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Abstract

MYOI0, recognized as an important regulator of cytoskeleton remodeling, has been reported to be associated with
tumorigenesis. However, its functional implication in cervical cancer and potential mechanism still remain to be undetermined
currently. MYOIO level in cervical cancer tissues was analyzed by using data retrieved from The Cancer Genome Atlas and
ONCOMINE databases. Messenger RNA and protein expression levels were determined by quantitative real-time polymerase
chain reaction and Western blotting. Small-interfering RNA and overexpressing plasmid were used for MYO10 silencing and
overexpression, and cell proliferation was analyzed by CCK-8. Transwell assays were performed to investigate the ability of cell
migration and invasion. MYOI10 was upregulated in cervical cancer tissues and cells when compared to normal controls, and
survival analysis showed patients with high MYO |0 expression had worse overall survival. Moreover, knockdown/overexpression
of MYO 0 significantly inhibited/enhanced the proliferation, invasion, and migration capabilities of cervical cells transfected with
siRNAs/overexpressing plasmid. Additionally, MYO0 silencing inhibited PI3K/Akt signaling pathway by decreasing the phos-
phorylation status of PI3K and AKT. Data from the present study indicated that MYO|0 were overexpressed in patients with
cervical cancer and positively linked with poor prognosis. Experimental results suggested that MYO10 induced a significant
encouraging effect in cervical cancer cell proliferation, invasion, and migration, linked with involvement of PI3K/Akt signaling.
Collectively, these results emphasize a novel role for MYO 0 overexpression in cervical cancer and provide a potent therapeutic
strategy against cervical cancer.
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regarded as a forceful incentive in the progression of cervical
cancer,”” whereas the molecular mechanisms underlying the
development of cervical cancer still remains unclear. Addition-
ally, surgery, chemotherapy, radiotherapy, and integration of
them have been implemented as the primary therapeutic stra-
tegies for patients with cervical cancer.* Despite the substan-
tial advances in screening and early diagnostic methods, the
outcome is still poor with a 5-year survival rate of less than
30% due to the metastasis or recurrence of disease.®® Hence, it
is necessary to elucidate the molecular mechanism of cervical
cancer carcinogenesis and identify effective targeted
therapeutics.

MYO10 (also denominated as M10), encoding to myosin-X,
is an important regulator of cytoskeleton remodeling that is
expressed in tissues of most vertebrates, such as brain, kidney,
endothelia, and testis.””!® As an unconventional myosin,
MYOI10 has crucial functions in the formation and extension
of filopodia.'' MYO10 is essential for many cellular processes
such as migration, adhesion, wound healing, and angiogen-
esis.”'*!3 Moreover, MYO10 was reported to perform func-
tions including wound healing and the extensions of
neuron.'*'> More importantly, a variety of researches indicate
that MYOI10 is involved in the cell invasion and metastasis of
prostate cancer'® and breast cancer.!” However, the functional
role of MYO10 in cervical cancer remains enigmatic.

Hence, in an effort to illuminate the functional significance
of MYO10 in cervical cancer, the current study presented
herein was designed. Firstly, the data from The Cancer Genome
Atlas (TCGA) and ONCOMINE databases of the level of
MYO10 in patients with cervical cancer and controls was ana-
lyzed, and its association with patients’ prognosis was also
addressed using statistical analysis means. In terms of this,
we applied the small-interfering RNA (siRNA)/overexpressing
plasmid technique to knockdown/overexpress MYO10 and
explored MYO10 silence/upregulate on cervical cancer cells
phenotypic alterations through evaluating cell proliferation,
invasion, and migration. Finally, the involvement of oncogenic
signaling of PI3K/Akt pathway on the functional implication of
MYOI10 on cervical cancer was evaluated. Taken together, our
data highlight the potential of MYO10 as a crucial modulator of
facilitating cervical cancer progression; thus, it will likely be a
potent biomarker or therapeutic target for diagnosis and treat-
ing cervical cancer.

