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Abstract
Cholesteatoma is a benign cystic lesion that can continue to grow like a tumor. Circular ribonucleic acid (RNA) hsa_circ_0074491
(circ_0074491) has been reported to be down-regulated in cholesteatoma tissues. However, the role and regulatory mechanism of
circ_0074491 in the growth of cholesteatoma are unclear.
The expression of circ_0074491, microRNA (miR)-22-3p, and miR-125a-5p in cholesteatoma tissues was detected by

quantitative real-time polymerase chain reaction. The proliferation, cell cycle, apoptosis, migration, and invasion of cholesteatoma
keratinocytes were evaluated by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, plate clone, flow cytometry, or
transwell assays. Several protein levels were examined by western blotting. The targeting relationship between miR-22-3p or miR-
125a-5p and circ_0074491 was verified via dual-luciferase reporter and RNA pull-down assays.
We observed the downregulation of circ_0074491 in cholesteatoma tissues. Furthermore, circ_0074491 knockdown facilitated

cell proliferation, migration, invasion, and repressed cell apoptosis in cholesteatoma keratinocytes. Circ_0074491 was verified as a
decoy for miR-22-3p and miR-125a-5p in cholesteatoma keratinocytes. Both miR-22-3p and miR-125a-5p silencing reversed the
impacts of circ_0074491 silencing on proliferation, apoptosis, migration, and invasion of cholesteatoma keratinocytes. Also,
circ_0074491 knockdown activated the PI3K/Akt pathway in cholesteatoma keratinocytes via miR-22-3p and miR-125a-5p.
Circ_0074491 played a suppressive role in cholesteatoma through inactivating the PI3K/Akt pathway via binding to miR-22-3p

and miR-125a-5p, which provided a novel evidence for the involvement of circRNA in the development of cholesteatoma.

Abbreviations: circ_0074491 = circular RNA hsa_circ_0074491, circRNAs = circular RNAs, miR = microRNA, PPARGC1B =
peroxisome proliferator-activated receptor gamma co-activator 1 beta, qRT-PCR= quantitative real-time polymerase chain reaction.
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Key points

1. Circ_0074491 was down-regulated in cholesteatoma
tissues.

2. Silencing of circ_0074491 repressed apoptosis and
accelerated proliferation, migration, and invasion of
cholesteatoma keratinocytes.

3. Circ_0074491 was identified as a decoy for miR-22-3p
and miR-125a-5p in cholesteatoma keratinocytes.

4. Circ_0074491 regulated the PI3K/Akt pathway in
cholesteatoma keratinocytes.
1. Introduction

Cholesteatoma is a chronic middle ear disease, which is a benign
cystic lesion in pathology.[1] It can cause dizziness, tinnitus,
hearing loss, facial paralysis, and brain abscesses by continuing to
grow and destroy adjacent bone structures.[2] Currently, surgery
is the only way to treat cholesteatoma, but it usually recurs.[3,4]
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Table 1

Primer sequences for qRT-PCR.

Genes Primer sequences (5’-3’)

circ_0074491 Forward (F): 50-GGGAAAAGGCCATTGGGGAA-3’
Reverse (R): 5’-GGTGGGGTGAGTCCTCCTATTT-3’

miR-22-3p F: 5’-GCGAAGCTGCCAGTTGAAG-3’
R: 5’-AGTGCAGGGTCCGAGGTATT-3’

miR-125a-5p F: 5’-GCGTCCCTGAGACCCTTTAAC-3’
R: 5’-AGTGCAGGGTCCGAGGTATT-3’

miR-485-5p F: 5’-CGAGAGGCTGGCCGTGAT-3’
R: 5’-AGTGCAGGGTCCGAGGTATT -3’

miR-125b-5p F: 5’-CGCGTCCCTGAGACCCTAAC-3’
R: 5’-AGTGCAGGGTCCGAGGTATT -3’
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Therefore, there is a need to develop non-surgical treatment
alternatives for cholesteatoma based on molecular mecha-
nisms.[5]

Circular RNAs (circRNAs) are characterized by a covalently
closed continuous loop without a 5’ or 3’ polarities structure.[6]

