were surgically
removed. For histological exami-
nation, polyp specimens were
fixed in 10% formaldehyde,
embedded in paraffin, cut with the
microtome into 5-ym sections and
stained with haematoxylin and
eosin. Histological examination
was performed using a digital op-
tical microscope (Nikon Cool-
scope), with assistance from the
computerised picture analysis sys-
tem. This system was pro-
grammed by Image J (Java-based
image processing program).”
Once the glass slide was set,
bright-field images could be
viewed on the monitor. The visual
field was oriented along the whole
length of the epithelium base-
ment membrane. Eosinophils were
counted at x400 magnification
in the superficial layer of the
mucosa. The zone of pseudostrati-
fied respiratory epithelium and the
zone below the basal membrane
down to a depth of 0.18 millime-
tres were defined as a superficial
layer, and the rest of the tissue
area as a stromal layer. To yield
the mean number of eosinophils
per high power field (HPF), 10
randomly chosen HPFs in a sin-
gle section were examined. The
eosinophils in the superficial layer
in each section were counted, and
the average number of eosinophils
per HPF was calculated.
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Table 2
Patient characteristics
Atopic Non-atopic
Patients 13 17
Age* 43.84+14.37 4524+14.78
Male/female ratio 8/5 13/4

*The mean ages are expressed as means+SD.

Table 3
Clinical scores of atopic and non-atopic patients with nasal polyposis
Atopic Non-atopic
Nasal symptom score 11.23+£2.17 10.88+2.12
Nasal endoscopic score 523+1.01 505+1.02
Lund-Mackay score 17.92+3.07 17.65+2.26

All results are expressed as means+SD.

Statistics

Data were expressed as means +
standard deviation (+SD). Between-
group comparisons were made
using the non-parametric Mann-
Whitney U test. A p value of
less than 0.05 was considered to
be statistically significant. Cor-
relations between the different
parameters were evaluated using
Pearson’s correlation test. For
statistical analysis, we used the
Stat Plus 2007 program as a
computerised analysis system.

Results

There were 8 male and 5 female
patients with nasal polyposis in
the allergy group (mean age
43.85+14.37 years) and 13 male
and 4 female patients in the
group without allergy (mean age
45.24 +14.78 years) (Table 2).
Comparing the two main
groups (nasal polyposis with aller-
gy and nasal polyposis without
allergy), we did not find any sig-
nificant difference in the global
nasal symptom scores, endoscopic
scores or Lund-Mackay scores

(Table 3). Nor did we find any
significant differences in the
levels of TNF-a, IL-1p, IL-2,
IL-8, IL-10, IL-12, and IFN-y
in the nasal secretions (Table 4).
The concentrations of IL-4, IL-5,
IL-6 and TNF-f in nasal fluid
were significantly higher in atopic
patients with nasal polyposis com-
pared with non-atopic patients
(1757.5+£1150.97 pg/mL vs 651.47
+1005.94 pg/mL, p<0.01 for
IL-4; 761.38+885.32 pg/mL vs
202.35+287.26 pg/mL, p <0.05
for IL-5; 311.07+245.28 pg/mL
vs 91.47+114.41 pg/mL, p<0.05
for IL-6; 281.61+325.94 pg/mL
vs 108.70 +208.81 pg/mL, p<0.05
for TNF-f) (Table 5).

We also found significantly
higher mean numbers of eosino-
phils per HPF in atopic patients’
polyps than in non-atopic subjects
(56.23+ 22.48 vs 11.45+7.26;
p<0.01) (Figure 1). In the super-
ficial layer of allergic patients’
polyps, the subepithelial loose
connective tissue and epithelium
were infiltrated by numerous eo-
sinophils. In non-allergic patients’
polyps, eosinophil infiltration in
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Table 4
Cytokine levels in nasal secretions in atopic and non-atopic patients

Atopic patients with nasal polyposis

IL-12 IFN-y IL-2 IL-10 IL-8 IL-6 IL-4 IL-5 IL-1P TNF-a | TNF-8
mean 17.62 41.77 34362 |6546 19207 |311.07 |17575 |761.38 |52.77 37.77 281.61
SD 37.54 45.76 25224 |65.34 290.58 |24528 |11509 88532 |76.03 28.62 32594
Non-atopic patients with nasal polyposis

