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Abstract
Introduction: MicroRNA-125b has been found to be down-regulated in many
types of malignant tumours and diseases with excessive proliferation of
keratinocytes, such as cutaneous squamous cell carcinoma and psoriasis.
Cholesteatoma, which is mainly composed of keratinocytes, also has characteristics of abnormal proliferation similar to a malignant tumour. However,
the expression and regulatory mechanisms of miR-125b and its downstream
genes in cholesteatoma have not been clarified.
Material and methods: Real time fluorescence quantitative PCR was applied
to detect the expression of miR-125b in the cholesteatoma and corresponding retroauricular skin. Immunohistochemical staining and western blot were
used to detect signal transducers and activators of transcription 3 (STAT3)
and the downstream gene cyclin D1, survivin, and vascular endothelial growth
factor (VEGF) in the cholesteatoma and corresponding retroauricular skin. The
targeted regulatory relationship between miR-125b and STAT3 was confirmed
by dual luciferase reporter assay. Proliferation and apoptosis of transfected
HaCaT cells were detected by MTS, cell cycle, and apoptosis assays.
Results: We observed down-regulation of miR-125b and up-regulation of
STAT3, cyclin D1, survivin, and VEGF in cholesteatoma tissues. STAT3 was
a direct target gene of miR-125b. Inhibition of miR-125b enhanced STAT3
and its downstream genes expression, promoted HaCaT cell proliferation,
and inhibited apoptosis.
Conclusions: The results of this study demonstrate that miR-125b can influence the growth of cholesteatoma by targeting STAT3 and its downstream
genes, including cyclin D1, survivin, and VEGF, thus providing an opportunity
to establish new medical therapy strategies and facilitating further study of
the pathogenesis of cholesteatoma.
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Introduction
Cholesteatoma is defined as a well-demarcated non-neoplastic cystic
lesion, which is derived from an abnormal existence and growth of keratinising squamous epithelium in the middle ear cavity and temporal bone
[1]. The cystic wall contains stratified squamous epithelium and is mainly
composed of keratinocytes. Therefore, it can also be described as “skin
in the wrong place” [2]. Cholesteatoma epithelial cells with high proliferative activity can result in destruction of the middle ear and adjacent
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structures, causing conductive and sensorineural
hearing loss, labyrinthine fistula, peripheral facial paralysis, and intracranial infection. Although
there has been substantial research on this disease and many theories have been proposed, the
pathogenesis of cholesteatoma, especially the
molecular mechanism and cellular processes of
keratinocyte proliferation and apoptosis in cholesteatoma, have not been fully elucidated [1, 3].
MiRNAs are one kind of non-coding small RNA,
which are evolutionarily conserved and involved
in the degradation of mRNA and/or translational
suppression, after which they negatively regulate
mRNA expression activity [4, 5]. MiRNAs can regulate hundreds of targets and have a significant impact on the regulation of cell proliferation, apoptosis, and other biological processes [4, 6]. MiR-125b
is generally low expression or even absent in
many malignant tumours, and its high expression
can have anticancer functions [7, 8]. In addition to
neoplastic disease, previous studies have demonstrated that miRNA-125b is down-regulated in
psoriasis, which is characterised by hyperproliferation of keratinocytes, and that miRNA-125b can
regulate the growth of keratinocytes in psoriasis
[9–11]. Cholesteatoma is mainly composed of keratinocytes and has characteristics of abnormal
proliferation [12]. However, reports on miR-125b
in cholesteatoma have yet to be published.
STAT3 may be an important downstream target
gene of miR-125b that can be found in some bioinformatics software, such as TargetScan and MiRanda. STAT3 belongs to the stat family, which can
be transferred to the nucleus and bind to DNA to
initiate the downstream target gene transcription.
It is an important transducin for many cytokines
and growth factors and is the focal point of many
signalling pathways [13]. STAT3 gene expression
regulates cell function in most tissues. Over-expression of STAT3 can stimulate cell proliferation,
survival, and malignant transformation [14, 15].
Several studies have shown that STAT3 is an important regulator of keratinocyte function and
plays a significant role in promoting proliferation
of keratinocytes by targeting cyclin D1, survivin,
and VEGF [16–18]. Meanwhile, existing studies
have confirmed that STAT3 is up-regulated and
associated with the proliferation and growth of
cholesteatoma [19–21]. Furthermore, cyclin D1,
survivin, and VEGF have also been found to be
highly expressed in cholesteatoma [22–25]. However, the relationship between MiR-125b, STAT3,
and their downstream target genes in cholesteatoma remains unclear.
The pathogenesis of cholesteatoma is a complex process and has not yet been fully elucidated. At present, reports on miRNAs involved in the
growth and proliferation of cholesteatoma are

