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Wnt/β-catenin signaling regulates pathogenesis  
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Abstract: Cholesteatoma is characterized by the presence of a squamous epithelium invading the middle ear alter-
ing its growth properties. Wnt/β-catenin signaling controls cell proliferation and differentiation by regulating ex-
pressions of target genes. Elevated levels of β-catenin are related to tissue pathogenesis and tumor progression. 
Nevertheless, the mechanisms through which β-catenin contributes to middle ear cholesteatoma development 
remain to be elucidated. We used proliferation assay, qRT-PCR assay, and western blotting to measure levels of the 
Wnt/β-catenin signaling pathway. β-Catenin expression evidently increased in middle ear cholesteatoma cells when 
compared with normal epithelial cells. Next, we found that treatment of Wnt inhibitor dickkopf1 (Dkk1) decreased 
β-catenin expression, as well as the expression levels of cytokeratin 16 (CK16), CK18, Ki67 and PCNA. Overex-
pression of Wnt3a or β-catenin induced the expression levels of CK16, CK18, Ki67 and PCNA. Furthermore, Dkk1 
treatment significantly inhibited proliferation activity of middle ear cholesteatoma cells, whereas forced expression 
of Wnt3a or β-catenin promoted proliferation activity of middle ear cholesteatoma cells. Wnt/β-catenin signaling 
induced cell proliferation and up-regulated expressions of targeted genes in human middle ear cholesteatoma.
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Introduction

Cholesteatoma is a destructive squamous epi-
thelial lesion of the temporal bone which gradu-
ally expands and leads to serious complications 
by destruction of nearby bony structures [1, 2]. 
Human middle ear cholesteatoma is a progres-
sive disease. Clinical appearances vary from 
well-localized pathology with normal hearing to 
advanced involvement with serious complica-
tions such as brain abscess. Therefore, the dif-
ficulties of operation, management, and out-
comes are different according to the severity. 
Several attempts have been made in choleste-
atoma staging [3-5], but to date, they have not 
met the global consensus like the TNM classifi-
cation of cancer. Thus, the pathogenesis of 
human middle ear cholesteatoma has not been 
well investigated.

As a signaling pathway existing in all species, 
Wnt was first identified as a product of Wingless 
gene (wg) in Drosophila melanogaster (fruit fly), 

and its mutations resulted in frequent wing loss 
[6]. Nusse and Varmus [7] reported that insert-
ing mouse mammary tumor virus into the int1 
locus activated proto-oncogene Wnt in the 
genome and formed tumor, giving Wnt-1 as the 
first member of the Wnt signaling pathway. Wnt 
genes encode a large family of secreted glyco-
proteins that act as extracellular signaling mol-
ecules and activate β-catenin. β-catenin is gen-
erally identified in three distinct loci: at cellular 
adherent junctions, where it directly interacts 
with E-cadherin; in the cytosolic space; and in 
the nucleus. In most normal unstimulated adult 
cells, the Wnt/β-catenin signaling pathway is 
inactive, and this is ensured by the absence of 
Wnt protein and the degradation of β-catenin. 
When Wnt/β-catenin signaling is not activated, 
cytosolic β-catenin is phosphorylated by core 
proteins adenomatous polyposis coli, axin, gly-
cogen synthase kinase 3, and casein kinase  
1 [8]. The β-catenin protein is encoded by 
CTNNB1. Wnt/β-catenin signaling pathway reg-
ulates various biologic events in cells, such as 
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gene expression, cell growth, metabolism, 
apoptosis and metastasis [9-11].

Herein we showed that expression of β-catenin 
efficiently increased in middle ear cholesteato-
ma cells when compared with normal epithelial 
cells. Next, we found that treatment of Wnt 
inhibitor Dkk1 decreased cell proliferation and 
β-catenin expression, as well as the expression 
levels of CK16, CK18, Ki67 and PCNA. Over- 
expression of Wnt3a or β-catenin induced Wnt/
β-catenin signaling and cell proliferation. In this 
study, we reveal a new mechanism by which 
Wnt/β-catenin signaling participates in cell 
growth and pathogenesis of human middle ear 
cholesteatoma, benefiting the development of 
novel prognostic biomarkers and the treatment 
of human middle ear cholesteatoma.