They are resistant to RNase R and exhibit tissue-specific or cell-
type-specific patterns.[7] The molecular functions of circRNAs
can be used as microRNA (miR) decoys, transcription regulators,
and protein-like regulators.[8] Mounting studies have demon-
strated that circRNAs were connected with a series of diseases,
such as cardiovascular diseases,[9] neurodegenerative disor-
ders,[10] and cancers.[11] Microarray analysis revealed that
circRNAs had significant differential expression in cholesteatoma
tissues relative to normal skin tissues, manifesting that circRNAs
might exert a key role in cholesteatoma.[12] Circular ribonucleic
acid (RNA) hsa_circ_0074491 (circ_0074491) located at
chr5:149215825-149221940, is derived from the peroxisome
proliferator-activated receptor gamma co-activator 1 beta
(PPARGC1B) gene (exon 8, 9, 10) and its splicing length is
1009bp. It was reported that circ_0074491 expression was
down-regulated in cholesteatoma[12] and systemic lupus eryth-
ematosus.[13] However, the role and regulatory mechanism of
circ_0074491 in cholesteatoma are indistinct.
MiRs, another type of non-coding RNAs, are involved in the

regulation of a range of cellular biological processes.[14] It has
reported that endogenous circRNAs could work as miR
decoys.[15] For example, circRNA DMNT3B downregulation
facilitates vascular dysfunction via functioning as a miR-20b-5p
decoy in diabetic retinal.[16] Through starbase and circbank
database predictions and preliminary experiments, we found that
circ_0074491 may be the bait for miR-22-3p and miR-125a-5p.
Many researches have reported that miR-22-3p[17–19] and miR-
125a-5p[20–22] exert anti-tumor activity in a range of cancers.
Nevertheless, whether circ_0074491 regulates cholesteatoma
progression via miR-22-3p and miR-125a-5p is indistinct.
In the present study, we proved that circ_0074491 exerted a

suppressive role in cholesteatoma. Moreover, circ_0074491
regulated cholesteatoma progression via the PI3K/Akt pathway
via binding to miR-22-3p and miR-125a-5p.
miR-34a-5p F: 5’-CGCGTGGCAGTGTCTTAGCT-3’
R: 5’-AGTGCAGGGTCCGAGGTATT -3’

miR-6852-3p F: 5’-CGCGCGTGTCCTCTGTT-3’
R: 5’-AGTGCAGGGTCCGAGGTATT-3’

miR-6884-5p F: 5’-CGCGAGAGGCTGAGAAGGTG-3’
R: 5’-AGTGCAGGGTCCGAGGTATT-3’

GAPDH F: 5’-GATTCCACCCATGGCAAATTCC-3’
R: 5’-TCGCTCCTGGAAGATGGTGAT-3’

U6 F: 5’-CTCGCTTCGGCAGCACA-3’
R: 5’-AACGCTTCACGAATTTGCGT-3’

hsa_circ_0011385 Forward (F): 5’-TGACAACAATGAGCCCTACA-3’
Reverse (R): 5’-TTTCCTTGGCACTATACTGG-3’

EIF3I F: 5’-GGCCATGAGCGGTCCATTAC-3’
2. Materials and methods

2.1. Patient tissue specimens

The study was approved by the Ethics Committee of Anhui No.2
Provincial People’s Hospital. Twenty-eight paired cholesteatoma
tissues and normal retroauricular kin tissues were obtained from
cholesteatoma patients who had undergone surgery at Anhui
No.2 Provincial People’s Hospital. All patients had signed
written informed consents prior to surgery.
R: 5’-ACATTGACGATAGGGTCCTTGG-3’
PRDX6 F: 5’-GACTCATGGGGCATTCTCTTC-3’

R: 5’-CAAGCTCCCGATTCCTATCATC-3’
b-Actin F: 5’-GCACCACACCTTCTACAATG-3’

R: 5’-TGCTTGCTGATCCACATCTG-3
miR149-5p F: 5’-TCTGGCTCCGTGTCTTCACTCCC-3’

R: 5’-TATGGTTGTTCTGCTCTCTGTGTC-3’
18 SrRNA F: 5’-GGAGTATGGTTGCAAAGCTGA-3’

R: 5’-ATCTGTCAATCCTGTCCGTGT-3’
U6 F: 5’-GCATGACGTCTGCTTTGGA-3’

