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Abstract

Background: Keratinocytes are the predominant cell type in a cholesteatoma, and microRNA
(miR)-203a has been shown to be essential for the growth and differentiation of keratinocytes. The
regulatory mechanisms of miR-203a and Bmil—the predicted target of miR-203a that is associated
with cholesteatoma—have not been clarified.

Methods: Real-time PCR and western blot were carried out for the detection of miRNAs, mRNAs,
and proteins, including miR-203a, Bmil, and phosphorylated (p-)Akt. Immunohistochemical staining
was applied to observe the expression and distribution of Bmil and of p-Akt in cholesteatoma and
in control retroauricular skin. The dual luciferase reporter assay was used to analyze the
relationship between miR-203a and Bmil. Ectopic miR-203a and Bmil were transfected into an
immortalized line of human keratinocytes (HaCaT cells), and the roles of these molecules in cell
proliferation, apoptosis, and migration were explored.

Results: Cholesteatoma tissues were characterized by downregulation of miR-203a and
concomitant upregulation of Bmil. Results of the dual-luciferase reporter assay indicated that Bmil
was a direct target gene of miR-203a. Silencing of miR-203a increased Bmil expression; promoted
proliferation, colony formation, and migration of HaCaT cells; and inhibited apoptosis. Moreover,
p-Akt was significantly increased in cholesteatoma tissues and was positively correlated with Bmil.
Suppression of Bmil reduced p-Akt expression in HaCaT cells; subsequent inhibition of miR-203a
reversed this phenomenon.

Conclusions: Our results reveal that miR-203a may regulate cholesteatoma growth and

proliferation by targeting Bmil. These findings provide insight for the development of novel
nonsurgical options for cholesteatoma.

Key words: cholesteatoma, microRNA, microRNA-203a, B-cell specific moloney murine leukemia virus insertion
site 1 (Bmil), p-Akt

Introduction

Middle ear cholesteatoma is a well- and markers of proliferation in cholesteatoma

[4-7]. Cholesteatoma-associated otitis

circumscribed cystic lesion that occurs when a
keratinizing squamous epithelium grows abnormally
in the temporal bone [1]. Cholesteatoma keratinocytes
exhibit proliferation and migration characteristics
akin to a tumor [2, 3], and numerous researchers have
demonstrated upregulation of tumor-related genes

specimens
media is a common disease in otolaryngology, and the
pathogenesis of cholesteatoma is a topic of intense
research. However, cholesteatoma still is not
understood fully, and a feasible nonsurgical treatment
is lacking for this condition.
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Micro (mi)RNAs are small noncoding RNA
molecules  that regulate  post-transcriptional
expression by intervening in the degradation of
mRNA and/or by inhibiting translation; miRNAs
primarily are negative regulators [8]. MiRNAs play
crucial roles in diverse biological processes, including
proliferation, differentiation, apoptosis, and
migration [9, 10]. Investigators previously have
demonstrated that miR-203a is specific to epithelial
tissue; affects the growth, differentiation, and function
of keratinocytes; and is an important contributor to
skin development [11-13]. In many tumors, miR-203a
has been shown to prevent or suppress cancer [14-17].
Like the skin, a cholesteatoma is composed primarily
of keratinocytes; like a tumor, the keratinocytes of a
cholesteatoma exhibit abnormal proliferation and
migration. However, no studies have addressed the
putative contributions of miR-203a and its predicted
target gene in cholesteatoma.

To identify the predicted gene target of
miR-203a, we probed for a stem-associated factor that
was regulated by miR-203a and closely related to cell
proliferation. The B-cell specific moloney murine
leukemia virus insertion site 1 (Bmil) is vital for
maintaining stemness and self-renewal in normal and
cancerous cells [18, 19]. Bmil belongs to the
polycomb-group (PCG) family of proteins. As a
transcriptional inhibitor, Bmil can silence gene
expression [19, 20], and results of several studies have
indicated that Bmil is an important regulator of
keratinocytes [21, 22]. In the human epidermis, Bmil
promotes proliferation of keratinocytes and prevents
premature aging and death of these cells [22].
Disorders that affect Bmil expression often are
associated with the occurrence and development of
malignant tumors [23]. Overexpression of Bmil can
promote abnormal proliferation, invasion, and
metastasis of tumor cells by increasing the level of
phosphorylated (p-)Akt [24-27]. Notably, p-Akt also is
essential in cholesteatoma pathogenesis [28, 29]. The
expression level of Bmil in cholesteatoma and the
potential relationship between Bmil and p-Akt in
cholesteatoma have not been examined.

