
O R I G I N A L A R T I C L E

Nasal fluid release of eotaxin-3 and eotaxin-2 in persistent sinonasal
eosinophilic inflammation

Eugenio De Corso, MD, PhD1, Silvia Baroni, MD2, Mariapina Battista, MD1, Matteo Romanello, MD1,
Romina Penitente, MT2, Walter Di Nardo, MD1, Giulio Cesare Passali, MD, PhD1, Bruno Sergi, MD, PhD1,

Anna Rita Fetoni, MD, PhD1, Francesco Bussu, MD, PhD1, Cecilia Zuppi, MD, PhD2 and
Gaetano Paludetti, MD, PhD1

Background: The aim of the present study was to mea-
sure eotaxin-3 (CCL26) and eotaxin-2 (CCL24) in nasal
lavage fluid of patients with different forms of chronic
sinonasal eosinophilic inflammation to evaluate their role
in the pathophysiology of nasal hypereosinophilia.

Methods: The study was an analytic cross-section study,
level of evidence 3b. Patients (n = 80) with nasal hy-
pereosinophilia were randomly recruited and grouped in
the following categories: persistent allergic rhinitis (AR)
(n = 25), nonallergic rhinitis with eosinophilia syndrome
(NARES) (n = 30), and chronic rhinosinusitis with polyps
(CRSwNP) (n = 25). Non-rhinitic volunteers (n = 20) were
recruited as controls. CCL24 and CCL26 concentrations
were measured by enzyme-linked immunosorbent assay
(ELISA) Quantikine Human Immunoassays (R&D Systems,
Minneapolis, MN) in nasal lavage fluids. Differential cell
counts were performed by microscopic cytological exam-
ination of nasal tissue scraped from the inferior turbinate.

Results: Mean CCL26 levels were significantly higher (p <

0.05) in AR and in NARES (132.0 pg/mL and 187.63 pg/mL,
respectively) than in the control group (13.5 pg/mL); in pa-
tients with CRSwNP, CCL26 values were increased com-
pared to controls even though the difference was not
statistically significant (58.9 pg/mL vs 16.5 pg/mL). Mean
CCL24 levels measured in AR, NARES, and CRSwNP were

significantly increased (p < 0.05) compared to controls
(96.7 pg/mL, 135.4 pg/mL, and 107.0 pg/mL, respectively, vs
32.2 pg/mL). Moreover, we observed a significant correla-
tion between CCL24 and CCL26 levels, evaluating them in-
traindividually by Spearman’s rank correlation test. Finally,
a significant correlation was found between CCL24 and
CCL26 levels and the percentage of eosinophilic infiltration
of nasal mucosa.

Conclusion: Our data suggest that CCL26 and CCL24 are
likely involved in the pathogenesis of chronic nasal hyper-
eosinophilia, with a complex cooperation and different in-
volvement of the various members of eotaxin family. Fur-
ther studies are necessary to be�er understand the actual
physiopathologic mechanism, possible clinical relevance,
and therapeutic implications. C© 2014 ARS-AAOA, LLC.
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C hronic sinonasal eosinophilic inflammation is typi-
cal of a systemic multi-complex inflammatory dis-

order characterized by infiltration and accumulation of
eosinophils in the nasal mucosa, including allergic air-
way inflammation, nonallergic rhinitis with eosinophilia
syndrome (NARES), and chronic rhinosinusitis with nasal
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polyps (CRSwNP). Nevertheless, the mechanisms un-
derlying selective eosinophil infiltration are not fully
known. Recently, many authors have emphasized the
importance of the microcellular environment, and locally-
released chemical mediators in influencing airway inflam-
mation, in particular.1,2 In fact, understanding the mecha-
nisms governing recruitment and migration of blood-borne
eosinophils in the airways can improve knowledge of in-
flammation leading to mucosal damage in these pathologi-
cal entities.

