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Abstract

Purpose: To determine the effect of MiR-21 on the proliferation of glioma cells in children with
cholesteatoma, and the pathway involved.

Methods: Cholesteatoma tissues from children with cholesteatoma in Otology Department of our
hospital were isolated, extracted and cultured in serum-free medium of keratinocytes. The experiment
comprised three groups: negative control group, blank control group and miR-21 inhibition group. Cell
cycle and cell proliferation were analyzed. mRNA and protein expressions of phosphatase tension
homologue (PTEN) and programmed cell death factor-4 (PDCD4) were determined.

Results: The proliferation of CK cells in miR-21 group was significantly lower than that in negative
control and blank control groups (p < 0.05). The proportion of CK cells at GO/G1 phase in miR-21
inhibition group was significantly higher than those in negative control and blank control groups (p <
0.05). The protein and mRNA expression levels of PTEN and PDCD4 in CK in miR-21 group were
significantly higher than those in negative control and blank control groups (p < 0.05).

Conclusion: Inhibition of miR-21 slows down cell proliferation to some extent, and induces apoptosis of
cholesteatoma cells by inducing cell cycle arrest at GO/G1 phase via a mechanism linked to the
negative regulation of expressions of PTEN and PDCD4. Thus, MiR-21 can be used as potential target
for the drug of treatment of children with cholesteatoma.
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INTRODUCTION

Cholesteatoma of the middle ear, a relatively
common and frequently occurring disease, is an
abnormal accumulation of keratin-producing
squamous epithelium in the middle tympanum,
superior tympanum, and mastoid process or
rocky apex [1]. The progressive destruction of

the hearing structure of the middle ear and the
adjacent skull by cholesteatoma not only
damages the hearing of the patient, it may also
lead to serious complications such as facial
neuropathy, facial paralysis, vestibular lesion
vertigo, intracranial infection and brain abscess
[2].
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Cholesteatoma is a benign recurrent lesion with
aggressive, migratory, destructive and highly
proliferative tumor-like biological behaviors [3].
Cholesteatoma in children has a rapid growth
rate and a wide range of lesions, and it spreads
easily, with significantly higher postoperative
recurrence than cholesteatoma in adults [4].
MicroRNAs (miRNAs) are important regulators of
translation, and they are closely related to the
etiology of tumors and abnormal hyperplastic
diseases [5]. It has been reported that MiR-21, a
relatively extensive type of miRNA in human cells
or tissues, is significantly overexpressed in
inflammatory pathological conditions such as
colitis, osteoarthritis, psoriasis, allergic
respiratory  inflammation and  ventricular
hypertrophy [6].

It has been found that miRNA-21 is significantly
overexpressed in cholesteatoma tissue, and may
be involved in the etiology of cholesteatoma cells
[7]. In this study, cholesteatoma cells were used
to study the effect of miR-21 on the proliferation
of glial cells in children cholesteatoma, as well as
the related mechanisms.

EXPERIMENTAL
Cell lines

Cholesteatoma keratinocytes were cultured in
keratinocyte serum-free medium after isolation
and extraction from children with cholesteatoma
in our hospital. Experimental cells in exponential
growth stage were cultured at 37 °C and 5 %
COs..

Reagents

The reagents used were crystal violet staining
solution (Shanghai Jizhi Biochemical Technology
Co. Ltd); EDU cell proliferation detection kit
(Guangzhou Ruibo Biotechnology Co. Ltd); cell
cycle kit (Hangzhou Lianke Biotechnology Co.
Ltd); in situ apoptosis (TUNEL) detection kit
(Shanghai Jizhi Biochemical Technology Co.
Ltd); mouse anti-human PTEN monoclonal
antibody (Beijing Norblad Technology Co. Ltd),
and mouse anti-human PDCD4 monoclonal
antibody (Beijing Norblad Technology Co. Ltd).

Equipment

Fluorescence microscope was provided by
Nanjing Baden Medical Co. Ltd. Flow cytometer
was product of Shanghai Ranzhe Instrument &
Equipment Co. Ltd. Carbon dioxide incubator
was obtained from Shenzhen Reward Life
Technology Co. Ltd. Ultra-low temperature
refrigerator was purchased from Wuxi Leifsi

Biological Experimental Equipment Co., while
high speed table top centrifuge was obtained
from Beijing Ganming Gene Technology Co. Ltd.

