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Expression of Clara cell 10-kDa protein and trefoil factor
family 1 in patients with chronic rhinosinusitis and nasal polyps
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Abstract. The current study measured the expression of
Clara cell 10-kDa protein (CC10) and trefoil factor family 1
(TFF1) in the sinus mucosa of patients exhibiting chronic
rhinosinusitis (CRS) and nasal polyps (NP). CC10 and TFF1
expression in the sinus mucosa of the control group and
patients with CRS and NP was determined using reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR),
western blotting and immunohistochemistry. The correlation
between CC10 and TFF1 expression was further analyzed
using Spearman's correlation analysis. The expression of TFF1
was significantly increased in the sinus mucosa of patients
with CRS and NP, whereas CC10 expression was significantly
decreased compared with controls. Spearman's correlation
analysis identified a negative correlation between CC10 and
TFF1 expression in the sinus mucosa of patients with CRS and
NP. The results of immunohistochemistry and RT-qPCR were
consistent with each other. Hematoxylin and eosin staining
revealed notable lesions in the mucous membranes, goblet cells
and cilia of sinus mucosa samples from patients with CRS and
NP. The negative correlation between CC10 and TFF1 expres-
sion during the progression of CRS and NP suggest that CC10
and TFF1 may serve important roles in its pathogenesis.

Introduction

Chronic rhinosinusitis (CRS) is one of the most common
otorhinolaryngological diseases, which severely impairs
quality of life and induces a heavy economic burden on
patients (1). However, the etiology and pathogenesis of CRS
remain unknown, making its diagnosis, classification and
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treatment challenging (2). A greater understanding of the
molecular pathological mechanisms underlying the onset of
CRS may facilitate the identification of a novel method of
diagnosis and the development of novel therapeutic strategies
to treat the condition.

The majority of patients with CRS also experience
nasal polyps (NP), which has a high rate of recurrence even
following the administration of appropriate drugs and surgical
treatments (3). This has led to the classification of CRS as
either CRS with nasal polyps (CRSwNP) or CRS without
nasal polyps (CRSsNP) (4). It has been demonstrated that the
pro-inflammatory cytokine interleukin-32, is differentially
expressed in the nasal epithelial cells of patients with CRSwNP
and those with CRSsNP (5). Although the differential expres-
sion of inflammatory mediators in CRSwNP and CRSsNP
has been previously demonstrated (6), further studies are
required to provide a basis for the accurate diagnosis and the
development of effective treatment strategies.

Clara cell 10-kDa protein (CC10), also known as utero-
globin, is a steroid-inducible member of the secretoglobin
family that serves an important role in the regulation of
anti-inflammatory and immunomodulatory activities (7,8).
CC10 is constitutively expressed in the epithelial cells of
organs that directly communicate with the external environ-
ment, including the nose, bronchi and lungs (7-9). Furthermore,
CCI10 is an important mediator of inflammatory and allergic
responses, as well as responses to malignant tumors of the
respiratory system (10). Pulmonary CC10 protein serves a role
in the T-cell-mediated inflammatory response by modulating
expression of the T helper 2 cytokine (11). Furthermore, the
histamine H1 receptor antagonist fexofenadine hydrochloride
significantly elevates the expression of CC10 protein in nasal
epithelial cells, which may partially account for the thera-
peutic effect of fexofenadine hydrochloride in the treatment of
allergic disorders (12). Additionally, it has been demonstrated
that increased levels of CC10 are associated with improvements
in bronchial dysplasia and sputum cytometric assessment in
patients at high risk of developing lung cancer (13). However,
the expression of CC10 in patients with CRS and NP and its
role in the development of the disease, remain unknown.