In the current study, we found that the
expression levels of miR-203a and Bmil are inversely
correlated in cholesteatoma, with miR-203a
downregulated and Bmil upregulated. Furthermore,
we demonstrated that Bmil is a direct target of
miR-203a. Reduced expression of miR-203a promoted
abnormal proliferation and migration of HaCaT cells
and inhibited apoptosis; silencing of Bmil rescued
these functions. We also determined that Bmil
positively regulates p-Akt in cholesteatoma. Low
expression of miR-203a is essential for the
development of cholesteatoma; this finding may

provide insight regarding nonsurgical therapies for
patients with cholesteatoma.

Materials and Methods

Clinical samples

Cholesteatoma  and  retroauricular  skin
specimens that served as control tissues were
obtained from patients (mean age, 45.84 years; age
range, 8-76 years) who had undergone middle ear
surgery at the First Affiliated Hospital of China
Medical University (Shenyang, China) from July 2015
to July 2016. Clinical histories were reviewed for all
patients included in this study. A total of 56
cholesteatoma specimens and 28 retroauricular skin
specimens were collected. These specimens included
20 pairs in which 1 patient provided both a
cholesteatoma and a retroauricular skin sample. This
study was approved by the Ethics Committee of the
First Affiliated Hospital of China Medical University,
and all patients (or the parents of patients younger
than 18 years old) provided written informed consent
prior to surgery.

Polymerase chain reaction

Total RNA was extracted from tissues and cells
using RNAiso plus (Takara Biotechnology, Dalian,
China), according to the manufacturer’s instructions.
To examine the expression of miRNAs and mRNA,
total RNA (including miRNAs) was polyadenylated
by means of E. coli Poly(A) Polymerase (New England
Biolabs, Ipswich, MA) and then was reverse-tran-
scribed (RT) into cDNA using a PrimeScript RT
Reagent Kit with gDNA Eraser (Takara).
Amplification of cDNAs was achieved by quantitative
real-time polymerase chain reaction (qPCR) with
SYBR Premix Ex Taq II (Takara) on a 7500 Real-Time
PCR System (Applied Biosystems, Foster City, CA).
U6 and GAPDH were applied as endogenous
controls. Relative gene expression was calculated in
terms of threshold cycle (CT) values, using the 2-AACT
method.

The primer sequences were as follows: miR-203a:
5'-GCGTGAAATGTTTAGGACCACT-3}

miR-reverse: 5-GCTGTCAACGATACGCTAC
G-3'; miR-RT primer: 5-GCTGTCAACGATACGCTA
CGTAACGGCATGACAGTGTTTTTTTTTTTTTTTTT
TTTTTT-3"; U6 forward: 5'-CTCGCTTCGGCAGCAC
A-3'and

reverse: 5-AACGCTTCACGAATTTGCGT-3";
Bmil forward: 5'-CTGCAGCTCGCTTCAAGATG-3'
and

reverse: 5'-TTAGCTCAGTGATCTITGATTCTCG
T-3'; GAPDH forward: 5'-GTCTCCTCTGACTTCAAC
AGCG-3' and reverse: 5'-ACCACCCTGTTGCTGTAG
CCAA-3.
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Cell culture and transfection

An experimental line of human immortalized
keratinocytes  (HaCaT) was obtained from
the Dermatology Key Laboratory of China Medical
University. Cells were cultured in high-glucose
Dulbecco’s Modified Eagle Media (DMEM) (HyClone,
Thermo Fisher, Beijing, China) with 10% fetal bovine
serum (FBS) (Corning, Thermo Fisher, Waltham, MA).
HaCaT cells were grown under sterile, humidified
conditions at 37°C and 5% CO,. The miR-203a
inhibitor, control miRNA, Bmil small interfering
(si)RNA, and control siRNA were synthesized by
RiboBio (Guangzhou, China). They were transiently
transfected into cells using Lipofectamine 3000
reagent (Invitrogen, Carlsbad, CA), according to the
manufacturer’s instructions.