Increased production and expression of various
chemokines in nasal mucosa has been observed in differ-
ent chronic sinonasal rhinopathies, and an important role
in the guidance of the inflammatory process has been at-
tributed to them.3–5 The eotaxins are CC-chemokines with
the specific function of activation and recruitment (chemo-
taxis) of leukocytes at sites of inflammation. In particular,
the eotaxins play a specific role, first for eosinophils, and
second for basophils, mast cells, and T helper 2 (Th-2) lym-
phocytes. The first discovered was eotaxin 1 (CCL11), in
1993, composed of 73 amino acids. Eotaxin-2 (CCL24)
and eotaxin-3 (CCL26) were discovered more recently.
The gene for eotaxin-1 has been mapped to chromosome
17q11.2, whereas the genes for CCL24 and CCL26 are on
chromosome 7q11.2. Even though there is 37% sequence
homology between CCL26 and CCL11, and 34% between
CCL26 and CCL24, they seem to have a common fea-
ture, namely acting exclusively via a single receptor. Vari-
ations in activity may arise from differences in their affin-
ity with the receptor and in their chemotactic effects on
eosinophils.6,7

The receptor for the eotaxins is CC-chemokine receptor
type 3 (CCR-3), which is highly expressed on eosinophils
but less so on mast cells, basophils, and Th-2. Immediately
after eotaxin binding, CCR-3 is internalized, partially de-
graded, and finally reexpressed, suggesting that, in addition
to stimulating eosinophil migration, the eotaxins may be in-
volved in stopping leukocyte movement by fostering their
survival for long periods of time.8 In the eotaxin family,
CCL26 is the most recently discovered, and there are a lim-
ited number of reports about its role in eosinophilic chronic
inflammation.9–13 Its production seems to take place in ep-
ithelial and endothelial cells, smooth muscle cells, and fi-
broblasts, following stimulation with interleukin 4 (IL-4),
IL-13, and tumor necrosis factor alpha (TNF-α).

The release of eotaxins is differentially modulated by cy-
tokines. The Th-2 cytokines IL-4 and IL-13 enhance the
secretion of all eotaxins, whereas the Th-1 cytokines in-
terferon and TNF-α exclusively promote the release of
CCL11 that is secreted by eosinophils, macrophages, lym-
phocytes, fibroblasts, smooth muscle cells, and endothelial
cells. Whereas CCL24 and CCL26 are mainly released by
epithelial and endothelial cells. Epithelial cells are a major
source of eotaxins, especially CCL26, in particular follow-
ing Th-2 cytokine stimulation.4,14 The first objective of the
present study was to investigate a possible relationship be-
tween eosinophilic inflammation and nasal fluid chemokine

release of CCL24 and CCL26 in an in vivo setting to better
understand its role in the pathogenesis of chronic nasal hy-
pereosinophilia in persistent allergic rhinitis (AR), NARES,
and CRSwNP. Second, we compared CCL26 levels with
CCL24 levels to establish possible cooperation between
these 2 chemokines belonging to the same family.

Patients and methods
Study design and participants

This was an analytical cross-sectional study with a level
of evidence of 3b. It was carried out at the Department
of Head and Neck Surgery–Institute of Otorhinolaryngol-
ogy, “A. Gemelli Hospital,” Catholic University School of
Medicine and Surgery, Rome, Italy. Patients were randomly
enrolled at our institution in the period between January
2012 and January 2013. During that time, we admitted 80
(37 males, 43 females, mean age 43.7 years) symptomatic
patients with chronic nasal eosinophilia lasting for at least
12 weeks and documented by nasal cytology. Exclusion
criteria were viral and bacterial acute infective rhinosinusi-
tis, use of systemic or inhaled drugs within the previous
3 months (sodium chromoglycate or nedocromil sodium,
antihistamines, cortisone, leukotriene, etc.), immunodefi-
ciency, abnormality of white blood cell counts such as neu-
tropenia, cystic fibrosis, nasal surgery within the previous
6 weeks, pregnancy or lactation, or significant anatomic ab-
normalities affecting nasal function. Finally, patients with
allergic fungal rhinosinusitis were excluded because of its
particular clinical features.15