Cell transfection

The viral vector, pWPXLd, was used as the
transfer plasmid vector carrying the target gene.
The gene sequence of the inhibitor miRNA-21
was TCAACATCALRGTGAAGCT'A, while the
gene sequence of the negative control was
TTCTCCGAACGTGTCACGT. The experimental
groups were negative control group, blank
control group and miR-21 inhibition group. CK
was inoculated in 6-well plates. The viruses were
taken out from a -80 °C refrigerator and
suspended in a water bath. In the miR-21
inhibition group, 200 pL of miR-21 inhibitor
lentivirus was added to each well, and in the
negative miR-21 group, 200 uL of control miR-21
lentivirus was added to each well. In the blank
control group, 200 uL of PBS was added to each
well. Then, 5 L of polybrene was added to each
well. The medium in each well was replaced
every 24 h.

Cell cycle analysis

Cells in each group were digested and counted.
The cells were washed once with PBS. After
centrifugation, the cell density was adjusted to
1x10° cells/mL, and 1 mL single-cell suspension
was taken. The supernatant was removed by
centrifugation and fixed with 500 uL cold ethanol
at a concentration of 70 % in cells, and stored at
4 °C. The fixation solution was washed off with
PBS before staining. Then, 100 yL RNASeA was
added in 37 °C water bath for 30 min, followed by
staining with 200 pL Pl in the dark at 4 °C for 30
min. The red fluorescence was recorded at the
excitation wavelength of 488 nm.

Evaluation of cell proliferation

The cells at logarithmic growth phase were
seeded into 96-well plates at a density of 4 x 10°
cells per well. Then, 100 pL of 50 yM EDU
medium was added to each well and incubated
for 2 h, followed by washing of the cells with
PBS, addition of 100 L of cell fixation solution to
each well, and incubation for 30 min at room
temperature. Then, 2 mg/mL glycine was added
to each well and incubated for 5min on
decolorizing shaker, followed by removal of the
glycine solution. Each well was washed with 100
puL PBS for 5min, followed by addition of
penetrant, and incubation on a decolorizing
shaker for 10 min. After rinsing once with PBS for
5 min, 100 L of Apollo dyeing reaction solution
was added to each well and incubated for 30 min
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on a decolorizing shaker in the dark at room
temperature. Then, each well was rinsed twice
with 100 pL of methanol. After washing the
mixture once with PBS, 100 pL of Hoechst 33342
reaction solution was put into each well, and
incubated on a decolorizing shaker in a dark
place at room temperature for 30 min. Finally,
100 L of PBS was used to rinse each well twice,
followed by examination under a fluorescence
microscope.

Determination of cell apoptosis

The CK in each group was digested and the cells
were washed twice with PBS, followed by
suspension of the cells in 500 pL of binding
buffer. After mixing, 5 puL of Annexin V-FITC and
5 pL of propidium iodide were serially added.
The reaction was allowed to take place for 15
min at room temperature in the dark, followed by
flow cytometric analysis. CellQuest software
analysis was used to obtain the percentage of
early apoptosis of cells.

Determination of expressions of miRNA in
PTEN and PDCD4

When the adherent cell lines grew to 80 % fusion
in the 6-well plate, 1 mL of lysing solution was
added to the cells and placed at room
temperature for 5 min. Then, 0.2 mL
trichloromethane was added and centrifuged at
room temperature. The upper aqueous phase
was transferred to a new centrifuge tube without
RNAase, and 1.5 % volume of 100 % ethanol
was added to the centrifuge tube, followed by
centrifugation at room temperature. Then, 700 uL
of bleaching solution WB was added to the
centrifuge tube, followed by centrifugation for 15
sec, addition of 500 pL of rinsing solution, and
centrifugation at room temperature. Thereafter, a
silica gel film was dried on an empty column at
10,000 rpm for 2 min. The centrifuge tube
content was transferred to a new RNA-free
centrifuge tube containing 50 pL of RNAase-free
water, and left to stand at room temperature prior
to centrifugation. Then, 2 ul of RNA solution was
taken from each sample, and the RNA
concentration was measured in terms of
A260/A280 ratio using a micro-UVv
spectrophotometer. Reverse transcription real
time quantitative PCR (RT-PCR) was used to
determine mRNA expressions, and the 2 -2ACT
method was used to analyze the relative mRNA
expression levels.