R: 5’-CCACAATCATTCTGCCATCA-3

Circ_0074491 = circular RNA hsa_circ_0074491, miR = microRNA, qRT-PCR = quantitative real-
time polymerase chain reaction.
2.2. Cell culture and transfection

To obtain cholesteatoma keratinocytes, we first put the
cholesteatoma tissues in Keratinocyte-Serum Free Medium (5
mL) (AMS Biotechnology, Abingdon, Oxfordshire, UK). Next,
the cholesteatoma tissues were treated with 20mg/mL collage-
nase (0.5mL, Sigma, St Louis, MO) to obtain single cells. After
centrifugation (287�g, 5minutes), the pellets were re-suspended
in Keratinocyte-Serum Free Medium (10mL) supplemented with
streptomycin/penicillin (Solarbio, Beijing, China) and grown at
37°C in a moist atmosphere with 5% CO2.
2

Cholesteatoma keratinocytes were transfected with oligonu-
cleotides or vectors using Lipofectamine 3000 reagent (Thermo
Fisher Scientific, Waltham, MA). Small interfering RNA (si)
targeting circ_0074491 and its negative control (si-NC) were
synthesized by Geneseed (Guangzhou, China). The sequence of
circ_0074491 was cloned into the pCD5-ciR vectors (Geneseed)
to obtain the pCD5-ciR-circ_0074491 vectors (circ_0074491).
MiR-22-3p mimic (miR-22-3p), miR-125a-5p mimic (miR-125a-
5p), miR-22-3p inhibitor (anti-miR-22-3p), miR-125a-5p inhib-
itor (anti-miR-125a-5p), and their negative controls (miR-NC
and anti-miR-NC) were purchased from GenePharma (Shanghai,
China).
2.3. Quantitative real-time polymerase chain reaction

For total RNA (tissue specimens and cholesteatoma keratino-
cytes) isolation, we used Trizol reagent (Sigma) according to the
manufacturer’s instructions. After treatment with DNase I
(Sigma), the isolated total RNA was quantified at the ratio of
A260/A280. Total RNA was reversely transcribed with the M-
MLV Reverse Transcriptase (Promega, Madison, WI) or
miScripIIRT kit (Qiagen, San Diego, CA). Quantitative real-
time polymerase chain reaction (qRT-PCR) was executed with
the SYBRGreen PCRMasterMix (Thermo Fisher Scientific). The
data were analyzed by the 2�DDCt method. The primers utilized in
the study were listed in Table 1. Glyceraldehyde-3-phosphate
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dehydrogenase (GAPDH) or U6 small nuclear RNA (U6) was
used as an internal.
2.4. Cell proliferation assay

The transfected cholesteatoma keratinocytes were seeded into 96-
well plates and maintained for 24hours, 48hours, or 72hours.
Then, the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) solution (20mL, Sigma) was added into each
well. After incubation for 4hours, dimethyl sulfoxide (150mL,
Sigma) was employed to dissolve the precipitated crystals.
Subsequently, the absorbance at 570nm was analyzed using a
microplate reader (BMG LABTECH, Offenburg, Germany).
2.5. Plate clone assay

The transfected cholesteatoma keratinocytes were seeded into 6-
well plates and grown for 2weeks. Then, the cells were fixed by
paraformaldehyde (4%, Sigma) and stained with crystal violet
(0.5%, Solarbio). The number of colonies (containing more than
50 cells) was figured and photographed with an inverted
microscope (MTX Lab Systems, Bradenton, FL).
2.6. Cell cycle analysis

The transfected cholesteatoma keratinocytes (1�106) were
harvested and treated with trypsin to obtain single cells.
Afterwards, the cells were fixed by ethanol (75%) at 4°C for 4
hours. Then, the cells were incubated with propidium iodide (PI)
(50mg/mL, Solarbio) and RNase A (100mg/mL, Solarbio). The
fluorescence-activated cell sorting (FACS) Calibur (BD Bio-
sciences, San Jose, CA) was utilized for the detection of the cell
distribution. Experimental data were analyzed with the FACS
Diva (BD Biosciences).
2.7. Cell apoptosis analysis