The trefoil factor (TFF) family members TFF1, TFF2
and TFF3 are secreted from a variety of mucous epithelial
tissues and function as important regulators of cell
migration, immune reaction, mucosa repair, angiogenesis and
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tumorigenesis (14-16). TFF peptides have also been identi-
fied in many other organs, including the respiratory tract,
gallbladder, prostate, uterus, thyroid gland, salivary glands,
mammary glands and the nervous system (17). TFF1, also
known as pS2, contains 60 amino acid residues and is mainly
expressed in the gastric mucosa as a protective factor against
gastric damage (18). However, it has also been demonstrated
that TFF1 is widely expressed in human and mouse nasal
mucosa, suggesting that it may also regulate the inflammatory
response in the respiratory tract (19-21). The expression and
function of TFF1 in CRS and NP remains unclear.

The present study investigated the differential expression
of CC10 and TFF1 in the nasal mucosa of patients with CRS
and NP to provide further information regarding the pathology
of CRS.

Materials and methods

Patients and samples. Nasal mucosa samples were obtained
from different patient groups as follows: i) 20 samples from
patients who were diagnosed with CRS without NP and had
undergone endoscopic sinus surgery for CRS at Dongying
People's Hospital (Donying, China) (13 males, 7 females; age
range, 22-70 years); ii) 20 samples from patients who were
diagnosed with NP without CRS and had undergone endo-
scopic sinus surgery for NP at Dongying People's Hospital
(14 males, 6 females; age range, 20-73 years); and iii) 18
samples from healthy controls (10 males, 8 females; age range,
18-55 years). All patients were recruited from September 2014
to October 2015. All samples were stored at -80°C immediately
after collection. CRS and NP were diagnosed according to the
combined criteria developed by the American Academy of
Allergy, Asthma & Immunology and American Academy of
Otolaryngology-Head and Neck Surgery (22,23). Diagnosis of
CRS was based on typical sinusitis symptoms, including thick
mucus, a blocked nose and pain in the face lasting >12 weeks
and positive findings from a computer topography (CT) scan of
the unilateral or bilateral nose. NP was determined by the pres-
ence of polyps in the middle meatus or nasal cavity detected by
endoscopy or surgery. Normal nasal mucosa samples collected
from the inferior turbinate or uncinate process of 18 patients
with nasal septum deviation and no sign of anterior ethmoid
sinusitis in CT and nasal endoscopy were used as healthy
controls (Table I). These patients were also recruited from
Dongying People's Hospital. The current study was approved
by the Ethics Committee of Dongying People's Hospital and
informed consent was obtained from all participants.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA samples were extracted using the
TRIzol® reagent (cat. no. 15596026; Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, M A, USA) according to the manufac-
turer's protocol. The ultraviolent absorbance of 2 ul RNA diluted
with 198 ul Milli-Q water was measured at wavelengths of 260
and 280 nm. The concentration and purity of RNA samples
was calculated as follows: RNA concentration (pg/ul)=optical
density(OD),s, x4 and RNA purity=0D,4,/OD,g,. RNA
samples with a purity of OD,,/OD,s,>1.8, were used for
RT-gPCR. The cDNA was synthesized using a PrimeScript™
First Strand cDNA Synthesis kit (cat. no. 6110A; Takara Bio,
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Table I. Clinical data of patients with CRS and NP.

Feature Control CRS NP
Number of patients 18 20 20
Sex (male/female) 10/8 13/7 14/6
Age (years) 18-55 22-70 20-73
Skin Prick Test 0 4 3
History of asthma 0 0 2
History of smoking 5 9 8
Aspirin intolerance 0 0 0

CRS, chronic rhinosinusitis; NP, nasal polyps.

Inc., Otsu, Japan) according to the manufacturer's protocol.
Reverse transcription was performed at 42°C for 1 h followed
by RNA transcriptase inactivation at 72°C for 10 min. qPCR
reactions were subsequently performed using a SYBR Fast
gPCR mix (cat. no. RR430A; Takara Bio, Inc.). The primer
sequences used in qPCR are presented in Table II. gPCR was
performed using the following settings: Pre-denaturation at
95°C for 10 sec, followed by 40 cycles of denaturation at 95°C
for 5 sec and elongation at 60°C for 30 sec. The threshold cycle
of each sample was identified using LightCycler version 96
software combined with the LightCycler 96 Real-Time PCR
system (both Roche Applied Science, Penzberg, Germany).
Relative expression was calculated using the 222 method and
[-actin was used as the internal standard. Expression of CC10
and TFF1 in patients with CRS and NP were compared with
that in normal nasal mucosa of the inferior turbinate collected
from the control group.

