
                                   European Journal of Histochemistry 2020; volume 64:3079

Can the AGE/RAGE/ERK signalling pathway and the epithelial-to-mesenchymal
transition interact in the pathogenesis of chronic rhinosinusitis with nasal polyps?
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Chronic rhinosinusitis with nasal polyps (CRSwNP) is a persistent sinonasal mucosa inflammatory disease with
still unclear pathophysiologic mechanisms that imply events of tissue repair and structural remodelling. Several
cascades seem to have a considerable role in the onset and progression of mucosa hyperproliferation in nasal
polyps including transforming growth factor β/Small mother against decapentaplegic (TGFβ/Smads), mitogen-
activated protein kinases (MAPKs), advanced glycosylation end-products (AGEs) together with epithelial-to-
mesenchymal transition (EMT). Since many inflammatory mediators are reported to play important roles in the
development of nasal polyps (NP) disease, this study aimed to analyse the correlation between the AGEs/recep-
tor of advanced glycosylation end-products (RAGE)/extracellular signal-regulated kinase (ERK) signalling
pathway and the main markers of EMT to better understand the influence that they exert on the remodelling of
nasal mucous membranes in patients affected by CRSwNP vs normal controls. A total of 30 patients were
enrolled in this study. Immunohistochemical analysis, using AGE, RAGE, p-ERK, MMP-3, TGF-β1, Smad2/3,
Collagen I-III, α-SMA, E-cadherin, IL-6 and Vimentin antibodies, was performed. AGE, RAGE, ERK, p-ERK
and MMP3 were also evaluated using western blot analysis. We observed an overexpression of the
AGE/RAGE/p-ERK and the main mesenchymal markers of EMT (Vimentin and IL-6) in CRSwNP vs controls
whereas the TGF-β/Smad3 pathway did not show any significant differences between the two groups of
patients. These observations suggest a complex network of processes in the pathogenesis of NP, and the
AGE/RAGE/ERK pathway and EMT might work together in promoting tissue remodelling in the formation of
CRSwNP.
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Introduction
Chronic rhinosinusitis with nasal polyps (CRSwNP) is a

chronic inflammatory condition of the upper respiratory tract. This
inflammatory disease of the mucous membranes in the nasal and
paranasal sinuses is characterised by persistent eosinophilic
inflammation, thickened sinonasal secretion, stromal oedema and
grape-like neoformations, namely nasal polyps (NP), located in the
upper nasal cavities. CRSwNP shows a persistent course and a fre-
quent recurrence with a considerably impact on patients’ quality of
life despite surgery and postoperative medical treatment and
because of the poor therapeutic response, patients clinically report
nasal obstruction, anterior/posterior rhinorrhoea, facial pain or
facial pressure and impairment or reduction of smell, cough and
fatigue.1,2

Numerous host and environmental factors including anatomic
disorders, genetic factors, viral, bacterial and fungal colonisation
or infections, allergic inflammation, non-allergic inhalants such as
occupational chemicals and dusts, and cigarette smoke play a role
in initiating and perpetuating the mucosal inflammation in the
sinonasal cavities.1,3-5

Well established histological features characterise the aspect of
the nasal/paranasal wall during CRSwNP such as basal membrane
thickness, glandular density alteration or their morphological
impairment, persistent mucosal inflammation, vessel proliferation
and increase in vascular permeability, abnormal deposition of
extracellular matrix (ECM) with local oedema and ECM degrada-
tion, remodelling of the tunica mucosa and submucosa finally lead-
ing to polyp formation.6

As it occurs in other organs,7-9 during the dynamic process cul-
minating in a structural reorganisation of the nasal/paranasal
mucosa, fibroblasts are thought to be the crucial cytotype of ECM
remodelling. Indeed, fibroblasts are responsible for not only the
local recruitment of inflammatory cells (owing to their ability to
influence the production of a variety of cytokines),10,11 but also to
represent a source of intracellular molecules capable of initiating
and amplifying inflammation and the subsequent collagen deposi-
tion.12