The apoptotic rate of the transfected cholesteatoma keratinocytes
was determined using the FACS Calibur (BD Biosciences) with
the Annexin V-Fluorescein Isothiocyanate (AV-FITC)/PI Apo-
ptosis Detection kit (Solarbio). In short, the cells were collected
and re-suspended in binding buffer. The cells were then stained
with AV-FITC and PI. After detection with the FACSCalibur (BD
Biosciences), the data were evaluated using the FACS Diva (BD
Biosciences).
2.8. Western blotting

Antibodies related to PI3K/Akt pathway were purchased from
Cell Signaling Technology (Santa Cruz, California), and the
remaining antibodies were bought from Abcam, Cambridge,
MA.GAPDHwas used as a loading control. In brief, total protein
was exacted from the transfected cholesteatoma keratinocytes
using the RIPA buffer containing a protease inhibitor cocktail
(MedChem Express, Shanghai, China). Total protein was then
isolated using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (10%, SDS-PAGE, Sangon Biotech, Shanghai,
China) and transferred onto polyvinylidene difluoride (PVDF)
membranes (Sigma). Afterwards, the membranes were blocked in
tris buffered saline tween (TBST) buffer containing 5% skim
milk. Thereafter, the membranes were incubated with primary
antibodies against GAPDH (ab181602, 1:10,000), B-cell lym-
3

phoma/leukaemia-2 (Bcl-2) (ab32124, 1:1000), Bcl-2-associated
x (Bax) (ab182733, 1:2000), matrix metallopeptidase 2 (MMP2)
(ab181286, 1:1000), matrix metallopeptidase 9 (MMP9)
(ab38898, 1:1000), phosphatidylinositol 3-kinase (PI3K)
(#4257, 1:1000), phosphorylated (p)-PI3K (#17366, 1:1000),
serine/threonine kinase 1 (Akt) (#9272, 1:1000), and p-Akt
(#9611, 1:1000). Afterwards, the membranes were incubated
with goat anti-rabbit IgG (ab6721, 1:10,000). The immunoblots
were visualized with the enhanced chemiluminescence solution
(Beyotime, Shanghai, China).
2.9. Cell migration and invasion analysis

In brief, 200mL Keratinocyte-Serum FreeMedium containing the
transfected cholesteatoma keratinocytes (1�105 cells) was added
to the upper chamber of the transwell (Costar, Cambridge, MA).
The bottom of the transwell chamber was supplemented with
600mL Keratinocyte-Serum Free Medium containing FBS (10%,
Sigma). The migrated and invaded cells were fixed with
paraformaldehyde (4%, Sigma) and stained with crystal violet
(0.25%, Solarbio). The upper chamber of the transwell used in
the invasion assay was pre-coated with matrigel (Sigma), but the
migration assay did not. An inverted microscope (MTX Lab
Systems) at 100� magnification was applied to calculate and
photograph the migrated and invaded cells.
2.10. Bioinformatics analysis

The binding sites between circ_0074491 and miRs were
predicted with the circBank (http://www.circbank.cn/) database
and starbase (http://starbase.sysu.edu.cn/).
2.11. RNA pull-down assay

The biotinylated-circ_0074491 probe (circ_0074491 probe) and
its negative control NC probe were obtained form (Geneseed). In
short, the circ_0074491 probe was incubated with streptavidin
C-1 magnetic beads (Thermo Fisher Scientific) to construct the
probe-coated beads. The lysate of cholesteatoma keratinocytes
and probe-coated beads were co-incubated at 4°C for overnight.
The enrichment of circ_0074491 and miRs (miR-485-5p, miR-
125b-5p, miR-22-3p, miR-34a-5p, miR-125a-5p, miR-6852-3p,
and miR-6884-5p) was evaluated with qRT-PCR.
2.12. Dual-luciferase reporter assay

The cholesteatoma keratinocytes were cotransfected with miR-
22-3p, miR-125a-5p, or miR-NC and luciferase vectors carrying
circ_0074491 WT or circ_0074491 MUT. Subsequently, the
relative luciferase intensity (the ratio of Firefly luciferase activity
to Renilla luciferase activity) was analyzed by luciferase reporter
assay kit (Promega). The luciferase reporter vectors containing
circ_0074491 wild type (WT) or circ_0074491 mutant (MUT)
was established by Genechem (Shanghai, China).
2.13. Statistical analysis

The Statistical Package for the Social Sciences version 20.0
software (SPSS, Inc., Chicago, IL) was utilized for statistical
analysis. The above experiments were carried out at least 3 times.
Data were expressed as mean± standard deviation. Independent
or paired Student t test was employed to analyze the difference
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Figure 1. Expression pattern of circ_0074491 in cholesteatoma. (A) Microarray data (GEO accession: GSE102715) analysis of the differential expression level of
circ_0074491 in cholesteatoma tissues and normal retroauricular skin tissues. (B) Schematic diagram illustrated the formation of circ_0074491 originated from the
PPARGC1B gene (exon 8, 9, 10). (C) QRT-PCR exhibited the expression of in 28 paired cholesteatoma tissues and normal retroauricular skin tissues.