Immunohistochemical analysis and hematoxylin and eosin
(H&E) staining. The expression of TFF1 and CC10 was
determined using immunohistochemistry, following the
streptavidin biotin-peroxidase complex (SABC) method.
Tissues were fixed overnight in 4% paraformaldehyde at room
temperature, embedded in paraffin and sliced into 4-ym-thick
serial sections. Slides were deparafinized in two treatments of
xylene (each 5 min) and transferred to 100% alcohol for two
treatments (each 3 min), then once through 95, 70 and 50%
alcohols respectively for 3 min each. The slides were then
incubated in 3% hydrogen peroxide to remove endogenous
oxidases for 10 min at room temperature. After rinsing twice
in PBS (5 min each), a citrate buffer were used to performed
antigen retrieval (95-100°C for 10 min). Normal 5% goat
serum (cat. no. 5425, Cell Signaling Technology, Inc., Danvers,
MA, USA) was used as a blocking reagent and the slides
were incubated for 1 h at a room temperature. The remaining
steps were performed using an SABC kit purchased from
Wuhan Boster Biological Technology Ltd. (Wuhan, China)
and a diaminobenzidine kit (cat. no. ZLI-9017), which was
purchased from Beijing ZSGB-Bio Co., Ltd. (Beijing, China).
Each kit was used according to the manufacturer's protocol.
PBS buffer was applied to replace primary antibodies in the
negative control. Rabbit anti-human CCI0 (cat. no. sc-25555)
and mouse anti-human TFF1 (cat. no. sc-271464) polyclonal
antibodies were purchased from Santa Cruz Biotechnology,
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Table II. Primer sequences used in reverse transcription-quantitative polymerase chain reaction.

Primer sequences (5'-3")

Gene Forward Reverse

CCl10 GATCAAGACATGAGGGAGGCA CACAGTGAGCTTTGGGCTATTT
TFF1 CAATGGCCACCATGGAGAAC AACGGTGTCGTCGAAACAGC
B-actin GAAGGTGAAGGTCGGAGTC GGAAGATGGTGATGGGATT

TFF1, trefoil factor family 1; CC10, clara cell 10-kDa protein.

Inc. (Dallas, TX, USA) and used at dilutions of 1:800 and
1:100, respectively. Slides were incubated with CC10 and
TFF1 antibodies for 1 h at room temperature. Positive staining
was defined by fine yellow particles in the field of view using
high-magnification optical microscopy. H&E staining was
conducted following a previously published protocol (24).

Western blot analysis. Total protein from human nasal mucosa
tissues was extracted using radioimmunoprecipitation assay
lysis buffer (Beyotime Institute of Biotechnology, Haimen,
China), following the manufacturer's protocol. Following the
measurement of protein concentration using a Pierce™ BCA
Protein assay kit (no. 23227; Pierce; Thermo Fisher Scientific,
Inc.), total protein from the control, CRS and NP groups (15 pg)
was subjected to 15% SDS-PAGE and blotted onto PVDF
membranes. PVDF membranes were then blocked with TBS
buffer containing 5% milk powder for 2 h at room tempera-
ture, washed 3 times for 5 min using TBS buffer, incubated
with anti-CC10, anti-TFF1 or anti-GAPDH (1:1,000; cat
no. AF0006; Beyotime Institute of Biotechnology) antibodies
for 1 h at room temperature, washed three times for 5 min using
TBS buffer and incubated with horseradish peroxidase-conju-
gated secondary antibodies (1:10,000; cat nos. A4416 and
A6154; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
for 1 h at room temperature. Rabbit anti-human CC10 (1:500;
cat. no. sc-25555) polyclonal antibodies and mouse anti-human
TFF1 (1:500, cat. no. sc-271464) polyclonal antibodies
were purchased from Santa Cruz Biotechnology, Inc. The
membranes were subsequently rinsed with TBS three times,
the blots were visualized using an enhanced chemilumines-
cence western blot detection reagent (cat. no. 321096; Thermo
Fisher Scientific, Inc.) and exposed to X-ray film.

