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Abstract

Purpose The pathogenesis of persistent allergic rhinitis with chronic and refractory nasal obstruction is still unknown.
Inflammation and tissue remodeling are known to play a role, but this has not been studied thoroughly. The purpose of this
study is to identify the profile of gene expression of inflammatory and remodeling markers in nasal mucosa of patients with
PAR and chronic obstruction.

Methods After informed consent, we obtained nasal mucosa tissue from five aeroallergen-sensitized PAR patients undergo-
ing anterior turbinectomy, and control non-sensitized individuals undergoing cerebrospinal fluid fistula repair or rhinoplasty.
We assessed the expression of 34 genes related to inflammation and tissue remodeling using the real-time polymerase chain
reaction (QPCR) to quantify each mRNA.

Results IL.-4 mRNA was upregulated in nasal mucosa of all five patients; CCR3, CCR8 and Eotaxin-2 were upregulated
in four out of five patient samples; while IL-5 and IL-13 were upregulated in two of them. TGF-p1 was not upregulated in
PAR samples. mRNA from metalloproteinases MMP-7, MMP13 and MMP15 were upregulated in three out of five samples.
Our results indicate a typical mRNA expression profile of the infiltrating inflammatory Th2 cells and eosinophils, combined
with altered gene expression of remodeling-related proteins in stromal cells from the mucosa.

Conclusion Prolonged allergen challenge can lead to persistent upregulation of genes for inflammatory mediators such
as IL-4 Th2/eosinophil cytokines, chemokines and receptors, which may play an important role in maintaining PAR with
chronic nasal obstruction. Our findings may have therapeutic implications, including the use of anti-IL4, -CCR3 or -MMP
therapy to ameliorate the condition.
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Persistent allergic rhinitis (PAR) with chronic and refrac-  but its causes remain unknown. The pathophysiology of
tory nasal obstruction is a clinically significant problem, = PAR has been studied in recent years, and remodeling is
not well understood. Remodeling occurs in all inflamma-
tory responses although the mechanism and severity vary
D< Edécio Cunha-Neto depending on the disease [1]. There are very few studies

edecunha@gmail.com that investigate upper airway structural remodeling in the
nasal mucosa [2, 3] and the results are conflicting. Inflam-
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study of gene expression profile for inflammatory mediators
in the hypertrophied nasal turbinate can be the key to bet-
ter understand pathophysiology of chronic allergic rhinitis
and to identify new treatment targets. The purpose of this
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Table 1 Relative expression (fold increase values over control sam-
ples) of the 34 genes by qPCR in five patients with perennial AR

P2 P4 P12 P9 P15
Inflammation/infiltrate
CCR7 0.4 6.0 16.3 0.5 2.1
CCLI19/ECL 0.2 1.0 6.5 0.3 0.8
CCL21/SLC 1.0 1.7 12.9 0.5 1.1
CCR5 1.0 5.1 11.3 1.3 2.7
CCLS5/RANTES 0.9 2.5 35 0.7 0.9
IL-15 1.3 1.3 2.5 0.4 2.0
L2 0.6 35 2.3 1.1 1.6
IL-1p 0.2 0.3 4.4 0.1 1.5
IL-8 0.2 1.9 0.6 0.1 0.1
Th2 Profile
CCR8 1.2 5.1 20.4 3.2 4.4
CCL1/1-309 0.5 0.4 1.9 indetect- 0.5
able
CCR4 0.4 13.9 13.8 0.8 14
CCL17/TARC 3.0 1.7 0.8 1.3 0.5
CCL22/MDC 0.3 0.9 6.7 0.1 0.1
IL-4 8.6 31 313 15.3 14.9
IL-4 Ra 1.9 6.7 4.5 0.2 0.4
IL-5 inde- 0.54 24.32 0.736 5.73
tect-
able
IL-13 0.6 0.2 3.0 0.2 15.0
IL-13 Ra2 1.1 1.1 4.2 0.4 1.4
Eotaxin 1.3 0.2 2.2 0.1 0.1
Eotaxin-2 2.1 2.5 14.5 0.9 4.1
CCR-3 3.2 2.7 5.1 0.4 27.0
Thl profile
IFNy 0.5 0.8 9.2 0.9 3.6
CXCR3 5.03 2.87 336 346 1.09
CXCLY/MIG 1.24 1.24 1.74 13.75 1.39
CXCL10/IP10 0.89 0.07 0.49 9.12 0.31
IL-18 4.3 4.7 0.6 0.7 0.2
Anti-inflammatory
IL10 0.0 0.0 0.0 0.0 0.0
TGF-p1 0.1 0.6 1.7 0.2 0.7
FoxP3 20.32 40.49 0.76 13.33 1.48
Fibrosis/remodeling
MMP-7 5.8 3.1 2.6 0.2 0.4
MMP-13 6.2 8.6 2.6 0.4 0.6
MMP-15 5.8 3.1 2.6 0.2 0.4
MMP-9 0.1 0.6 1.7 0.2 0.7
TGF-b RI 2.1 33 2.5 0.3 0.5

Relative expression was calculated by the 2722 method. Values are

normalized in comparison with the average expression of each gene
in control samples (here set to 1). Bold values indicate, genes with
significantly increased expression (fold increase >2). Oligonucleo-
tide primer sequences are available upon request.

study is to identify gene expression of multiple inflammatory
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markers in nasal turbinate of patients with perennial AR and
chronic obstruction compared with a control group.