Western blot and immunohistochemistry

Tissues or cells were lysed with RIPA
(radioimmunoprecipitation  assay) lysis buffer
containing 1 mM of phenylmethylsulfonyl fluoride
(PMSEF). The proteins were separated through a 10%
sodium dodecyl sulfate (SDS) polyacrylamide gel
electrophoresis (PAGE) and were transferred to
polyvinylidene  fluoride  (PVDF) membranes
(Millipore, Danvers, MA). After blocking, the
membranes were incubated with primary antibody
(anti-Bmil and anti-GAPDH [both, Proteintech,
Rosemont, IL]; anti-Akt and anti-p-Akt [both, Santa
Cruz Biotechnology, Santa Cruz, CA]). The results
were visualized wusing an enhanced chemilu-
minescence (ECL) detection system (Thermo Fisher).

For immunohistochemistry, sections were
incubated overnight with primary antibody and
subsequently with biotin-labeled secondary antibody.
The specimens were photographed under an inverted
light microscope (Olympus, Tokyo, Japan).
Immunostaining was evaluated in terms of the
product of staining intensity and the percentage of
positive stained cells, as described previously [28].
Staining intensity was scored as follows: 0, no
staining; 1, weak staining; 2, moderate staining; 3,
strong staining. The percentage of positively stained
cells was scored as follows: 0, no staining (negative);
1, <10% stained; 2, 10% to 50% stained; 3, >50%
stained. Both staining intensity and the positivity rate
of staining were analyzed independently by 2
experienced  researchers under  double-blind
conditions. The results were regarded as negative if
the overall score was <2 and as positive if the overall
score was 3.

Dual luciferase reporter assay

Luciferase reporter vectors containing the
wild-type or mutant Bmil 3’ untranslated region

(UTR) were prepared by RiboBio Co. Ltd.
(Guangzhou, China). For the luciferase reporter assay,
HaCaT cells were seeded in 96-well plates at a density
of 1.5 x 10* cells per well. Following culture for 48
hours, the cells were transiently cotransfected with

miR-203a  mimics/control miRNA and with
Bmil-3'UTR-wild/Bmil-3'UTR-mutant reporter
vectors using Lipofectamine 3000 (Invitrogen),

according to the manufacturer’s instructions. At 48
hours post-transfection, luciferase activity was
evaluated using the Dual-Glo Luciferase Assay
System (Promega, Madison, WI).

Cell proliferation and colony formation

Cells were transfected with a negative-control
miR inhibitor or a miR-203a inhibitor or were
cotransfected with a miR-203a inhibitor and Bmil
siRNA and were collected 24 hours later. A single-cell
suspension then was prepared and transferred to a
96-well plate. The density was adjusted to 3000 cells
per well, and 5 wells corresponded to each
experimental group. Cell proliferation was detected
using an Infinite M200 Pro Microplate Reader (Tecan,
Mannedorf, Switzerland) and a CellTiter 96 AQueous
Single Solution Cell Proliferation Assay Kit (MTS,
Promega). Absorbance was determined at 490 nm
(OD490) daily for 3 consecutive days, and a cell
growth curve was plotted. To assess cell colony
formation, cells were transfected and at 24 hours were
seeded into 6-well plates at a density of 400 cells per
well. Cells then were incubated for 10 to 14 days with
high-glucose DMEM. When macroscopic colonies
could be discerned, the colonies were counted.

Cell cycle analysis

Cells were transfected and maintained in culture
for 48 hours. Cells then were fixed with 70% ethanol
overnight at 4°C and were incubated with RNaseA at
37°C for 30 minutes. Staining with propidium iodide
(PI) (KeyGen Biotech, Nanjing, China) was carried out
for 30 minutes at 4°C, and cells were analyzed in an
aliquot of 1 x 10¢ cells by means of flow cytometry
(FACSCalibur, BD Biosciences, Franklin Lakes, NJ).
Cell cycle distribution was expressed as a percentage
of the cells.

Apoptosis assay

Cells were transfected, cultured for 48 hours, and
collected. Cell density was adjusted to 1 x 10°¢
cells/mL. An Alexa Fluor 488 Annexin V/Dead Cell
Apoptosis  Kit (Invitrogen) then was applied,
according to the manufacturer’s instructions. The

level of apoptosis was evaluated by flow cytometry
(FACSCalibur, BD Biosciences).
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Cell migration assay

Cells were transfected and cultured for 24 hours.
Cells then were collected and plated in serum-free
medium (cell density, 2 x 10°) in the upper layer of a
transwell insert (Corning). In the bottom Ilayer,
DMEM containing 20% FBS was added, and cells
were incubated for 24 hours. The nonmigratory cells
were scraped from the upper surface with a cotton
swab and discarded. The cells on the lower surface
were fixed with 100% methanol and were stained
with hematoxylin. Migratory cells then were counted
under a microscope (Olympus).