Materials and methods

Clinical sample collection

Sixty middle ear cholesteatoma tissue samples 
surgically resected from patients enrolled in 
our hospital from July 2015 to September 2017 
were collected as a group. The patients con-
sisted of 24 males and 36 females aged 18~64 
years old, with an average of (38.92±10.21). 
Middle ear cholesteatoma was confirmed by 
preoperative clinical diagnosis and postopera-
tive pathologic diagnosis. The external ear 
canal skin samples of 40 patients were collect-
ed as a control group. All collected samples 
were immediately fixed and embedded in paraf-
fin. This study has been approved by the ethics 
committee of our hospital, and written informed 
consent has been obtained from all patients.

Detection of β-catenin expression by immuno-
histochemical assay

Sample sections were deparaffinized, fully hy- 
drated, and washed with PBS for 5 min three 
times. After 10 min of antigen retrieval with cit-
ric acid, the sections were naturally cooled 
down to room temperature and immersed in 
PBS for 5 min three times. After endogenous 
peroxidase was blocked by 3% H2O2, the sam-
ples were incubated at room temperature for 
20 min, immersed in PBS for 5 min three times, 
received 50 μL of goat serum, and were blocked 
with endogenous biotin at room temperature 
for 20 min, incubated with 50 μL of primary 
antibody at 4°C overnight, immersed in PBS for 

5 min three times and incubated with 50 μL of 
secondary antibody at 37°C for 30 min. 
Subsequently, the sections were immersed in 
PBS for 5 min three times, incubated with 50 
μL of HRP-labeled streptomycin at 37°C for 30 
min, immersed in PBS again for 5 min three 
times, and color-developed with DAB, which 
was terminated by adding distilled water. Then 
the sections were counterstained with hema-
toxylin, dehydrated by using gradient concen-
trations of ethanol solutions, transparentized 
by xylene mounted with neutral resin and 
observed by microscopy. A known positive sec-
tion was used as positive control, and PBS 
instead of primary antibody was employed as 
negative control.

Determination of results: The experimental re- 
sults were analyzed in a double-blinded man-
ner by two experienced pathologists. For each 
section, five visual fields (×400) were randomly 
selected. Under each field, 100 cells were 
counted to calculate the proportion of positive 
cells and the positive expression rate. Negative 
(-): Positive rate <5%; mildly positive (+): 
6%~25%; moderately positive (++): 26%~50%; 
strongly positive (+++): >50%.

Cell culture 

Human primary cells from human middle ear 
cholesteatoma tissue and adjacent normal epi-
thelium tissue were maintained in DMEM sup-
plemented with 100 units/ml penicillin, 10% 
fetal bovine serum and 100 µg/ml streptomy-
cin, and cultured in a humidified incubator with 
5% CO2 at 37°C. 

Cell proliferation assay

Cells were inoculated into 96-well plates at the 
density of 2000/well. According to manufac-
turer’s instructions, the cell proliferation capac-
ity was detected by a CCK8 kit (Dojindo 
Laboratories, Kumamoto, Japan) at different 
time points. Data were reported based on three 
independent experiments, with six replicates 
each time.

Separation of cell nucleus, cytosol and mem-
brane

Cell nucleus, cytosol, and membrane were sep-
arated according to the instructions of Nuc-
Cyto-Mem Preparation Kit P120 (Beijing 
Applygen Gene Technology Co., Ltd., China).
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Quantitative real-time PCR (qPCR)

According to manufacturer’s instructions, total 
RNA was extracted from cells by TRIzol reagent 
(Invitrogen, CA, USA). To detect the mRNA 
expression levels of these genes, the extracted 
total RNA was reverse-transcribed with oligodT 
primer into cDNA by a RT reagent kit (Takara, 
China). Housekeeping gene GAPDH was em- 
ployed as internal reference. Afterwards, cDNA 
was amplified with SYBR Green Master Mix 
(Takara, China) by qPCR using a 7900HT sys-
tem. Relative fold changes in the expressions 
of target genes were measured by the 2-ΔΔCt 
method. 