Statistical analysis. Data analysis was performed using
SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA) and
P<0.05 was determined to indicate a statistically significant
difference. One-way analysis of variance was used followed
by Tukey's post-hoc test. The correlation between TFF1 and
CC10 expression was analyzed using Spearman's correlation
analysis.

Results
Expression of CCI0 in human nasal mucosa from patients

with CRS and NP. The expression of CC10 mRNA in the
control, CRS and NP groups was initially analyzed using

RT-qPCR. The expression of CC10 mRNA in the CRS group
was significantly decreased compared with that of the control
group (P<0.05; Fig. 1). Furthermore, the expression of CC10
mRNA was significantly decreased in the NP group compared
with that of the CRS group (P<0.05; Fig. 1).

Expression of TFF1 in the nasal mucosa of patients with CRS
and NP. The potential role served by TFF1 in the pathogenesis
of CRS and NP was investigated by determining the expression
of TFF1 in the control, CRS and NP groups using RT-qPCR.
The results demonstrated that the expression of TFF1 in the
CRS group was significantly increased compared with that in
the control group (P<0.05; Fig. 2). TFF1 expression in the NP
group exhibited a further significant increase compared with
the CRS group (P<0.05; Fig. 2).

CCI10 and TFF1 protein expression in human nasal mucosa
of patients with CRS and NP. The expression of CC10 and
TFF1 proteins in nasal mucosa tissues from the control, CRS
and NP groups was confirmed using western blot analysis.
Two samples of HC, CRS and NPS were randomly selected
to perform western blot analysis on. The expression of CC10
protein in the CRS and NP groups was lower compared with
those of the control group and a larger decrease in the expres-
sion of CCI0 protein was observed in the NP group compared
with the CRS group (Fig. 3). This is consistent with the results
of the RT-qPCR analysis (Fig. 2). By contrast, the expression of
TFF1 protein in the CRS and NP groups was higher compared
with the control (Fig. 3). There was no difference in expression
of TFF1 protein between the CRS and NP groups (Fig. 3).

Immunohistochemical analysis. Immunohistochemical
staining was performed using the SABC method to measure
the expression of TFF1 and CC10. The results demonstrated
that TFF1 was primarily expressed in goblet and ciliated cells
and distributed in the cytoplasmic regions surrounding the
nucleus (Fig. 4A-C). The expression of TFF1 in the mucosa
tissues of patients in the CRS (Fig. 4B) and NP (Fig. 4C)
groups was increased compared with that of the control
group (Fig. 4A). Additionally, the results determined that
CC10 was mainly expressed in the epithelial cells of the nasal
mucosa from all groups (Fig. 4D-F). The staining densities
in the control group (Fig. 4D) were lower compared with
the CRS (Fig. 4E) and NP (Fig. 4F) groups, which clearly
demonstrated that expression of CC10 is decreased in patients
with CRS and NP.
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Figure 1. CC10 mRNA expression in the nasal mucosa of patients with CRS
and NP. The relative expression of CC10 mRNA was analyzed using reverse
transcription-quantitative polymerase chain reaction. 3-actin was used as the
internal standard. CRS, chronic rhinosinusitis; NP, nasal polyps; CC10, clara
cell 10-kDa protein.
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Figure 2. TFF1 mRNA expression in the nasal mucosa of patients with CRS
and NP. The relative expression of TFF1 mRNA was analyzed using reverse
transcription-quantitative polymerase chain reaction. $-actin was used as
the internal standard. CRS, chronic rhinosinusitis; NP, nasal polyps; TFFI1,
trefoil factor family 1.

