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Core Messages

> As a part of the airway mucosa, nasal polyps
express a wide range of mucin genes and
proteins.

> Nasal polyps express the first nine mucin genes
studied so far (MUCs1-4, 5AC, 5B and 6-8).

> More mucin genes are expected to be expressed
in nasal polyps.

> The wide range of mucin expression patterns
reflects a wide range of internal and external
environmental factors involved in the develop-
ment of nasal polyps.

> Mucin genes up-regulated in nasal polyps include
MUCI, 2, 4, SAC, 5B and 8.

> Sub-mucosal glands play a more important role
in mucin expression than surface epithelium.

> Most of the studies on mucin expression in
nasal polyps are focused on basic science.

> The role of steroids in modulating mucin gene
expression in nasal polyps is still unclear.

> Further studies are needed to illustrate the role
of different variables that control mucin expres-
sion in nasal polyps.

> The role of inflammatory mediators needs to be
studied to help invent new treatment modalities.
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8.1 Introduction

Rhinorrhea with increased mucus secretion is one of the
main symptoms related to nasal polyps. This can involve
increase of quantity and/or change of quality of nasal
mucus. This alteration of amount and/or physical proper-
ties of nasal mucus can have a deleterious effect on nasal
mucociliary transport, which depends in part on the quan-
titative and qualitative properties of mucus secretion. In
normal situation, the gel-like properties of airway mucus
secretion depend solely on the presence of high molecu-
lar weight glycoproteins known as mucins in the mucus
secretion. These are large molecules formed of sub-units
joined end to end by disulphide bonds with a core protein
to which hundreds of carbohydrate chains are O-linked
[4]. Histochemical studies have shown that in the airway
mucosa mucus-producing (goblet) cells of the surface
epithelium and mucus and serous cells of the sub-mucosal
glands produced different types of mucins [28].

8.2 Mucin Genes

To date 20 human mucin genes named MUCI, 2, 3A, 3B,
4, 5AC, 5B, 69, 11-13 and 15-20 have been identified
by cDNA cloning. MUCs2, 5AC, 5B, 6, 8 and possibly
19 are secretory gel-forming mucins while MUCsl, 3A,
3B, 4, 11-13, 15-18 and 20 are membrane bound. MUC7
is a secretory, but not gel-forming mucin as it exists as a
monomer. Secreted and membrane-bound forms of
MUC9 have been identified. All the currently known
human mucin genes, excluding MUCs 9, 11, 16 and 17,
have been shown to be expressed by human airway
mucosa [1]. As a part of the airway mucosa, nasal polyps
are expected to express a wide spectrum of mucin genes
comparable to that identified in the airway mucosa.
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8.3 Sources of Mucus Hyper-Secretion
in Nasal Polyps

Increased nasal mucus secretion in the presence of
nasal polyps can be due to one or more of the follow-
ing reasons:

1. Sinus infection that occasionally coexists or com-
plicates the presence of nasal polyps [1, 4, 31]. In a
previous study, we found that at least three mucins,
MUC2, MUCS5AC and MUCSB, are expressed in
sinus and mixed nasal mucus secretion of chronic
sinusitis patients [2]. An inverse relation between
MUC?2 and MUCS5AC mucin levels in sinus mucus
secretion of these patients was noted. This inverse
relation was significantly high only in the presence
of nasal polyps [4].

2. Increased surface area of the functioning mucous
membrane by polyp formation. Although there are
areas of squamous metaplasia of respiratory mucosa
covering the polyps, mucin expression has been
identified in these squamous epithelia [3].

3. Increased number of mucus secretory elements
(goblet cells and/or sub-mucosal gland). This has
been reported in inflammatory airway diseases.
Inflammatory mediators such as interleukin (IL)-9
and IL-13 up-regulate mucus expression by goblet
cell hyperplasia in airway inflammation [25, 33,
49]. Increase of sub-mucosal gland area in inflamed
sinus mucosa has also been reported [32].

