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Summary

Background Mucus hyper-secretion is a feature of several airways diseases such as chronic
rhinosinusitis, asthma, and cystic fibrosis (CF). Since mucins are major components of mucus,
the knowledge of their distribution and regulation in nasal tissues is likely to improve mucus
hyper-secretion therapy.
Objective The aim of this study was to evaluate and compare mucin gene expression at
epithelial and glandular levels, and to identify potential mucin expression patterns for
specific upper airways pathologies.
Methods Immunohistochemistry for MUC1, MUC2, and MUC4–MUC8 mucins was performed
on healthy nasal mucosa (NM; n = 12), bilateral nasal polyps (NP; n = 38), NP from CF patients
(n = 10), and antrochoanal (AC) polyps (n = 11). MUC2, MUC4, MUC5AC, and MUC6 mRNA
expression were also analysed by in situ hybridization.
Results MUC1, MUC4, and MUC5AC mucins were highly expressed in the epithelium and their
expression pattern was similar in all NP types, MUC1 and MUC4 being increased and MUC5AC
decreased compared with NM. MUC8 was highly detected at both epithelial and glandular
levels with marked variability between groups. MUC5B was mainly detected in glands and the
expression in all polyp types was higher than in NM. Moreover, MUC5B expression was higher
in NP epithelia from CF patients than in bilateral NP and healthy NM. Although MUC2
expression was low, especially in AC polyps, it was detected in most samples. In NM, MUC6
and MUC7 were scarcely detected and MUC7 expression was restricted to glands.
Conclusions These results suggest that NP have a different pattern of mucin expression than
healthy NM and that CF polyps (increased MUC5B) and AC polyps (decreased MUC2) have a
different mucin expression pattern than bilateral NP.
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Introduction

Mucus is the layer that covers, protects, and lubricates the
luminal surfaces of epithelial respiratory, gastrointestinal,
and reproductive tracts. Airway mucus is composed of
water, ions, lung secretions, serum protein transudates,
anti-microbial proteins, and mucus glycoproteins (mu-
cins). The viscoelastic properties of mucus are mainly
determined by the presence of mucins [1] that are high-
molecular weight proteins extensively glycosylated,
synthesized, and secreted by epithelial globlet cells and
submucosal glands [2].

Genes encoding for 18 human apomucins (mucin pro-
tein backbones) have been cloned [3, 4]. Although eight of
them, MUC1, MUC2, MUC4, MUC5AC, MUC5B, MUC7,
MUC8, and MUC13 [5, 6], are normally expressed in the
human respiratory tract, only MUC5AC and MUC5B have
been convincingly demonstrated to be major components
of human airway secretion [7, 8]. There are two major
classes of mucins: secreted mucins (MUC2, MUC5AC,
MUC5B, MUC6–MUC10, and MUC13–MUC16, MUC19)
and membrane-bound mucins (MUC1, MUC3, MUC4,
MUC11, MUC12, MUC17), which contain a transmem-
brane domain and a short cytoplasmic tail. From the
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secreted mucins, MUC2, MUC5AC, MUC5B, and MUC6
genes, are clustered in the 11p15 chromosomal region [9],
and contain cysteine-rich domains homologous to von
Willebrand factor D domains that are oligomerization
sites. A common feature of both kinds of mucins is the
presence of tandem repeats rich in Thr, Ser, and Pro, where
the O-glycosylation occurs [10].

In chronic inflammatory airway diseases such as asth-
ma, chronic bronchitis, chronic rhinosinusitis and nasal
polyposis, and cystic fibrosis (CF), submucosal glands
become enlarged, and the number of globlet cells in-
creases in the airway surface epithelium, appearing in
the distal airways where they are not normally pre-
sent [11]. These cellular changes often result in mucus
hyper-secretion usually with altered physiological
properties. Different studies have demonstrated that mu-
cus-secreting cells of nasal polyp (NP) epithelium con-
tribute to increase mucus secretion [12, 13]. Bronchial
globlet cells hyperplasia also accounts for mucin hyper-
secretion in asthmatics subjects [14]. In addition to
increased mucus secretion, the distributional pattern of
mucin gene expression in respiratory tissues also seems to
be altered in these airways pathologies [14, 15]. Because
mucus overproduction is commonly accompanied by glob-
let cells hyperplasia, it is important to identify which
mucins are expressed in the globlet cells of the nasal
mucosa (NM) epithelium. Recent studies have demonstrated
that NM epithelial globlet cells expressed MUC5AC [16, 17]
and MUC2 [12] mucins and that mucous cells in glands
expressed MUC5B [18].