Statistical analysis

Data were expressed as mean # standard
deviation (SD) from 3 independent experiments.
Statistical significance was determined by a 2-tailed
Student’s t test or by 1-way analysis of variance
(ANOVA) using GraphPad Prism 7.0 software (San
Diego, CA). Correlations were ascertained by means
of Pearson and Spearman correlation analyses. The
enumeration data were compared by the X2 test.
Statistical significance was defined as P < 0.05.

Results

Low expression of miR-203a is negatively
correlated with that of Bmil in cholesteatoma

We selected and analyzed 3 miRNAs associated
with cell proliferation in specimens from 56 cases of
cholesteatoma and in 28 retroauricular skin tissue
specimens (Supplementary Figure S1). The results of
real-time PCR indicated that only the expression of
miR-203a was significantly lower in cholesteatoma
than in normal retroauricular skin (Figure 1A).
However, the level of miR-203a in cholesteatoma was
not correlated significantly with clinical findings
(Supplementary Table S1).

Twenty patients had provided paired
cholesteatoma and retroauricular skin specimens. For
all these cholesteatoma specimens, miR-203a was
found to be significantly downregulated compared to
the paired retroauricular skin sample (Figure 1B,C). In
contrast, Bmil levels in paired samples were
upregulated in cholesteatoma specimens (Figure
1D,E). Findings from Pearson correlation analysis
revealed a strong negative correlation between the
expression of miR-203a and that of Bmil in
cholesteatoma (Figure 1F). Immunohistochemical
evidence showed that Bmil was expressed primarily
in the nuclei and populated nearly the full layer of
cholesteatoma epithelium (Figure 1G). However, in
retroauricular skin, Bmil mainly stained the
basal-layer cells and occasionally the suprabasal
layers (Figure 1G). The positivity rate of Bmil was

80% (16 of 20 specimens) in cholesteatoma and was
35% (7 of 20 specimens) in retroauricular skin (y? =
8.286, P = 0.004).

MiR-203a negatively regulates Bmil by directly
binding to its 3'UTR

To investigate how Bmil expression is regulated
by miR-203a, we transfected HaCaT cells with
miR-203a mimics or a miR-203a inhibitor and
measured Bmil levels. Bmil mRNA and protein levels
in the miR-203a mimic group were significantly
decreased; the opposite findings were obtained in the
miR-203a inhibitor group (Figure 2A,B). To further
verify whether miR-203a directly targets Bmil, we
prepared wild-type and mutant Bmil-3'UTR reporter
constructs  (Figure = 2C). We  cotransfected
negative-control miR-mimics/miR-203a mimics with
these wild-type/mutant Bmil-3'UTR  reporter
constructs into HaCaT cells and tested for luciferase
activity. We determined that luciferase activity was
significantly repressed in cells that had been
cotransfected with the wild-type Bmil-3'UTR reporter
construct and miR-203a mimics (Figure 2D). In
contrast, luciferase activity did not change
significantly when cells were cotransfected with
miR-203a mimics and the mutant Bmil-3'UTR
reporter constructs. Therefore, miR-203a directly
interacts with the binding site of the Bmil-3'UTR and
negatively regulates the expression of Bmil.

Low levels of miR-203a disinhibit Bmil
expression and result in proliferation, colony
formation, migration, and reduced apoptosis
of HaCaT cells

To simulate downregulation of miR-203a in
cholesteatoma, we transfected HaCaT cells with a
miR-203a inhibitor and evaluated Bmil levels and cell
behaviors. We found significantly increased Bmil
protein (Figure 3B); enhanced cell proliferation and
clonogenic ability (Figure 3C,D); an increase in the
percentage of cells in the S phase, and a decrease in
the percentage of cells in the G0/G1 phase (Figure
3E); a decrease in the proportion of apoptotic cells
(Figure 3F); and enhanced cell migratory ability
(Figure 3G). All these changes were restored when
HaCaT cells were cotransfected with a miR-203a
inhibitor and Bmil siRNA (Figure 3).