Transforming growth factor β (TGFβ1) has been shown to be
closely associated with chronic upper respiratory tract inflammato-
ry diseases playing a fundamental role in the remodelling process
through promoting transdifferentiation of fibroblasts into myofi-
broblast capable of synthesising ECM proteins.13 TGFβ1 expres-
sion is different in chronic rhinosinusitis without nasal polyps
(CRSsNP) patients showing high levels of this growth factor
respect to CRSwNP patients demonstrating a predominant
eosinophilic inflammation with high levels of IL-5 and local IgE
with low immunopositivity of TGFβ1.13,14 The low TGFβ1 protein
concentration in CRSwNP patients is also associated with a low
degree of TGFβ1R, p-Smads and collagen, indicating that the
TGFβ1/Smads pathway is not responsible for inducing fibroblasts
to synthesise ECM proteins. Since the TGFβ1/Smads pathway is
not active in the upper airway remodelling process with formation
of recurrent NP, this event is regulated by other distinct cascades.
It is well known that in many organs tissue remodelling depends on
the dynamic balance between enzymes that are involved in the
degradation of the ECM, i.e., metalloproteinases (MMPs) and their
inhibitors, tissue inhibitor of metalloproteinase (TIMP).15,16 Since
both MMP and TIMP maintain the integrity of the ECM and cellu-
lar basal membrane, an imbalance between MMP and TIMP activ-
ity can lead to elevated degradation of ECM with loss of connec-
tive tissue of the lamina propria, breakdown of the vascular basal
membrane that facilitates vessel permeability and the consequent
subepithelial oedema and formation of polyps.12,17 The tissue

remodelling during CRSwNP is also associated with the Epithelial-
to-Mesenchymal Transition, a cellular process in which epithelial
cells can have an impact on the development and progression of
ECM alteration comparable to that of fibroblasts.18 In EMT, epithe-
lial cells show the loss of cell-cell adhesion and polarity and slowly
gain myofibroblast markers as they lose their epithelial status.
These cells then leave the epithelial layer (mainly due to the E-cad-
herin loss) and accumulate in the interstitium, thus beginning the
ECM synthesis.19

Growing interest has been shown in advanced glycosylation
end products (AGEs), the products of non-enzymatic glycation and
oxidation of proteins and lipids, since their interaction with recep-
tor of advanced glycosylation end products (RAGE) and other
receptors activate several pathways involved in many human dis-
eases characterised by a deregulation of collagen metabolism.20-23

Recent in vitro studies demonstrated that the interaction between
AGE and RAGE seem capable of inducing connective remodelling
through MMP-1, TIMP and changes in p38 mitogen-activated pro-
tein chinasi (MAPK) and NF-kB.24 During recurrent rhinosinusitis,
RAGE is overexpressed in the epithelial cells of the sinonasal
mucosa obtained from patients affected by CRSwNP25 and in the
same patients, MAPK/ extracellular signal-regulated kinases
(ERK) is activated showing that this pathway is also involved in
the inflammatory process and in the pathogenesis of CRSwNP.26

Since a complex network of processes including epithelial
damage, inflammatory infiltration, EMT and tissue remodelling
occur in CRSwNP and the underlying molecular mechanisms of
these events have not been completely elucidated, the aim of this
study was to investigate the interaction between the
AGEs/RAGE/ERK signalling pathway and TGFβ/Smads in
patients affected by CRSwNP.

Patients and Methods 

Patients selection
This study was carried out (March 2018-March 2019) by

selecting 30 patients divided into two groups. The control group
consisted of 16 patients (eight males and eight females) undergo-
ing septoplasty (STPL) for nasal stenosis and endoscopic sinus
surgery for chronic sinusitis. The case group was comprised of 14
patients (twelve males and two females) suffering from CRSwNP
undergoing endoscopic surgery. Patient selection was done accord-
ing to different criteria. In particular, people less than 18 years of
age, patients with diagnoses of single and unilateral NP and
patients treated with antiplatelet and/or anticoagulant drugs were
excluded. 

The preoperative clinical history of all patients was careful
evaluated revealing the presence of recurrent CRSwNP-correlated
risk factors such as allergies, smoking and employment-related
factors.

The Institutional Ethic Committee (n. 9993) approved the
investigation protocol and all eligible patients signed a consent
form regarding the processing of personal data, allowing the exci-
sion of tissue and its use for this study.

Tissue collection and preparation 
Biopsies were cleaned and immediately put in 4% buffered for-

malin for 3 h at room temperature. Thereafter, fragments were
embedded in low temperature fusion paraffin for histological and
immunohistochemistry evaluation. A fraction of the same tissue
was stored at -80°C for Western blot analysis.
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Microscopic evaluation of nasal polyps
Serial 3 μm sections were stained using Haematoxylin and

Eosin (H&E), to assess the general tissue morphology, Masson’s
Trichrome and Periodic Acid-Schiff reaction (PAS) to evaluate the
deposition of connective tissue and to identify glandular and
epithelial glycoprotein compound, respectively. The stained sec-
tions were then observed under an Olympus BX51 light micro-
scope (Olympus Optical Co. Ltd., Tokyo, Japan). 