NP constitute an inflammatory disease, characterized
by oedematous masses in the nasal cavities and paranasal
sinuses affecting 2–4% of general population, whose
aetiology is still unknown. Although commonly presented
as a unique kind of disease, NP may occur in a variety of
different diseases such as bilateral nasal polyposis, in
patients with or without asthma and in which eosinophil
infiltration constitutes a histological hallmark [19], NP in
CF patients where neutrophils are supposed to be the main
infiltrating inflammatory cell [20], and unilateral antro-
choanal (AC) polyps where inflammatory cell infiltration
seems to be less important [21].

As little is known about the heterogeneity of
mucin gene expression in the healthy NM and in the
different types of NP, the knowledge of these expression
patterns may contribute to an improvement in the
diagnosis and therapy for mucus hyper-secretion and/or
mucosal inflammation. Thus, the aim of the present study
was to investigate and compare mucin gene expression
patterns, at both epithelial and glandular levels, in
different types of nasal tissues including healthy NM,
bilateral NP, NP from CF patients (CF polyps), and
unilateral AC polypsin order to identify potential
mucin expression patterns for specific upper airways
pathologies.

Materials and methods

Subjects

Human NM was obtained from subjects (n= 12) undergoing
nasal corrective surgery for septal deviation. Only one of
the subjects was being treated with intranasal corticoster-
oids at the time of surgery. Bilateral NP were obtained from
38 patients undergoing nasal polypectomy. Among them,
22 patients presented a history of asthma, and 50% of the
asthmatic patients (N = 11) presented a clear history of
aspirin sensitivity. At the time of surgery, 19 patients
(50%) were receiving both intranasal corticosteroids (bude-
sonide, 400mg twice daily) and oral prednisone (20 mg/
day). Thirteen patients (34%) were atopic to common
aeroallergens (Table 1). In the study, polyps from patients
with CF (N = 10) and AC polyps (N = 11) were also analysed.

Antibodies

Monoclonal antibodies M8 and LDQ10, recognizing MUC1
and MUC2 respectively, were used as undiluted hybridoma
supernatant for M8 [22] and as ascites fluid diluted 1 : 250
for LDQ10 [23]. B12 MoAb (Dr Castro, Barcelona, Spain),
recognizing a synthetic dextran molecule, was used as
negative control at 1/2 dilution. Polyclonal anti-MUC4
[24], anti-MUC6 [25], and anti-MUC8 [6] antibodies,
recognizing MUC4, MUC6, and MUC8 respectively, were
purified by affinity chromatography on the synthetic
peptides coupled to AH-sepharose 4B (Pharmacia, Uppsa-
la, Sweden). Rabbit polyclonal serum LUM5.1 [7],
LUM5B.2 [26], and LUM7.1 [27] recognizing non-TR
regions of MUC5AC, MUC5B, and MUC7 respectively,
were also used. Pre-immune rabbit serum was used as
negative control at 1 : 1000 dilutions. Except for MUC8,
specificity of all the antibodies has been described pre-
viously. The specificity of anti-MUC8 affinity-purified
antibodies was determined by ELISA and by peptide
inhibition assays by immunohistochemistry on bronchial
sections as described previously [28].