Overexpression of p-Akt is positively
correlated with that of Bmil in cholesteatoma

Other authors have noted that Bmil can elevate
the level of p-Akt in many tumors. We hypothesized
that this regulation also may occur in cholesteatoma.
To test this hypothesis, we examined the expression of
p-Akt in 20 paired cholesteatoma and retroauricular

http://www.medsci.org
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skin specimens. The expression of p-Akt was higher
in cholesteatoma than in paired retroauricular skin
(Figure 4A,B). Furthermore, results of Pearson
correlation analysis showed a strong positive
correlation between p-Akt and Bmil (Figure 4C).
Immunohistochemistry findings were that p-Akt was
expressed in almost the full layer of cholesteatoma
epithelium and was found predominantly in the
cytoplasm (Figure 4D). In contrast, p-Akt mainly was
expressed in basal-layer cells of retroauricular skin.
The positivity rate of p-Akt expression was 70% (14 of
20 specimens) in cholesteatoma and 25% (5 of 20
specimens) in retroauricular skin (y> = 8120, P =
0.004). We also found a significant correlation in
positive-staining scores for Bmil and p-Akt in 20
cases of cholesteatoma (Table 1).

MiR-203a regulates p-Akt via Bmil in HaCaT
cells
We transfected control and Bmil siRNA into

>
w
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HaCaT cells and detected the expression of Bmil, total
Akt, and p-Akt by western blot. The results showed
that the expression of Bmil protein and p-Akt protein
in the Bmil siRNA group were significantly lower
than in the control siRNA group (Figure 4E). When
cells were cotransfected with Bmil siRNA and a
miR-203a inhibitor, the expression of Bmil and p-Akt
proteins were significantly recovered (Figure 4E).
There were no significant differences in the
expression of total Akt protein among the 3 groups.

Table 1. Positive correlation between Bmil and p-Akt expression
in 20 cases of cholesteatoma

Bmil p-Akt r P-value
Positive Negative

Positive 13 3 0.491 0.028

Negative 1 3

The correlation between Bmil and p-Akt expression was ascertained by Spearman
correlation analysis.
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Figure 1. In cholesteatoma, miR-203a expression is low and is negatively correlated with that of Bmil. (A) Expression of miR-203a in 56 cases of cholesteatoma and
in 28 normal retroauricular skin specimens was detected by real-time PCR. *P < 0.05. (B) Expression of miR-203a in 20 paired cholesteatoma and retroauricular skin
specimens was ascertained by real-time PCR. (C) Statistical analysis of miR-203a expression (n = 20). *P < 0.05. (D) Western blot results of the expression of Bmil
in 20 cases of cholesteatoma and in paired retroauricular skin specimens. (C, cholesteatoma; S, corresponding retroauricular skin). (E) Statistical analysis of Bmil
protein (n = 20). *P < 0.05. (F) Results of Pearson correlation analysis of miR-203a and Bmil in 20 cases of cholesteatoma. (G) Immunohistochemical staining findings
of Bmil in cholesteatoma and in corresponding retroauricular skin samples (original magnification, x400).
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Figure 3. Inhibition of miR-203a promotes cell proliferation, colony formation, migration, and evasion of apoptosis in HaCaT cells via upregulation of Bmil. (A) The
interference efficiency of Bmil siRNA in human keratinocytes. HaCaT cells were transfected with a negative-control miR inhibitor or a miR-203a inhibitor or were
cotransfected with a miR-203a inhibitor and Bmil siRNA. (B) Bmil expression was detected by western blot. (C) Cell proliferation was analyzed by the MTS
colorimetric method (Promega). (D) Clonogenic capacity was detected by the colony-forming assay. (E, F) Changes in cell cycle progression and apoptosis were

examined by flow cytometry. (G) Cell migration ability was tested by the transwell cell migration assay. *P < 0.05.
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Figure 4. Overexpression of p-Akt is positively correlated with Bmil in cholesteatoma. (A) Western blot analysis of p-Akt, total Akt, and Bmil expression in 20
paired cholesteatoma and retroauricular skin specimens (C, cholesteatoma; S, retroauricular skin). (B) Statistical analysis of p-Akt expression from 20 paired
cholesteatoma and retroauricular skin specimens. *P < 0.05. (C) Pearson correlation analysis of p-Akt and Bmil in 20 cases of cholesteatoma. (D)
Immunohistochemical staining of p-Akt in cholesteatoma and retroauricular skin (original magnification, x400). (E) Western blot analysis of Bmil, total Akt, and p-Akt
expression in HaCaT cells transfected with control siRNA, Bmil siRNA, or Bmil siRNA + miR-203a inhibitor. *P < 0.05.