4. Release of inflammatory mediators. Several inflam-
matory mediators can up-regulate specific mucin gene
in inflamed airway mucosa. MUC2 expression is up-
regulated by TNF-a [24, 40], interleukin (IL)-1f [23],
IL-9 [25] and leukotriene (L) D4 [8, 42]. MUC4
expression is up-regulated by IL-1, lipopolysaccharide
[7] and IL-9 [15]. MUCSAC expression is up-regulated
by neutrophil elastase [18], IL-1p [23], IL-4 [14], IL-6
[40], IL-9 [25, 33], LD4 [8] and TNF-a [40, 48].
However, the role of IL-4 on MUC5AC mRNA and
MUCSAC mucin in cultured normal human nasal epi-
thelial cells has been reported to be inhibitory rather than
stimulatory [37]. MUCSB expression is up-regulated
by IL-6 and TNF-a [40]. MUCS expression is up-regu-
lated by TNF-o.and IL-1§3 [21, 41, 47] and prostaglan-
din E2 [12]. The release of one or more of these
inflammatory mediators would result in increased
activity (hyper-functioning) of the secretory elements
of the airway mucosa. Altered quantity (mucin

up-regulation) and/or quality (different mucin expres-
sion) would disturb mucociliary transport and result in
the clinical manifestation of anterior and posterior rhi-
norrhea commonly complained of by polyp patients.

8.4 Studies of Mucin Gene Expression
in Nasal Polyps

8.4.1 Techniques

Several techniques have been employed to study mucin
gene expression in nasal polyps. Of these, in situ hybrid-
ization [3, 11, 27] is a sensitive qualitative technique to
study mucin gene expression at the level of mRNA. Using
oligonucleotide probes to the tandem repeat sequence in
the mucin gene under investigation provides signal ampli-
fication and enhancement by hybridising maximum num-
ber of probes along the tandem repeat units in the same
mRNA molecule. As it is applied on histological sections,
in situ hybridization has the advantage of facilitating cel-
lular localization of expressed mucin genes. However, as
signal intensity does not depend on the number mucin
mRNA molecules but on the number of tandem repeat
units in the mRNA molecules, this technique of in situ
hybridization cannot be considered as a quantitative
test for mucin gene expression. It can only give semi-
quantitative assessment of the level of mucin gene
expression. Other techniques of mucin gene study include
reverse transcriptase-polymerase chain reaction (RT-PCR)
[16]. Mucin protein studying techniques include enzyme
linked immunosorbent assays (ELISA) [7], Western blots
[48] and immunohistochemistry [11, 27].

8.4.2 Control Mucosa for Mucin Gene
Studies in Nasal Polyps

Different sources of healthy nasal mucosa have been
used as a control mucosa for mucin gene expression
studies in nasal polyps. Inferior turbinate mucosa is easy
to harvest [10, 22, 37]. However, Mogensen and Tos
[29] have reported that goblet cell density increases
from anterior to posterior along the inferior turbinates.
Furthermore, considering the physiological functions of
the inferior turbinates, it is not clear if this mucosa can
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present an ideal control model for mucin gene expres-
sion in nasal polyps. Healthy posterior ethmoid mucosa
was utilised [20] as it represents a part of the mucosal
lining the ethmoid sinuses from which nasal polyps usu-
ally arise and which is commonly involved in the chronic
sinus infection. It is relatively easy to harvest posterior
ethmoid mucosa after the removal of nasal polyps with
anterior ethmoid mucosa. Due to anatomical and physi-
ological reasons, this mucosa seems more suitable than
inferior turbinate mucosa as a control for mucin gene
expression study in nasal polyps. Sphenoid sinus mucosa
was used as a control as it is embryologically a part of
the posterior ethmoid with the advantage of being fur-
ther away from anterior ethmoid sinuses, and therefore,
is relatively less likely to be involved in ethmoid sinus
pathology than the posterior ethmoids. The epithelium
of the ethmoid and sphenoid sinus mucosa (similar to
that of inferior turbinates) is typical of the respiratory
epithelium (pseudostratified ciliated columnar epithe-
lium with goblet cells). The sub-mucosal layer is usu-
ally thin with a few glandular elements.

8.4.3 Main Studies

There are three main studies that investigated the expres-
sion of a wide range of mucin genes in nasal polyps
with a control nasal mucosa [3, 22, 27]. The first study
used inferior turbinate mucosa as a control and the sec-
ond one used sphenoid sinus mucosa. The third study
did not define the source of control (normal) nasal
mucosa. On the basis of the study of Reid et al. [34] on
the developmental expression of mucin genes in human
airways, which showed no expression of MUC3, 6 or 8
in human foetal airways, Kim et al. [22] excluded
MUC3 and 6 from their study, which investigated the
expression of the first nine mucin genes (MUCsl, 2, 4,
5AC, 5B, 7 and 8) in nasal polyp epithelium. They used
pooled cell scrapings from normal inferior turbinate
mucosa as a control epithelium employing RT-PCR and
immunoblotting. They found that all the mucin genes
they studied are expressed at various levels in normal
inferior turbinate epithelium. Mucin expression in the
sub-mucosal gland was not investigated.