Table 1. Epidemiological characteristics of subjects and patients

Tissue N
Age
(years)�

Gender
(M/F)

Steroid
treatment
(yes/no)

Atopy
(yes/no)

NM 12 32.3� 6.5 9/3 1/11 1/10 (1)w

CF 10 14.5� 6.7 7/3 2/8 0/2 (8)
AC polyps 11 41.4� 20.2 8/3 2/9 4/4 (3)
NP 38 55.9� 13.6 24/14 19/19 13/25

No Asthma 16 50.6� 14.5 11/5 8/8 5/11
Asthma 22 58.8� 13.5 13/9 11/11 8/14

ASA tolerance 11 49.5� 16.3 5/6 5/6 4/7
ASA Intolerance 11 51.7� 13.2 8/3 6/5 4/7

�Mean� standard deviation. wValues in brackets represent unknown data.
AC, antrochoanal; CF, cystic fibrosis; M, male, F, female; NM, nasal
mucosa; NP, nasal polyp.
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Immunohistochemistry

The indirect immunoperoxidase technique was performed
on 3 mm sections of paraffin-embedded tissue sections.
Samples were dewaxed, rehydrated, treated with 0.01 M

sodium citrate buffer at 100 1C for 5 min, and fixed in cold
acetone for 10 min. Endogenous peroxidase was blocked
with 4% hydrogen peroxide in phosphate-buffered saline
(PBS) containing 0.1% sodium azide for 10 min.
Non-specific-binding sites were blocked with 5% skim
milk in PBS. Primary antibodies were diluted in 1%
PBS–bovine serum albumin and applied for 90 min.
After washing with PBS, the slides were incubated for
60 min with peroxidase-labelled secondary antibodies
(DAKO, Glostrup, Denmark). Peroxidase reaction was
developed using the diaminobenzidine Substrate-cromo-
gen System (DAKO) according to the manufacturer’s
recommendations. The slides were counterstained with
haematoxylin, dehydrated, and mounted with DPX (BDH,
Poole, UK).

Sections were examined by light microscopy and the
antibody staining patterns were scored in a quantitative
manner. The pattern of reaction was classified in the
epithelium and glands, and the number of positive cells
was expressed as a percentage of the total number of cells
(400 cells counted). The percentage of positive among
total cases was also quantified (Table 2). A positive case
was considered when more than 5% of positive cells were
detected. The scoring of reactivity was independently
determined by two observers (A.M. and C.d.B) in a blind
manner.

In Situ Hybridization

Sense and antisense synthetic oligonucleotides (48 bp)
corresponding to the tandem repeat sequences of mucin
genes were labelled with digoxigenin (DIG) following the
manufacturer’s instructions (Boehringer, Mannheim, Ger-
many). After surgery, tissue samples were immediately
fixed in 4% paraformaldehyde (PFA), embedded in paraf-
fin, and stored at 4 1C until use. Sections were deparaffi-
nized and rehydrated. Proteinase K digestion (1 mg/mL in
0.1 M Tris HCl, pH 7, 0.5 M EDTA) was performed for 15 min
at 37 1C. Samples were fixed with 4% PFA for 15 min and
treated with 0.1 M triethanolamine, pH 8, and 0.25% acetic
anhydride for 10 min. After pre-hybridization in 4� SSPE
(300 mM NaCl, 20 mM NaH2PO4, 2 mM EDTA) with 1%
Denhardt’s at 42 1C for 60 min, sections were dehydrated
and hybridized overnight at 42 1C with DIG-labelled
oligonucleotides (400 mg/mL) diluted in 4 SSPE, 1% Den-
hardt’s, 50% formamide, 20 mM DTT, 0.1 M phosphate
buffer, pH 7.2%, 1% sarkosyl, and tRNA (250 mg/mL).
Post-hybridization washes were performed stepwise
from 4� SSPE at room temperature (RT) to a final wash
with 0.1� SSPE at 42 1C. Sections were dehydrated,
dried and incubated with 5% normal horse serum for 3 h
at RT. Alkaline phosphatase-conjugated sheep anti-DIG
antibodies (Boehringer) were incubated overnight at
4 1C. Alkaline phosphatase was developed overnight at
RT using nitroblue tetrazolium/5-bromo-4-chloro-3-
indolyl-phosphate (Promega, Madison, WI, USA) in
100 m20 mM NaCl, 50 mM MgCl2, 100 mM Tris HCl, pH 9.5.
Slides were rinsed and mounted in Aquatex.