All subjects gave written informed consent. Epidemio-
logic data for the patients is shown in Table 1. All patients
underwent allergy testing: total immunoglobulin E (IgE),
skin prick testing for common inhalant allergens (at least
18, including house dust, pollen, fungi, dogs, and cats),
determination of the levels of specific IgE in serum with
radioallergosorbent test (RAST), and nasal provocation
test to exclude local allergy in particular in patients who
were negative by skin prick testing. All patients underwent
nasal cytology, nasal endoscopy, and computed tomogra-
phy (CT) scan. Diagnosis of asthma was based on clinical
history, symptoms, physical examination, and pulmonary
function tests according to current international guidelines
(National Asthma Education and Prevention Program: Ex-
pert panel report III. Guidelines for the diagnosis and man-
agement of asthma. MD, Bethesda: National Heart, Lung,
and Blood Institute, 2007; 1–61; NIH publication 08–5847;
www.nhlbi.nih.gov).

On the same day of the nasal lavage, patients were asked
to fill out a questionnaire on the main rhinological symp-
toms (rhinorrhoea, nasal obstruction, heaviness/facial pain,
sneezing, dysosmia, nasal itching, difficulty during sleep,
awakenings during sleep, lacrimation). Clinical symptoms
were described by patients using a visual analogue scale
(VAS) from 0 (minimum) to 10 (maximum) points for each
symptom. For each patient, we calculated the “individual
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TABLE 1. Demographics of study subjects

AR (n = 25) NARES (n = 30) CRSwNP (n=25) Control (n = 20)

Age, years, median (IRQ) 31 (18–68) 39 (17–70) 45 (21–69) 40 (21–65)

Sex, male/female, n 12/13 13/16 12/14 10/10

Symptom score, median (IRQ)a 37 (22–43) 39 (30–68) 30 (22–51) 10 (6–15)

Asthma, n/total (%) 7/23 (30.4%) 7/25 (28%) 8/25 (32%) None

ASA intolerance, n/total (%) 1/25 (4%) 5/30 (16.6%) 4/25 (15%) None

Atopy, n All None 9 None

aMedian value = mean total symptom score divide by the average of the total scores of patients for each group.
AR = persistent allergic rhinitis; ASA = aspirin; Control = healthy subjects; CRSwNP = chronic rhinosinusitis with nasal polyps; IRQ = interquartile range; NARES =
nonallergic rhinitis with eosinophilia syndrome.

symptoms score” (sum of scores of each symptom analyzed
on the basis of the VAS). For each group, the “mean total
score” was calculated (average of the total scores of patients
for each group).

Patients were divided according to the type of nasal dis-
order into the following groups:

� Persistent AR: symptoms of AR and positive allergy tests
in vivo and/or in vitro, nasal endoscopy negative for
nasal polyposis, and CT scan negative for sinonasal mu-
cosal thickening; group 1 (n = 25). According to Allergic
Rhinitis and Its Impact on Asthma (ARIA),16 we included
only persistent allergic patients (more than 4 days per
week and for more than 4 weeks), to avoid differences
due to seasonal allergen exposure.

� Noninfectious nonallergic rhinitis with eosinophilia syn-
drome (NARES): typical symptoms of persistent rhinitis
(rhinorrhoea, nasal obstruction, sneezing, nasal itching,
lacrimation, etc.), no evidence of atopy allergy tests in
vivo and in vitro, marked nasal hypereosinophilia high-
lighted through nasal cytology (>20% of granulocytes
or mononuclear cells present excluding epithelial cells);
group 2 (n = 30).

� CRSwNP: pathognomonic symptoms of CRS by facial
CT or endoscopic signs of nasal polyposis; group 3 (n =
25). Patients were radiologically staged by Lund-Mackay
score; the median score value was 14.2 ± 2.2. CRSwNP
was diagnosed according to the European Position Paper
on Rhinosinusitis and Nasal Polyps, 2012.17

� Healthy subjects without any nasal inflammation, no his-
tory of rhinitis or chronic rhinosinusitis, normal endo-
scopic data, and negative allergy tests served as controls;
group 4 (n = 20).