Materials and Methods

Bioinformatics Data Set

The database of the gene of MYO10 was from TCGA with 306
cervical cancer tissue samples and 3 normal cervix tissue sam-
ples, and ONCOMINE containing 60 cancer tissue samples and
13 normal samples, respectively. The data collection processes
were in compliance with the publication guidelines provided by
TCGA and ONCOMINE. For analyzing the data from TCGA
data set, we downloaded cervical cancer gene expression profile
data, Perl and R language packages were used to extract matrix

file, and analyze difference level of MYO10 in cervical cancer
and normal cervix tissue samples. The MYO10 expression level
presented in ONCOMINE data set was been downloaded
directly and plotted utilizing Prism 7.0 GraphPad software.

Cell Culture and Transfection

Human normal cervical cell Ectl/E6E7 was obtained from
American Type Culture Collection (ATCC), human immorta-
lized epidermal cell HaCaT was from Chinese Academy of
Sciences, and cervical cancer cell lines, including SiHa, HeLa,
and C33A were purchased from the Chinese Academy of
Sciences. All cells were cultured in RPMI-1640 medium con-
taining 10% fetal bovine serum and 1% antibiotics (100 U/mL
penicillin and 0.1 mg/mL streptomycin) at 37 °C in a humidi-
fied 5% CO,. To downregulate the expression of MYO10 in
tumor cell lines, 2 siRNAs that targeting MYO10 were used
in the study, and the siRNA sequences used were as follows:
siRNA-1: 5- GATAGGACTTTCCACCTGATTCTC-3’;
siRNA-2: 5- CCAAGGTCTTTCTTCGAGAATCTC-3/;
si-con: 5'-CACTTGCATCGATCGTCAGTCTAT-3". siRNAs,
si-con, pcDNA3.1 and pcDNA3.1-MYO10 were obtained from
GenePharma. Transfection was conducted by Lipofectamine
2000 (Invitrogen; Thermo FisherScientifc, Inc.) according to
the manufactures’ instructions.

Quantitative Real-Time Polymerase Chain Reaction

Total RNA from cell lines was extracted by TRIzol (Invitro-
gen; Thermo FisherScientifc, Inc.) reagent according to the
manufacturer’s protocol. After obtaining the complementary
DNA (cDNA) through reverse transcription using PrimeScript
RT (TaKaRa) in accordance with manufacturer’s manual, the
mRNA expression level of MYO10 was determined by quanti-
tative real-time polymerase chain reaction (QRT-PCR) using
SYBR Premix Ex Taq kit (TaKaRa) on an ABI-7500 Real-
Time PCR Detection System (Applied Biosystems) following
amplification conditions: Predegeneration at 95 °C for 5 min-
utes, followed by 40 cycles at 95 °C for 30 seconds, 45 seconds
at 60 °C, and 30 minutes at 72 °C for the final extension.
GAPDH was used as the internal control, and the primer
sequences were as follows: MYO10: forward, 5'-TTCATG-
GACTTGCTCATCAGG-3’, and reverse, 5'-GTCCTCAGC
TGTGTGTGACTT-3’; GAPDH: forward, 5-GGAGCGA -
GATCCCTCCAAAAT-3', and reverse, 5'-GGCTGTTGTCAT
ACTTCTCATGG-3'. All reactions were performed in tripli-
cate, and relative expressions of MYO10 in cell lines were
calculated by the 224" method.

Western Blot Analysis

After transfection, the cells were lysed in radioimmunopreci-
pitation assay (RIPA, Beyotime Biotechnology) buffer supple-
mented with protease inhibitors for proteins extraction, and
total protein was quantified with bicinchoninic acid (Beyotime
Biotechnology) assay. Total proteins (20 pg/lane) were
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separated via 10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis and then transferred to a polyvinylidene
difluoride membrane. After blocked with 5% skimmed milk
for 1 hour, the membrane was incubated with primary antibo-
dies concerning MYO10 (Invitrogen; Thermo FisherScientifc,
Inc.), PI3 K, p-PI3 K, AKT, p-AKT, GAPDH (Cell Signaling
Technology) with dilution of 1: 1000 at 4 °C overnight. Fol-
lowing washing with Tris-buffered saline Tween 20 for 3
times, the membrane was incubated with secondary antibody
for 1 hour at room temperature. Finally, the proteins were
visualized using the ECL (Beyotime Biotechnology) reagent
and analyzed with QUANTITY ONE (Bio-Rad Laboratories)
software.