Table 2. Mucin protein expression in nasal tissues detected by immunohistochemistry

NM NP CF AC polyps

Positivity� Rate (%) Positivity Rate (%) Positivity Rate (%) Positivity Rate (%)

Epithelium
MUC1 12/12 100 35/35 100 10/10 100 10/10 100
MUC2 10/10 100 31/35 88.6 8/8 100 4/9 44.4
MUC4 9/12 75.0 35/35 100 10/10 100 10/10 100
MUC5AC 11/11 100 35/36 97.2 10/10 100 10/10 100
MUC5B 5/12 41.7 28/36 77.8 8/8 100 8/10 80.0
MUC6 5/11 45.5 0/37 0.0 0/10 0.0 0/10 0.0
MUC7 0/12 0.0 0/37 0.0 0/10 0.0 0/10 0.0
MUC8 10/10 100 37/37 100 9/9 100 10/10 100
Glands
MUC1 11/11 100 25/25 100 7/7 100 2/2 100
MUC2 1/9 11.1 0/25 0.0 1/5 20.0 0/2 0.0
MUC4 6/11 54.5 21/29 72.4 7/9 77.8 1/2 50.0
MUC5AC 3/9 33.3 15/22 68.2 5/7 71.4 1/3 33.3
MUC5B 10/10 100 27/27 100 8/8 100 3/3 100
MUC6 5/11 45.5 2/24 8.3 1/7 14.3 0/3 0.0
MUC7 6/11 54.5 0/26 0.0 1/10 10.0 1/3 33.3
MUC8 11/11 100 27/28 96.4 8/8 100 2/2 100

�Values are expressed as positive cases /total cases.
AC, antrochoanal; CF, cystic fibrosis; NM, nasal mucosa; NP, nasal polyp.
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The antisense oligonucleotide sequences used were as
follows: MUC2 (50-GGT CTG TGT GCC GGT GGG TGT TGG
GGT TGG GGT CAC CGT GGT GGT GGT-30), MUC4 (50-
GTC GGT GAC AGG AAG AGG GGT GGC GTG ACC TGT
GGA TGC TGA GGA AGT-30), MUC5AC (50-AGG GGC
AGA AGT TGT GCT CGT TGT GGG AGC AGA GGT TGT
GCT GGT TGT-30), and MUC6 (50-CAT CTG TGC GTG GGT
AGG GGT GAT GAC TGT GTG AGT ACT TGG AGT CAC-30).
The following tissues were used as controls: healthy colon
for MUC2 and MUC4 and healthy stomach for MUC5AC
and MUC6 [24, 28].

Inflammation

Inflammatory cells including eosinophils, lymphocytes,
plasma cells, and polymorphonuclear cells were quanti-
fied, and the results were related to 100 inflammatory cells
(Table 3).

Statistical Analysis

Mucin data were expressed as median and 25–75th
percentile of positive cells among total cells. As the
Kolmogorov–Smirnov test showed that most of the data
did not reach a normal distribution, the non-parametric
statistical Mann–Whitney’s U-test was used for between-
group comparisons. Rho Spearman’s analysis was used to
assess the correlation between mucin gene expression and
inflammatory parameters in the different tissues. Statis-
tical significance was set at Po 0.05.

Results

Mucin expression in human nasal mucosa

Epithelium. MUC1, MUC2, MUC5AC, and MUC8 mucins
were detected in the epithelium of all cases (Table 2). The
expression of MUC8 (median: 70%) was high, MUC1

Table 3. Inflammatory component from healthy and pathologic tissues

Tissue Lymphocyte (%) Plasma cells (%) Polymorphonuclear (%) Eosinophils (%)