We studied mucin gene expression in healthy sphe-
noid sinus mucosa as a control for nasal polyps. Healthy
sphenoid sinus mucosa expressed MUCs1—4, SAC and
5B, but not MUCG6 or 7. The expression was mainly

epithelial. Mucin gene expression in sphenoid sinus
mucosa was mainly of membrane-bound mucins
(MUCH4 and 3), which were expressed in most of the
samples [3]. In sub-mucosal gland, mucin expression
was infrequent and MUCs4 and 5B expression was
generally weak, while that of MUCS5AC was moderate.
No MUCI, 2 or 3 expression was detected in the sub-
mucosal gland of healthy sphenoid sinus mucosa.
Martinez-Antén et al. [27] employed in situ hybridiza-
tion to study MUC?2, 4, SAC and 6 mRNA expressions
in healthy inferior turbinate mucosa and nasal polyps.
They also used immunohistochemistry to study MUC1,
2, 4-8 mucin protein expression. They found that
MUCI1, MUC4 and MUCS5AC mucins are highly
expressed in the epithelium of normal nasal mucosa.
MUCS was highly detected at both the epithelium and
sub-mucosal glands while MUC5B was mainly detected
in the sub-mucosal glands. MUC6 and MUC7 were
scarcely expressed in normal nasal mucosa with MUC7
restricted to the sub-mucosal glands. There are other
studies that investigated the expression of one or a few
mucin genes in nasal polyps [8, 10, 12, 16, 20, 41].

8.5 Mucin Gene Expression
in Nasal Polyps

Histologically, nasal polyps are inflammatory polyps
covered by respiratory epithelium with areas of squamous
metaplasia and focal thickening of sub-epithelial base-
ment membrane. The sub-mucosal glands are occasion-
ally dilated and lined by attenuated epithelium [3].
Sub-mucosal gland density is low in oedematous part of
the polyp (fundus) and high in the neck (pedicle).
Accompanying stroma is oedematous with a mononu-
clear cell and eosinophil infiltrate.

8.5.1 General Mucin Gene
Expression Profile

Mucin expression was up-regulated in nasal polyps com-
pared to normal inferior turbinate mucosa [10, 22, 37].
Intra-cellular mucin content in nasal polyps was 2.9
times higher than in healthy inferior turbinate mucosa
[22]. All the nine mucin genes investigated so far
(MUCs1-3, 4, 5AC, 5B and 6-8) have been found to be
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expressed in nasal polyps [3, 22]. This is similar to mucin
gene expression profiles reported for the lower and upper
airway mucosa including normal and vasomotor inferior
turbinates [5, 6]. Excluding MUC8 which was not
included in our study, all the studied mucin genes were
expressed in both epithelium and sub-mucosal glands of
nasal polyps [3]. However, the expression pattern of
individual mucin genes was widely variable among indi-
vidual polyps and in different areas of mucin secretory
elements within the same polyp. This wide variation of
mucin gene expression among different polyps can be
explained by the wide spectrum of local and systemic
factors involved in polyp development and/or progres-
sion. Although the airway mucosa can express almost
the whole set of mucin genes, in some extreme cases, the
expression pattern can vary to the degree that some genes
become completely down-regulated (blocked). Intra-
polyp variation in mucin gene expression may be due to
the differences of cell secretory stages and cell cycles at
the time of tissue harvesting [5].

The predominantly expressed mucin genes in nasal
polyps are MUC4, 5AC [3, 22] and MUCS [22, 27]
followed by MUC3, 1, 5B and 7. The least expressed
mucin genes in the nasal polyps are MUCs2 and 6 [3].
Figure 8.1 illustrates averaged expression signals of
the first eight mucin genes in nasal polyps from 20
patients based on the results in reference [3].

In situ hybridization demonstrated that there is
significantly more glandular mucin gene expression
in nasal polyps than in healthy sphenoid sinus mucosa.
MUCI, 2 and 3 were expressed in sub-mucosal glands
of nasal polyps, but not in sphenoid sinus mucosa.
Average number of mucin genes expressed in the
sub-mucosal glands of nasal polyps was 2.95 com-
pared to 0.75 in sphenoid mucosa. Furthermore, aver-
aged expression signals of mucin genes in the
sub-mucosal glands were significantly more in nasal
polyps than in sphenoid sinus mucosa [3]. This sug-
gests that sub-mucosal glands play an important role
in mucin gene expression in nasal polyps. Similar
results have been reported in chronic sinusitis where
quantitative analysis of mucin expression has demon-
strated that the majority of mucin produced is of sub-
mucosal gland origin [39]. This may indicate that, as
a result of the inflammatory processes which resulted
in the development of nasal polyps, sub-mucosal
glands are exposed to more stress than the epithelium,
with more mucin genes being expressed and existing
genes up-regulated. Hyperplasia of sub-mucosal
glands could be an additional process by which more
mucin is produced. Pefia et al. [32] reported an
increase in sub-mucosal gland area in sinus mucosa
of children with chronic sinusitis as compared to
controls.
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8.5.2 Individual Mucin Genes