Immunohistochemistry analysis
Biopsies were cleaned and immediately put in 4% buffered for-

malin for 3 h at room temperature and embedded in low-melting
paraffin. Serial sections of 3 μm in thickness were incubated in
methanol and 3% hydrogen peroxidase solution for 40 min and
then rinsed in phosphate buffered saline (PBS). Specimens were
incubated overnight at 4°C with the following antibodies:

AGE (ab23722: Abcam, Cambridge, UK; dilution 1:500);
RAGE (pA1-075: Thermo Fisher Scientific Inc., Waltham, MA,
USA; dilution 1:100); p-ERK (sc-7383; Santa Cruz
Biotechnology, Santa Cruz, CA, USA; dilution 1:200); MMP-3
(sc-6839; Santa Cruz Biotechnology; dilution 1:50); TGF-β1 (sc-
8784; Santa Cruz Biotechnology; dilution 1:200); Smad2/3 (sc-
6202; Santa Cruz Biotechnology; dilution 1:300); Collagen I (sc-
8784; Santa Cruz Biotechnology; dilution 1:200); Collagen III (sc-
8781; Santa Cruz Biotechnology; dilution 1:200); α- SMA (sc-
32251: Santa Cruz Biotechnology; dilution 1:200; E-cadherin (sc-
7870: Santa Cruz Biotechnology; dilution 1:100); Vimentin (sc-
6260: Santa Cruz Biotechnology; dilution 1:100); IL-6 (sc-28343:
Santa Cruz Biotechnology; dilution 1:100).

Fragments were then rinsed with PBS for 10 min and incubat-
ed with a labelled streptavidin-biotin-peroxidase conjugate kit
(Dako Envision HRP: K 5007, Dako A/S, Glostrup, Denmark) for
20 min. After rinsing in PBS for 10 min, the sections were incubat-
ed with 3,3-diaminobenzidine-tetrahydrochloride (DAB: K3468,
Dako Cytomation, North America Inc., Carpinteria, CA, USA) for
1-3 min. Lastly, the samples were counterstained with Mayer’s
Haematoxylin and observed under a photomicroscope (Olympus
BX51 light microscope; Olympus Optical Co. Ltd).

To control the immunoreaction specificity, negative and posi-
tive controls were performed for all reactions. For negative con-
trols, sections were treated omitting the primary antibody and
replacing it with 0.01M PBS. 

All sections were evaluated independently by two experienced
pathologists and examined under an Olympus BX51 light micro-
scope (Olympus Optical Co. Ltd.). 

Semi-quantitative immunohistochemistry evaluation
and statistical analysis

Quantitative comparison of immunohistochemical staining
was performed by Image J, a digital image analysis public domain
software (U.S. National Institutes of Health, Bethesda, MD, avail-
able at: https://imagej.nih.gov/ij/) for all antibodies tested in the
study. The IHC images employed were stained with DAB and
Haematoxylin and five microscopic fields were selected from each
samples of control and CRSwNP, photographed at the same mag-
nification (Original Magnification 10×, Scale bar: 100 μm), saved
as high-resolution images and then analysed with an IHC profiler,
a specific Image J plugin. The microphotographs underwent spec-
tral deconvolution method of DAB/Haematoxylin. For each of the
photographs, the software analysed the pixel intensity splitting it in
threshold values: negative, low positive, positive, and high posi-
tive. Taking this into account, we obtained the whole immunopos-
itivity by summing the three different grades of positivity. The
immunopositivity was expressed as a percentage of the total soft-
ware-classified areas and the data obtained were plotted on his-

tograms. Results were expressed as means ± SD and considered
statistically significant at a P-value <0.05.