NM 40 (32.5–40) 50 (47.5–55) 5 (4–5) 5 (3.5–12.5)
NP 35 (15–45) 30 (25–40)� 5 (5–10) 25 (10–50)�

CFP 30 (20–36.3) 50 (48.8–61.3)w 5 (5–6.3) 10 (7.3–11.3)w

AC polyps 45 (21.3–65) 45 (22.5–50) 5 (3–8.8) 10 (2.5–18.8)w

�Po 0.05 compared with NM. wPo 0.05 compared with NP by the Mann–Whitney U-test.
Results are expressed as median and 25–75th percentile. NM, nasal mucosa; NP, nasal polyp; CFP, polyps from cystic fibrosis patients; AC, antrochoanal.
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Fig. 1. Pattern of mucin gene expression in different types of upper airway tissues: nasal mucosa (NM), bilateral nasal polyps (NP), NP from patients
having cystic fibrosis (CF), and antrochoanal (AC) polyps. The data are expressed as percentage of positive cells among total cells in the epithelium (a)
and in the glands (b). Because of the absence of glands AC polyps are not represented in graph B. Box plots show the 25th, 50th (median), and 75th
percentile values. Whiskers show the minimum and maximum values. Black points (�) represent outlayer values. Comparisons were made using the
Mann–Whitney U-test (�Po 0.05 vs. NM; wPo 0.05 vs. NP; zPo 0.05 vs. CF).
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(52.5%) and MUC5AC (55%) expression was moderate,
and MUC2 (21.3%) showed a low expression. MUC5B and
MUC6 were detected in approximately half of the cases
and the cellular positivity was similar for both mucins
(Fig. 1A). MUC4 (52.5%) was variably detected in 75%
of the samples while MUC7 was undetectable in the
epithelium.

Submucosal glands. MUC1, MUC5B, and MUC8 were
detected in all analysed cases (Table 2). MUC8 mucin was
highly expressed (65%), MUC1 (40%), and MUC5B (37.5%)
were moderately detected, and the rest of the mucins were
lowly expressed, MUC2 being the mucin detected at the
lowest level (Fig. 1b). The number of positive cells and
positive cases for MUC5B and MUC7 was increased
compared with the epithelium (Table 2).

According to the stained cellular type, MUC1 and
MUC4 immunoreactivity was found in both mucus-secret-
ing and ciliated cells, whereas MUC2 and MUC5AC stain-
ing was restricted to the mucus-secreting cells. MUC6 and
MUC8 staining was limited to the basal area of the super-
ficial epithelium, while MUC5B was mainly detected in
mucus-secreting cells of submucosal glands. MUC7 was
undetectable in the epithelium although it was focally
detected in glands (Fig. 2).

Mucin expression in nasal polyps

Epithelium. MUC1, MUC4, and MUC8 mucins were
highly detected in all studied samples. MUC5AC was
moderately expressed while MUC2 and MUC5B were
poorly expressed, and MUC6 and MUC7 were not detected
(Fig. 1a; Table 2).

Submucosal glands. MUC1 and MUC8 were also highly
expressed in all the cases. The expression of MUC5AC was
decreased whereas MUC5B was increased compared with
the epithelium (Fig. 1b). In contrast to a high positivity in
the epithelium (90%), MUC2 was not detected in glands.
While MUC6 was detected in few samples, MUC7 was
totally absent (Table 2).

Expression pattern. Comparing the mucin expression
pattern in NP with that found in healthy NM, an increased
expression of MUC4 in both the polyp epithelium (95%;
Po 0.001) and glands (25%; Po 0.05) as well as an
increase of MUC1 (85%; Po 0.001) in the epithelium was
observed. The expression of MUC5AC (30%; Po 0.001)

Fig. 2. (a)MUC1, (b) MUC2, (c) MUC4, (d) MUC5AC, (e) MUC5B, (f) MUC6, (g) MUC7, and (h) MUC8 mucins detected in human nasal mucosa by
immunohistochemistry. MUC1, MUC4, and MUC8 were detected in nasal epithelial globlet and ciliated cells. MUC2 and MUC5AC were mainly detected
in globlet cells. MUC5B was mainly detected in submucosal glands. MUC6 was detected at a low level while MUC7 was not expressed. (Original
magnification: � 400).

Fig. 3. Immunohistochemistry of mucin expression in bilateral nasal
polyps: (a) MUC1, (b) MUC4, (c) MUC5AC, and (d) MUC5B. MUC1 and
MUC4 were highly expressed throughout the epithelium. MUC5AC and
MUC5B are mainly expressed in epithelial and glandular mucous cells,
respectively. (Original magnification: � 400)

�c 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 36 : 448–457
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and MUC6 (0%; Po 0.001) was decreased in NP epithe-
lium, whereas MUC7 (0%; Po 0.01) was decreased in NP
glands. MUC5B (65%; Po 0.001) mucin was increased in
NP glands with respect to NM (Fig. 3).