8.5.2.1 MUC1

MUCI expression has been reported in normal inferior
turbinate epithelium and nasal polyps with no signifi-
cant difference in expression levels [22]. In our study,
although in the majority of samples MUC1 expression
was weak in both the polyp epithelium and sub-mucosal
glands, epithelial MUC1 expression was more pre-
dominant in nasal polyps than in healthy sphenoid
sinus mucosa. Glandular MUCT1 expression was also
detected in nasal polyps but not in control sphenoid
sinus mucosa. Martinez-Anton et al. [27] have also
reported MUCI up-regulation in nasal polyps com-
pared to healthy nasal mucosa. Interestingly, Aust et al.
[6] noted MUC1 down-regulation in vasomotor infe-
rior turbinates compared to normal turbinates. They
speculated that decreased MUC1 expression might
trigger the abnormal neurogenic signal leading to copi-
ous nasal secretion in vasomotor rhinitis.

8.5.2.2 MUC2

MUC?2 encodes for a large secretory mucin which is
mainly an intestinal mucin and provides a protective
barrier between the intestinal epithelium and luminal
contents. MUC2 up-regulation has been reported in
maxillary sinus mucosa [43]. Kim et al. [22] found
epithelial MUC2 up-regulation in three of six nasal
polyp specimens compared to normal inferior turbinate
epithelium. Their study did not include mucin gene
expression in the sub-mucosal gland of nasal polyps or
inferior turbinates. In our study, weak epithelial MUC2
expression was noted in nasal polyps and sphenoid
sinus mucosa. However, no MUC2 expression was
noted in the sub-mucosal glands of healthy sphenoid
sinus mucosa while glandular MUC2 expression was
detected in 20% of nasal polyps. Weak MUC2 mRNA
expression in nasal polyps has also been reported by
Martinez-Antén et al. [27].

8.5.2.3 MUC3 and 6

MUCS3 encodes for a membrane-bound mucin which is
mainly intestinal, while MUC6 gene encodes for a

secretory mucin which is mainly gastric. Both mucins
are thought to have an important protective rule in the
gastro intestinal tract. Although MUCs3 and 6 expres-
sion was not found in normal or vasomotor inferior tur-
binate mucosa [6], it has have been reported in allergic
nasal mucosa [36]. Depending on the previous results
which showed no MUC3 or 6 expression in inferior tur-
binate mucosa [34], Kim et al. [22], excluded MUC3
and 6 from the set of mucin genes they studied in nasal
polyps. Martinez-Antén et al. [27] excluded MUC3 in
their study on mucin gene expression in nasal polyps
and reported weak MUC6 expression in healthy nasal
mucosa. In our study, MUC3 epithelial expression was
detected in both nasal polyps and healthy sphenoid sinus
mucosa while glandular MUC3 expression was detected
in nasal polyps only. Weak MUC6 expression was
detected in both the epithelium and sub-mucosal glands
of nasal polyps, while no MUC6 expression was found
in the epithelium or sub-mucosal glands of healthy
sphenoid sinus mucosa.

8.5.2.4 MUC4

In our study, we found that MUC4 was the most pre-
dominantly expressed mucin gene in nasal polyps. It
was expressed in the epithelium and sub-mucosal
glands of 80 and 60% of nasal polyps respectively.
This is similar to the results reported for normal and
vasomotor nasal mucosa [6]. MUC4 up-regulation has
also been reported in nasal polyps compared with
healthy normal nasal mucosa [27] and inferior tur-
binate [7]. MUC4 was expressed in the epithelium of
nasal polyps in the form of diffuse signals detected in
all cell types along the epithelial layer and was not
confined to the goblet cells. It was also expressed in
squamous epithelium in areas of polyps with squamous
metaplasia. Although MUC4 encodes for a membrane-
bound mucin associated with the surface epithelium,
MUC4 expression was also detected in the sub-
mucosal glands of nasal polyps. However, sub-mucosal
gland expression was weak in 35% of polyps and
moderate in only 10% (compared to 65% of polyps
showing moderate to strong epithelial expression).
Average expression was ~2.5x as strong as in the
epithelium [3].