extremely rare. Specifically, reports on miR-125b,
its predicted target gene STAT3, and downstream
regulatory genes in the cholesteatoma have never been seen. We hope this study can provide
a deeper understanding of cholesteatoma pathomechanism and determine a possible targeted
molecular therapy.

Material and methods
Tissue collection and cell culture
A total of 24 pairs of primary acquired cholesteatoma and the corresponding retroauricular
normal skin specimens as controls were collected from August 2016 to February 2017 in our department. After cleaning and drying, the collected
specimens were divided into two parts; one was
put in a –80°C refrigerator, and the other was put
in formaldehyde. All patients with middle ear cholesteatoma were confirmed by clinical and pathological examination. This study was approved by
the Ethics Committee of China Medical University,
and all patients signed informed consent documents. The experimental cell line was human immortalised keratinocyte (HaCaT cell), which was
acquired from the Dermatology Key Laboratory
of China Medical University. HaCaT cells were cultured in DMEM high-glucose medium (HyClone,
Thermo Fisher) containing 10% foetal calf serum
(Corning, Thermo Fisher) and grown in a 5% CO2
humidified atmosphere at 37°C.

Real-time, fluorescence-based quantitative
PCR and cell transfection
Total RNA was isolated from HaCaT cells, cholesteatoma, and the corresponding skin with
RNAiso plus (TaKaRa Biotechnology Co. Ltd.,
Dalian, China). The integrity, purity, and concentration of total RNA were analysed by spectrophotometry and gel electrophoresis. Then,
the RNA was polyadenylated using E. coli Poly
(A) Polymerase (New England Biolabs, MA) and
reverse‑tran
scribed into cDNA with a PrimeScriptTM RT reagent Kit with gDNA Eraser (TaKaRa).
Finally, quantitative real-time PCR was carried
out using a SYBR®Premix Ex Taq™II (TaKaRa) and
7500 real-time PCR system (Applied Biosystems,
USA). The relative expression of gene levels was
calculated using the 2–ΔΔCT method. U6 served as
an internal control normalised the expression
data of miR-125b. The sequences of the primers:
miR-125b-5p: 5’-TCCCTGAGACCCTAACTTGTGA-3’
miR-reverse:
n5’-GCTGTCAACGATACGCTACG-3’;
miR-RT primer: 5’-GCTGTCAACGATACGCTACGTAACGGCATGACAGTGTTTTTTTTTTTTTTTTTTTTTTT-3’;
U6 forward: 5’-CTCGCTTCGGCAGCACA-3’ and
reverse: 5’-AACGCTTCACGAATTTGCGT-3’; HaCaT
cells were transiently transfected with miR-125b
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mimics, miR-125b inhibitor, control miRNA, STAT3
siRNA, and control siRNA (all from RiboBio Co. Ltd.,
Guangzhou, China), using Lipofectamine® 3000
reagent (Invitrogen, Carlsbad, CA, USA).