After signed informed consent, participants were divided
into two groups. Five patients were in the studied group
with PAR, symptomatic chronic nasal obstruction for at
least 3 years, absence of nasal polyposis, not using nasal
corticosteroids for at least 2 weeks, and positive prick test
for at least one aeroallergen who underwent surgery for
anterior turbinectomy (age avg 33 years; 40% male). Four
non-allergic patients were in the control group with nega-
tive prick test, undergoing cerebrospinal fluid fistula repair
or rhinoplasty (age avg 46 years; 70% male). After surgical
excision of the turbinate, fragments were immediately frozen
in liquid nitrogen. To evaluate the gene expression “ex vivo”,
without nasal challenge, we used the real-time polymerase
chain reaction (quantitative PCR; qPCR) using the SYBR
green®© protocol to quantify mRNA encoding the inflam-
matory mediators. We analyzed the expression of 34 genes
associated with Th1, Th2, regulatory T cell (Treg) responses
and remodeling as normalized by the expression of GAPDH,
using control samples as calibrators. Oligonucleotide primer
sequences are available upon request. We used the AACt
quantification method [4]. Relative expression values (fold
expression over controls) greater than two were considered
indicative of upregulated expression.

The expression of the 34 genes in each patient sample is
summarized in Table 1. Among the genes of the Th2 pheno-
type, we found that IL-4 was upregulated in nasal mucosa of
all five patients; CCR3, CCRS8 and Eotaxin-2 were upregu-
lated in four out of five patient samples; IL-5 and IL-13
were upregulated in only two of them. Chemokine recep-
tors CCR5 and CCR7 were upregulated in three out of five
patient samples. Paradoxically, upregulation of expression
of CXCR3, a marker of Thl cells, was observed in four out
of five patient samples. Metalloproteinases MMP-7, MMP13
and MMP-15 but not MMP-9 were upregulated in three out
of five samples as was TGF-f} receptor 1. The regulatory
cytokines IL-10 and TGF-p1 were not found to be upregu-
lated in chronic rhinitis patient’s samples.

Despite the small number of analyzed samples, we
observed that there is a significant inter-individual varia-
tion in gene expression in the turbinate of patients with PAR
and chronic obstruction, with a clear predominance of Th2
profile. IL-4 showed increased expression in nasal mucosa
samples of all five patients, and other genes related to Th2/
eosinophil phenotype showed increased expression in four
patients, such as CCRS8, CCR3 and its chemokine ligand
Eotaxin-2. This shift to a chronic Th2 pro-inflammatory
phenotype was described to cause eosinophil infiltration,
epithelial damage, cell hyperplasia and extracellular matrix
deposition with the development of airways remodeling in
asthmatic epithelium [5, 6] and the overexpression of those
genes in nasal mucosa supports the hypothesis that airway
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remodeling can also be a feature of chronic AR [5-7].
Accordingly, three out of these samples also presented
increased gene expression of MMP such as MMP7, MMP13,
MMP15 and TGF-p receptor 1. MMPs include a wide spec-
trum of zinc-dependent collagenases and elastases, which
are expressed in tissues during inflammation. MMPs play
a central role in the tissue remodeling underlying several
systemic and local inflammatory diseases and MMP-7 and
MMP-9 are believed to cleave major collagen components of
extracellular matrix and basement membrane [8]. Lung gene
expression microarray studies have consistently identified
MMP7 to be one of the most upregulated genes in inter-
stitial lung diseases such as idiopathic pulmonary fibrosis
[8]. The overexpression of MMP7 and other MMPs support
the hypothesis of tissue remodeling in the nasal mucosa of
chronic obstructed AR.

We found no upregulation of expression of regulatory
cytokines such as IL-10 and TGF-f, and this may be related
to the chronicity of inflammatory process [9]. However, the
transcriptional factor FoxP3, marker of regulatory T cells
or recently activated T cells, was present in three samples,
which may suggest a role for CD4 + CD25 + FoxP3 4 regula-
tory T cells in PAR with chronic obstruction [9, 10]. To our
knowledge, this is the first study of local gene expression
in obstructive PAR and it establishes a typical Th2 expres-
sion profile where IL-4 is dominant. The identification of
this local expression profile also suggests genes that can
be used as peripheral markers to monitor patients. Finally,
the set of 34 primers for qPCR used in this study may be a
suitable tool for investigation of other diseases of allergic
background. One limitation of this study was that we meas-
ured only mRNA, but not protein levels. However, given the
comparison with inflammation-free control samples, results
in nasal PAR mucosa mirror the typical mRNA expression
profile of the infiltrating inflammatory Th2 cells and eosino-
phils, combined with altered gene expression in stromal cells
from the mucosa. Protein detection studies will allow defini-
tive confirmation of the expression of immune molecules in
PAR nasal mucosa.

Prolonged allergen challenge can lead to upregulation of
genes for inflammatory mediators such as IL-4 Th2/eosino-
phil cytokines, chemokines and receptors, which may play
an important role in PAR with chronic nasal obstruction. The
elucidation of the pathophysiology of this condition may
have important therapeutic implications as it might indi-
cate the applicability of selective inhibitors of IL-4, CCR3,
CXCR3 and MMP to treat the disease.
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