MUC4 mucin (encoded by MUCH4 gene) is unique in
that its extra-cellular 3" segment extends far higher than
other membrane-bound mucins [17]. It also contains an
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extra-cellular domain called AMOP (adhesion-associated
domain in MUC4 and other proteins) which has not been
identified in any other mucin genes [13]. MUC4 could
have a role in signalling pathways involved in epithelial
cell proliferation and differentiation [30] and in nasal
polyps; MUCH4 could be involved in epithelial hyperpla-
sia and/or metaplasia.

8.5.2.5 MUC5AC

This mucin gene encodes for a major airway secretory
mucin known to be mainly produced by goblet cells in
airway epithelium [16, 20, 27]. Various studies have
been reported on MUCSAC expression in nasal polyps
with conflicting results. Kim et al. [20] have found
MUCSAC mRNA expression in most of the goblet
cells of nasal polyps; while in the healthy posterior eth-
moid mucosa MUC5AC mRNA was barely expressed.
Similar results have been reported by Lii et al. [26] and
Burgel et al. [11] who found more MUCS5AC expres-
sion in polyp epithelium compared to normal inferior
turbinate mucosa. In our study, epithelial MUCS5AC
expression was detected in 75% of polyps compared to
25% in normal sphenoid sinus mucosa. However,
Martinez-Antén et al. [27] reported MUCS5AC mucin
down-regulation in nasal polyps compared to normal
nasal mucosa. Although MUCS5AC is known as a gob-
let cell mucin, glandular MUCS5AC has been reported
in healthy and vasomotor inferior turbinate mucosa [6].
In our study, glandular MUCSAC expression was
detected in 55% of nasal polyps and average expres-
sion was ~1.5x stronger in the epithelium than in the
sub-mucosal glands [3].

8.5.2.6 MUC5B and 7

MUCS5B gene encodes for a major airway mucin [44]
while MUC7 is a major salivary mucin [9]. Both
MUCSB and 7 are known to be expressed in the airways
and their expressions are mainly in the sub-mucosal
glands [6, 27, 38]. In our study, both MUCS5B and 7
glandular expressions were identified in 40% of polyps
compared to 20 and 25% respectively for epithelial
expression of the two mucin genes. The average expres-
sion of MUC5B was >2.5 fold stronger in the sub-
mucosal glands than in the epithelium [3]. Similar
results of MUCS5B up-regulation in nasal polyps

compared to healthy nasal mucosa have been reported
[27]. Similar to other mucin genes, MUCS5B and 7
expressions are not restricted to the sub-mucosal glands
as epithelial expression was identified in our study and
has been reported in other studies [32, 46].

8.5.2.7 MUCS

MUCS is expressed in the ciliated cells of human nasal
epithelium [21]. In their study of mucin gene expres-
sion in nasal polyp and normal inferior turbinate epithe-
lium, Kim et al. [22] reported MUCS up-regulation in
nasal polyp epithelium in five of six nasal polyp speci-
mens compared to inferior turbinates. Similar results
have been reported by Seong et al. [37]. In the study of
Martinez-Antén et al. [27] MUCS was highly expressed
in both the epithelium and sub-mucosal glands of nasal
polyps and normal nasal mucosa; however, marked
variability of expression levels was noted and there was
no significant difference between MUCS expression in
nasal polyps compared to normal nasal mucosa.

8.6 Steroids and Mucin Expression
in Nasal Polyps

Although local and systemic steroid remain the main-
stay medication for treatment of nasal polyps, the role
of glucocorticoids in mucin gene expression in nasal
polyps remains unclear. Various studies have investi-
gated the effect of systemic and topical steroids on the
expression of various mucin genes in nasal polyps with
variable outcomes. Budisonide and beclomethasone
dipropionate have been found to reduce mucus secre-
tion in cultured nasal mucosa [35], and intravenous
glucocorticoids resulted in reduced MUCS expression
in nasal polyps [45]. Furthermore, topical nasal flutica-
sone propionate and in vitro triamcinolone and dexam-
ethasone have been found to inhibit MUC4 mRNA
expression in nasal polyps and cultured nasal polyp
epithelium, respectively [7]. However, other studies
have shown that dexamethasone has no effect on
steady-state mRNA levels of MUC2, MUCS5AC or
MUCS in cultured human nasal epithelial cells [19]
and that although intranasal fluticasone reduced eosino-
phils infiltration in nasal polyps, it had no effect on
MUCS5AC mucin expression [11].