When comparing the mucin expression between asth-
ma/no-asthma patients, a lower MUC2 mucin expression
in asthmatics (3.8%; Po 0.01) than in non-asthmatic
(10%) subjects was found in nasal epithelium. The expres-
sion of MUC5B was higher in NP glands from asthmatics
patients with aspirin tolerance (67.5%; Po 0.01) than in
polyps of patients with aspirin sensitivity (50%). Polyps of
patients receiving corticosteroid treatment showed a
higher expression of MUC1 (95%; Po 0.05) and MUC5B
(7.5%; P = 0.01) but a lower expression of MUC8 (65%;
P = 0.01) than the non-treated group (80%, 1.3%, and
87.5%, respectively) (Fig. 3). No differences in mucin
expression between atopic and non-atopic subjects were
found (data not shown).

Mucin expression in nasal polyps from cystic fibrosis
patients

Epithelium. All the studied mucins, except MUC6 and
MUC7, were detected in 100% of the cases (Table 3). The
expression of mucins was high for MUC1, MUC4, and
MUC8, moderate for MUC5B, and low for MUC2 and
MUC5AC, while MUC6 and MUC7 were not expressed
(Figs 1a and 4).

Submucosal glands. The number of positive cases was
markedly decreased for MUC2 mucin compared with the
epithelium (Table 3). The expression was high for MUC1,
moderate for MUC4, MUC5B, and MUC8, and very low for
MUC2, MUC5AC, and MUC7.

Expression pattern. When the mucin expression pattern
detected in NP from CF patients, was compared with that
found in healthy NM, an increased expression of MUC1
(90%; Po 0.001), MUC5B (25%; Po 0.01), and MUC8
(90%; Po 0.001) was observed in the epithelium. MUC4
expression was increased in both the epithelium (100%;
Po 0.001) and the glands (30%; Po 0.05). MUC5AC
expression was significantly lower (17.5%; Po 0.001)
than in NM (Fig. 1). When comparing the mucin expres-
sion between CF polyps and bilateral NP, an increased
expression of MUC5B mucin was observed in CF polyps
epithelium (Po 0.001) and decreased MUC8 in glands
(Po 0.05).

Mucin expression in antrochoanal polyps

Epithelium. MUC1, MUC4, and MUC8 mucins were de-
tected in all the analysed cases in a high proportion of
cells (Table 3). MUC5AC was also detected in all the
samples but the expression intensity was low. The expres-
sion of MUC5B and MUC2 was low, while MUC6 and
MUC7 were not detected (Fig. 1A).

Submucosal glands. Because of the low number of glands
found in AC polyp samples, the cellular positivity could
not be assessed at the glandular level.

Expression pattern. When the pattern of mucin expres-
sion in AC polyps was compared with that of healthy NM,
an increased expression of MUC1 (80%; Po 0.01) and
MUC4 (100%; P = 0.001) as well as a decreased expression
of MUC2 (0%, 0–1.3; Po 0.001) and MUC5AC (22.5%;
P = 0.001) was observed. MUC2 mucin expression was also
decreased compared with CF polyps and bilateral NP (both

Fig. 4. Immunohistochemistry of mucin expression in nasal polyps from
cystic fibrosis patients: (a) MUC1, (b) MUC4, (c) MUC5AC, and (d)
MUC5B. MUC1 and MUC4 were highly expressed throughout the epithe-
lium, whereas MUC5AC and MUC5B were mainly expressed in globlet
cells. (Original magnification: � 400).

Fig. 5. Immunohistochemistry of mucin expression in AC polyps: (a)
MUC1, (b) MUC2, (c) MUC4, and (d) MUC5AC. MUC1 and MUC4 were
highly detected throughout the epithelium, whereas MUC2 and MUC5AC
were mainly detected in globlet cells. (Original magnification: � 400).
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Po 0.001), while MUC5B was increased in AC polyps
compared with bilateral NP (Po 0.05) (Figs 1a and 5).

