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Purpose: Cervical cancer (CC) is recognized as a common cancer with a high risk world-
wide. Exosomal microRNAs (miRNAs) have received attention for their increasing poten-
tials in CC therapy. In this study, we identify the involvement of miR-221-3p in CC
progression by affecting angiogenesis of microvascular endothelial cells (MVECs).
Methods: Microarray-based gene expression profiling was conducted to retrieve the differ-
entially expressed genes in CC. The expression patterns of miR-221-3p were measured by
RT-qPCR, while Western blot analysis and RT-qPCR were performed to determine the
expression of MAPK10 in the CC tissues and cells, followed by verification of the interac-
tion between miR-221-3p and MAPK10 using dual luciferase reporter gene assay. Then the
effects of miR-221-3p and MAPK10 on cell activities were assessed through gain- and loss-
of-function experiments in CC. Subsequently, the impact of exosomal miR-221-3p on
MVEC proliferation, migration, invasion and angiogenesis was examined after exosomal
isolation from CC cells and co-cultured with MVECs.

Results: Gene expression profile showed that MAPK10 might participate in CC with a low
expression. Moreover, miR-221-3p was highly expressed and MAPKI10 was poorly
expressed in CC tissues and cells. It was observed that miR-221-3p targeted MAPK10.
Depletion of miR-221-3p blocked the cell proliferation, invasion and migration in CC by up-
regulating MAPK10. Moreover, CC cells-derived exosomes carrying miR-221-3p acceler-
ated MVEC proliferation, invasion, migration and angiogenesis in CC by regulating
MAPK10.

Conclusion: CC cells-derived exosomes harboring miR-221-3p enhanced MVEC angiogen-
esis in CC by decreasing MAPK10.

Keywords: cervical cancer, microvascular endothelial cells, exosomes, microRNA-221-3p,
mitogen-activated protein kinase 10, angiogenesis

Introduction

Cervical cancer (CC) is among the most common female malignancies worldwide,
and its incidence can be hindered by undergoing a vaccination as well as human
papillomavirus (HPV) screening." HPV is a major causative factor of CC, and
continuous exposure to high-risk HPV and sexual behavior alteration account for
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increased incidence of CC.> CC predominantly presents in

two histotypes as carcinomas and

3

squamous cell
adenocarcinoma.” Besides, the reversion of refractory
metastatic CC after chemotherapy can be facilitated by
immunotherapy.* endothelial  cells
(MVEQC) arise from a lineage of endothelial cells of the

large vessels.” MVECs have gained focus due to its func-

Microvascular

tion in the anti-angiogenic therapy of cancer.® Exosomal
microRNAs (miRNAs) have been recognized as therapeu-
tic targets and markers for the development of novel
therapeutic interventions for cancer.’
Exosomes originate from endosomes, short lipid
bilayer-enclosed structure particles varying in length
from 30-140 nm, which are a subset of extracellular
vesicles derived from most cells.® Besides, exosomes func-
tion as mediators of tumor cell interaction and long-range
signaling effectors responsible for coordinating a variety
of hallmarks implications in cancer, including tumor for-
mation, development, metastasis, angiogenesis, tumor
immunity and treatment resistance.” Moreover, exosomes
are secretory products from various types of cells under
specific physiological or pathological conditions, which
possess multiple functional proteins including miRNAs."”
Additionally, evidence has acknowledged miRNAs as
diagnostic biomarkers for CC and precancerous lesions."'
For instance, the intimate relations between miR-221-3p
and lymph node metastasis and peritumoral lymphangio-
genesis have been detected in cervical squamous cell
carcinoma.'? The biological prediction website predicted
the presence of binding site between miR-221-3p and
mitogen-activated protein kinase (MAPK10). MAPK10 is
a highly conserved C-Jun N-terminal kinase gene in
mammals.'®> A prior study has reported the proapoptotic
functionality of MAPK10 in addition to its role as an anti-

carcinoma.'

oncogene in chromophobe renal cell
Therefore, we speculated that miR-221-3p may affect CC
progression by regulating MAPK10. Hence, this study was
designed with an aim of verifying whether CC cells-
secreted exosomal miR-221-3p could influence CC pro-

gression by targeting MAPK10.