8 Mucin Expression in Nasal Polyps

71

8.7 Discussion

The aforementioned studies show that, as a part of the
airway mucosa, nasal and sinus mucosa express a
wide range of mucin genes comparable to that of the
airway mucosa which is known to express the major-
ity of the currently known mucin genes. The mucin
genes studied in nasal polyps so far are the first nine
mucin genes out of the currently known 20 mucin
genes. More mucin genes are therefore expected to be
expressed in nasal polyps. This is likely to complicate
the whole profile of mucin expression in nasal polyps.
The wide variability of mucin gene (and subsequently
mucin protein) expression patterns reflects the
extremely wide range of internal and external envi-
ronmental factors involved in the development of
nasal polyps which can alter the type and level of indi-
vidual mucin gene expression. Therefore, it would be
unrealistic to expect that a single treatment modality
would be able to control all mucin genes expressed in
nasal polyps or to be suitable for all cases of nasal

polyps.

8.8 Future Work

Mucin gene and protein expression in sub-groups of
nasal polyps, classified according to different clinical
(physiological and pathological) variables, needs to be
studied in detail in order to understand the role of these
variables in the control of mucin gene expression in
nasal polyps.

Detailed histochemical and cytochemical studies of
distribution, density and functions of secretory elements
in nasal polyps compared to their counter parts in healthy
nasal and sinus mucosa are needed to advance our under-
standing of the role of these elements in both mucin
gene and protein expression in nasal polyps and help tar-
geting these elements with new treatment modalities to
control their increased numbers and/or functions.

The role of different inflammatory mediators needs
to be studied both in vitro and in vivo in order to obtain
more insight of the control mechanisms of mucin gene
expression at molecular levels. This is likely to help
invent new treatment modalities to control the release
and/or effect of these inflammatory mediators for more
effective management of this common and challenging
condition.

Take Home Pearls

> Nasal polyps express at least the nine mucin
genes studied so far (MUCs1-4, 5AC, 5B and
6-8).

> MUCsl, 2, 4, SAC, 5B and 8 are up-regulated
in nasal polyps, the main role played by sub-
mucosal gland.

> The multiplicity of factors controlling mucin
expression in nasal polyps explains this wide
range.

> The effect of steroids on mucin gene expres-
sion in nasal polyps is unclear.

> Further studies are needed for better
understanding and management of nasal

polyps.
]

References

—

. Ali MS, Pearson JP (2007) Upper airway mucin gene expres-
sion: a review. Laryngoscope 117(5):932-938
2. Ali MS, Wilson JA, Pearson JP (2002) Nasal mucus as a
model for sinus mucin gene studies in chronic sinusitis.
Laryngoscope 112:326-331
3. Ali MS, Wilson JA, Bennett M et al (2005) Mucin gene
expression in nasal polyps. Acta Otolaryngol 125(6):618-624
4. Ali MS, Hutton DA, Wilson JA et al (2005) Major secretory
mucin expression in chronic sinusitis. Otolaryngol Head
Neck Surg 133(3):423-428
5. Audie JP, Janin A, Porchet N et al (1993) Expression of
human mucin genes in respiratory, digestive and reproduc-
tive tracts ascertained by in situ hybridization. J Histochem
Cytochem 41:1479-1485
6. Aust MR, Madsen CS, Jennings A etal (1997) Mucin mRNA
expression in normal and vasomotor inferior turbinates. Am
J Rhinol 11:292-302
7. Bai CH, Song SY, Kim YD (2007) Effect of glucocorticoid
on the MUC4 gene in nasal polyps. Laryngoscope 117(12):
2169-2173
8. Bai CH, Song SY, Kim YD (2007) The inhibitory effect of
the leukotriene receptor antagonist on leukotriene D4-induced
MUC2/5AC gene expression and mucin secretion in human
airway epithelial cells. Auris Nasus Larynx 34(2):203-206
9. Biesbrock AR, Bobek LA, Levin MJ (1995) Expression and
biological activity of human salivary apomucin (MUC?7).
Glycoconj J 12:559-560
10. Burgel PR, Escudier E, Coste A et al (2000) Relation of epider-
mal growth factor receptor expression to goblet cell hyperpla-
sia in nasal polyps. J Allergy Clin Immunol 106(4):705-712
11. Burgel PR, Cardell LO, Ueki IF et al (2004) Intranasal ste-
roids decrease eosinophils but not mucin expression in nasal
polyps. Eur Respir J 24(4):594-600