Cell Proliferation Assay

After 24 hours of transfection, the cell proliferation was eval-
uated by the CCK-8 assay. Briefly, the cells were plated into
96-well plates at a density of 1 x 10°cells/well and cultured for
0, 24, 48, 72, and 96 hours. Next, 10-uL CCK-8 solution was
added to each well and incubated at 37 °C for 1.5 hours. The
absorbance showing with optical density at 450 nm was mea-
sured by microplate reader.

Transwell Assay

Transwell assays were used for cell invasion and migration
analysis. For invasion assay, 2 x 10* cells in 100-uL suspen-
sion were seeded into the upper chambers that contain
Matrigel-coated membranes, and the lower chamber was filled
with 500-pL complete medium. After incubation for overnight,
the chamber was immersed in 4% paraformaldehyde for
30 minutes to fix the cells. Next, the migrated cells were
stained with 0.1% crystal violet for 20 minutes and counted
in 5 randomly chosen fields under a light microscope. Similar
to the invasion experiment, the Transwell chamber for migra-
tion assay was not required to be covered with Matrigel.

Statistical Analysis

Statistical analyses were performed with SPSS22.0 and Prism
7.0 GraphPad software, and all data were presented as mean +
standard deviation. Differences between 2 groups, and multiple
groups were analyzed by Student ¢ test and post hoc test with
Dunnett. Survival analysis was performed by Kaplan-Meier
method with log-rank test. A P less than 0.05 was considered
statistically significant.

Results

Upregulated Level of MYO 10 in Human Cervical Cancer
Predicts Poor Prognosis

To verify the biological significance of MYO10 in cervical
cancer, we firstly assessed the expression level of MYO10 in
cervical cancer tissues and cells. According to the analysis
based on the TCGA retrieved data, the expression of MYO10

in cervical cancer tissues were significantly higher than that in
the normal tissues (P = .000667; Figure 1A). Similarly,
MYO10 level in cervical cancer tissues was remarkably upre-
gulated compared to that in normal tissues in Biewenga Cer-
vix Cervical Squamous Cell Carcinoma (P < .0001;
Figure 1B) and Pyeon Cervix Cervical Squamous Cell Carci-
noma (P < .0001; Figure 1C) based on the ONCOMINE
retrieved data. Additionally, to further validate the expression
pattern of MYO10 in cervical cancer, we detected its expres-
sion levels in cervical cancer cell lines using qRT-PCR. As
shown in Figure 1D, MYO10 expression in cervical cancer
cell lines of SiHa, HeLa, and C33A were significantly
increased in comparison to that in the normal cervical cell
line of Ectl/E6E7 and epidermal cell HaCaT (all, P < .01).
Moreover, the data from TCGA database showed that patients
in high MYO10 expression group (n = 147) had obviously
worse overall survival than those in low-expression group
(n = 146; P = .012; Figure 1E). All these results indicated
that MYO10 was overexpressed in cervical cancer and its
overexpression insinuated a worse prognostic significance
of cervical cancer patients, suggesting a significant role of
MYOI10 as a potentially pronounced participant in the pro-
gression of cervical cancer.

Silencing MYO 1 0 Abrogates Viability of Cervical
Cancer Cells

In an attempt to figure out the effects of MYO10 on human
cervical cancer development, specific siRNAs were used to
knockdown the expression of MYO10 in cervical cancer cells
HeLa and SiHa; moreover, MYO10 overexpression was
added in C33A and HaCaT cells. Expression levels of
MYOI10 in cervical cancer cell line transfected with siRNA
or overexpressing plasmid were confirmed using qRT-PCR
and Western blot analysis. The results demonstrated that
transfection of siRNA-1 and siRNA-2 both significantly
decreased the expression of MYO10 at mRNA (both,
P < .01) and protein (both, P < .01) levels in HeLa
(Figure 2A) and SiHa (Figure 2B) cell. Moreover, compared
to siRNA-2, siRNA-1 performed a more effective inhibitory
effect with the knockout efficiency more than 90%; hence,
siRNA-1 was chosen for the following research. Further,
MYO10 expression was obviously overexpressed in HaCaT
and C33A cells successfully (Figure 2C-D).