Dual luciferase assay
Overlap extension PCR was used for site-directed mutagenesis, and the following primers
were used: STAT3-F: 5’-GGCCTCGAGTGGTGAAGGTGCTGAAC-3’; STAT3-R: 5’-TTGCGGCCGCTTTTACGGTTCCTATATAAC-3’; STAT3-Fm: 5’-TGGTTGAGGAGTCCCTATATGGTTCTTAGCC-3’; STAT3-Rm: 5’-AACCATATAGGGACTCCTCAACCAGACACGTC-3’. The mutated or wild STAT3 3′-UTRs, including putative
miR-125b target sites, were cloned into the pmirGLO dual-luciferase reporter vector (Promega,
Madison, WI, USA). HaCaT cells were seeded in
a 96-well plate and adjusted to 1.5 × 104 cells
per well. After 48 h of culture, miR‑125b mimics
and STAT3-3’UTR‑wild or STAT3-3’UTR‑mutant reporter vector were co‑transfected into the cells
by using Lipofectamine® 3000 (Invitrogen, USA).
The luciferase activity was evaluated with the Dual-Glo® Luciferase Assay System (Promega, USA)
following incubation for another 48 h post-transfection.

Immunohistochemistry and western blot
The tissue samples were sliced at a thickness
of 4 μm. The sections were incubated with primary antibody (STAT3, surviving, VEGF (all from
Proteintech Group, USA) and cyclin D1 (Santa Cruz
Biotechnology, USA)) overnight, followed by a biotin-labelled secondary antibody. The evaluation
of immunostaining included both positivity rate
and staining intensity of cells [22]. The proportion of positive cells was graded as follows: 0 for
no staining, 1 for < 30%, 2 for 30–60%, and 3 for
> 60%. The grading of staining density was 0 for
no staining, 1 for light brown, 2 for brown, and
3 for dark brown. All specimen sections were analysed independently by two researchers with the
double-blind method. The final score was obtained
from the product of the percentage score and the
staining intensity score. The final result was evaluated as positive when the score was ≥ 3 or negative when the score was < 3. The cholesteatoma
tissues, control skin, and HaCaT cells were lysed
with RIPA lysis buffer. Then, the proteins were separated and transferred to a polyvinylidene fluoride
(PVDF) membrane (Millipore, MA, USA), which
was incubated with primary antibody (STAT3, surviving, VEGF, β-actin (all from Proteintech Group,
USA) and cyclin D1 (Santa Cruz Biotechnology,
USA)). The enhanced chemiluminescence ECL detection system (Thermo Fisher Scientific, MA) was
used to present the results.
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Colony formation and MTS cell proliferation
assay
For cell colony formation test, the transfected
cells following 24 h of culture were inoculated
into six‑well plates and adjusted to 400 per well
and were then incubated for 15 days in a DMEM
high-glucose medium. When the forming colonies
were macroscopically visible, the numbers of colonies were counted. The transfected cells were
made into a single cell suspension after 24-h culture. Then, the cells were inoculated on a 96-well
plate at a density of 3000 cells/well. Cell proliferation was detected by the CellTiter 96® AQueous
Single Solution Cell Proliferation Assay Kit (MTS,
Promega, USA). A microplate reader (Infinite
M200pro, TECAN, Switzerland) was used to record
the absorbance at 490 nm (OD490) daily. Data
were continuously recorded for 4 days and plotted
as a cell growth curve.

Cell cycle and apoptosis assays
The transfected cells were cultured for 48 h and
then collected for adjustment to a cell density to
1 × 106/ml. The cells in cell-cycle analysis were
fixed and stained by a cell-cycle detection kit (KeyGen Biotech, Nanjing, China). The cells for apoptosis analysis were stained by a dead cell apoptosis
kit (Alexa® Fluor 488 annexin V and PI, Invitrogen).
The apoptosis level and cell cycle distribution were
analysed by flow cytometry (FACSCalibur, BD Biosciences).

Statistical analysis
All experiments were repeated at least three
times independently. Results were presented as
mean ± standard deviation (SD). Correlation analysis was performed with Pearson’s correlation
(normal distribution). Student’s t-test was used
for data comparison. The count data were analysed with χ2 test. All data were analysed using
GraphPad Prism 7.0 software (GraphPad Software,
USA). Value of p < 0.05 was determined to be
a statistical significance.