Nasal cytology
The nasal counts of leukocytes were performed on tis-
sues obtained at the level of the middle third of the in-
ferior turbinate bilaterally by “scraping” the mucosa with
a rhinoprobe (Farmark SNC, Milan, Italy). Samples were
gently smeared on a glass slide and immediately fixed
in 95% ethanol and subjected to May-Grunwald-Giemsa

staining. The eosinophil count was expressed as the per-
centage of eosinophils observed among all polymorphonu-
clear and mononuclear cells, excluding epithelial cells, in
an average of 10 fields examined at high magnification
(×400). The samples were examined blindly by an experi-
enced cytologist who was unaware about the clinical status
of patients.

Nasal lavage
The nasal wash was obtained with the patient sitting and
the head bent forward, instilling 5 mL of isotonic saline
(0.9% NaCl) prewarmed to 35°C in each nostril. The liq-
uid was collected in a funnel connected in a 30-mL universal
container. The lavage fluid was filtered to remove any nasal
mucus and centrifuged immediately at 4000 rpm for 5 min-
utes (g:1600). It was then divided in aliquots and frozen at
−80°C until assay.

CCL26 enzyme-linked immunosorbent assay
Eotaxin-3 was measured by enzyme-linked immunosorbent
assay (ELISA) (Quantikine Human CCL26/Eotaxin-3 Im-
munoassay; R&D Systems, Minneapolis, MN), following
the manufacturer’s instructions. Samples, analyzed in a sin-
gle session, were assessed in duplicate and the mean value
was calculated. The coefficient of variation (CV) of the as-
says in duplicate was less than 3%. The sensitivity was
3 pg/mL with a range of 3 to 300 pg/mL.

CCL24 enzyme-linked immunosorbent assay
CCL24 was assayed by ELISA (Quantikine Human CCL24
Immunoassay; R&D Systems). Samples were analyzed in
duplicate during a single session, and the mean value
was calculated. The CV of duplicates was less than 3%.
The sensitivity was 2.5 pg/mL and the range was 2.5 to
2500 pg/mL.

Statistical analysis
Statistical analysis was performed using SSPS (IBM Sta-
tistical Package for Social Science; version 22.0; Armonk,
USA) for Windows. Continuous variables were expressed
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FIGURE 1. Levels of eotaxin-2 (CCL24) and eotaxin-3 (CCL26) (pg/mL) in lavages of persistent AR (group 1), NARES (group 2), CRSwNP (group 3), and
controls (group 4). The box plots show the median and interquartile range and the error bars show the 5th and 95th percentiles. AR = allergic rhinitis; CRSwNP
= NARES = nonallergic rhinitis with eosinophilia syndrome.

as mean ± standard deviation (SD). Continual variables
were expressed as mean ± SD and comparisons between
groups were performed using the Mann-Whitney U-test.
The strength of the correlation between the 2 parameters
was obtained by Spearman’s rank correlation test. The re-
sults were considered significant for p values < 0.05.

Results
The average concentration of CCL26 in nasal lavage
of all patients was significantly higher than in controls
(148.6 ± 20.1 pg/mL vs 13.5 ±5.3 pg/mL; p < 0.05).
Statistically significant higher mean levels of CCL26
were observed in lavages of AR and NARES patients
(132.0 ± 21.3 pg/mL and 187.63 pg/mL ± 40.3, respec-
tively) compared to controls (13.5 ± 5.3 pg/mL) (p <

0.05); in CRSwNP patients, CCL26 values were increased
but without a significant difference vs controls (58.9 ±
10.3 pg/mL vs 13.5 ± 5.3 pg/mL) (p > 0.05) (Fig. 1).
In order to test if allergy and asthma could be discrim-
inating factors, we measured CCL26 levels in atopic vs
nonatopic CRSwNP patients (48.21 ± 10.3 pg/mL vs 71.76
± 15.3 pg/mL) and in asthmatic and nonasthmatic patients
(114.95 ± 22.3 pg/mL vs 132.48 ± 32.3 pg/mL). The differ-
ences observed were not significant. Finally, no statistically
significant correlation was found between CCL26 levels
and severity of symptoms score, and in particular with the
total symptoms score (p > 0.05).

