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Objective: Trefoil factor family peptides (TFFs) are the secretory products of mucous cells and are closely associated with mucins.
TFFs appear to be important in mucosal healing processes. Although TFF1/3 are expressed in the human respiratory tract, their
role in the nasal mucosa is not thoroughly understood. We investigated the association between TFFs and mucins and the role
TFFs in the human nasal mucosa.

Material and Methods: Patients undergoing turbinectomy were included and it was determined whether patients had nasal al-
lergies or not. The localization of TFF1/3, MUC5AC/5B expression was investigated using immunohistochemistry. The levels of the
mMRNA transcripts were examined using quantitative real-time PCR.

Results: TFF1/3 had a similar pattern of localization in epithelial goblet cells and submucosal glandular cells. TFF1/3 co-localized
with MUC5AC in the epithelium, and co-localized with MUC5B in the epithelium and the submucosal glandular cells. The levels of

TFF1/3 and MUC5B mRNA in allergic patients were significantly increased.

Conclusion: Our results suggest that TFF1/3 may associate with MUC5AC and MUC5B in the nasal mucosa, and that up-regulation

of TFF1/3 and MUC5B may play an important role in the clinical condition of the nasal allergic mucosa.
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Introduction

Mucins play an important role in maintaining the mucous
membrane epithelium in the airways and gastrointestinal tract.
Mucins in nasal mucosa are derived from two different cellular
sources: the surface mucosal epithelium and submucosal glands
M. Mucus acts as a physical barrier to many harmful materials by
preventing infectious agents from attaching to the respiratory
epithelium and by inactivating various toxic materials ?. The
amount of mucus produced in the human airway is primarily ba-
lanced by the rate of production and clearance through resorp-
tion, vaporization, and ciliary transport ©. Expression of mucins
is greater in chronic airway diseases such as chronic sinusitis,

allergic rhinitis, asthma, and cystic fibrosis than in normal airway
mucosa 9. In addition to mucins, peptides belonging to the
trefoil factor family (TFF) have recently been reported as being
present in the airway epithelium.

TFF peptides are secretory products of many mucous cells 7.
These peptides appear to be important in mucosal healing
processes and neoplasia ®. In humans, three TFF peptides have
been described: TFF1 (pS2), TFF2 (formerly spasmolytic poly-
peptide SP), and TFF3 (intestinal trefoil factor, ITF or hP1.B). TFF
peptides have been detected in the gastrointestinal tract ©,
hypothalamus and pituitary glands @, conjunctiva ", uterus
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Figure 1. Immunostaining for TFF1and TFF3 in the nasal mucosa. (A) TFF1: The staining was positive in epithelial goblet cells and ciliated cells, and

submucosal glandular cells (original magnification 100x). (B) TFF1: in epithelial goblet cells and ciliated cells (arrows) (original magnification 400x). (C)

TFF1:in submucosal glandular cells (arrowhead) (original magnification 400x). (D) TFF3: The staining was positive in epithelial goblet cells and ciliated

cells, and submucosal glandular cells (original magnification 100x). (E) TFF3: in epithelial goblet cells and ciliated cells (arrows) (original magnification

400x). (F) TFF3: in submucosal glandular cells (arrowhead) (original magnification 400x). Control specimens were incubated with Isotype Control For

Rabbit Primary Ab(Invitrogen, 08-6199) or Isotype Control For Mouse Primary Ab(Invitrogen, 08-6599). Staining of control specimens was negative. (G)

Control: (original magnification 100x) (H) Control: in the epithelium and (I) Control: in the submucosal glands (original magnification 400x).

(2, preast ¥, and also along mucosal surfaces of the human
respiratory tract 14,

The TFF peptides have a close association with mucins (9). In the
gastrointestinal tract, TFF1 is associated with MUC6 expression,
TFF2 with expression of MUC5AC, and TFF3 with MUC2 expres-
sion ©. The combination of TFF1+3 and MUC5AC was found

in conjunctival goblet cells “". The combined action of TFF
peptides and mucins are thought to play an important role in
mucosal epithelial restitution and wound healing. Up-regulation
of TFF peptides have an effect on ulceration and a variety of
solid tumors &', TFF1 and TFF3 peptides are expressed, while
TFF2 have not been detected in the human respiratory tract "%,

but their role in the nasal mucosa is not thoroughly understood.
In this study, we examined the role of TFF peptides and their
association with mucins in the human nasal mucosa.