The results of H&E staining clearly identified a lesion in
the CRS and NP groups, which was not present in the control
group (Fig. 4G-I). A thickened mucous layer, hyperplastic
goblet cells and deciduous cilia were also detected in the CRS
(Fig. 4H) and NP (Fig. 41) groups however, these were more
marked in the NP group compared with the CRS group.

Correlation of CCI10 and TFF1 expression in human nasal
mucosa of patients with CRS and NP. Considering the differ-
ential expression of CC10 and TFF1 in human nasal mucosa
from patients with CRS and NP, a Spearman's correlation
analysis was performed. The results demonstrated that there
was a significant negative correlation between the expression
of CC10 and TFF1 in the tissues of patients with CRS and NP
(r=-0.89, P<0.05; Fig. 5), suggesting that CC10 and TFF1 may
interact during the development of CRS and NP.

Discussion
The pathogenesis of CRS and NP is not fully understood;

however, previous studies have focused on several hypoth-
eses, including bacterial infections, fungal colonization, local
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Figure 3. The expression of CC10 and TFF1 protein in the nasal mucosa of
patients with CRS and NP, as well as HCs. Two random samples of CRS,
NP and HC were selected and the expression of CC10 and TFF1 protein
was determined by western blot analysis, using antibodies against CC10 and
TFF1. CRS, chronic rhinosinusitis; NP, nasal polyps; TFF1, trefoil factor
family 1; CCI0, clara cell 10-kDa protein; HC, healthy control.

anatomical structure variation, trauma, allergic reactions
and environmental pollution. CRS and NP may be caused by
these factors and mediated by mucosal immune dysfunction
and excessive inflammatory reactions. These may therefore
serve a critical role in the early development of CRS and
NP and indicates that treating local mucosal immune disor-
ders and excessive inflammatory reaction may attenuate the
development of CRS and NP (25,26).

The role served by CC10 in the progression and development
of CRS and NP remains controversial. It has been demon-
strated that CC10 is expressed in the goblet, non-mucinous and
non-ciliated cells of the nasal sinus mucosa epithelium and
that the number of CC10-positive cells is negatively correlated
with inflammatory cell infiltration and the number of goblet
cells. This indicates that downregulation of CC10 expression
may lead to anti-inflammatory network dysfunction in the
epithelial cells of the upper respiratory tract and a persistent
severe inflammatory response eventually leads to the formation
of NP (9). CCI10 expression is negatively correlated with preop-
erative CT scores, as well as postoperative nasal endoscopy and
symptom scores (8). By contrast, fexofenadine hydrochloride
elevates the expression of CC10 protein in nasal epithelial
cells, which may partially account for its therapeutic effect on
allergic disorders (12). Furthermore, increased CC10 expres-
sion is associated with improvements in bronchial dysplasia
and sputum cytometric assessment in patients at high risk of
developing lung cancer (13). A previous study focusing on the
effect of inflammatory cytokines on CC10 expression using
nasal mucosa tissue culture identified that tumor necrosis
factor-a, interleukin (IL)-1f and IL-4 inhibited the expression
of CC10, whereas IL-10 and interferon-y promoted the expres-
sion of CC10 (8). These contradictory results suggest that CC10
expression is very sensitive to pathological conditions and its
differential expression may be context-dependent. In the present
study, CC10 expression was significantly increased in the nasal
mucosa tissues of patients with CRS and NP compared with the
control group, which further demonstrates that CC10 serves a
role in the pathology of CRS and NP.