Western blotting

Ground tissues or cells were lysed for 30 on ice 
min in RIPA buffer (prepared by 100 mM pH 8.0 
Tris, 150 mM NaCl, 1% Triton X-100, 0.1% SDS, 
5 mM EDTA, 1% sodium deoxycholate and 10 
mM NaF) that was supplemented by 2 mM leu-
peptin, 1 mM sodium vanadate, 1 mM phenyl-
methylsulfonyl fluoride, 2 mM aprotinin, 2 mM 
pepstatin A and 1 mM DTT. Then the lysate was 
centrifugated at 4°C and 12,000 rpm for 15 
min, and the resulting supernatant was collect-
ed. Subsequently, the protein concentration 
was measured with the BCA assay (Beyotime 
Institute of Biotechnology, China). After separa-
tion with SDS-PAGE, the protein extracts were 
transferred onto a nitrocellulose membrane in 
transfer buffer (150 mM glycine, 20 mM Tris 
and 20% methanol (v/v)). Then the membrane 
was blocked by 5% skimmed milk in 0.05% 
Tween-20-containing 1× PBS and incubated by 
using antibodies against β-catenin, p-β-catenin, 
Cyclin D1, c-myc (Cell Signaling Technology, 
Beverly, MA, USA), CK16, CK18 (Proteintech 

software (La Jolla, CA, USA) using Student’s 
t-test. P<0.05 was considered significant.

Results

β-catenin expression in middle ear cholestea-
toma tissue exceeded that in normal ear skin

β-Catenin was strongly positively expressed 
(brownish yellow) in the epithelial cell nucleus 
and cytosol of middle ear cholesteatoma tissue 
(Figure 1). Of 60 middle ear cholesteatoma tis-
sue samples, 46 had positive expression, with 
a positive rate of 76.67% which was significant-
ly higher than that of normal external ear canal 
skin (10/40, 25.00%) (χ2=26.001, P=0.000).

Cholesteatoma cells showed high activity of 
cell growth and induced Wnt/β-catenin signal-
ing

Cholesteatoma cells showed higher activity of 
growth than normal cells (Figure 2A). Moreover, 
qRT-PCR and western blotting showed that cho-
lesteatoma cells induced Wnt/β-catenin signal-
ing. The expressions of β-catenin, Cyclin D1 
and c-myc were up-regulated in cholesteatoma 
cells, but that of p-β-catenin was down-regulat-
ed (Figure 2B and 2C). Our results indicated 
that cholesteatoma cells showed high activity 
of cell growth and induced Wnt/β-catenin 
signaling.

Also, we used a Nuc-Cyto-Mem Preparation Kit 
to separate cell nucleus, cytosol and mem-
brane, and then to detect the subcellular loca-
tion of β-catenin. Both qRT-PCR (Figure 3A) and 
western blotting (Figure 3B) exhibited that the 
expressions of β-catenin in cholesteatoma cell 
nucleus and cytosol were significantly higher 
than those of normal cells.

Figure 1. β-Catenin expression in normal external ear canal skin and middle 
ear cholesteatoma tissue detected by immunohistochemical assay. Magni-
fication: ×400.

Group, Rosemont, USA), Ki67, 
PCNA and GAPDH (Bioworlde, 
USA). The protein bands were 
thereafter probed by horse-
radish peroxidase-conjugated 
secondary antibody IgG, and 
visualized using SuperSignal 
West Pico Chemiluminescent 
Substrate Kit (Thermo Scien- 
tific, MA, USA).

Statistical analysis

All experimental data were 
analyzed by GraphPad Prism 5 
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Wnt/β-catenin signaling was significantly acti-
vated in cell culture after 6 days 

Next, we cultured cholesteatoma cells for indi-
cated times. In our study, qRT-PCR and western 
blotting showed that cholesteatoma cells 
induced Wnt/β-catenin signaling. The expres-
sions of β-catenin, CK16, CK18, Ki67 and 
PCNA were up-regulated in cholesteatoma 
cells, and significantly activated in cell culture 
after 6 days. The protein levels were quantified 

by ImageJ software and normalized to that of 
GAPDH (Figure 4A and 4B). Given the impor-
tant role of CK16, CK18, Ki67 and PCNA in pro-
liferation, Wnt/β-catenin signaling was signifi-
cantly activated in cell culture after 6 days.