Materials and methods

Patients

The study was carried out between October 2008 and January
2011 at the ENT Department of Hiroshima University Hospital,
Hiroshima, Japan. Biopsies of the inferior turbinate mucosa were
obtained from 28 patients (19 males and 9 females; age range
21 to 79 years) undergoing turbinectomy for the treatment of
nasal obstruction. All patients had a nasal obstruction due to
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Figure 2. Double-staining for MUC5AC (red), TFF1 (green), and TFF3 (green) in the nasal mucosa. TFF1 co-localized with MUC5AC in the epithelium (A),
but did not co-localize with MUC5AC in the submucosal glands (B). TFF3 co-localized with MUC5AC in the epithelium (C), but did not co-localize with

MUCS5AC in the submucosal glands (D) (original magnification 200x).

irreversible changes in the inferior turbinate or a deflected nasal
septum. Patients with chronic sinusitis were excluded. No pa-
tients had received allergen-specific immunotherapy within the
year before the study, and anti-allergic agents or corticosteroids
or antibiotics within the previous 2 months. We determined the
nasal allergy status of all patients at the outset. Diagnosis of
nasal allergy was made on the basis on nasal allergic symptoms
and nasal allergic findings with specific IgE radioallergosorbent
test (RAST). The criteria were based on a positive skin test for
house dust mites, and a positive RAST score of 2 or more for
Dermatophagoides farinae. Sixteen patients were diagnosed
with nasal allergy (13 males and 3 females; age range 23 to 74
years) and 12 patients were nonallergic (6 males and 6 females;
age range 21 to 79 years). The Institutional Review Board of the
University of Hiroshima School of Medicine approved the study.

Immunohistochemical staining

Tissue specimens were fixed in Carnoy’s fluid, dehydrated, frozen
in OCT mounting medium (Sakura Finetechnical Co., Ltd., Tokyo,
Japan), serially sectioned in 5 pm increments, and mounted on
glass slides. For antigen retrieval, sections were immersed in

HistVT One (Nacalai Tesque, Kyoto, Japan) at 70°C for 40 min. For
peroxidase staining, sections were immersed in 0.3% H202 for
30 min at room temperature to block endogenous peroxidase
activity. After pretreatment with blocking serum, specimens
were incubated overnight with anti-TFF1 protein rabbit poly-
clonal antibody (1:100 dilution, Novocastra Laboratories Ltd.,
Newcastle upon Tyne, United Kingdom) or rabbit anti-TFF3 (1:50
dilution, Protein Tech Group, Inc., Chicago, IL, USA). Immunostai-
ning was performed using the streptavidin-biotin amplification
technique (ChemMate kit; DAKO, Glostrup, Denmark). Peroxi-
dase activity was visualized by immersing tissue sections in di-
aminobenzidine (DAKO), resulting in a brown reaction product.
Sections were then counterstained with Mayer’s haematoxylin
for 10 min.

Immunofluorescent double-staining

For immunofluorescent staining of TFF1, TFF3, MUC5AC, and
MUCS5B, sections were labeled overnight at 4°C with primary
antibodies to MUC5AC (mouse, 1:50 dilution, Novocastra La-
boratories Ltd.) or MUC5B (mouse, 1:50 dilution, Chemicon Inter-
national, Inc.,, Temecula, CA, USA). Then they were labeled with
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Figure 3. Double-staining for MUC5B (red), TFF1 (green), and TFF3 (green) in the nasal mucosa. TFF1 co-localized with MUC5B in the epithelium (A)
and MUC5B in the submucosal glands (B). TFF3 co-localized with MUC5B in the epithelium (C) and MUC5B in the submucosal glands (D) (original

magnification 200x).

Alexa555 (anti-mouse) secondary antibody for 1 h at room tem-
perature. Sections were then labeled with primary antibodies to
TFF1 (rabbit, 1:100 dilution, Novocastra Laboratories Ltd.) and
TFF3 (rabbit, 1:50 dilution, Protein Tech Group, Inc.) overnight at
4°C, followed by labeling with Alexa488 (anti-rabbit) secondary
antibody for 1 h at room temperature. Finally, specimens were
viewed with a confocal laser scanning microscope equipped
with an appropriate filter set.