Materials and Methods
Ethics Statement

The experiment procedures were performed in line with
the Helsinki Declaration, with approval of the Ethics
Committee of the Medical Ethics Committee of Qilu
Hospital of Shandong University. All participants were

informed of the specific experiment content, and signed
informed written consent documents prior to participation.
All cell lines were purchased commercially.

Microarray-Based Gene Expression
Profiling

The microarray data relevant to CC were downloaded from the
Gene Expression Omnibus (GEO) database (https://www.
ncbi.nlm.nih.gov/geo). With [logFC| > 1 and p value < 0.05
as thresholds, the R language limma package was employed

for screening the differentially expressed genes (DEGs) of CC,
from which the
“Clusterprofiler”

heat map of genes was plotted.

package was adopted for Kyoto
Encyclopedia of Genes and Genomes (KEGG) functional
enrichment analysis of DEGs, and the “pathview” package
was employed to mark the position and expression change of
DEGs in the metabolic pathway. The potential upstream
miRNAs capable of regulating MAPKI10 were predicted
using the miRDB database (http://mirdb.org/miRDB/index.
html), mirDIP database (http://ophid.utoronto.ca/mirDIP/

index.jsp#r), TargetScan database (http://www.targetscan.org/

vert_71/) and microRNA database (http:/www.microrna.org/

microrna/home.do?tdsourcetag=s pcqq aiomsg).

Patient Enrollment

CC tissues were amassed from 52 patients (43.15 + 3.82
years) with clinically diagnosed CC in the Qilu Hospital of
Shandong University from May 2016 to December 2017.
All patient diagnoses were confirmed by cervical biopsy,
and none of them was administered chemoradiotherapy
before the operation. Meanwhile, 28 normal cervical tis-
sues were collected from matched patients who were diag-
nosed with myoma of the uterus in the Qilu Hospital of
Shandong University as controls.'”

Immunohistochemistry (IHC)

The paraffin sections of the tissues were deparaffinized,
dehydrated using gradient ethanol, and washed under run-
ning water for 2 min. Next, the sections were immersed in
3% H,0O, for 20 min, and rinsed for 3 min using
0.1 M phosphate buffer saline (PBS). Then, the sections
were subjected to antigen retrieval in a water bath and
cooled down under running water. Afterwards, the section
blockade was performed using normal goat serum blocking
solution (C-0005, Shanghai Haoran Bio Technologies Co.,
Ltd., Shanghai, China) at room temperature for 20 min. The
sections were subsequently incubated with the primary
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rabbit anti-human antibody against MAPK10 (1: 100,
ab51248, Abcam Inc., Cambridge, MA, UK) at 4°C over-
night. The sections were further incubated with the second-
ary goat anti-rabbit antibody against immunoglobulin
G (IgG) (1: 100, ab6758, Abcam Inc., Cambridge, MA,
UK) at 37°C for 20 min. Next, the sections were subjected
to incubation with horse radish peroxidase (HRP)-labeled
streptavidin ovalbumin solution, visualized using diamino-
benzidine (DAB), and then counterstained by hematoxylin
(PTO01, Ltd.,
Shanghai, China) for 1 min. Further, ammonia water was

Shanghai Bogoo Biotechnology Co.,
added to the sections for attaining a corresponding blue
color, dehydrated using gradient ethanol, cleared by xylene,
and finally mounted using a neutral gum and observed
under a microscope.

Cell Culture and Transfection

CC cell lines [Caski ((ATCC® CRM-CRL-1550), Hela
(ATCC® CCL-2), SiHa (ATCC® HTB-35) and SW756
(ATCC®™ CRL-10302)] and the normal cervical epithelial
cell line Endl/E6E7 (ATCC® CRL-2615) [all from
American Type Culture Collection (ATCC)] were cultured
together in a 37°C incubator supplemented with 5% CO,.
Upon attaining 80% cell confluence, the cells were treated
with 0.25% trypsin to adjust the concentration to 1 x 10°
cells/mL by the addition of dulbecco’s modified eagles
medium (DMEM) containing 10% fetal bovine serum
(FBS). Afterwards, the cells were quantitatively inoculated
in culture plates and dishes for further experimentation.
Then, of the
Lipofectamine®™ 2000 reagent (Invitrogen, Carlsbad, CA,

following the provided instructions
USA), cell transfection was performed with the plasmids
of miR-221-3p mimic, miR-221-3p inhibitor and overex-

pressed (oe)-MAPK10 alone or in combination.