Western blot analysis 
The evaluation of marker levels was performed on proteins

extracted by homogenisation of patients’ tissues in lysis buffer 2x
(Cell Signalling Technology-9802, Danvers, MA, USA) added
with proteases and phosphatases inhibitors (Cell Signalling
Technology-9803). The amount of proteins for each sample was
calculated with a Bradford assay, and electrophoresis was run in
denaturant conditions. The protein was transferred on a nitrocellu-
lose membrane and incubated with the following primary antibod-
ies: AGE (ab 23722: Abcam), RAGE (pA1-075: Thermo Fisher
Scientific Inc., Waltham, MA, USA), ERK 1/2 (44-6544: Thermo
Fisher, Scientific Inc.), p-ERK (sc-7383: Santa Cruz
Biotechnology) and MMP3 (sc-6839: Santa Cruz Biotechnology)
at concentrations suggested by the datasheets. Finally, the identifi-
cation of the specific chemiluminescent bands was performed by
exposure of the nitrocellulose membrane, previously incubated
with the corresponding secondary antibodies, to ECL
(Chemiluminescent Substrate Pico. COD. EMP001005 Euroclone,
Milan, Italy).

Results

Whole mount histology and immunohistochemistry
Histomorphological evaluation with H&E (Figure 1 A,B),

Masson’s Trichrome (Figure 1 C/C1, D/D1) and histochemical
staining using PAS (Figure 2 A/A1, B/B1) allowed demonstration
of the substantial differences in the general aspects of glands,
inflammatory infiltration and ECM between samples from controls
and patients with NP. In particular, the nasal mucosa of control
samples was morphologically normal (Figure 1A) and smooth,
with ciliated columnar epithelial cells separated from the thick
lamina propria by a thin layer of basement membrane. 

In the submucosa of the control samples several seromucous
glands were immersed in a connective tissue with elastic fibres
(Figure 1 C/C1). 

In the surface epithelium of CRSwNP samples we observed an
accumulation of glycoproteins in the cytoplasm of goblet cells,
with a thickened of subepithelial connective tissue and oedema
(Figure 2 B/B1). Moreover, in the same group, a remodelling of the
submucosal layer, characterised by loose connective tissue with
inflammatory infiltration, a reduction of number with a poor PAS
positivity of glands showing dysmorphisms, winding appearance
and luminal dilations were present (Figure 1B, D/D1 and Figure 2
B/B1).

Immunohistochemistry for AGEs showed a similar low
immunolabeling in the epithelium both in fragments from polyps
and in controls (Figure 3 A,B). On the contrary, we observed a
marked overexpression of the same antigen in the subepithelium
and in the connective tissue of the lamina propria and submucosa
in fragments from pathological samples (Figure 3B) respect to
controls (Figure 3A). As far as RAGE expression, it was generical-
ly overexpressed in polyps (Figure 3E) in contrast to controls
(Figure 3D); in particular, the immunopositivity was evident in the
deeper region of the lamina propria, in the submucosa and around
the vessels (Figure 3E). These data were confirmed by semi-quan-
titative analysis (Figure 3 C,F).

Immunohistochemistry for p-ERK (Figure 3 G,H) revealed a
moderate positivity in the connective tissue of the tunica mucosa
and a lower immunoreaction in the surface epithelium and glands
of the control samples (Figure 3G). On the contrary, a relevant
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enhancement of the immunopositivity for the same MAPK, both in
the lamina propria and the stroma that encircled the submucosal
glands of the NP nasal polyps (Figure 3H), was reported. The
increased levels of p-ERK in polyps’ fragments respect to controls
was also highlighted by semi-quantitative evaluation (Figure 3I).

An increase of immunostaining for MMP3 was observed in the
lamina propria and the submucosa of the pathological tissue
(Figure 3M) when compared to normal samples (Figure 3L). This
moderate difference in immunolabeling between the two groups
was confirmed by semi-quantitative analysis (60% in NP vs 40%
in controls) (Figure 3N). When comparing TIMP1 expression
between the two groups, we identified a different topographic dis-
tribution of immunoreaction as TIMP1 was located in the subep-

ithelium in controls (Figure 3O), while in NP, the immunostaining
labelled the deeper region of the submucosa rather than the lamina
propria (Figure 3P). Morphological data were confirmed by semi-
quantitative analysis, which showed no differences in TIMP1
labelling (Figure 3Q).

Immunohistochemistry and semi-quantitative analysis for the
TGF-β/Smads pathway did not show any significant differences in
polyps and controls regarding the expression of TGF-β1, Smad2-
3, Collagen I-III and α-SMA (Figure 4), demonstrating that this
cascade seems not to be involved in ECM remodelling and does
not represent an alternative cascade to AGEs/RAGE (Figure 4).