Results
MiR-125b had low expression and was
inversely associated with STAT3 in
cholesteatoma
We selected 24 pairs of cholesteatoma specimens with their own controls (cholesteatoma and
retroauricular skin from the same patient) as the
research objects. The results of real time fluorescence quantitative PCR showed the expression of
miR-125b in 24 cases of cholesteatoma was significantly lower than that in the corresponding
retroauricular skin (Figures 1 A, C). Conversely, the
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STAT3 is a direct target of miR-125b

expression of STAT3 protein in cholesteatoma was
higher than that in corresponding retroauricular
skin (p < 0.05) (Figures 1 B, D and Supplementary
Figure S1). The results of Pearson correlation analysis demonstrated that miR-125b and STAT3 were
negatively correlated in cholesteatoma (p < 0.05)
(Figure 1 E).
Relative miRNA-125b expression
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To verify the targeted regulatory relationship
between miR-125b and STAT3, we constructed
the wild-type and mutant STAT3-3 ‘UTR reporter
gene vector (Figure 2 A). The miR-125b mimics or
NC miR-mimics with wild-type or mutant STAT33’UTR reporter gene vector were co-transfected
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Figure 1. MiR-125b has low expression and is negatively correlated with STAT3 expression in cholesteatoma. A, C – Expression and statistical analysis
of miR-125b in cholesteatoma and paired retroauricular skin (tested by real-time PCR and normalised by internal control U6, *p < 0.05, n = 24).
B, D – Expression and analysis of STAT3 in cholesteatoma and paired retroauricular skin (tested by
western blot and normalised by β-actin, *p < 0.05,
C – cholesteatoma, S – skin, n = 24). E – Analysis
of the correlation between miR-125b and STAT3 in
cholesteatoma (n = 24, *p < 0.05). Data presented as
mean ± SD are from three independent experiments
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into HaCaT cells, and the luciferase activity was
tested. The outcomes revealed that the activity of
luciferase in the co-transfected wild-type STAT33’UTR reporter gene vector and miR-125b mimics
group was markedly decreased (p < 0.05) (Figure 2 B). However, when miR-125b mimics
and mutant STAT3-3’UTR reporter vectors were
co-transfected into HaCaT cells the activity of luciferase did not change markedly (Figure 2 B). The
above results indicate miR-125b can directly connect to the binding site of STAT3-3’UTR and negatively regulate STAT3. As shown in Figure 2 C, the
protein content of STAT3 was remarkably reduced
in over-expressing miR-125b HaCaT cells but was
remarkably increased in low-expression miR-125b
HaCaT cells (p < 0.05).

Inhibition of miR-125b enhances
proliferation and reduces apoptosis in
HaCaT cells through up-regulation of STAT3
and downstream genes

expression could significantly enhance the proliferation of cells (p < 0.05) (Figures 3 A, B). The
outcomes of flow cytometry revealed that the
proportion of cells was increased in the S phase
and decreased in the G1 phase. The proportion of
early apoptotic cells was significantly reduced (p <
0.05) (Figures 3 C, D). However, through co-transfection with STAT3 siRNA and miR-125b inhibitor,
the ability for proliferation and anti-apoptosis was
restored (p < 0.05) (Figures 3 A–D). The results
of western blot revealed that the expressions of
STAT3 and its downstream genes, including cyclin D1, survivin, and VEGF, were all significantly
increased in HaCaT cells when miR-125b was inhibited (Figure 3 E) (p < 0.05). When HaCaT cells
were co-transfected with miR-125b inhibitor and
STAT3 siRNA, the expressions of STAT3, cyclin D1,
survivin, and VEGF were down-regulated to the
level of the control group (Figure 3 E).