∗
P< .05.

Circ_0074491 = circular RNA hsa_circ_0074491, PPARGC1B = peroxisome proliferator-activated receptor gamma co-activator 1 beta, qRT-PCR = quantitative
real-time polymerase chain reaction
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between 2 groups. Differences were considered statistically
significant for P< .05. One-way variance analysis (ANOVA)
with Turkey post hoc test was applied to determine the
differences among 3 or more groups.
3. Results

3.1. Circ_0074491 had lower expression in cholesteatoma

To screen for differentially expressed circRNAs in cholesteatoma,
we analyzed the microarray data (GEO accession: GSE102715)
and discovered that circ_0074491 expression was reduced in
cholesteatoma tissues in comparison to normal retroauricular
skin tissues (Fig. 1A). Circ_0074491 arises from the PPARGC1B
gene (exon 8, 9, 10), which is located at chr5:149215825-
149221940 (Fig. 1B). To verify the expression pattern of
circ_0074491 in cholesteatoma, we detected the level of
circ_0074491 in 28 paired cholesteatoma tissues and normal
retroauricular skin tissues. QRT-PCR exhibited that
circ_0074491 expression was apparently decreased in choles-
teatoma tissues than that in normal retroauricular skin tissues
(Fig. 1C). These data indicated that low circ_0074491 expression
might be involved in the growth of cholesteatoma.

3.2. Silencing of circ_0074491 reduced cell cycle arrest,
apoptosis, accelerated proliferation, colony formation,
migration, and invasion of cholesteatoma keratinocytes

To analyze the biological role of circ_0074491 in cholesteatoma
in vitro, we successfully isolated cholesteatoma keratinocytes
from cholesteatoma tissues. Then, we explored the role of
circ_0074491 in cholesteatoma keratinocytes through loss-of-
function experiments. As exhibited in Figure 2A, circ_0074491
expression was overtly reduced in cholesteatoma keratinocytes
after si-circ_0074491 transfection compared to the control si-
NC. MTT assay exhibited that circ_0074491 silencing acceler-
ated cell proliferation in cholesteatoma keratinocytes (Fig. 2B).
Plate clone assay exhibited that the number of colony formation
of circ_0074491-inhibited cholesteatoma keratinocytes was
apparently elevated compared to the control group (Fig. 2C).
Cell cycle analysis presented that silenced circ_0074491 expres-
sion reduced the number of cholesteatoma keratinocytes in G0/
G1 stage and increased the number of cholesteatoma keratino-
cytes in S stage, implying that circ_0074491 downregulation
accelerated cell cycle progression in cholesteatoma keratinocytes
4

(Fig. 2D). Cell apoptosis analysis exhibited that the apoptotic rate
of cholesteatoma keratinocytes was reduced after si-
circ_0074491 transfection (Fig. 2E). Moreover, circ_0074491
knockdown reduced the level of Bax and elevated the level of Bcl-
2 in cholesteatoma keratinocytes (Fig. 2F). Transwell assay
manifested that circ_0074491 silencing could facilitate the
migration and invasion of cholesteatoma keratinocytes
(Fig. 2G and H). Also, the levels of MMP2 and MMP9 were
up-regulated in circ_0074491-silenced cholesteatoma keratino-
cytes (Fig. 2I). Together, these results manifested that
circ_0074491 silencing accelerated the malignancy of choles-
teatoma keratinocytes.