Previous studies have demonstrated that TFF peptides are
highly expressed in the goblet cells, submucosal glands and
ciliary epithelial cells of the respiratory tract; however, TFF
has not been identified in the alveolar epithelium. Among the
three TFF peptides, TFF3 exhibited the highest expression in
the human respiratory tract, followed by TFF1, whereas TFF2
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Figure 4. Immunohistochemistry and H&E staining of CC10 and TFF1 expression in the nasal mucosa of patients with CRS and NP. (A) TFF1 expression in
the HC group. (B) TFF1 expression in the CRS group. (C) TFF1 expression in the NP group. (D) CC10 expression in the HC group. (E) CC10 expression in
the CRS group. (F) CC10 expression in the NP group. Brown particles indicate CC10 or TFF1-positive staining. (G) H&E staining in the HC group. (H) H&E
staining in the CRS group. (I) H&E staining in the NP group. Magnification, x400. HC, healthy control; CRS, chronic rhinosinusitis; NP, nasal polyps; TFF1,
trefoil factor family 1; CC10, clara cell 10-kDa protein; H&E, hemotoxylin and eosin.
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Figure 5. Correlation between CC10 and TFF1 expression in the nasal mucosa
of patients with CRS and NP. The numbers of CC10- and TFF1-positive cells
were counted and a negative correlation between CC10 and TFF1 expression
was determined by Spearman correlation analysis using SPSS 16.0 software.
r=-0.89; P<0.05. CRS, chronic rhinosinusitis; NP, nasal polyps; TFF1, trefoil
factor family 1; CCI0, clara cell 10-kDa protein.

was undetectable (19,20,27). The current study analyzed the
expression of TFF1 in human nasal mucosa using RT-qPCR
and identified a significant decrease in the expression of
TFF1 in the nasal mucosa of patients with CRS and NP.
Immunohistochemistry and western blot analysis also clearly
demonstrated that the expression of TFF1 protein was signifi-
cantly increased in patients with CRS and NP, indicating that
TFF1 may serve an important role in the progression of
the disease. It has been demonstrated that TFF1 is mainly
expressed in the goblet cells, cilia epithelial cells and mucosal
glands of the respiratory tract from the nasal cavity to the
bronchioles and its expression pattern overlaps with the secre-
tion of airway mucin, which is distributed in the cytoplasmic

regions surrounding the nucleus (28). In combination with the
results of the current study, the expression of TFF in the human
nasal mucosa tissues suggests that they serve a potential role in
the pathology of CRS and NP.

Furthermore, it was previously demonstrated in that there
was a negative correlation between the expression of CC10 and
TFF1 during the progression of inflammation and alteration
of the cell phenotype (29). However, the association between
CC10 and TFF1 expression in human nasal mucosa tissues
during the development CRS and NP remains unknown.
The current study demonstrated that the expression of CC10
was significantly increased in the nasal mucosa tissues of
patients with CRS and NP, whereas the expression of TFF1
was significantly decreased. Spearman's correlation analysis
identified a negative correlation between the expression of
TFF1 and CC10.

TFF1 is an important regulator of epithelial cell migration
and the inflammatory process in the airway, which may serve
an important regulatory role in the process of airway defense
and injury repair (15,20). TFF1 delays the transition from G1 to
the S-phase in the cell cycle, thus regulating tumor inhibition,
mucosal protection, cell apoptosis and differentiation (30).
The expression of TFF1 in inflammation and malignant
tumors indicates the status of prognosis and is significantly
negatively correlated with the therapeutic effect of hormone
therapy (29,31). The decreased expression of TFF1 and its
negative correlation with CC10 in human nasal mucosa in the
current study suggests that TFF1 deficiency may contribute to
the onset and progression of CRS and NP, and regulation of
the expression of TFF1 and CC10 may be a potential treatment
strategy for patients with CRS and NP.
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In conclusion, the current study identified the differential

expression of CC10 and TFF1 in human nasal mucosa tissues
from patients with CRS and NP. The negative correlation
between CCI10 and TFF1 suggests that they may serve a role
the pathogenesis of CRS and NP. Therefore, the expression of
these two markers may be a potential target for the diagnosis
and treatment of CRS and NP in the future.
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