Isolation and ldentification of

CC-Derived Exosomes

The supernatant of CC cells was collected to remove any
dead cells and cell debris by differential centrifugation.
The cells were successively centrifuged and the superna-
tant was collected. Subsequently, the supernatant was cen-
trifuged at 200,000 x g at 4°C for 2 h in an ultra-speed
centrifuge tube in order to collect the exosome sediment.
The exosome sediment was rinsed and resuspended using
sterile PBS buffer after removal of the supernatant, which
was then centrifuged at 100,000 x g at 4°C for 2 h. After
removal of the supernatant, the pure exosome sediment

was collected and resuspended using 100 pL PBS and
stored at —80°C for further practice. The expression of
the specific surface biomarkers (HSP70, CD63 and CD9Y)
was detected by means of Western blot analysis for iden-
tification of the characteristics of exosomes. Under the
transmission electron microscope (TEM), the exosome
was placed on the Forvar and carbon-coated copper
grids, and then the grids were placed on 2% phosphotungs-
tic acid for 1 min and rinsed using PBS. The morphology
of exosomes was observed under the TEM (Tecnai Spirit,
Thermo Fisher Scientific, Hillsboro, Oregon, USA).'®

Co-Culture of Exosomes and MVECs

Exosomes dissolved in PBS were combined with Exo-Red
(EXORI100A-1, Byxbio, Changzhou, Jiangsu, China) at
the ratio of 10: 1 and then cultured in a 37°C incubator
for 10 min. After termination of the reaction using 100 uL
stop buffer, the exosomes were further incubated at 4°C for
30 min, and centrifuged at 35,068 x g for 3 min. The
fluorescence-labeled exosomes were resuspended using
200 pL PBS. Afterwards, the fluorescence-labeled exo-
somes were co-cultured with inoculation of the superna-
tant of MVEC culture medium in a 24-well plate for 48
h after confluence reached 50-60%. Briefly, MVEC was
incubated with PBS (as control), exosomes from SiHa
transfected with miR-221-3p mimic (Exo-miR-221-3p
mimic), and the Exo-miR-221-3p inhibitor. MVEC was
rinsed 3 times under PBS after incubation and then
observed under an inverted fluorescence microscope.

Angiogenesis Assay

MVECs (5 x 10° cell/mL) were cultured in 96-well plates
at 37°C for 18 h in accordance with the provided instruc-
tions of the In Vitro Angiogenesis Assay Kit (K905-50,
Chemicon International Inc, BioVision, Milpitas, CA,
USA). Angiogenesis was observed under an inverted
microscope (IX73, OLYMPUS, Olympus Corporation,
Tokyo, Japan). Moreover, 10 visual fields (40 x) were
randomly selected to count the number of angiogenesis
nodes, followed by calculation of the average value. Each
group was set with three parallel controls."’

5-Ethynyl-2'-Deoxyuridine (EdU) Assay

The logarithmical cells were seeded into the 24-well
plates. Each group comprised of three duplicate wells.
Subsequently, the culture medium was supplemented
with EdU (C10341-1, Guangzhou RiboBio Co., Ltd,,
Guangzhou, China) to attain a density of 10 pmol/L, and
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the cells were cultured for 2 h. The cells were fixed using
PBS containing 4% polyformaldehyde for 15 min after the
culture medium was removed, followed by a rinse with
PBS-3% bovine serum albumin (BSA) and subsequent
incubation with PBS containing 0.5% Triton-100 for 20
min at room temperature. Next, the cells were cultured in
Apollo® 567 (Guangzhou RiboBio Co., Ltd., Guangzhou,
China) at a density of 100 puL/well at room temperature for
30 min after two rinses with PBS containing 3% BSA.
After the rinses under PBS containing 3% BSA, the cells
were stained with 1 X Hoechst 33342 for 30 min. Finally,
a fluorescence microscope (FM-600, Shanghai Pudan
Optical Instrument Co., Ltd., Shanghai, China) was used
to observe and document the number of positive cells in
each field.