IL-12 IFN-y IL-2 IL-10 IL-8 IL-6 IL-4 IL-5 IL-1P TNF-a | TNF-f
mean 1553 79.35 251.64 |45.65 120.88 |91.47 65147 120235 |22.11 3447 108.71
SD 34.03 64.38 23021 629 107.31 114.41 10059 |287.26 |31.88 41.59 208.81
All results of cytokine levels in nasal secretions are expressed in pg/mL.
IL-interleukin; IFN-interferon; TNF-tumour necrosis factor.

Table 5 Discussion
Comparison of cytokine levels in nasal fluid in allergic and non-allergic patients
Cytokines With allergy Without allergy p value Our results demonstrated that the
IL-4 1757+1150.9 6514710059  |p<001 presence of allergy does not
IL-5 761.38£885.32 202.35+287.26 p<0.05 modlf)./ the Symptoms ’ end.OS.COp '
or radiographic characteristics of

IL-6 311.07+245.28 9147+114.41 p<0.05 nasal polyposis, and this concurs
TNF-$ 281.61£325.94 108.71£208.81 p<0.05 with results presented by Bonfils

All results of cytokine levels in nasal secretions are expressed in pg/mL.

IL-interleukin; TNF-tumour necrosis factor.

Eosinophil counts in nasal polyp tissue in allergic and nonallergic patients
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Figure 1
The number of eosinophils was significantly higher in the polyp tissue samples from
allergic patients (1) than in the samples from non-allergic subjects (2) (p<0.01).

the epithelium and lamina propria

was scarce (Figures 2a,b).
However, no statistically sig-

nificant correlation was found

between the concentrations of
cytokines in nasal secretions and
eosinophil counts in nasal polyp
tissue.

et al’> However, the results of
our research showed significantly
higher concentrations of Th2 cyto-
kines (IL-4, IL-5 and IL-6) in
nasal secretions in patients with
nasal polyposis and allergy than in
non-atopic patients. These findings
underline local Th1/Th2 balance
as a key factor governing local
inflammation, implying that there
is a different mechanism in nasal
polyp evolution in allergic and
non-allergic patients.

Previous data have shown that
IL-5 is one of the key proteins
in the pathomechanism of tissue
eosinophilia, enhancing the dif-
ferentiation, activation, expan-
sion, mobilisation, and in situ sur-
vival of eosinophils.*'"® It is widely
accepted that IL-5 plays an impor-
tant role in the pathogenesis of
allergic rhinitis, where it induces
eosinophil mobilisation, B-cell
growth and differentiation.*"® The
main sources of IL-5 are eosino-
phils, Th2-lymphocytes and mast
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cells.*"® Infiltration and activation
of eosinophils is a hallmark of
nasal polyp tissue."* Preliminary
findings presented by Fan et al."
suggest that T-cell-derived IL-5
and autosecretion of IL-5 from
activated eosinophils may cause
the extension and persistence of
eosinophil inflammation in nasal
polyps. Activated eosinophils
release a wide range of cytotoxic
proteins as well as transformed
growth factor, causing injury to
the epithelium, thickening of
epithelial basement membrane,
stromal fibrosis and angiogenesis,
and glandular hyperplasia.''®
Bolard et al.® found a positive
correlation between IL-5 levels
and numbers of eosinophils in
nasal fluid. This relationship was
not found in our study, where
cytokine levels in nasal secretions
were correlated with the eosino-
phil counts in nasal polyp tissue.
Eosinophils can be released to
the nasal fluid not only from the
nasal polyps, but also from whole
inflamed nasal mucosa. In our
investigation, the counting of
eosinophils was limited exclu-
sively to nasal polyp tissue.

Figure 2
In polyps in allergic patients the lamina propria and pseudostratified respiratory epithelium of the superficial layer were infiltrated by
numerous eosinophils (A), whereas eosinophil infiltration was scarce in polyps in non-allergic patients (B) (haematoxylin & eosin
staining, x 400).