72 M. El-Sayed Ali
12. Cho KN, Choi JY, Kim CH et al (2005) Prostaglandin E2  31. Norlander T, Fukami M, Westrin KM et al (1993) Formation
induces MUCS gene expression via a mechanism involving of mucosal polyps in the nasal and maxillary sinus cavities
ERK MAPK/RSK1/cAMP response element binding pro- by infection. Otolaryngol Head Neck Surg 109:522-529
tein activation in human airway epithelial cells. J Biol Chem  32. Pefiia MT, Aujla PK, Zudaire E et al (2007) Localization and
280(8):6676-6681 expression of MUCS5B and MUC7 mucins in pediatric sinus
13. Ciccarelli FD, Doerks T, Bork P (2002) AMOP, a protein mucosa. Ann Otol Rhinol Laryngol 116(5):389-397
module alternatively spliced in cancer cells. Trends Biochem  33. Reader JR, Hyde DM, Schelegle ES et al (2003) Interleukin-9
Sci 27(3):113-115 induces mucous cell metaplasia independent of inflamma-
14. Dabbagh K, Takeyama K, Lee HM et al (1999) IL-4 induces tion. Am J Respir Cell Mol Biol 28(6):664-672
mucin gene expression and goblet cell metaplasia in vitro  34. Reid CJ, Gould S, Harris A (1997) Developmental expres-
and in vivo. J Immunol 162(10):6233-6237 sion of mucin genes in the human respiratory tract. Am J
15. Damera G, Xia B, Ancha HR et al (2006) IL-9 modulated Respir Cell Mol Biol 17:592-598
MUCH4 gene and glycoprotein expression in airway epithe- ~ 35. Roca-Ferrer J, Mullol J, Perez M et al (2000) effect of topi-
lial cells. Biosci Rep 26(1):55-67 cal glucocorticoids on in vitru lactoferrin glandular secre-
16. Ding GQ, Zheng CQ (2007) The expression of MUC5AC tion: comparison between human upper and lower airways. J
and MUCS5B mucin genes in the mucosa of chronic rhinosi- Allergy Clin Immunol 106:1053-1062
nusitis and nasal polyposis. Am J Rhinol 21(3):359-366 36. Sama A, Severn T, Hutton DA et al (2000) Mucin gene
17. Escande F, Lemaitre L, Moniaux N et al (2002) Genomic expression in human hypertrophic nasal mucosa: allergic vs
organization of MUC4 mucin gene. Towards the characteriza- non-allergic. Presented in the X1X International Symposium
tion of splice variants. Eur J Biochem 269(15):3637-3644 on Infection and Allergy of the Nose, Barcelona
18. Fischer B, Voynow J (2000) Neutrophil elastase induces 37. Seong JK, Koo JS, Lee WJ et al (2002) Upregulation of
MUCS5AC messenger RNA expression by an oxidant-depen- MUCS8 and downregulation of MUCSAC by inflammatory
dent mechanism. Chest Suppl 117:3175-320S mediators in human nasal polyps and cultured nasal epithe-
19. Ishinaga H, Takeuchi K, Kishioka C et al (2002) Effects of lium. Acta Otolaryngol 122(4):401-407
dexamethasone on mucin gene expression in cultured human ~ 38. Sharma P, Dudus L, Nielsen PA et al (1998) MUC5B and
nasal epithelial cells. Laryngoscope 112(8):1436—1440 MUCT are differentially expressed in mucous and serous
20. Kim CH, Song KS, Kim SS et al (2000) Expression of cells of submucosal glands in human bronchial airways. Am
MUCSAC mRNA in the goblet cells of human nasal mucosa. J Respir Cell Mol Biol 19(1):30-37
Laryngoscope 110(12):2110-2113 39. Shinogi J, Harada T, Nonoyama T et al (2001) Quantitative
21. Kim CH, Kim HJ, Song KS et al (2005) MUCS as a ciliated analysis of mucin and lectin in maxillary sinus fluids in
cell marker in human nasal epithelium. Acta Otolaryngol patients with acute and chronic sinusitis. Laryngoscope
125(1):76-81 111(2):240-245
22. Kim SS, Kim KS, Lee JG et al (2000) Levels of intracellular ~ 40. Smirnova MG, Kiselev SL, Birchall JP et al (2001)
protein and messenger RNA of mucin and lysozyme in Up-regulation of mucin secretion in HT29-MTX cells by the
normal human nasal and polyp epithelium. Laryngoscope pro-inflammatory cytokines tumor necrosis factor-alpha and
110(2):276-280 interleukin-6. Eur Cytokine Netw 12(1):119-125
23. Kim YD, Kwon EJ, Park DW et al (2002) Interleukin-18  41. Song KS, Seong JK, Chung KC et al (2003) Induction of
induces MUC2 and MUCSAC synthesis through cyclooxy- MUCS gene expression by interleukin-1 beta is mediated
geanase-2 in NCI-H292 cell. Mol Pharmacol 62:1112-1118 by a sequential ERK MAPK/RSK1/CREB cascade pathway
24. Levine SJ, Larivee P, Logun C et al (1995) Tumor necrosis in human airway epithelial cells. J Biol Chem 278(37):
factor-alpha induces mucin hypersecretion and MUC2 gene 34890-34896
expression by human airway epithelial cells. Am J Respir ~ 42. Suzuki S, Takeuchi K, Ishinaga H et al (2008) Leukotriene
Cell Mol Biol 12:196-204 D4 upregulates MUC2 gene transcription in human epithe-
25. Louahed J, Toda M, Jen J et al (2000) Interleukin-9 upregu- lial cells. Pharmacology 81(3):221-228
lates mucus expression in the airways. Am J Respir Cell Mol 43. Takeuchi K, Yuta A, Sakahura Y (1995) Mucin gene expres-
Biol 22:649-656 sion in the nose and maxillary sinus. Am J Otolaryngol 16:
26. Li H, Guo Y, Dong Z (2004) Expression of MUCSAC in 391-395
human nasal polyp and inferior turbinate epithelium. Lin  44. Thornton DJ, Carlstedt I, Howard M et al (1996) Respiratory
Chuang Er Bi Yan Hou Ke Za Zhi 18(11):649-650 (Abstract) mucins: identification of core proteins and glycoforms.
27. Martinez-Antén A, Debol6s C, Garrido M et al (2006) Mucin Biochem J 316:967-975
genes have different expression patterns in healthy and dis-  45. Wang J, Yang B (2004) Effects of dexamethasone on mucin
eased upper airway mucosa. Clin Exp Allergy 36(4):448-457 gene expression in human nasal polyps. Lin Chuang Er Bi
28. Mazzuca M, Lhermitte M, Lafitte JJ et al (1982) Use of lec- Yan Hou Ke Za Zhi 18(2):74-76 (Abstract)
tins for detection of glycoconjugates in the glandular cells of ~ 46. Wickstrom C, Davies JR, Eriksen GV et al (1998) MUC5B
the human bronchial mucosa. J Histochem Cytochem 30(9): is a major gel-forming, oligomeric mucin from human sali-
956-966 vary gland, respiratory tract and endocervix: identification
29. Mogensen C, Tos M (1977) Density of goblet cells in the of glycoforms and C-terminal cleavage. Biochem J 334:
normal adult nasal turbinates. Anat Anz 142:322-330 685-693
30. Moniaux N, Nollet S, Porchet N et al (1999) Complete 47. Yoon JH, Kim KS, Kim HU et al (1999) Effects of TNF-a and