Transwell Assay
The Transwell chamber with the 24-well plate (Corning
Incorporated, Corning, NY, USA; an aperture of 8 um)
was used in the migration test. A total of 200 pL cells
were inoculated to the apical Transwell chamber, while
600 pL of complete medium (Invitrogen, Carlsbad, CA,
USA) containing 10% FBS was added to the basolateral
chamber. After incubation at 37°C with 5% CO, for 48 h,
the cells were fixated using 4% paraformaldehyde for 30
min. Subsequently, after treatment with 0.2% Triton X-100
(Sigma-Aldrich Chemical Company, St Louis, MO, USA)
for 15 min, the Transwell chamber was stained using 0.05%
crystal violet for 5 min. Cell migration was also detected.
Prior to the invasion test, the filter membrane was
covered with 50 pL Matrigel (Sigma-Aldrich Chemical
Company, St Louis, MO, USA). Next, 200 pL cells were
inoculated to the apical Transwell chamber, while 600 pL
complete medium (Invitrogen, Carlsbad, CA, USA) con-
taining 10% FBS was added to the basolateral chamber.
After incubation at 37°C with 5% CO, for 48 h, the
aforementioned procedures were repeated for cell fixation
and staining. Under an inverted microscope, five visual
fields were randomly selected to count the number of
stained cells (XDS-800D, Shanghai Caikon Optical
Instrument Co., Ltd., Shanghai, China). The migration
and invasion ability of tumor cells was assessed after
calculating the average number of cells.

Dual Luciferase Reporter Gene Assay

The biological prediction website (http://www.microrna.org/
microrna’home.do) was used to validate whether MAPK 10
was the target gene of miR-221-3p, which was further

verified by the dual luciferase reporter gene essay. The
dual luciferase reporter gene vector of MAPK10 and the
mutant type (MUT) on the binding site between miR-221-
3p and MAPK 10, namely PGLO-MAPK10 wild type (WT)
and PGLO-MAPK10 MUT, were constructed respectively.
Subsequently, the aforementioned plasmids were co-
transfected with miR-221-3p mimic and negative control
(NC) plasmids into HEK-293T cells. After 24 h, the cells
were lysed and centrifuged at 25,764 x g for 1 min to
collect the supernatant. The luciferase activity was detected
using the dual luciferase® Reporter Assay System (E1910,
Promega Corp., Madison, Wisconsin, USA). Then 100 pL
of Renilla luciferase working solution and Firefly luciferase
working solution were added to detect the activity of
Renilla luciferase and Firefly luciferase, which served as
a marker for relative luciferase activities.

Western Blot Analysis

The cells were trypsinized and lysed using an enhanced Radio
Immunoprecipitation Assay (RIPA) lysis buffer (Wuhan
Boster Biological Technology Co., Ltd., Wuhan, China) sup-
plemented with the protease inhibitor. Next, the protein con-
centration was determined using the BCA Protein Quantitative
Kit (Wuhan Boster Biological Technology Co., Ltd., Wuhan,
China). The proteins were transferred onto a polyvinylidene
fluoride (PVDF) membrane after separation by sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
The membrane was immersed in the sealing solution for 1
h and incubated with the primary rabbit anti-human antibodies
against MAPK10 (1: 2000, ab208035), c-Fos proto-oncogene
(FOS) (1: 100, ab209794), c-Jun proto-oncogene (JUN) (1:
5000, ab40766), JunB proto-oncogene (JUNB) (1: 1000,
ab128878), vascular endothelial growth factor (VEGF) (1:
10,000, ab32152) and glyceraldehyde-3-phosphate dehydro-
genase (GAPDH; internal reference) (1: 5000, ab181602) at 4°
C overnight. Following that, the membrane was incubated
with the secondary goat anti-rabbit antibody against IgG (1:
10,000, ab205718) at 37°C for 1 h. The aforementioned anti-
bodies were provided by Abcam Inc (Cambridge, MA, USA).
After 3 rinses with PBS, the membrane was visualized using
the enhanced chemiluminescence solution, and photographed
using SmartView Pro 2000 (UVCI-2100, Major Science,
Saratoga, CA, USA). Eventually, the gray value of the protein
bands was analyzed using the Quanity One software.