The CCK-8 assays showed that the proliferation of HeLa
and SiHa cells transfected with siRNA was significantly down-
regulated compared to the controls (Figure 2E and F), indicat-
ing silencing MYOI10 in cervical cancer cells suppressed the
cell proliferation in vitro. Meanwhile, overexpressing MYO10
elevated cervical cancer C33A and epidermal HaCaT cell pro-
liferation ability (Figure 2G-H). All abovementioned data indi-
cate that high MYO10 expression level in cervical cancer cell
results in a significant impellent influence on cervical cancer
cell vitality capacity.
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Figure 1. MYOI10 is upregulated in cervical cancer tissues and cells. The expression levels of MYO10 in cervical cancer tissues and normal
tissue samples based on the retrieved data from TCGA (A) and ONCOMINE (B and C). The expression of MYO10 in cervical cancer cell lines
and normal cervical cell line of Ectl/E6E7 and epidermal cell HaCaT (D). Kaplan—Meier curves for overall survival (OS) based on MYO10
expression in 293 patients with cervical cancer obtained from TCGA database (E). **P < .01.

Knocking Down/Overexpressing MYO 10 Impairs/
Facilitates Invasiveness and Migratory Potential of
Cervical Cancer Cells

To further identify the functions of MYOI10 in cervical
cancer properties, the migration and invasion of MYOI10
were evaluated using Transwell migration/invasion assay.
As shown in Figure 3A and B, the migrated number of
HeLa (P < .01) and SiHa (P < .01) cells were significantly
reduced compared to their respective control cells. Simi-
larly, decreased levels of MYOI10 resulted in the reduced
invaded number of HelLa (P < .01) and SiHa (P < .01) cells.

Moreover, elevated level of MYO10 caused the increased
migrated/invaded number of HaCaT and cervical cancer
C33A cell (P < .01, Figure 3C-D). These results suggested
the induced impact of MYO10 on the migration and inva-
sion capabilities of cervical cancer cells.

The Effect of MYO |0 Downmodulation on Abolishing
Cervical Cancer Cells Behaviors Associates With
Regulation of PI3K Pathway

Given that PI3K pathway is recognized to be associated with
tumorigenesis, and to clarify the molecular mechanism
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Figure 2. Knockdown/overexpression of MYO10 inhibits/augments cervical cancer cell proliferation in vitro. The transfection efficiency of the
siRNA/overexpressing plasmid was analyzed at mRNA and protein in HeLa (A), SiHa (B), C33A (C), and HaCaT (D) cells. CCK8 assay was
used to determine the cell proliferation following transfection with MYO10 specific/negative control siRNAs/overexpressing plasmid in cell
lines of HeLa (E), SiHa (F) C33A (G), and HaCaT (H).

underlying the promoted functions of MYO10 in cervical can- the levels of p-PI3K and p-AKT (both, P < .01; Figure 4) in
cer cells malignant behaviors, the expression and phosphoryla- HeLa cells. These data indicate that PI3K pathway functions as
tion of PI3K and AKT were detected by Western blot analysis. a crucial mechanism signaling involved in the modulation of
The results revealed MYO10 depletion significantly inhibited MYO10 on cervical cancer.
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Figure 3. Silence/upregulation of MYO10 represses/increases cervical cancer cell migration and invasion. Transwell assay was performed to
assess the change in migrated/invaded number of cervical cancer cell following transfection with MYO10 specific/negative control siRNAs/
overexpressing plasmid in cell lines of HeLa (A), SiHa (B), C33A (C) and HaCaT (D).
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Figure 4. Reduction of MYO10 in HeLa cells suppressed PI3 K pathway. Western blot analysis revealed that the protein levels of p-PI3 K
and p-AKT, not PI3 K and AKT, decreased after transfection. **P < .01.

Discussion

During the previous years, despite the advancement in the ther-
apeutic strategies of cervical cancer, the long-term prognosis of
patients with the disease still remains unsatisfactory®®; there-
fore, it is urgent to identify novel biomarkers for the develop-
ment and prognosis of cervical cancer. The present study based
on the TCGA and ONCOMINE database indicated that
MYOI10 expression was increased in cervical cancer tissues
compared to normal cervical tissues, which was in accordance
with the expression profile of MYO10 in vitro. Moreover, the
worse OS was more frequently found in patients with high
expression of MYO10 in comparison to the patients with low
MYO10 expression. Additionally, downregulation of MYO10
inhibited cervical cancer cell proliferation, migration, and inva-
sion, which was modulated by PI3 K signaling.