Detection of mucin transcripts by in situ hybridization

To confirm the immunohistochemical findings at the RNA
level, in situ hybridization for MUC2, MUC4, MUC5AC,
and MUC6 was carried out on selected samples of healthy
NM (n = 4) and bilateral NP (n = 5). MUC2 mRNA was
expressed in the epithelium of NM in a low proportion of
cells (Fig. 6A), but not in bilateral NP. MUC4 was ex-
pressed in all samples in a high proportion of epithelial
cells (Fig. 6B). MUC5AC was mainly detected in globlet
cells in both NM and polyps, although the expression was
higher in NM than in NP (Figs 6C and D). MUC6 was not
detected in either NM or polyps (data not shown).

Inflammation

The analysis of the haematoxylin–eosin staining showed a
higher percentage of eosinophils in bilateral NP (25%;
Po 0.05) than in the other tissues (NM = 5%; CF and AC
polyps = 10%) (Table 3). Bilateral NP from patients receiv-
ing corticoids treatment (10%) showed a decreased eosi-
nophil infiltration compared with NP from non-treated
patients (50%; Po 0.001) (data not shown). There were no
significant differences in the polymorphonuclear cells and
lymphocyte content in the different tissues (Table 3). As a
high variability in the correlations between mucin expres-
sion and inflammatory cells were found, no correlation
data was reported.

Discussion

In the present study, the pattern of mucin gene expression
in healthy NM has been analysed and compared with that

of bilateral NP, NP from CF patients and AC polyps in order
to assess the potential role of the mucins as pathologic
markers for diagnosis and disease evolution in patients
with chronic rhinosinusitis and NP. Our results indicate that
an altered expression pattern is present in all NP samples.

Mucins in healthy nasal mucosa

In healthy NM, the major mucins expressed are MUC1,
MUC4, MUC5AC, and MUC8 in the epithelium, and MUC1,
MUC5B, and MUC8 in the glands. Previous data have
reported that MUC4 and MUC5AC are the most highly
expressed mucins in healthy inferior turbinates [5] and
that MUC5AC and MUC5B are the two major mucin
populations in respiratory secretions [7, 8]. MUC5AC has
been exclusively detected in epithelial globlet cells of NM,
while MUC5B has also been found in the mucous cells of
submucosal glands [16]. In addition, MUC5AC has been
also localized in goblet cells from other respiratory
epithelia such as the bronchi, trachea, and lungs [6, 29,
30], as well as in non-respiratory tissues such as stomach
[25] and gallbladder epithelia [31]. Little data regarding a
mucin expression in the upper airways have been pub-
lished. MUC2 and MUC7 were detected at a low level,
while MUC6 was absent [5]. These observations are in
accordance with our findings, in which MUC6 and MUC7
were exclusively detected in healthy NM at very low
levels, and MUC2 was scarcely expressed in both healthy
and pathogical nasal tissues.

Mucins in nasal polyps

Several authors have analysed the expression of mucin
genes in different samples of upper airway mucosa. For
instance, an increase of MUC8 mRNA and a decrease of
MUC5AC mRNA expression in bilateral NP [13], as well as
an up-regulation of MUC8 in chronic rhinosinusitis mu-
cosa have been found, at both mRNA and protein levels
[32]. By contrast, several studies have described an
increased expression of MUC5AC in bilateral NP that can
be associated to globlet cells hyperplasia [17, 33]. In this
way, if hyperplasic epithelium appeared in pathologic
tissues, the low percentage of MUC5AC-positive cells
detected in our samples could be explained by either a
higher proliferation of non-globlet cells (ciliated and
basal) with respect to globlet cells or by the presence of
less mature globlet cells with a differential phenotype. On
the other hand, Kim et al. [18] have recently demonstrated
an up-regulation of MUC5B mRNA expression in chronic
rhinosinusitis mucosa compared with normal sinus mu-
cosa. This result is comparable with our finding of
increased MUC5B expression in bilateral NP glands.