3.3. Circ_0074491 acted as a decoy for miR-22-3p and
miR-125a-5p in cholesteatoma keratinocytes

To survey the regulatory mechanism of circ_0074491 in
cholesteatoma, we predicted possible miRs with complementary
sites to circ_0074491 using starbase and circbank databases. As
shown in Figure 3A, 7 miRs (miR-485-5p, miR-125b-5p, miR-
22-3p, miR-34a-5p, miR-125a-5p, miR-6852-3p, and miR-
6884-5p) with complementary sites to circ_0074491 were
simultaneously presented in the starbase and circbank databases.
RNA pull-down assay exhibited that circ_0074491 could be
pulled down by circ_0074491 probe when compared with the
NC probe in cholesteatoma keratinocytes transfected with vector
or circ_0074491 (Fig. 3B). Of these 7miRs, only 2miRs (miR-22-
3p and miR-125a-5p) could be pulled down by circ_0074491
probe in cholesteatoma keratinocytes (Fig. 3C). The presumptive
binding sites between circ_0074491 and miR-22-3p or miR-
125a-5p were exhibited in Figure 3D. Dual-luciferase reporter
assay manifested that both miR-22-3p and miR-125a-5p mimics
could reduce the luciferase activity of the luciferase vectors
carrying circ_0074491 WT compared to the control miR-NC in
cholesteatoma keratinocytes, while there was no distinct change
in the luciferase vectors carrying circ_0074491MUT (Fig. 3E and
F). We also observed that the levels of miR-22-3p and miR-125a-
5p were distinctly up-regulated in cholesteatoma tissues than that
in normal retroauricular skin tissues (Fig. 3G and H). Also,
inhibited circ_0074491 expression could elevate the expression
of miR-22-3p and miR-125a-5p in cholesteatoma keratinocytes
(Fig. 3I). In sum, these data suggested that circ_0074491 served
as a decoy for miR-22-3p and miR-125a-5p in cholesteatoma
keratinocytes.



Figure 2. Circ_0074491 knockdown contributed to the malignancy of cholesteatoma keratinocytes. (A–I) Cholesteatoma keratinocytes were transfected with si-
NC or si-circ_0074491. (A) The transfection efficiency of circ_0074491 silencing was analyzed by qRT-PCR. (B–E) The proliferation, colony formation, cell cycle
progression, and apoptosis of cholesteatoma keratinocytes were determined by MTT, plate clone, or flow cytometry assays. (F) The levels of Bcl-2 and Bax in
cholesteatoma keratinocytes were examined using western blotting. (G and H) The migration and invasion of cholesteatoma keratinocytes were evaluated using
transwell assy. (I) The levels of MMP2 and MMP9 in cholesteatoma keratinocytes were detected by western blotting.

∗
P< .05. Circ_0074491 = circular RNA

hsa_circ_0074491, qRT-PCR = quantitative real-time polymerase chain reaction.
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3.4. Both miR-22-3p and miR-125a-5p inhibitors reversed
circ_0074491 knockdown-mediated influence on the
malignant behaviors of cholesteatoma keratinocytes

Based on the above findings, we further surveyed whether
circ_0074491 regulated the malignant behaviors of cholesteatoma
keratinocytes through miR-22-3p and miR-125a-5p. QRT-PCR
exhibited that circ_0074491silencingcouldelevate theexpressionof
miR-22-3p in cholesteatoma keratinocytes, but this increase was
overturned after anti-miR-22-3p or anti-miR-22-3p/125a-5p trans-
fection (Fig. 4A). Furthermore, knockdown of circ_0074491
increased miR-125a-5p expression in cholesteatoma keratinocytes,
while this influencewas overturned after transfectionwith anti-miR-
125a-5p or anti-miR-22-3p/125a-5p (Fig. 4B). Also, the accelerative
influence of circ_0074491 inhibition on proliferation, colony
formation, and cell cycle progressionof cholesteatomakeratinocytes
was partly abolished by the silencing of miR-22-3p and/or miR-
125a-5p (Fig. 4C–E).Moreover, the inhibitory role of circ_0074491
silencing on apoptosis of cholesteatoma keratinocytes was reversed
by miR-22-3p and/or miR-125a-5p knockdown (Fig. 4F). Both the
5

upregulation of Bcl-2 and the downregulation of Bax in
cholesteatoma keratinocytes caused by circ_0074491 knockdown
were restored after miR-22-3p and/or miR-125a-5p knockdown
(Fig. 4G). In addition, miR-22-3p or/and miR-125a-5p silencing
could overturn the facilitation of migration and invasion of
cholesteatoma keratinocytes mediated by circ_0074491 knock-
down (Fig. 4Hand I).Wealsoobserved thatmiR-22-3pand/ormiR-
125a-5p knockdown could partly reverse the upregulation of
MMP2 and MMP9 in cholesteatoma keratinocytes induced by the
repression of circ_0074491 (Fig. 4J). These findings suggested that
circ_0074491 regulated the malignant behaviors of cholesteatoma
keratinocytes via miR-22-3p and miR-125a-5p.