The expression of STAT3, cyclin D1, survivin,
and VEGF in cholesteatoma and skin
Studies have shown that STAT3 can activate
cyclin D1, survivin, and VEGF to participate in the
development of a variety of tumours, and some researchers have proven that these pathways exist
in the pathomechanism of cholesteatoma. Therefore, we detected the proteins of STAT3, cyclin D1,
survivin, and VEGF in 24 pairs of cholesteatoma
with its own control (the corresponding retroauricular skin). Immunohistochemistry showed that
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Predicted binding sites of miR-125b to STAT3-3
‘UTR and the design of mutant STAT3-3’UTR reporter gene vectors. B – Mutant or Wild-type STAT33’UTR reporter gene constructs were co-transfected with miR-125b mimics or negative-control
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STAT3 was both cytoplasm and nucleus stained in
the whole layer of the cholesteatoma epithelium
(Figure 4 A). Cyclin D1 in the cholesteatoma epithelium was predominantly nucleus brown stained in
the basal layer and suprabasal layer (Figure 4 C);
survivin was predominantly cytoplasm brown

stained in the whole layer (Figure 4 E); and VEGF
was predominantly cytoplasm brown stained in
the whole layer (Figure 4 G). The staining intensity and staining area of STAT3, cyclin D1, survivin,
and VEGF were greater in cholesteatoma epithelium than in retroauricular skin (Figure 4). The posi-
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G

H

Figure 4. Immunohistochemical staining of STAT3 (A, B), cyclin D1 (C, D), survivin (E, F), and VEGF (G, H) in cholesteatoma (A, C, E, G) and corresponding retroauricular skin (B, D, F, H) (400×)
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Table I. The positive staining rate of STAT3, cyclinD1, survivin, and VEGF in 24 cases of cholesteatoma and normal
retroauricular skin
Variable

STAT3

CyclinD1

Survivin

VEGF

+

–

p

+

–

p

+

–

p

+

–

p

Cholesteatoma

20

4

< 0.01

15

9

< 0.01

17

7

< 0.01

21

3

< 0.01

Retroauricular skin

5

19

2

22

8

16

9

15

The differences of positive staining rate for STAT3, cyclinD1, survivin, and VEGF between cholesteatoma and skin were all significant
(p < 0.05).

tive staining rate of STAT3, cyclin D1, survivin, and
VEGF in cholesteatoma was 83.3% (20/24), 62.5%
(15/24), 70.8% (17/24), and 87.5% (21/24), respectively, while it was 20.8% (5/24), 8.3% (2/24),
33.3% (8/24), and 37.5% (9/24) in the normal
retroauricular skin, respectively. The differences
of positive staining rate between cholesteatoma
and skin were all remarkable (p < 0.05) (Table I).
We also found that the positive staining rates of
STAT3 and cyclin D1 were positively correlated (p =
0.003), STAT3 and survivin (p = 0.027), STAT3 and
VEGF (p = 0.011) in 24 cases of cholesteatoma.