Mucins in nasal polyp from various origins

In CF polyps, an up-regulation of MUC5AC mRNA in both
human NP and bronchial tissues of CF subjects has been

Fig. 6. MUC2, MUC4, and MUC5AC transcripts were detected by in situ
hybridization. (a and c) MUC2 and MUC5AC transcripts expressed in
nasal mucosa. (b and d) MUC4 and MUC5AC transcripts expressed in a
bilateral nasal polyp. (Original magnification: � 150).
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reported [15], as well as an increase of MUC2 mRNA
expression in CF NM [34]. However, we detected a
decreased expression of MUC5AC and MUC2 in NP of CF
patients similar to that present in bilateral NP. A potential
explanation for the different results may be that all CF
patients in the study of Li et al. were included in a gene
therapy trial receiving either CFTR cDNA-liposome com-
plexes or liposome alone by nasal topical application. The
administration of liposomes may affect the surface of the
epithelium and up-regulated MUC2 expression, as it has
already been described for other inflammatory mediators
[35]. On the other hand, our findings agree with those of
Voynow and Henke, who detected a decreased expression
of MUC5AC in nasal epithelial cells and sputum from CF
subjects compared with NHNE cells and sputum of healthy
subjects [36, 37].

In addition, our study reports, for the first time, the
mucin gene expression in AC polyps. The results indicate
that in this pathologic tissue, the mucin expression
pattern is similar to that found in bilateral and CF NP,
except for MUC2, which was found to be down-regulated
in AC polyps.

Mucins in respiratory inflammation

Although several studies have tried to elucidate the role of
inflammatory cells and their mediators in the regulation
of mucin genes, the relationship between inflammation
and mucin overproduction and/or hyper-secretion is still
poorly understood. It has been reported that inflammatory
cells present in NP could play an important role in the
disease [38]. One of these implications could be the
regulation of the mucin genes as it has been described in
other respiratory cellular models. For example, Burgel et
al. demonstrated that eosinophil products increased mu-
cin production in airway epithelial cells [39] and pro-
inflammatory cytokines (IL-1b, IL-9, and TNF-a) can
regulate the expression of specific mucin genes (MUC2,
MUC5AC, and MUC8) in bronchial epithelia cells, regula-
tion that is mediated through a mechanism involving the
ERK/MAPK/RSK1/CREB pathway [40–42]. In our tissue
samples, bilateral and CF NP showed a higher inflamma-
tory component compared with healthy NM and AC NP
and eosinophils were the major inflammatory cells de-
tected in bilateral NP. Altogether, these data could indicate
that MUC1, MUC4, and MUC5B up-regulation, observed in
bilateral NP and to a lower extent in CF and in AC NP,
might be due to the increase of eosinophil infiltration,
wherein activation and secretion of inflammatory factors
would regulate the expression of specific mucin genes.
However, factors secreted by other inflammatory cells
present in NP, such as neutrophils, could also contribute
to regulation of mucin gene expression [33].

The increased expression of secreted mucins may con-
tribute to mucus hyper-secretion and to mucus viscoelas-

ticity changes. On the other hand, the biologic
significance of the membrane mucin (MUC1 and MUC4)
activation in pathologic tissues may be related to the
implication of these mucins for intracellular signalling
pathways related to proliferative processes. MUC4 may
carry out this action through the epidermal growth factor-
like domains present in its sequence, which interact with
ErbB2 [43]. Therefore, membrane mucins could be in-
volved in epithelial cell hyperplasia reported to occur in
several respiratory pathologies.

Recently, it has been shown that intranasal steroids
decrease the number of eosinophils but not the level of
mucins expression in bilateral NP [44]. Although the
effect of corticosteroids on mucin gene expression was
not the main aim of the present study, we found some
remarkable differences between bilateral NP from steroid-
treated and non-treated patients. In the treated group, a
decrease in the number of eosinophils was detected in
association with a decrease of MUC8 expression, suggest-
ing that eosinophils could be involved in the regulation of
MUC8.

Conclusions

These results suggest that bilateral NP have a different
pattern of mucin expression, an increase of MUC1 and
MUC4 and a decrease of MUC5AC, than healthy NM.
Among NP, CF polyps, with an increase in MUC5B, and
AC polyps, with a decrease in MUC2, also show a differ-
ential mucin expression pattern than bilateral nasal poly-
posis. These findings, together with further studies on the
regulation of mucins by pro-inflammatory agents and
anti-inflammatory drugs, might aid in the differential
diagnosis and improved therapies of respiratory diseases
with NP.
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