To demonstrate the ability of AGE/ERK signalling to induce
the EMT process, we tested E-cadherin (epithelial) and Vimentin

Figure 1. H&E and Masson’s Trichrome staining. In control (CTRL) samples (A, C/C1) the microphotograph showed a normal morphology
of nasal mucosa with several dense glandular aggregates encircled by a dense network of elastic fibres (arrows) respect to CRSwNP samples
(B, D/D1) where glands appeared dysmorphic, isolated and partly surrounded by thin fibres of connective tissue (arrows). Inflammatory
infiltrate was also detected in the CRSwNP group (B-head arrow). Original magnification 10×, scale bar: 100 μm.
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and IL-6 (mesenchymal) markers (Figure 5).  As expected, E-cad-
herin immunopositivity was higher in controls (Figure 5 A/A1)
than in polyps (Figure 5 B/B1), as confirmed by semi-quantitative
analysis (Figure 5C). On the contrary, IL-6 and Vimentin expres-
sion was mild in the control group (Figure 5 D,G) and increased
significantly in patients affected by NP (Figure 5 E,H), confirming
the switch from epithelial to mesenchymal phenotype. These data
were confirmed by semi-quantitative analysis (Figure 5 F,I). 

In accordance with the immunohistochemistry results, Western
blot analysis revealed high levels of AGE, RAGE and MMP3 in
polyps samples compared to controls (Figure 6).  As far as ERK
level we did not observe significant differences between the two
groups, while we noticed an increased level of p-ERK in NP con-
firming the activation of ERK signalling in patients with CRSwNP
(Figure 6). These data confirmed the involvement of the
AGE/RAGE cascade in ECM remodelling and in the EMT process
occurring in NP disease. 

Discussion
The morphological aspects of NP have been well described

from the histological point of view but the cellular mechanisms
underlying the pathogenesis of these events is not fully understood.

Previous studies have indicated that several molecular path-
ways are involved in the pathogenesis of NP and most of these
studies primarily focused on single different pathways involved in
Chronic rhinosinusitis (CRS), concentrating on detecting the pro-
teins or gene expression in the context of a specific cascade. As the
correlation among the several cascades still remains unclear, our
study evaluated, in controls vs CRSwNP patients, the immunohis-
tochemical alterations of nasal mucosa induced by AGE/RAGE in
an independent or parallel manner to the TGFβ/Smads pathway, as
well as AGE/RAGE influence the remodelling of mucosa in NP.
Tissue remodelling is orchestrated by the activation of a profibrotic
programme in which lots of mediators can induce fibroblasts to

Figure 2. PAS staining. In the epithelium of CTRL samples (A) a poor accumulation of glycoproteins in the cytoplasm of few goblet cells
was found (arrow), while a marked PAS positivity in glands was detected (A1, arrow). On the contrary, in the epithelium of CRSwNP samples
(B) an increase of glycoprotein accumulation was found in the goblet cells (arrows) while glands were PAS negative (B1, arrow). A thickened
of subepithelial connective tissue was observed in CRSwNP compared to CTRL (asterisks). (A, B) Original magnification 10×, scale bar: 
100 μm; (A1, B1) Original magnification 40×, scale bar: 25 μm.
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Figure 3. Immunohistochemistry and semi-quantitative analysis for AGE, RAGE, p-ERK, MMP3 and TIMP1. In CTRL samples (A,D,G,L)
all markers tested were mildly expressed in contrast to the CRSwNP samples (B,E,H,M), which showed a significant increase of immunopos-
itivity. Regarding TIMP1, no quantitative differences were detected between the two groups (O,P). Data were confirmed by semi-quantitative
analysis (C,F,I,N,Q). Original magnification 10×, scale bar: 100 μm. 
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collagen deposition other than by a morphological or functional
defect in the epithelial barrier due to EMT, another event thought
to be one of the pathophysiological processes involved in CRS.27,28

TGF-β is considered a master switch in tissue remodelling and
degradation of the basal membrane and it has been shown to be

closely associated with chronic respiratory diseases including
CRS. Clear differences have been demonstrated in the TGF-β sig-
nalling pathway between CRSwNP and CRSsNP and this supports
the hypothesis that the TGF-β pathway plays a different role in the
induction of fibrosis or its dysregulation in the nasal mucosa. We

Figure 4. Immunohistochemistry and semi-quantitative analysis for TGF-β1, Smad2/3, Collagen I-III and α-SMA. No significative differ-
ences in immunopositivity between CTRL (A,D,G,L) and CRSwNP (B,E,H,M) samples were found as confirmed by semi-quantitative eval-
uation (C,F,I,N). Original magnification 10×, scale bar: 100 μm.
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found that TGF-β1 and Smad2/3 proteins’ immunopositivity were
present in nasal mucosa from both CRSwNP and CTRL patients
with no quantitative differences. Therefore, it is conceivable that
the TGF-β/Smads pathway is not essential to polyps’ formation
and other signalling pathways may contribute to the disease.