Discussion
Previous studies have found that miR-125b
can inhibit the occurrence and development of
neoplastic diseases [7, 8]. Meanwhile, MiR-125b
was shown to be down-regulated in psoriasis
and cutaneous squamous cell carcinoma, and its
overexpression can suppresses the proliferation
of keratinocytes [9–11]. Cholesteatoma has the
same abnormal proliferation characteristics as
malignancies, which has been confirmed by many
studies which found that many tumour-related
genes and proliferation markers had abnormally
high expression in cholesteatoma [26, 27]. Similar
to psoriasis, cholesteatoma has aberrant proliferation of keratinocytes in an environment full of
inflammation. Therefore, we speculate that miR125b in cholesteatoma may also be down-regulated. Our study identified that miR-125b has a significant reduction in cholesteatoma compared to
retroauricular normal skin (Figures 1 A, C), which
was consistent with the performance in some malignant tumours and psoriasis. This is likely due
to the lack of regulation of miR-125b in cholesteatoma, in which the proliferative ability of keratinocytes was uncontrolled and caused excessive
growth of the cholesteatoma.
STAT3 was found to have abnormally high expression in diseases with abnormal proliferation
of keratinocytes; for instance, skin cancer and
psoriasis [15, 28–31]. Several studies have shown
that STAT3 is an important regulator of keratinocyte function, playing an important role in promoting proliferation as well as inhibiting differentiation and senescence of keratinocytes [32, 33].
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Cholesteatoma also demonstrates characteristics
of abnormal keratinocytic proliferation. Thus, we
assayed the levels of STAT3 protein in cholesteatoma and the corresponding retroauricular skin.
Western blot revealed that the level of STAT3 protein in cholesteatoma was evidently higher than
that in normal corresponding retroauricular skin
tissue (Figures 1 B, D). This finding is concordant
with the findings of other researchers [19, 20]. The
result suggested that STAT3 is involved in the development of cholesteatoma, and it was indicative
of the high proliferation of the cholesteatoma epithelium. Meanwhile, various studies have shown
that STAT3 is epigenetically regulated by miRNAs
[34, 35]. The results of statistical analysis of correlation showed that miR-125b and STAT3 were
negatively correlated in cholesteatoma (Figure 1 E).
In addition, we predicted that STAT3’UTR and
miR-125b had a conserved binding site by using
bioinformatics software (Figure 2 A). Therefore,
we hypothesised that miR-125b could influence
the proliferation of keratinocytes by regulating
the expression of STAT3. The result of dual-luciferase reporter gene assay showed STAT3 was the
target gene of miR-125b (Figure 2 B). MiR-125b
was capable of regulating STAT3 negatively in HaCaT cells (Figure 2 C). These results indicate that
low expression of miR-125b causes disinhibition
of STAT3, which increases STAT3 expression in
cholesteatoma.
Because of the low expression of miR-125b
in cholesteatoma, as previously revealed, we
transfected the miR-125b inhibitor into HaCaT
cells and then observed whether the biological
behaviour of HaCaT cells was changed to favour
hyperproliferation and low apoptosis, similar to
the keratinocytes in cholesteatoma. The results
of MTS and colony formation assay indicated that
the proliferation ability of HaCaT cells was obviously enhanced (Figures 3 A, B). The results of
flow cytometry revealed that the early apoptosis
rate of keratinocytes was evidently reduced and
that the cells in the S phase were significantly
increased (Figures 3 C, D). However, when HaCaT
cells were co-transfected with miR-125b inhibitor
and STAT3 siRNA, these changes in proliferation
and anti-apoptotic ability were restored to almost
the same level as those in the control group. These
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findings imply that inhibition of miR-125b expression in cholesteatoma may contribute to high
proliferation and low apoptosis by increasing the
expression of STAT3.
However, STAT3 is required to influence the
biological behaviour of cholesteatoma through
its downstream regulatory mechanism. Numerous studies have shown that STAT3 can enhance
the activity of cyclin D1, survivin, and VEGF in
keratinocytes to regulate the cell cycle, fight
apoptosis, and ultimately enhance keratinocyte
proliferation ability [16–18]. By western blot, we
detected that when the expression of miR-125b
was down-regulated the STAT3 protein was significantly up-regulated, and cyclin D1, survivin,
and VEGF were also up-regulated simultaneously
(Figure 3 E). However, when we co-transfected
miR-125b inhibitor and STAT3 siRNA into HaCaT
cells, the expressions of cyclin D1, survivin, and
VEGF were all down-regulated with STAT3 (Figure
3 E). The above findings show that MiR-125b can
affect the expressions of cyclin D1, survivin, and
VEGF by targeting the expression of STAT3 in order to regulate cell biological behaviour. Immunohistochemical staining showed that the positive
staining rates of STAT3, cyclin D1, survivin, and
VEGF in cholesteatoma were significantly higher than in skin (Figure 4). These results are consistent with previous reports [22–25]. Moreover,
positive staining of STAT3 and positive staining
of cyclin D1, survivin, and VEGF in cholesteatoma shared a significant positive correlation. All
of these findings indicate that the expressions
of cyclin D1, survivin, and VEGF in cholesteatoma
are increased and are probably affected by the
regulation of STAT3.
In conclusion, our results demonstrated that
the down-regulation of miR-125b expression in
cholesteatoma promotes keratinocytes proliferation and represses apoptosis by directly disinhibiting STAT3, after which it promotes cyclin
D1, survivin, and VEGF expression. Finally, the
mechanism of cholesteatoma from MiR-125b to
STAT3 and their downstream genes was obtained.
We hope that the conclusions of this study can
be helpful for further study of the pathogenesis
of cholesteatoma and provide an opportunity to
seek new medical therapy strategies.