The average concentration of CCL24 in nasal lavage of all
patients was significantly higher than in controls (134.7 ±
24.3 pg/mL vs 22.77 ± 8.9 pg/mL; p < 0.05). CCL24 mean
levels in AR, NARES, and CRSwNP were significantly in-
creased compared to controls, and 96.7 ± 10.3 pg/mL,
135.4 ± 23.4 pg/mL, and 107.0 ± 15.3 pg/mL, respectively,
vs 22.77 ± 8.9 (p < 0.05). We did not observe significant
difference in CCL24 levels between atopic vs nonatopic
(103.50 ± 28.3 pg/mL vs 108.5 ± 25.3 pg/mL) or between
asthmatic and nonasthmatic CRSwNP patients (185.9 ±
40.3 pg/mL vs 178.67 ± 31.3 pg/mL).

We observed significantly higher levels of CCL24
(107.0 pg/mL), but not CCL26 (58.9 pg/mL), in patients
with CRSwNP (group 3). However, CCL24 and CCL26
concentrations in AR (96.7 pg/mL vs 132.0 pg/mL) and
NARES (135.4 pg/mL vs 187.63 pg/mL) showed a similar
order of magnitude, as shown in Figure 1.

We correlated intraindividual CCL24 and CCL26 levels
and observed a significant correlation by Spearman’s rank
test with a coefficient (rs) of 0.649 (p < 0.01), as shown in
Figure 2. The same trend was observed between CCL24 and
CCL26 for individual patients in AR patients (rs: 0.611;
p < 0.01) and in NARES patients (rs: 0.739; p < 0.01), but
not in CRSwNP (rs: 0.412; p > 0.01).

Furthermore, we analyzed correlations between CCL24
and CCL26 levels and individual symptom scores. A sig-
nificant correlation was found between individual symp-
tom scores and nasal fluid CCL24 concentrations (pg/mL)
(Fig. 3A), whereas the correlation was not significant with
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FIGURE 2. Scatter plot showing intraindividual correlations between eotaxin-2 (CCL24) and eotaxin-3 (CCL26) levels (pg/mL) in all patients excluding controls.
Statistical significance is given as p. rs = correlation coefficient assessed by Spearman’s rank correlation test.

CCL26 levels (Fig. 3B). Spearman’s rank correlation coef-
ficient was rs = 0.5 (p < 0.05) and rs = 0.3 (p > 0.05),
respectively.

Finally, we analyzed correlations between CCL24 and
CCL26 levels and percentage of eosinophilic infiltration
of nasal mucosa, as shown in Figure 4. A significant
(p < 0.01) correlation was found in both cases; the Spear-
man’s correlation coefficient (rs) was 0.617 and 0.537,
respectively.

Discussion
Several studies on cytokines and chemokines have rapidly
expanded our understanding of inflammatory responses
in the pathogenesis of chronic eosinophilic inflammation.
Several authors6,18 have demonstrated that protein expres-
sion of CCL11, CCL24 and CCL26 is significantly higher
in nasal polyp patients than in controls. The total pro-
tein concentrations of samples were measured in homoge-
nized tissue of nasal polyps. There was a direct correlation
between the concentrations of all 3 eotaxins and the
amount of eosinophilia; the rank order of chemokine pro-
tein concentrations was CCL24 > CCL26 > CCL11. The

authors suggested a complex cooperation between all mem-
bers of the eotaxin family rather than a specific role in
the development of eosinophilia. Yao et al.9 demonstrated
that CCL11, CCL24 and CCL26 immunohistochemically
stained in nasal mucosa and were present in most infil-
trating eosinophils, as well as in other inflammatory cells,
epithelial cells, and endothelial cells. Furthermore, the au-
thors illustrated that, compared with non-eosinophilic CRS
groups, eosinophilic CRS groups had significant expres-
sion of eotaxins in eosinophils. Lam et al.19 demonstrated
that increased CCL26 and other inflammatory mediators
is significantly correlated with poorer CT and endoscopic
scores in CRS. Finally, Gu et al.20 showed overexpression of
CCL26 mRNA in nasal polyps, demonstrating that CCL26
may lead to eosinophil recruitment and activation in nasal
mucosa of patients with nasal polyps.