Real-time PCR

Tissue specimens were minced with scissors as soon as possible
after retrieval, immediately treated in RNAlater (Ambion, Austin,
TX, USA), and stored at -20°C. RNA was isolated using RNeasy
mini kits (QIAGEN) according to the manufacturer’s instructions.
For cDNA synthesis, total RNA was transcribed with cDNA trans-
cription reagents using a High Capacity RNA-to-cDNA kit (Ap-
plied Biosystems) according to the manufacturer’s instructions.
Gene expression was measured in real-time on a 7300 real-time
PCR system (Applied Biosystems) using TagMan Gene Expres-
sion Assays. The absolute values for TFF1 (Hs00907239_ml),
TFF3 (Hs00173625_ml), MUC5AC (Hs01365616_ml), and MUC5B

(Hs00861595_ml) were normalized to the value of GAPDH
(Hs99999905_ml), and the relative value from the vehicle-trea-
ted control group was designated as one arbitrary unit.

Statistical analysis

We assumed that the data were not normally distributed; there-
fore, comparisons of gene expression levels between clinical
groups were made using the non-parametric Mann-Whitney
U-test. A p-value less than 0.05 was considered to be statistically
significant. The non-parametric Spearman rank correlation test
was used to detect correlations of paired data.

Results

Immunohistochemistry

All tissue sections (from patients both with and without nasal
allergy) were TFF1 and TFF3 immunoreactive. The localization
pattern of both TFF1 and TFF3 were similar in epithelial goblet
cells, ciliated cells, and submucosal glandular cells (Figure 1).
Control specimens were incubated with Isotype Control For
Rabbit Primary Ab (Invitrogen, 08-6199) or Isotype Control For
Mouse Primary Ab (Invitrogen, 08-6599), and the staining of
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Figure 4. We normalized the values for expression of all target genes to expression of GAPDH in all tissues, and compared these values to the expres-

sion levels of TFF1, TFF3, MUC5AC, and MUC5B in the nasal mucosa of allergic (AR+) and nonallergic (AR-) patients. NS means ‘not significant’.

The expression of TFF1T mRNA was significantly higher in the nasal mucosa of allergy patients compared to nonallergic patients (p < 0.05). The expres-

sion of TFF3 mRNA was significantly higher in the nasal mucosa of allergy patients compared to nonallergic patients (p < 0.01). The expression of

MUC5AC mRNA was not significantly different between allergic and nonallergic patients. The expression of MUC5B mRNA was significantly higher in

the nasal mucosa of allergic patients compared to nonallergic patients (p < 0.05). Columns represent median values.

these specimens was negative.

In the double-staining study, TFF1 and TFF3 co-localized with
MUCS5AC in the epithelium, but staining was absent or weak in
the submucosal glands. TFF1 and TFF3 co-localized with MUC5B
in the epithelium and the submucosal glands (Figures 2 and

3). Control specimens were incubated with Isotype Control For
Rabbit Primary Ab (Invitrogen, 08-6199) or Isotype Control For
Mouse Primary Ab (Invitrogen, 08-6599), and staining of these
specimens was negative (data not shown).

Real-time PCR

Quantitative real-time PCR was conducted to determine TFF1,
TFF3, MUC5AC, and MUC5B mRNA transcript levels. We norma-
lized the values of all target genes in all tissues to GAPDH and
compared target gene expression to the expression of TFF1,
TFF3, MUC5AC, and MUC5B in the inferior turbinate mucosa
(Figure 4).

TFF1
The expression of TFF1T mRNA was significantly higher in the
inferior turbinate of specimens from nasal allergy patients com-
pared to those from non-allergy patients (p < 0.05).

TFF3

The expression of TFF3 mRNA was significantly higher in the
inferior turbinate of specimens from nasal allergy patients com-
pared to those from non-allergy patients (p < 0.01).

MUC5AC

The expression of MUC5AC mRNA in the inferior turbinate of
both nasal allergic and nonallergic specimens was not signifi-
cantly different.

MUC5B
The expression of MUC5B mRNA in the inferior turbinate of
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Figure 5. Correlation of mRNA expression values for TFF1 and MUC5B in

the nasal mucosa of allergic (AR+) and nonallergic (AR-) patients.

patients with nasal allergy was significantly higher compared

to non-allergy patients (p < 0.05). We also examined whether
TFF1/3 and MUC5B mRNA expression values correlated between
patients and found that there was a statistically significant corre-
lation between TFF1/3 and MUCS5B expression (Figures 5 and 6).