Dkk1 suppressed proliferation and Wnt/β-
catenin signaling in cells 

Wnt/β-catenin signaling is predominantly regu-
lated by several inhibitors, among which dick-
kopf-related protein 1 (Dkk1) and sclerostin 

Figure 2. Cholesteatoma cells showed high cell growth activity and induced Wnt/β-catenin signaling. A. Cells were 
seeded and cultured in 96-well plates. Cell viability was assayed using a CCK8 kit according to the manufacturer’s 
instruction at indicated time points. The results showed that cholesteatoma cells showed high cell growth activity 
compared with normal cells. B, C. qRT-PCR and western blotting showed that cholesteatoma cells induced Wnt/β-
catenin signaling, the expression levels of β-catenin, Cyclin D1 and c-myc were up-regulated in cholesteatoma cells, 
and the expression levels of p-β-catenin was down-regulated in cholesteatoma cells. The density of protein levels of 
above was quantified by ImageJ software and normalized to the level of GAPDH. Data represent mean ± SD of three 
replicates. *Indicates significant difference at P<0.05. **Indicates significant difference at P<0.01.
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Figure 3. Subcellular location of β-catenin in cholesteatoma and normal cells. A, B. qRT-PCR and western blotting 
showed that the expression of β-catenin in cholesteatoma cell nucleus and cytosol were significantly higher than 
those of normal cells. Data represent mean ± SD of three replicates. *Indicates significant difference at P<0.05. 
**Indicates significant difference at P<0.01.

Figure 4. Wnt/β-catenin signaling was significantly activated in cell culture for 6 days. Cells were seeded and cul-
tured in 6-well plates. Protein and RNA were harvested at the indicated time point, as 0 day, 2 day, 4 day, 6 day, 8 
day. A, B. The mRNA and protein levels of β-catenin, CK16, CK18, Ki67 and PCNA were analyzed using RT-qPCR and 
western blotting respectively, and normalized by GAPDH expression. Data represent mean ± SD of three replicates. 
*indicates significant difference at P<0.05. **Indicates significant difference at P<0.01.
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have been most comprehensively studied. We 
found that overexpression of Dkk1 suppressed 
cell proliferation (Figure 5A). Moreover, qRT-
PCR and western blotting showed that overex-
pression of Dkk1 in cholesteatoma cells 
repressed Wnt/β-catenin signaling, and the 
expressions of β-catenin, CK16, CK18, Ki67, 
and PCNA were down-regulated in cholesteato-
ma cells in the Dkk1 overexpression group 
(Figure 5B and 5C). 

Overexpression of Wnt3a induced proliferation 
and Wnt/β-catenin signaling in cells

The Wnt family consists of a number of small, 
cysteine-rich, secreted glycoproteins involved 
in regulation of a variety of cellular activities 
with critical roles during development [13-15]. 
Wnt proteins trigger signaling pathways within 
cells that proceed through several protein com-
plexes including β-catenin. We found that over-
expression of Wnt3a promoted cell prolifera-
tion (Figure 6A). Moreover, qRT-PCR and 
western blotting showed that overexpression of 
Wnt3a in cholesteatoma cells induced Wnt/β-

catenin signaling, and the expressions of β- 
catenin, CK16, CK18, Ki67, and PCNA were up-
regulated in cholesteatoma cells in the Wnt3a 
overexpression group (Figure 6B and 6C). 

Overexpression of β-catenin induces prolifera-
tion and Wnt/β-catenin signaling in cells

Afterwards, we found that overexpression of 
β-catenin promoted cell proliferation (Figure 
7A). Moreover, qRT-PCR and western blotting 
showed that overexpression of β-catenin in 
cholesteatoma cells induced Wnt/β-catenin 
signaling, and the expressions of CK16, CK18, 
Ki67 and PCNA were up-regulated in cholestea-
toma cells in β-catenin overexpression group 
(Figure 7B and 7C). 