sequence of the human mucin MUC4: a putative cell mem-
brane-associated mucin. Biochem J 338(2):325-333

IL-1P on mucin, lysozyme, IL-6 and IL-8 in passage-2 normal
human nasal epithelium. Acta Otolaryngol 119:905-910



8 Mucin Expression in Nasal Polyps 73

48. Young Kim J, Kim CH, Kim KS et al (2004) Extracellular ~ 49. Zuhdi AM, Piazza FM, Selby DM et al (2000) Muc-5/5ac
signal-regulated kinase is involved in tumor necrosis factor- mucin messenger RNA and protein expression is a marker of
alpha-induced MUC5AC gene expression in cultured human goblet cell metaplasia in murine airways. Am J Respir Cell
nasal polyp epithelial cells. Acta Otolaryngol 124(8):953-957 Mol Biol 22(3):253-260



	8: Mucin Expression in Nasal Polyps
	8.1 Introduction
	8.2 Mucin Genes
	8.3 Sources of Mucus Hyper-Secretion in Nasal Polyps
	8.4 Studies of Mucin Gene Expression in Nasal Polyps
	8.4.1 Techniques
	8.4.2 Control Mucosa for Mucin Gene Studies in Nasal Polyps
	8.4.3 Main Studies

	8.5 Mucin Gene Expression in Nasal Polyps
	8.5.1 General Mucin Gene Expression Profile
	8.5.2 Individual Mucin Genes
	8.5.2.1 MUC1
	8.5.2.2 MUC2
	8.5.2.3 MUC3 and 6
	8.5.2.4 MUC4
	8.5.2.5 MUC5AC
	8.5.2.6 MUC5B and 7
	8.5.2.7 MUC8


	8.6 Steroids and Mucin Expression in Nasal Polyps
	8.7 Discussion
	8.8 Future Work
	References