3.5. Circ_0074491 modulated the PI3K/Akt pathway via
miR-22-3p and miR-125a-5p in cholesteatoma
keratinocytes

Previous study revealed that the PI3K/Akt pathway was involved
in cholesteatoma.[23] Subsequently, we employed western

http://www.md-journal.com


Figure 3. Circ_0074491 was verified as a decoy for miR-22-3p and miR-125a-5p in cholesteatoma keratinocytes. (A) The possible miRs (miR-485-5p, miR-125b-
5p, miR-22-3p, miR-34a-5p, miR-125a-5p, miR-6852-3p, andmiR-6884-5p) with complementary sites to circ_0074491 were predicted by starbase and circbank
databases. (B) QRT-PCR reveled whether circ_0074491 could be pulled down by circ_0074491 probe or NC probe in cholesteatoma keratinocytes transfected
with vector or circ_0074491. (C) QRT-PCR exhibited whether the predicted 7 miRs could be pulled down by circ_0074491 probe or NC probe in cholesteatoma
keratinocytes. (D) Schematic diagram illustrated the presumptive binding sites between circ_0074491 and miR-22-3p or miR-125a-5p. (E and F) Dual-luciferase
reporter assay was conducted to verify the relationship between circ_0074491 and miR-22-3p or miR-125a-5p in cholesteatoma keratinocytes. (G and H)
Expression levels of miR-22-3p andmiR-125a-5p in cholesteatoma tissues and normal retroauricular skin tissues were surveyed by qRT-PCR. (I) The expression of
miR-22-3p and miR-125a-5p in cholesteatoma keratinocytes transfected with si-NC or si-circ_0074491 was measured by qRT-PCR.

∗
P< .05. Circ_0074491 =

circular RNA hsa_circ_0074491, miR = microRNA, qRT-PCR = quantitative real-time polymerase chain reaction.
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blotting to investigate whether circ_0074491 modulated the
malignant behaviors of cholesteatoma keratinocytes via regulat-
ing the PI3K/Akt pathway via miR-22-3p and miR-125a-5p. The
results exhibited that circ_0074491 knockdown could elevate the
levels of p-PI3K and p-Akt in cholesteatoma keratinocytes, but
this elevation was overturned after miR-22-3p and/or miR-125a-
5p silencing (Fig. 5). These data indicated that circ_0074491
regulated the PI3K/Akt pathway through adsorbing miR-22-3p
and miR-125a-5p in cholesteatoma keratinocytes.
6

4. Discussion
Recently, circRNAs were discovered to be abnormally expressed
in human diseases.[24] Increasing evidence proved that circRNAs
might be diagnostic markers and therapeutic targets for some
diseases.[25,26] Gao et al[12] revealed that there were 355
observably differentially expressed circRNAs in cholesteatoma,
including circ_0074491. However, the regulatory mechanism by
which circ_0074491 affects the advancement of cholesteatoma is
unclear.



Figure 4. Circ_0074491 exerted a role in cholesteatoma keratinocytes via miR-22-3p andmiR-125a-5p. (A–J) Cholesteatoma keratinocytes were transfected with
si-NC, si-circ_0074491, si-circ_0074491+anti-miR-NC, si-circ_0074491+anti-miR-22-3p, si-circ_0074491+anti-miR-125a-5p, or si-circ_0074491+anti-miR-22-
3p/125a-5p. (A and B) QRT-PCR was executed to assess the expression of miR-22-3p and miR-125a-5p in cholesteatoma keratinocytes. (C–F) MTT, plate clone,
or flow cytometry assays was performed to determine the proliferation, colony formation, cell cycle progression, and apoptosis of cholesteatoma keratinocytes. (G)
Western blotting was employed to survey the levels of Bcl-2 and Bax in cholesteatoma keratinocytes. (H and I) Transwell assay was conducted to analyze the
migration and invasion of cholesteatoma keratinocytes. (J) Western blotting was performed for the detection of the levels of MPP2 and MMP9 in cholesteatoma
keratinocytes.