RNA Isolation and Quantitation
The total RNA was extracted using a RNeasy Mini Kit
(Qiagen, Valencia, CA, USA). Next, the total RNA extracted
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from the mRNAs was reversely transcribed into complemen-
tary DNA (cDNA) following the provided instructions of the
First Strand cDNA Synthesis Kit (RR047A, Takara Bio Inc.,
Tokyo, Japan). The total RNA of miRNA was reversely
transcribed into cDNA in strict accordance with the provided
instructions of the miRNA First Strand ¢cDNA Synthesis
(Tailing Reaction) Kit (B532451-0020, Shanghai Sangon
Biotechnology Co. Ltd., Shanghai, China). SYBR® Premix
Ex TaqTM II (Perfect Real Time) Kit (DRRO81, Takara Bio
Inc., Tokyo, Japan) was used to load the samples. Reverse
transcription quantitative polymerase chain reaction (RT-
gPCR) was performed on the ABI 7500 RT-qPCR system
(ABI, Foster City, CA, USA). Three duplicate wells were set
for each sample. The general negative primers of miRNA
and the upstream primers of U6 were provided by the
miRNA First Strand ¢cDNA Synthesis Kit. Other primers
were synthesized by Shanghai Sangon Biotechnology Co.
Ltd. (Shanghai, China) (Table 1). With GAPDH and U6 as
internal control, the relative expression of genes was calcu-
lated based on the 2" method.

Statistical Analysis

Statistical analyses were conducted using the SPSS 21.0
statistical software (IBM Corp., Armonk, New York, USA).
Measurement data were presented as mean = standard devia-

tion. Comparisons between two groups were analyzed by

Table | Primer Sequences for RT-qPCR

Gene Primer Sequence (5'-3')
miR-221-3p AGCTACATTGTCTGCTGGGTTTC
ué F: 5-CTCGCTTCGGCAGCACATAT-3
R: 5-TTGCGTGTCATCCTTGCG-3’
MAPK10 F: 5-CAGCACAGGTGCAGCAGTGA-3’
R: 5-AACCCAGGGGTCCTGCCGAG-3
FOS F: 5-AGAATCCGAAGGGAAAGGAA-3’
R: 5-CTTCTCCTTCAGCAGGTTGG-3’
«JUN F: 5'-ATGACTGCAAAGATGGAAACGACC-3’
R: 5-TGTTTGCAACTGCTGCGTTAGCATG-3
JUNB F: 5-~ACCCTACCGGAGTCTCAAA-3’
R: 5'-GGAGTAGCTGCTGAGGTTGG-3
VEGF F: 5-TGCTTCTGAGTTGCCCAGGA-3
R: 5'-TGGTTTCAATGGTGTGAGGACATAG-3’
GAPDH F: 5-ATGGGGAAGGTGAAGGTCG-3’
R: 5'-TAAAAGCCCTGGTGACC-3

Abbreviations: RT-qPCR, reverse transcription-quantitative polymerase chain
reaction; F, forward; R, reverse.

non-paired #-test if the data conformed to the homogeneity
of variance and normal distribution. Comparisons among
multiple groups were analyzed by one-way analysis of var-
iance (ANOVA) with Tukey’s post hoc test. The comparison
was significant when p < 0.05.