Hence, all 3 eotaxins have been reported to be increased
to different degrees in nasal mucosa of patients with chronic
sinonasal eosinophilic inflammation. However, their rel-
ative contribution to the pathogenesis and severity of
the condition remains poorly understood. In particular,
limited data are available for the most-recently-identified
CCL26, especially in an in vivo setting. In our series,
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FIGURE 3. (A) Correlation between nasal fluid eotaxin-2 (CCL24) concentrations (pg/mL) and individual symptom scores. (B) Correlation between individual
symptom scores and eotaxin-3 (CCL26) levels (pg/mL). Individual symptom scores were obtained by adding scores of each symptom for each patient. Statistical
significance is given as p. Rs = correlation coefficient assessed by Spearman’s rank correlation test.

FIGURE 4. (A) Correlation between percentages of eosinophilic infiltration of nasal mucosa and eotaxin-2 (CCL24) concentrations (pg/mL). (B) Correlation
between eotaxin-3 (CCL26) levels (pg/mL) and percentages of eosinophils. Statistical significance is given as p. rs = correlation coefficient assessed by
Spearman’s rank correlation test.

we demonstrated that CCL24 and CCL26 concentrations
were increased in the nasal fluid of patients affected by
AR and NARES patients compared to controls, confirm-
ing their role in the pathophysiology of these diseases.
In patients with nasal polyps, CCL24 levels were signifi-
cantly higher compared to controls, whereas CCL26 levels
were increased, but the differences compared to controls
was not significant. Furthermore, there were no signifi-
cant differences in CCL26 levels in atopic vs nonatopic
patients and in asthmatic vs nonasthmatic CRSwNP pa-
tients. It is difficult to interpret these results, not only be-
cause the relative contribution of individual eosinophil-
active chemokines in eosinophil transepithelial migration
has never been clarified, but also because for CCL26

there have been no such results in an in vivo setting until
now.

From a pathophysiologic point of view, the lower levels
of CCL26 that we observed in vivo in nasal polyp patients,
compared to the other groups, does not mean that CCL26
is not implicated in the pathogenesis of this disorder. Sev-
eral possibilities may be taken into account to explain this
result. First, Coleman et al.10 demonstrated that tryptase
selectively degrades CCL11 and CCL26, while CCL24 re-
mains stable. Our inability to detect CCL26 in CRSwNP
fluid may be related to enzymatic degradation by mast cell
tryptase, which is very abundant in nasal polyps. Yuan
et al.21 demonstrated that CCL26 in IL-4 stimulated air-
way epithelial cells was predominantly to the cell surface
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via protein interactions, and that membrane-immobilized
CCL26 was the functionally active CCR3 ligand mediat-
ing eosinophil transepithelial migration. The CCL26/cell
surface association has been previously recognized in en-
dothelial cells,22 and seems to involve glycosaminoglycans
(GAGs). Chemokines have been shown to bind GAG both
in vitro and in vivo, and this interaction has important
biological functions for in vivo leukocyte trafficking. We
cannot exclude that the higher mucosal surface, due to
its ballooning, may reduce the measured concentrations of
CCL26 in nasal lavage.

The interaction between CCL26 and epithelial cells de-
serves attention. In fact, recent research19–23 has implicated
these cells as active participants in host immune defense of
the upper airway. At the interface between the host and
the outside environment, epithelial cells may be induced by
both exogenous microbial products and endogenous intra-
cellular signals to express proinflammatory mediators. The
mechanisms through which epithelial cells initiate or po-
tentiate inflammation may be important in the pathophys-
iology of several sinonasal disorders, in particular CRS.
Certain epithelial profiles may predict highly dysfunctional
epithelial barriers, and prospective evaluation of clinical
outcomes from interventions is required. Future endotyping
of the epithelium in CRS may be able to provide prognostic
information.