∗
P< .05. Circ_0074491 = circular RNA hsa_circ_0074491, miR = microRNA, qRT-PCR = quantitative real-time polymerase chain reaction.
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Figure 5. Circ_0074491 regulated the PI3K/Akt pathway by miR-22-3p and miR-125a-5p in cholesteatoma keratinocytes. The levels of p-PI3K, PI3K, p-Akt, or
Akt in cholesteatoma keratinocytes transfected with si-NC, si-circ_0074491, si-circ_0074491+anti-miR-NC, si-circ_0074491+anti-miR-22-3p, si-circ_0074491
+anti-miR-125a-5p, or si-circ_0074491+anti-miR-22-3p/125a-5p were measured by western blotting.

∗
P< .05. Circ_0074491= circular RNA hsa_circ_0074491,

miR = microRNA.
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The gene symbol of circ_0074491 is PPARGC1B. It was
reported that PPARGC1B could facilitate the differentiation of
anti-inflammatory macrophages and repress the expression of
diverse cytokines.[27] In non-small cell lung cancer, PPARGC1B
was proved to play a tumor suppressive role.[28] In our study, we
verified that circ_0074491 was down-regulated in cholesteatoma
tissues. Furthermore, silenced circ_0074491 expression contrib-
uted to colony formation, proliferation, invasion, migration, and
curbed apoptosis, cell cycle arrest of cholesteatoma keratino-
cytes. Therefore, these findings indicated that circ_0074491
overexpression could reduce the growth of cholesteatoma.
In the study, we discovered that circ_0074491 was a decoy for

miR-22-3p and miR-125a-5p in cholesteatoma keratinocytes
through online bioinformatics, dual-luciferase reporter, and
RNA-pull down assays. MiR-22-3p was identified as a
biomarker for schizophrenia.[29] Forced miR-22-3p expression
could relieve AD symptoms.[30] Previous studies unmasked that
miR-22-3p exerted a tumor inhibitory role in hepatocellular
carcinoma,[31] lung adenocarcinoma,[18] and retinoblastoma,[32]

but it exerted a carcinogenic role in papillary thyroid cancer.[33]

For miR-125a-5p, it could improve hepatic glycolipid metabo-
lism disorder in type 2 diabetes[34] and act as a tumor suppressor
in bladder cancer[35] and breast cancer.[36] Also, miR-125a-5p
could contribute to osteoclastogenesis.[37] Herein, miR-22-3p
and miR-125a-5p expression were elevated in cholesteatoma
tissues. Both miR-22-3p and miR-125a-5p inhibitors could
overturn the influence of circ_0074491 knockdown on the
malignancy of cholesteatoma keratinocytes. These data indicated
that circ_0074491 regulated the malignancy of cholesteatoma
keratinocytes via miR-22-3p and miR-125a-5p.
The PI3K/Akt pathway is considered to be a key regulatory

node for many physiological processes.[38] The activated PI3K/
Akt pathway was demonstrated to exert a cancerigenic role in a
series of tumors.[39] Liu et al[23] reported that cholesteatoma
epithelial hyper-proliferation was associated with the activation
of the EGFR/PI3K/Akt/cyclinD1 pathway. Yune and Byun[40]

also indicated that the activation of Akt might be connected with
8

cellular hyperplasia in cholesteatoma. Herein, we discovered that
silencing of circ_0074491 activated the PI3K/Akt pathway
through miR-22-3p and miR-125a-5p. All findings indicated
that circ_0074491 regulated the malignancy of cholesteatoma
keratinocytes via modulating the PI3K/Akt pathway via miR-22-
3p and miR-125a-5p.
In sum, our study revealed the role and regulatory mechanism

of circ_0074491 in cholesteatoma growth. We proved that the
circ_0074491 downregulation facilitated the malignant behav-
iors of cholesteatoma keratinocytes via modulating the PI3K/Akt
pathway through adsorbing miR-22-3p and miR-125a-5p,
thereby providing a new mechanism for the understanding the
advancement of cholesteatoma.
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