Discussion

Although cholesteatoma is not a malignant dis-
ease, it can invade neighboring bones and 
exhibit invasive biological behaviors due to its 
severe destructive effect and high potential for 
recurrence [16, 17]. The common feature of 

Figure 5. Dkk1 suppressed cell proliferation and Wnt/β-catenin signaling in cells. A. Cells were seeded and cultured 
in 96-well plates. Cell viability was assayed using a CCK8 kit according to the manufacturer’s instruction at indi-
cated time points. Overexpression of Dkk1 suppressed cell proliferation. B, C. qRT-PCR and western blotting showed 
that overexpression of Dkk1 in cholesteatoma cells repressed Wnt/β-catenin signaling, the expression levels of 
β-catenin, CK16, CK18, Ki67 and PCNA were down-regulated in cholesteatoma cells. The density of protein levels of 
above was quantified by ImageJ software and normalized to the level of GAPDH. Data represent mean ± SD of three 
replicates. *Indicates significant difference at P<0.05.
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cholesteatoma is the migration of keratinized 
hyperproliferative squamous epithelium, from 
the fibrous stroma into the mastoid cavity and 
middle ear [18, 19]. A previous study has dem-
onstrated that cholesteatoma keratinocyte pro-
liferation and migration is regulated by growth 
factors and receptors [20]. The up-regulation of 
keratinocyte growth factor and its receptor, as 
well as the epidermal growth factor and its 
receptor, have been reported in cholesteatoma 
[21-23]. Herein we showed that expression of 
β-catenin efficiently increased in middle ear 
cholesteatoma cells when compared with nor-
mal epithelial cells. 

Wnt/β-catenin is one of the classic signal path-
ways [24, 25]. The canonical Wnt signaling 
pathway regulates the amount of transcription-
al co-activator β-catenin, and thereby controls 
the crucial developmental gene expression pro-
grams [25]. In addition, the Wnt/β-catenin sig-
naling pathway has widely been linked with sev-
eral pathologic processes, including tumor 
metastasis, epithelial-mesenchymal transition 
(EMT), stem cell renewal, and other diseases 

[24-27]. During the fusion of embryonic stem 
cells with somatic cells, periodic activation of 
the Wnt/β-catenin signaling pathway could sig-
nificantly enhance fusion-mediated cell repro-
gramming [26]. Recently, Matsuura has report-
ed that β-catenin/BCL9L/TCF4 signal pathway 
directly targeted the GCM1/syncytin pathway 
and thereby regulated the fusion of human cho-
riocarcinoma cells [28]. However, the precise 
molecular activities of the Wnt/β-catenin sig-
naling pathway in human middle ear cholestea-
toma need further study.

Conclusion

Herein, β-catenin expression significantly in- 
creased in middle ear cholesteatoma cells 
when compared with normal epithelial cells. 
Next, we found that treatment by Wnt inhibitor 
Dkk1, Wnt3a, or β-catenin influenced the Wnt/
β-catenin pathway. Forced expression of Dkk1 
decreased the expressions of β-catenin, CK16, 
CK18, Ki67 and PCNA. Overexpression of 
Wnt3a or β-catenin induced the expression  
levels of CK16, CK18, Ki67 and PCNA. 

Figure 6. Overexpression of Wnt3a induced cell proliferation and Wnt/β-catenin signaling in cells. A. Cells were 
seeded and cultured in 96-well plates. Cell viability was assayed using a CCK8 kit according to the manufacturer’s 
instruction at indicated time point. Overexpression of Wnt3a promoted activity of cell proliferation. B, C. qRT-PCR 
and western blotting showed that overexpression of Wnt3a in cholesteatoma cells promoted Wnt/β-catenin signal-
ing, the expression levels of β-catenin, CK16, CK18, Ki67 and PCNA were down-regulated in cholesteatoma cells. 
The densities of protein levels of the above were quantified by ImageJ software and normalized to the level of 
GAPDH. Data represent mean ± SD of three replicates. *Indicates significant difference at P<0.05. **Indicates 
significant difference at P<0.01.
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Furthermore, Dkk1 treatment significantly 
inhibited proliferative activity of middle ear cho-
lesteatoma cells, whereas forced expression of 
Wnt3a or β-catenin promoted proliferation 
activity of middle ear cholesteatoma cells. The 
Wnt/β-catenin pathway was enhanced in mid-
dle ear cholesteatoma cells compared with 
that in normal epithelial cells, indicating that 
this signaling influenced the pathogenesis of 
cholesteatoma. In summary, Wnt/β-catenin 
signaling induced cell proliferation and regulat-
ed the pathogenesis of human middle ear cho-
lesteatoma, suggesting potential applicability 
of some inhibitors of this pathway.
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