IL-6 is an important Th2-type
cytokine involved in the induction
of plasma cell formation and IgE
synthesis, in mast cell prolifera-
tion and maturation, as well as in
the synthesis of collagen fibres.”
As well as other Th2 type cyto-
kines such as IL-4, IL-5 and IL-
13, IL-6 is predominant in nasal
mucosa in patients with allergic
rhinitis.” Immunohistochemical
staining and in situ hybridisation
indicated that Th2 lymphocytes,
macrophages, eosinophils, fibro-
blasts, and lining epithelium were
the main sources of IL-6. Hel-
lings et al*' demonstrated that the
nasal application of Staphylo-
coccus aureus exotoxin B in mice
can aggravate experimental aller-
gic rhinitis and asthma, in parallel
with an increase in bronchial and
systemic Th2 cytokine levels.

Among some other Th2 cyto-
kines, IL-4 has been shown to
deliver signals that support or
cause the selective influx of
eosinophils.” It has been speculat-
ed that IL-4 may be involved in
the induction of vascular cell
adhesion molecule-1 (VCAM-1)
expression on microvascular

endothelium in nasal polyps.” To
infiltrate sites of inflammation,
eosinophils leave the bloodstream
and pass through the endothelium
in four steps, namely rolling,
adhesion, transendothelial migra-
tion, and chemotaxis.?? Adhesion
molecules like VCAM-1 play an
important role during the adhesion
of eosinophils to endothelial
cells.> Voegels et al.* found that
allergic nasal polyp patients had
significantly higher levels of IL-4
in the polyp tissue than their non-
allergic counterparts. Cheng et al *
found significantly higher percent-
ages of IL-4-producing Th2 cells in
atopic patients’ polyps than in non-
atopic patients. Examination of
haematoxylin and eosin-stained
sections of the nasal polyps per-
formed by the same authors*
revealed that eosinophil counts
were significantly higher in atopic
patients’ polyps than in non-atopic
patients and this also concurs with
our results. Cheng et al* con-
cluded that Thl cells were abun-
dant in all the nasal polyps, but
allergic patients’ polyps had more
Th2 cells and eosinophils than the
non-allergic patients’ polyps.
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Our results showed higher con-
centrations of potent proinflam-
matory cytokine TNF-f3 in the
nasal fluid of atopic nasal polyp
patients than in non-atopic sub-
jects. The role of TNF-f3 in the
aetiology of nasal polyposis is not
well known, but it could be simi-
lar to the role of TNF-a. About
35% of the TNF-3 molecule is
homologous with the TNF-o. and
the receptor that shares TNF-f3 use
with TNF-a. TNF-f is a cytokine
with identical biological effects to
TNF-a, but it is produced by T-
cells. It stimulates the recruitment
of neutrophils, eosinophils and
monocytes to sites of inflamma-
tion, activates these cells and
eradicates microbes.” Like TNF-
o, it stimulates vascular endothe-
lial cells to express adhesion mol-
ecules and induces macrophages,
endothelial cells and eosinophils
to secrete chemokines.” Higher
concentrations of TNF-f3 in nasal
fluid samples in atopics could be
explained by a higher level of
inflammatory reaction in allergic
patients’ polyps than in non-aller-
gic subjects.

Conclusion

Our results showed that allergy
does not modify the symptoms
or other clinical characteristics
of nasal polyposis and that the
presence of the Th2 cytokines IL-
4, IL-5 and IL-6 was more promi-
nent in atopic than in non-atopic
patients with nasal polyps, a fea-
ture that is related to the enhanced
eosinophilic inflammatory process.
These results showed that these
patients had similar clinical findings
but significantly different media-
tor profiles in their nasal secre-
tions, implying clear differences
in the pathogenesis of their nasal
polyps. Our results also demon-

strated that the evaluation of local
immune reaction mediators in
nasal secretions could be an acces-
sible and valuable path for moni-
toring these patients, as well as a
sensitive way of evaluating new
therapies for nasal polyposis and
studying the pathogenesis of nasal
polyps. Finally, we suggest that
the higher number of eosinophils
in allergic nasal mucosa by com-
parison with non-allergic nasal
mucosa indicates that allergic
inflammation is a risk factor for
eosinophil accumulation, resulting
in the formation of nasal polyps.
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