Western blotting

The CK of each group was digested and
centrifuged, and the protein concentration of the

supernatant was determined. A quarter volume
of 5x Sodium dodecyl sulfate (SDS) loading
buffer was added to the protein extract, which
was fully mixed and boiled for 5min for
denaturation. The protein was subjected to SDS-
polyacrylamide  gel  electrophoresis  and
transferred to PVDF (poly(1,1-difluoroethylene))
membrane which was blocked by incubation with
TBST blocking solution containing 5 % skimmed
milk overnight. The milk was washed off with
TBST, followed by incubation of the PVDF
membrane with primary antibodies overnight.
Thereafter, the membrane was rinsed thrice with
TBST, followed by incubation with HRP-linked
secondary antibody at room temperature for 2 h.
The membrane was subjected to enhanced
chemiluminescence (ECL) analysis, and the
relative expressions were determined using x-ray
film. The film was naturally air-dried at room
temperature, and the results were scanned and
stored.

Statistical analysis

Measurement data are expressed as mean + SD.
The data were analyzed with SPSS 20.0
software package. Comparison between two
groups was done with t-test. Counting data are
expressed as percentage, and the comparison
between groups was done with x? test. Values of
p < 0.05 were assumed to indicate statistically
significant differences.

RESULTS
CK growth curve

The CK growth curve of each group showed an
increasing trend with time. During 5 - 11 days,
the CK cell density in the miR-21 inhibition group
was significantly lower than that in the negative
control and the blank control groups (p < 0.05).
These results are shown in Figure 1.
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Figure 1: CK growth curve in each group. 2P < 0.05,
compared with blank control group; ®p < 0.05,
compared with negative control group
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CK cell proliferation

The % proliferation of CK cells in miR-21
inhibition group was significantly lower than
those in the negative control and blank control
groups (p < 0.05). However, there was no
significant difference in % cell proliferation
between the negative control group and blank
control group (p > 0.05). These data are shown
in Figure 2.
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Figure 2: CK proliferation in each group. 2P < 0.05,
compared with blank control group; °p < 0.05,
compared with negative control group

Cell cycle distribution

Table | shows that the proportion of CK cells in
GO0/G1 phase in the miR-21 inhibition group was
significantly higher than those in the negative
control and the blank control groups, while the
proportion of CK cells in the S phase was
significantly lower than those in the negative
control and the blank control groups (p < 0.05).
There was no statistical significance in the
proportion of CK cells in G2/M phase among all
groups (p > 0.05).

Table 1: CK cell cycle distribution in each group
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Figure 3: Apoptosis of CK cells in each group. 2P <
0.05, compared with blank control group; °p < 0.05,
compared with negative control group

mRNA and protein expressions of PTEN and
PDCD4

The mRNA and protein expressions expression
levels of PTEN and PDCD4 in CK in miR-21
inhibition group were significantly higher than
those in the negative control and blank control
groups (p < 0.05). However, there were no
significant differences in the mRNA and protein
expression levels of PTEN and PDCD4 in CK
between the negative control and blank control
groups (p > 0.05). These results are presented in
Table 2 and Figure 5.

Table 2: MRNA and protein expressions of PTEN and
PDCD4 in CK of each group

Group PTEN PDCD4
Blank 1.02+0.02 1.03+0.02
Negative 1.03£0.01 1.01£0.02
miR-21 inhibition 2.84+0.16% 1.89+0.082°

Go/G1 phase S phase G2/M
Group (%) (%) phase (%)
Blank 4285:152 39.85:198 17.56+1.25
Negative 49.81+3582 So-8%t145 45 24,100
MiR21 g5 384408 16325167 48 3044 71
inhibition a

aP < 0.05, compared with blank control group; °p <
0.05, compared with negative control group

Cell apoptosis

As shown in Figure 3, the % apoptosis of CK
cells in miR-21 inhibition group was significantly
higher than the corresponding levels in negative
control and blank control groups (p < 0.05).
However, there was no significant difference in %
apoptosis between the negative control group
and blank control group (p > 0 0.05).