Growing interest has been shown in AGEs, the products of
non-enzymatic glycation and oxidation of proteins and lipids, since
their interaction with RAGE and other receptors activate several
pathways including ERK and MAPK, which are involved in many
human diseases characterised by a tissue remodelling. There is evi-

Figure 5. Immunohistochemistry and semi-quantitative analysis for E-cadherin, IL-6 and Vimentin. In CTRL samples (A) a marked epithe-
lial positivity for E-cadherin was found in contrast to CRSwNP, where the expression was mild (B). On the contrary, both IL-6 and Vimentin
were expressed to a greater extent in CRSwNP fragments (E,H) compared to CTRL (D,G). These data were confirmed by semi-quantitative
analysis (C,F,I). Original magnification 10×, scale bar: 100 μm.
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dence that the ERK pathway, numbered in the MAPKs family, is
activated in CRSwNP and represents a critical intracellular media-
tor implicated in the pathogenesis of CRSwNP.26

ERK can mediate the increase of metalloproteinases levels in a
TGFβ/Smads independent manner; therefore, it is conceivable that
the increased levels of p-ERK and MMP3 in the nasal mucosa of
CRSwNP could be due to the activation of the AGE/RAGE path-
way and TGF-β/Smad signalling seems to play a marginal role in
the development of CRSwNP. In confirmation of these findings,
we observed that collagen I/III and αSMA expressions showed no
significant differences between the two group of samples, demon-
strating that, in NP, a tissue remodelling process involving fibrob-
lasts or their transdifferentiation into myofibroblasts with
enhanced collagen synthesis does not occur. 

MMPs and their inhibitors TIMPs are considered to play an
additive role in NP formation. MMP3 was expressed in the lamina
propria and submucosa in CRSwNP, appearing responsible for
microvascular permeability leading to oedema and ECM protru-
sion. Simultaneously, there was no TIMP1 suppression and its low
immunolabeling was similar in the two groups of patients, suggest-
ing that the imbalance between high MMPs and a limited expres-
sion of their inhibitors TIMPs cannot prevent MMPs from overac-
tivation. This event is capable of aggravating the oedema of the
nasal mucosa through breakdown of the vascular basal membrane
and increase of vessel permeability. 

Recently, EMT has been observed in CRS and NP tissues and
is thought to contribute to the pathophysiological process in
CRSwNP.18 During EMT, the epithelial cells lose their typical mor-
phology, apicobasal polarity and cell to cell junctional attachments
and acquire mesenchymal properties causing a mucosal barrier dis-
ruption and pseudocyst formation. In particular, in patients with
CRSwNP, epithelial cells undergoing EMT show a loss of epithe-
lial markers such as E-cadherin and a gain of mesenchymal mark-
ers such as α-SMA, Vimentin and Snail.29,30 Since in our study the
p-ERK level was correlated with markers of EMT in NP such as
IL-6 and Vimentin, we speculate that ERK signalling influenced
by the AGE/RAGE pathway could induce EMT, causing an epithe-
lial disruption with a decrease of epithelial cohesion and integrity
together with a transdifferentiation of epithelial cells into mes-

enchymal cells contributing to stromal tissue oedema, tissue
remodelling and pseudocyst formation.

CRS is a complex inflammatory disease and many factors con-
tribute to its development. Our findings, presented here, suggest
that the activation of the AGE/RAGE/ERK rather than
TGFβ/Smads pathway might deserve a leading position in sinus
mucosa hyperproliferation and recurrent NP formation. Our results
also suggest that EMT, with the protrusion of connective tissue
through an epithelial barrier defect and the subsequent re-epitheli-
sation, could also be correlated to the overexpression of
AGE/RAGE/ERK driven by epithelial-derived inflammatory
cytokines. 

Our preliminary data confirm the extremely complex patho-
genesis of CRSwNP. However, further studies are required to val-
idate our hypothesis that the AGE/RAGE/ERK pathway and EMT
might work together in promoting tissue remodelling in NP during
CRS and it is reasonable to speculate that the pharmacological
control of this intracellular signalling could represent a promising
strategy in the future.
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