Conflict of interest
The authors declare no conflict of interest.
References
1. Semaan MT, Megerian CA. The pathophysiology of
cholesteatoma. Otolaryngol Clin North Am 2006; 39:
1143-59.
2. Robinson JM. Cholesteatoma: skin in the wrong place.
J R Soc Med 1997; 90: 93-6.

3. Olszewska E, Wagner M, Bernal-Sprekelsen M, et al.
Etiopathogenesis of cholesteatoma. Eur Arch Otorhinolaryngol 2004; 261: 6-24.
4. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell 2004; 116: 281-97.
5. Hobert O. Gene regulation by transcription factors and
microRNAs. Science 2008; 319: 1785-6.
6. Djuranovic S, Nahvi A, Green R. A parsimonious model for
gene regulation by miRNAs. Science 2011; 331: 550-3.
7. Yin H, Sun Y, Wang X, et al. Progress on the relationship
between miR-125 family and tumorigenesis. Exp Cell
Res 2015; 339: 252-60.
8. Visone R, Pallante P, Vecchione A, et al. Specific microRNAs
are downregulated in human thyroid anaplastic carcinomas (vol 26, pg 7590, 2007). Oncogene 2016; 35: 5214.
9. Wang MJ, Xu YY, Huang RY, et al. Role of an imbalanced
miRNAs axis in pathogenesis of psoriasis: novel perspectives based on review of the literature. Oncotarget
2017; 8: 5498-507.
10. Xu N, Brodin P, Wei T, et al. MiR-125b, a microRNA downregulated in psoriasis, modulates keratinocyte proliferation by targeting FGFR2. J Invest Dermatol 2011; 131:
1521-9.
11. Wei T, Folkersen L, Biskup E, et al. Ubiquitin-specific
peptidase 2 as a potential link between microRNA-125b
and psoriasis. Br J Dermatol 2017; 176: 723-31.
12. Xie S, Xiang Y, Wang X, et al. Acquired cholesteatoma
epithelial hyperproliferation: roles of cell proliferation
signal pathways. Laryngoscope 2016; 126: 1923-30.
13. Kiu H, Nicholson SE. Biology and significance of the
JAK/STAT signalling pathways. Growth Factors 2012;
30: 88-106.
14. Frank DA. STAT3 as a central mediator of neoplastic cellular transformation. Cancer Lett 2007; 251: 199-210.
15. Chan KS, Sano S, Kiguchi K, et al. Disruption of Stat3
reveals a critical role in both the initiation and the promotion stages of epithelial carcinogenesis. J Clinical Investigation 2004; 114: 720-8.
16. Shichiri H, Yamamoto K, Tokura M, et al. Prostaglandin
E1 reduces the keratinocyte toxicity of sorafenib by
maintaining signal transducer and activator of transcription 3 (STAT3) activity and enhancing the cAMP
response element binding protein (CREB) activity. Biochem Biophys Res Commun 2017; 485: 227-33.
17. Xu Y, Xu X, Gao X, Chen H, Geng L. Shikonin suppresses IL-17-induced VEGF expression via blockage of JAK2/
STAT3 pathway. Int Immunopharmacol 2014; 19: 327-33.
18. Li PN, Li H, Zhong LX, et al. Molecular events underlying maggot extract promoted rat in vivo and human in
vitro skin wound healing. Wound Repair Regen 2015;
23: 65-73.
19. Liu W, Xie S, Chen X, et al. Activation of the IL-6/JAK/
STAT3 signaling pathway in human middle ear cholesteatoma epithelium. Int J Clin Exp Pathol 2014; 7: 709-15.
20. Ho KY, Huang HH, Hung KF, et al. Cholesteatoma growth
and proliferation: relevance with serpin B3. Laryngoscope 2012; 122: 2818-23.
21. Friedland DR, Eernisse R, Erbe C, Gupta N, Cioffi JA. Cholesteatoma growth and proliferation: posttranscriptional regulation by microRNA-21. Otol Neurotol 2009; 30:
998-1005.
22. Liu W, Ren H, Ren J, et al. The role of EGFR/PI3K/Akt/
cyclinD1 signaling pathway in acquired middle ear cholesteatoma. Mediators Inflamm 2013; 2013: 651207.
23. Park HR, Min SK, Min K, Jun SY, Seo J, Kim HJ. Increased
expression of p63 and survivin in cholesteatomas. Acta
Oto-Laryngologica 2009; 129: 268-72.