Considered together, epithelial cells play an important
role in orchestrating mucosal immune responses control-
ling the recruitment of eosinophils in the mucosa. They
are suggested to be the major sources of eotaxins with a
site-dependent function. Activated airway epithelial cells
are likely implicated by creating a chemotactic gradient
of eotaxins that attracts circulating and tissue eosinophils
toward the airway lumen. The actual mechanism that ini-
tially prompts the continuous accumulation of eosinophils
and inflammation mediators, and which ultimately leads to
the chronic propagation of the disease, is still unknown.

Local chemokine concentrations are clearly and
intimately involved because they induce and activate
eosinophils. CCR3, the main eosinophil chemokine recep-
tor, regulates this process; however, the respective con-
tribution and relationships between individual CCR3 lig-
ands in eosinophil transepithelial migration are still less
understood.24,25 Our data suggest that there is signifi-
cant correlation between levels of the members of the eo-
taxin family. In fact, measuring intraindividual CCL24 and
CCL26 levels, we observed a statistically significant corre-
lation, as shown in Figure 3. The same trend is maintained
in patients with AR and in NARES patients, but not in
CRSwNP patients. This phenomenon may be related to the
lower levels of CCL26 measured in nasal fluid of CRSwNP
patients. As previously explained, the low levels observed
may be because the test that we used may be not able to
detect CCL26 because it is mainly bound to the surface of
epithelial cells in these patients.

Many authors have been interested in the special features
of eotaxin chemokines because they interact exclusively

with the CCR3 receptor, which is relatively selectively
expressed on eosinophils and represents a key eosinophil
chemokine receptor.26 Future studies should investigate if
antagonists of CCR3 may attenuate the eosinophilic in-
flammatory reaction. Blocking activation and migration of
eosinophils could provide a new treatment option for in-
flammatory diseases.27

From a clinical point of view we observed a statistically
significant correlation between CCL24 and CCL26 levels
and the percentage of eosinophilic infiltration of nasal mu-
cosa. Furthermore, we observed a significant correlation
between symptom scores and CCL24, whereas correla-
tion with CCL26 levels was not significant. These data
are in agreement with our previous report in which we
observed that nasal lavage CCL24 levels correlates with
severity of symptoms.28 Furthermore, CCL24 levels were
significantly higher in all subgroups compared to controls,
while high CCL26 levels were measured only in allergic
and eosinophilic nonallergic rhinitis patients. CCL24 mea-
sured in nasal lavage seems to be a potentially more sta-
ble eosinophilic marker compared to CCL26. Similar dif-
ferences were described by studying the clinical value of
these cytokines in lower airway inflammation in asthmatic
patients.10,24,25 Future studies should confirm our prelimi-
nary suggestion.

Conclusion
Our results indicate that CCL24 and CCL26 are over-
secreted in the nasal lavage fluid of patients affected by
persistent hypereosinophilia. The data also suggest that
there is a significant correlation between levels of these
chemokines and percentages of eosinophilic mucosa in-
filtration, with a mutual and close relationship between
them, suggesting possible cooperation, the mechanism of
which requires further clarification. Simultaneous expres-
sion of all members of the eotaxin family or reaching a
certain concentration threshold could possibly be precon-
ditions for stronger eosinophil migration. High levels of
CCL24 and CCL26 are undoubtedly involved in a vicious
cycle in which both may primarily be produced by airway
cells, and later by eosinophils themselves recruiting more
eosinophils from the circulation with a self-amplifying pro-
cess, which contributes to exacerbation of sinonasal inflam-
mation. In agreement with previous reports,20 we believe
that the extent of tissue eosinophilia is not determined by
different chemokines fulfilling specific individual tasks, but
rather to the complex interplay of multiple chemokines,
chemokine receptors, and cells. Nevertheless, within this
spectrum of possibilities, investigation of individual medi-
ators is vital for improving the understanding of different
steps in the pathogenesis of the disorder, which is indis-
pensable for the formulation of new therapeutic strategies.
Future studies should investigate therapeutic strategies that
are able to reduce eotaxin levels in the mucosa with the aim
of decreasing eosinophil mucosal infiltration and related
damage.
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