Discussion

TFF peptides are secretory products of many mucous cells 7. In
humans, three trefoil factor peptides (TFF1, TFF2, and TFF3) that
have an organ-specific expression have been described. The pri-
mary TFF1 expression sites are gastric foveolar cells, while TFF2
is found in the deeper glands of the stomach and duodenum
and TFF3 is largely restricted to intestinal goblet cells "®. The TFF
peptides appear to be important in mucosal healing processes
and neoplasia ®. Deletion of TFF genes in mice leads to atrophy
of the gastric mucosa and impaired wound healing in the intes-
tinal mucosa "”'®. Conversely, administration of TFF has been
shown to lead to wound healing in the intestinal mucosa "',

Some researchers have reported detecting TFF1 and TFF3 in
airways. TFF1 expression has been reported in small cell lung
carcinomas, bronchial carcinoids, and adeno-carcinomas 2",
High TFF3 mRNA levels were observed in the HC-12 lung cell
line (16). In addition, TFF1 and TFF3 are expressed and secreted
in normal and inflamed airways. Several reports have demon-
strated the presence of TFF1 and TFF3 in the nasal mucosa and
polyps 714, In the inferior turbinate of patients with no history
of nasal infection or allergy, TFF1 and TFF3 mRNA are localized
in epithelial cells and the submucosal glandular epithelium .
Silva et al., reported that TFF1 and TFF3 localize in the goblet
and ciliated cells, as well as in some submucosal cells of normal

Figure 6. Correlation of mRNA expression values for TFF3 and MUC5B in

the nasal mucosa of allergic (AR+) and nonallergic (AR-) patients.

and inflamed airways "%, and that TFF peptides might influence
important bacterial/host interactions, such as adhesion of
bacteria to host cells, phagocytosis, and immune signaling 4.
Some reports have also shown that TFF peptides are believed to
regulate mucosal differentiation processes. In a murine asthma
model, Kouznetsova et al. indicated that TFF1 might play an
intrinsic role as an autocrine factor for the trans-differentiation
of Clara cells into goblet cells ??. LeSimple et al. proposed that
TFF3 might be able to induce ciliogenesis and promote epithe-
lial ciliated cell differentiation in nasal polyps and bronchi when
the airway epithelium is damaged .

In our immunohistochemistry study, TFF1 and TFF3 localized
similarly in specimens from the nasal mucosa of both allergic
and nonallergic patients. The localization patterns of TFF1 and
TFF3 were similar in epithelial goblet cells, ciliated cells, and sub-
mucosal glandular cells. Real-time PCR revealed that both TFF1
and TFF3 were up-regulated in allergic patients. These results
suggest that up-regulation of TFF1/3 may be associated with
epithelial cell differentiation in the nasal mucosa of patients
with allergic rhinitis. Cui reported that allergen exposure leaded
to a possible transdifferentiation of CC10 secreting cells into
TFF1 secreting cells and/or goblet cells in upper airways . lwa-
kiri et al. reported that TFF3 plays a central role in promoting dif-
ferentiation to goblet cells in the intestine ?%. In the respiratory
tract, LeSimple et al. showed that there was a tendency toward a
high number of goblet cells upon TFF3 stimulation “. Therefore,
in allergic conditions, TFF1/3 may induce goblet cell hyperplasia
and lead to mucus overproduction. We propose that TFF1/3 may
regulate mucosal differentiation processes in the nasal mucosa,
similarly in nasal polyps and bronchi.



TFF peptides are closely associated with mucins ©. TFF peptides
in combination with mucins contribute to mucosal defense. In
the gastrointestinal tract, TFF1 is associated with MUC6 expres-
sion, TFF2 with MUC5AC expression, and TFF3 with expression
of MUC2 ©. The combination of TFF1+3 and MUC5AC was found
in conjunctival goblet cells ™. Both MUC5AC and MUC5B are
important in maintaining the mucous membrane epithelium of
airways, and expression of these proteins increases in chronic
inflammatory airway diseases such as chronic sinusitis and
asthma 5227 Mucins, including MUC5AC and MUC5B, induce
nasal obstruction and dyspnea by interrupting the airflow in the
airway and also aggravate coughing by promoting the adhesion
of inspired noxious substances to the airway mucosa @.