It is reported that invasive cancer cells is highly filopodial,
which suggests the strong correlation between filopodia and
invasive metastatic diseaselg; moreover, the silence MYO10
could obviously decrease the expression of genes related to the
formation of invadopodia,'® and therefore, MYO10 may have a
role in tumorigenesis. Actually, accumulating evidences have
revealed upregulated expression of MYOI10 in a variety of
aggressive metastatic cancers, such as breast carcinoma, mel-
anomas,?’ glioblastoma,?’*? and acute lymphoblastic leuke-
mia.>® In accordance with these studies, the present data
demonstrated the increased expression of MYO10 in cervical
cancer tissues and cell lines compared to normal controls.
Furthermore, patients with high MYO10 level had worse OS
than those with low MYO10 level. Taking these findings
together, the results suggest that MYO10 may behave as a
potent mediator in cervical cancer progression.

Emerging evidence suggested that the role of MYOI10 is
also crucial in biological function by confirming that the sup-
pression of MYO10 could significantly block cancer cell out-
growth in both 2D and 3D systems in vitro experiments.>* As a
direct miR-340 target gene, MYO10 mediated the cell

migration and invasion of breast cancer.'”"'” However, reports
on the role of MYO10 on the progression of cervical cancer are
still rare. The current study demonstrated that MYO10 serves
an oncogenic role in the progression of cervical cancer through
increasing the proliferation, migration, and invasion of cancer
cells.

Actually, MYO10 was demonstrated to play important roles
in a number of signaling pathways in many types of cancer
cells,”>*° among which PI3K/Akt pathway is more frequently
reported to be involved in the progression of cervical cancer by
regulating cellular proliferation, apoptosis, and autophagy of
cervical cancer.?”*® More importantly, Umeki ef a/* and Plan-
tard et al’® both found MYO10 could be activated by PIP3;
thus, we speculate MYO10 may serve an effector of PI3 K
pathway. In our study, the results demonstrated that MYO10
silence significantly inhibited the phosphorylated levels of PI3
K and AKT, which suggests that MYO10 may regulate the cell
proliferation, migration, and invasion through PI3K/Akt sig-
naling pathway in cervical cancer. In spite of this, there are
more deep mechanisms needed to be uncovered. For instance,
recent work by Sandquist et al has established that MYO10
perturbation accentuates Weel-mediated inhibitory phosphor-
ylation on Cdk1,?" holding significant implications in regulat-
ing cell mitotic progression and functions potentially in cancer.
In addition, survey such as that conducted by Wang et a/ has
shown that MYO10 is modulated by microRNA to function as a
mediator in regulating malignant properties and chemosensi-
tivity of neuroblastoma.*?

Collectively, this work was designed with bioinformatics
analysis of multiple data sets directing against MYO10 expres-
sion level in clinical tissue and its clinical relevance, coupled
with molecular and functional experiment in vitro. All data
illustrated that MYO10 hold a potential tumor promoting effect
on cervical cancer by influencing cervical cancer cell beha-
viors. Despite this, some limitations are still present in our
research. First, this work was merely explored in vitro level.
Second, more delicate molecular mechanisms involved in the
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regulatory role of MYO10 on cervical cancer development
remain to be exploited. Finally, HPV infection, an important
factor for cervical cancer pathogenesis, will be concerned
about its effect on MYO10 in further study through collecting
related patients and analyzing data. Based on these, more cell
lines or even in vivo study and further mechanism are warrant
to elaborate the potency of MYOI10 on cervical cancer
progression.

Conclusion

In conclusion, our findings afford significant implications of
MYO10 overexpression beyond cervical cancer. We demon-
strated that MYO10 expression was significantly increased in
cervical cancer tissues and cells. In addition, in vifro study
revealed that knockdown/overexpression of MYO10 signifi-
cantly inhibited/facilitated cell proliferation, migration, and
invasion in cervical cancer cells, which was associated with
involvement of PI3K/Akt signaling pathway. Our findings
highlight the potential of MYO10 as a crucial facilitator in
cervical cancer progression, thus shed some light on develop-
ing it as a targeted biomarker for treating cervical cancer in the
further clinical testing.
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