Discussion

Investigators have demonstrated that miR-203a
is a key regulator of proliferation and differentiation
in keratinocytes of the skin [11-13]. In response to
miR-203a expression, stemness of the cell is inhibited,
and the cell exits the cell cycle, stops proliferating, and
starts the process of directional differentiation [13].
Decreased miR-203a levels may yield an imbalance in
proliferation and differentiation that may yield
uncontrolled proliferation and tumor formation. This
may explain why expression of miR-203a is
diminished in bladder cancer, prostate cancer,
esophageal squamous cell carcinoma, and human
glioblastoma [14-17]. We demonstrated in the current
study that the expression of miR-203a is significantly
lower in cholesteatoma than in normal retroauricular
skin (Figure 1A,B,C). This absence of negative
regulation by miR-203a in cholesteatoma gives rise to

excessive proliferation of keratinocytes, expanded
migratory capacity, and decreased apoptosis.

We found that Bmil was expressed primarily in
the basal layer of epithelium in normal retroauricular
skin (Figure 1G); this is consistent with the findings of
other researchers [30, 31]. In contrast, the expression
of Bmil in cholesteatoma epithelium was found in
nearly all layers, and the degree of staining was
stronger (Figure 1G). Western blot results were
consistent with immunohistochemical findings and
confirmed that keratinocytes in cholesteatoma
epithelium were of higher proliferative capacity than
were keratinocytes in normal skin. Accordingly, Bmil
is expressed at abnormally high levels in conditions
involving excessive proliferation of keratinocytes,
such as skin tumors and psoriasis [30-32]. A negative
relationship was ascertained between miR-203a and
Bmil in cholesteatoma tissues (Figure 1F).
Furthermore, evidence from our bioinformatics
analysis suggested the presence of a conserved
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binding site at which miR-203a could interact directly
with the 3'UTR of Bmil. The results of our
dual-luciferase reporter assay further verified that
Bmil was a downstream target of miR-203a and was
negatively regulated by miR-203a (Figure 2). Hence,
low expression of miR-203a directly disinhibits Bmil,
leading to a high Bmil level in cholesteatoma.

To simulate the downregulation of miR-203a in
cholesteatoma, HaCaT cells were transfected with a
miR-203a  inhibitor. Transfected HaCaT cells
displayed hyperproliferation, a low rate of apoptosis,
and abnormal migration (Figure 3). Most notably,
silencing Bmil was sufficient to rescue these events.
Our results imply that a low level of miR-203a in
cholesteatoma promotes the proliferation and
migration of keratinocytes by disinhibiting Bmil-
associated pathways.

In malignant tumors, Bmil has been found to
increase the level of p-Akt and ultimately enhance
tumor cell proliferation, migration, and antiapoptotic
abilities [24-27]. Some investigators have noted that an
elevated level of p-Akt also is involved in the
development of cholesteatoma [28, 29]. Consistently,
in our current research the expression of p-Akt is
significantly increased in cholesteatoma, compared
with retroauricular skin, and is positively correlated
with Bmil. We also found that when the expression of
Bmil is downregulated, p-Akt protein levels also are
significantly downregulated in HaCaT cells. Both
Bmil and p-Akt expression were restored when cells
were cotransfected with Bmil siRNA and miR-203a
inhibitors. Thus, miR-203a can affect the expression of
p-Akt by targeting the expression of Bmil. Results of
the current study shed light on the expression of
miR-203a and its downstream target gene, Bmil.
However, the upstream mechanism by which
expression of miR-203a is lowered in cholesteatoma
remains unknown. We intend to explore this question
in a future study.

In summary, we demonstrated herein that
downregulation of miR-203a disinhibits Bmil and
promotes cell proliferation, colony formation,
migration, and evasion of apoptosis in cholesteatoma.
Bmil also canenhance the expression of p-Akt in
cholesteatoma. The miR-203a/Bmil/p-Akt axis may
be applied to advance knowledge regarding
cholesteatoma  pathogenesis and may have
implications for the development of treatment
strategies for cholesteatoma.
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