Six mucin genes (MUC1, MUC2, MUC4, MUC5AC, MUC5B, and
MUC7) are expressed in the human nasal mucosa®. Mucin MU-
C5AC is present in sinus epithelial goblet cells but is absent or
weakly expressed in submucosal glands, while immunoreactivi-
ty indicative of MUC5B expression is localized in the goblet cells
and mucous cells of submucosal glands ¢, Lee et al. reported
that the localization of TFF1 and TFF3 corresponded with that
of MUC1, MUC2, MUC4, and MUC5AC in nasal mucosa epithelial
cells . Wiede et al. reported that TFF3 colocalized primarily with
MUCS5B in submucosal gland mucous cells, and observed both
TFF3 and MUC5AC together in respiratory goblet cells in the
lower respiratory tract ??. LeSimple et al. reported that MUC5AC
is expressed in the secretory granules of all the goblet cells they
observed, whereas the anti-TFF3 antibody stained a subcategory
of MAC5AC-positive cells and there was partial overlap between
cells that expressed TFF3 and MUC5B .,

Our immunofluorescence double-staining results showed that
TFF1 and TFF3 co-localize with MUC5AC in the epithelium, and
that TFF1 and TFF3 co-localize with MUC5B in both the epithe-
lium and the submucosal glands. Expression of TFF1/3 and MU-
C5B was significantly higher in the inferior turbinate of patients
with nasal allergy compared to patients without allergies. In
addition, statistically significant correlation was found between
expression TFF1/3 and MUC5B. A previous report commented
that TFF3 is co-secreted with different mucins depending on

the particular cell type . Our results showed that in the up-
per respiratory tract, colocalization of TFF1/3 and MUC5AC/5B
followed a pattern similar to that reported by Lee et al. in their
study of the nasal mucosa and to the study by Wiede et al. of the
lower respiratory tract. Our results indicate that up-regulation of
TFF1/3 and MUC5B may play an important role in the mucosa of
patients suffering nasal allergy.

Trefoil factor family peptides in the nasal allergic mucosa

Respiratory mucus overproduction with an up-regulation of
mucin gene expression is one of the major manifestations of
chronic airway diseases 9. Mucins are synthesized primarily
by two different cell types in the airway tract: goblet cells and
submucosal glandular cells. The amount of mucus produced in
the human airway is normally balanced by the rates of produc-
tion and clearance through resorption, vaporization, and ciliary
transport (2). Overexpression of mucins and goblet cell hyper-
plasia are known to occur in asthma patients, leading to airway
obstruction and dyspnea ©°3", The same conditions affect the
nasal mucosa in allergic rhinitis, and Nakaya et al. reported that
allergen challenge causes goblet cell hyperplasia in the nasal
airway 2,

Our study showed that there is significant overproduction of
both TFF1/3 and MUC5B in allergic rhinitis, which is consistent
with previous reports indicating that TFF peptides regulate mu-
cosal differentiation processes in the respiratory tract "??. These
results suggest that goblet cell hyperplasia might be induced
by TFF1/3 overexpression, thereby leading to overexpression of
MUCS5B in the allergic nasal mucosa. Therefore, regulating TFF
might in turn regulate goblet cell hyperplasia and reduce the
overexpression of mucins in the allergic nasal mucosa, impro-
ving symptoms such as nasal obstruction and dyspnea. Our
results suggest that TFF peptides are promising targets for the
treatment of chronic and acute airway diseases via pharmaceuti-
cal interventions ©3).

Conclusions

This study demonstrates that TFF1 and TFF3 are expressed in
the nasal mucosa and that their expression may be associated
with expression of the mucins MUC5AC and MUC5B. The levels
of TFF1/3 and MUC5B were significantly higher in the inferior
turbinate of patients with nasal allergy compared to nonallergic
patients. Up-regulation of TFF1/3 and MUC5B suggests that TFF
peptides may play an important role in the clinical condition

of the nasal mucosa in allergic patients. However, there was no
sufficient evidence about TFF roles in nasal mucosa. Therefore,
we require further investigation into the roles of TFF peptides in
the nasal mucosa.
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