Arch Med Sci 6, 1st November / 20221605

Jian Zang, Bo Yang, Shuai Feng, Xuejun Jiang

24. Fukudome S, Wang C, Hamajima Y, et al. Regulation
of the angiogenesis of acquired middle ear cholesteatomas by inhibitor of dna binding transcription factor.
JAMA Otolaryngol Head Neck Surg 2013; 139: 273-8.
25. Hamajima Y, Komori M, Preciado DA, et al. The role of
inhibitor of DNA‐binding (Id1) in hyperproliferation of
keratinocytes: the pathological basis for middle ear cholesteatoma from chronic otitis media. Cell Prolif 2010;
43: 457-63.
26. Palko E, Poliska S, Csakanyi Z, et al. The c-MYC protooncogene expression in cholesteatoma. Biomed Res Int
2014; 2014: 639896.
27. Kim KH, Lim HJ, Kim YJ, et al. The oncoprotein, gankyrin,
is up-regulated in middle ear cholesteatoma. Acta Otolaryngol 2014; 134: 238-43.
28. Andres RM, Montesinos MC, Navalon P, Paya M, Terencio MC. NF-kappaB and STAT3 inhibition as a therapeutic strategy in psoriasis: in vitro and in vivo effects of
BTH. J Invest Dermatol 2013; 133: 2362-71.
29. Andres RM, Paya M, Montesinos MC, et al. Potential
antipsoriatic effect of chondroitin sulfate through inhibition of NF-kappaB and STAT3 in human keratinocytes.
Pharmacol Res 2013; 70: 20-6.
30. Toll A, Salgado R, Espinet B, et al. MiR-204 silencing in
intraepithelial to invasive cutaneous squamous cell carcinoma progression. Molecular Cancer 2016; 15: 53.
31. Nardinocchi L, Sonego G, Passarelli F, et al. Interleukin-17 and interleukin-22 promote tumor progression
in human nonmelanoma skin cancer. Eur J Immunol
2015; 45: 922-31.
32. Orecchia V, Regis G, Tassone B, et al. Constitutive STAT3
activation in epidermal keratinocytes enhances cell clonogenicity and favours spontaneous immortalization by
opposing differentiation and senescence checkpoints.
Exp Dermatol 2015; 24: 29-34.
33. Macias E, Rao D, Carbajal S, Kiguchi K, DiGiovanni J.
Stat3 binds to mtDNA and regulates mitochondrial
gene expression in keratinocytes. J Invest Dermatol
2014; 134: 1971-80.
34. Shi S, Jin L, Zhang S, Li H, Zhang B, Sun M. MicroRNA-590-5p represses proliferation of human fetal airway smooth muscle cells by targeting signal transducer
and activator of transcription 3. Arch Med Sci 2018; 14:
1093-101.
35. Wang YJ, Li YY. MiR-29c inhibits HCV replication via activation of type I IFN response by targeting STAT3 in
JFH-1-infected Huh7 cells. RSC Adv 2018; 8: 8164-72.

1606

Arch Med Sci 6, 1st November / 2022