aP < 0.05, compared with blank control group; °p <
0.05, compared with negative control group

mik-21
inhibition
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Figure 4: Protein expressions of PTEN and PDCD4 in
CK

DISCUSSION

Cholesteatoma of the middle ear presents a
cystic structure with a lamellar squamous
epithelium composed of keratinocytes. The
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keratinocytes in the epithelium of cholesteatoma
are characterized by excessive proliferation. The
continuous growth of the epithelium can cause
the inner layer cells to undergo necrosis and fall
off. Thus, the cholesteatoma sac is always filled
with exfoliated epithelium, keratinized
substances and cholesterol crystals [8].
Cholesteatoma is characterized by abnormal
proliferation and invasion. However, studies on
cholesteatoma are limited.

Abnormal cell proliferation is a characteristic
feature of malignant tumors. Previous studies
have shown that many oncogenes and tumor
suppressor genes related to cell cycle, invasion
and apoptosis may be regulated by miRNAs [9].
As one of the earliest miRNAs discovered by
human beings, miR-21 is also one of the more
commonly overexpressed miRNAs in malignant
tumor tissues. It participates in cell proliferation
and apoptosis by targeting and regulating tumor
suppressor genes and oncogenes. Zhang et al.
reported that overexpression of miR-21 promotes
proliferation, migration and invasion of hepatoma
cells [10]. Ding et al found that overexpression of
miR-21 induced proliferation and migration of
colon cancer tissue cells [11]. In this study, the
growth of CK in each group showed an
increasing trend over time. In 5 - 11 days, the
density of CK cells in the miR-21 inhibition group
was significantly lower than the corresponding
densities in the negative control and the blank
control groups. The percentage proliferation of
CK cells in miR-21 inhibition group was
significantly lower than those in the negative
control and blank control groups. These results
indicate that inhibition of miR-21 slows down cell
proliferation, which is similar to the results of Fu
et al[12].

In a study by Fu et al on antisense nucleotide
knockdown of abnormal expression of miR-21 in
glioblastoma, it was found that miR-21 induced
apoptosis of tumor cells by activating the
caspase cascade in glioblastoma [13]. Li et al
showed that inhibition of miR-21 significantly
promoted apoptosis of bile duct tumor cells [14].
It was further confirmed that miR-21 regulated
cell apoptosis. In this study, the percentage
apoptosis of CK cells in the miR-21 inhibition
group was significantly higher than those in the
negative control and the blank control groups.
The proportion of CK cells in GO/G1 phase in the
miR-21 inhibition group was significantly higher
than the corresponding values in the negative
control and blank control groups, while the
proportion of cells in S phase was significantly
lower than those in the negative control and the
blank control groups. These results suggest that
miR-21  inhibition  induces apoptosis  of

cholesteatoma cells by inducing arrest of
cholesteatoma cell cycle at the G0/G1 phase.
However, the effect of miR-21 inhibition on the
glial cells of cholesteatoma, and the mechanism
involved, need to be further studied.

Dan et al [15] found that miR-21 plays an
important role in the regulation of abnormal
tumor proliferation through its target genes PTEN
and PDCD4, making it an "oncogene". It is
known that PTEN is a tumor suppressor gene
that induces cell cycle arrest and initiates
programmed cell death, while PDCD4, a tumor
suppressor gene related to the cell cycle, inhibits
cell proliferation and transformation, and
promotes cell apoptosis [16-17]. In this study, the
mRNA and protein expression levels of PTEN
and PDCD4 in CK of miR-21 inhibition group
were significantly higher than those in the
negative control and blank control groups. These
results suggest that miR-21 may be involved in
the proliferation, apoptosis and invasion of
cholesteatoma keratinocytes due to its targeted
regulation of the expressions of PTEN and
PDCD4.

CONCLUSION

Inhibition of miR-21 slows down cell proliferation
to a certain extent, and induces apoptosis of
cholesteatoma cells by inducing cell cycle arrest
at the GO/G1 phase, thereby inhibiting cell
invasion. These effects are exerted through
negative regulation of the expressions of the
target genes, PTEN and PDCD4. Thus, miR-21
may play a role in the management of children
suffering cholesteatoma.
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