Results
MAPKI10 Is Down-Regulated in CC

Tissues and Cells
The CC GSE9750 microarray data concerning CC was
retrieved from the GEO database, which comprises of 24
normal samples and 33 tumor samples. Next, the differential
analysis on these samples identified 1327 potential DEGs
(Figure 1A). In order to further examine the functions of
these DEGs, the KEGG pathway enrichment analysis was
performed, which revealed that these genes were enriched in
signaling pathways such as the “cell cycle” signaling pathway
(Figure 1B). Among these signaling pathways, some genes
appeared to be evidently enriched in the tumor necrosis factor
(TNF) signaling pathway that was indicated in various tumor
regulatory mechanisms, including angiogenesis.'®'® Further
analysis of the DEGs in TNF signaling pathway revealed the
existence of both up-regulated genes and down-regulated
genes in CC (Figure 1C). Besides, results demonstrated the
predominant localization of MAPK 10 gene at the core of TNF
signaling pathway with a significantly low expression in CC.
Thus, the expression of MAPK10 in normal cervical tissues
and CC tissues was detected by regimens of RT-qPCR and
Western blot analysis. The results illustrated lower mRNA and
protein expression of MAPK10 in the CC tissues compared to
the normal cervical tissues (p < 0.05; Figure 1D and E).
Next, IHC revealed that the CC tissues had exhibited
a lower MAPK 10 positive rate relative to the normal cervical
tissues (p < 0.05; Figure 1F). To further investigate the corre-
lation between MAPK 10 and clinicopathological characteris-
tics, we divided the cervical tumor samples into low and high
MAPK10 expression parts. As shown in Table 2, in contrast to
the high expression of MAPK 10, low expression of MAPK 10
was indicative of increased incidence of large tumor size, late
FIGO stages and preoperative metastasis (p < 0.05). However,
the expression of MAPK 10 shared little correlation with para-
meters such as age, squamous cell associated antigen (SCC-
Ag) and tumor histology (p > 0.05). Meanwhile, the expres-
sion of MAPK10 was lower in CC cell lines in respect to the
normal cervical epithelial cell line with the lowest MAPK10
expression in SiHa (p < 0.05; Figure 1G and H). Therefore, the
SiHa cells were selected for subsequent experimentation.
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Figure | Low expression of MAPK0 is detected in cervical cancer tissues and cell lines. (A), The heat map of the differentially expressed genes on cervical cancer-related
microarray data GSE9750. The abscissa represents the p value, and the ordinate represents the logFC value. Each dot represents a gene, where red refers to the up-
regulated gene and green refers to the down-regulated gene in cervical cancer. (B), Enrichment analysis of KEGG metabolic pathways of differentially expressed genes. The
abscissa represents the GeneRatio, while the ordinate represents the KEGG item and the upper right histogram represents color gradation. (C), The position and
expression of the differentially expressed genes in the TNF signaling pathway. Red refers to highly expressed gene and green refers to poorly expressed gene in cervical
cancer. (D), The mRNA expression of MAPKI0 in cervical cancer (n = 52) and normal cervical tissues (n = 28) detected by RT-qPCR. (E), The protein expression of
MAPKI0 in cervical cancer (n = 52) and normal cervical tissues (n = 28) measured by Western blot analysis. (F), Positive rate (x 200) of MAPKI0 in cervical cancer (n = 52)
and normal cervical tissues (n = 28) determined by IHC assay. *p < 0.05 vs the normal cervical tissues. (G), The mRNA expression of MAPK 0 in cervical cancer cell lines
(Hela, Caski, SiHa, SW756) and normal cervical epithelial cell line End |/E6E assessed by RT-qPCR. (H), The protein expression of MAPK 0 in cervical cancer cell lines (Hela,
Caski, SiHa, SW756) and normal cervical epithelial cell line End|/E6E evaluated by Western blot analysis. *p < 0.05 vs the normal cervical epithelial cell line End1/E6E7. The
above data are all documented measurement data. Comparisons between two groups were analyzed by non-paired t-test. One-way ANOVA was used for comparing among
multiple groups, followed by Tukey’s post hoc test. The experiments were repeated 3 times independently.

Abbreviations: KEGG, Kyoto Encyclopedia of Genes and Genomes; TNF, tumor necrosis factor; IHC, Inmunohistochemistry; RT-qPCR, reverse transcription quantitative
polymerase chain reaction; ANOVA, analysis of variance; MAPK, mitogen-activated protein kinase.

upon SiHa cell transfection with oe-MAPK10 (Figure 2A
and B). Cell activities were restrained after transfection with
0e-MAPK10 (Figure 2C-E). Conjointly, MAPK 10 elevation
repressed CC cell proliferation, migration and invasion.

Up-Regulated MAPK 10 Represses CC
Cell Activities

To further investigate the downstream regulatory mechanism
of MAPK 10 and its effects on CC cells, the SiHa cells were
transfected with oe-MAPK10. The AP-1 family was the

downstream target of MAPK10 and was mediated by its miR-22| '3P Sllencmg Induces Inhibition of

transcription. The expression of the AP-1 family members
(c-FOS, c-JUN and JUNB) and angiogenesis-related factor
VEGF was detected. The upregulated c-FOS, MAPKI10,
c-JUN, and JUNB and downregulated VEGF were detected

CC Cell Proliferation, Migration and
Invasion by Upregulating MAPK 10

To further understand the down-regulatory mechanism of
MAPKI10 in CC, several databases were included to
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Table 2 Clinical Correlations Between MAPK10 Expression and Cervical Carcinoma

Clinicopathological Parameters MAPKI10 Expression in Tumor Tissues p-value
Low Expression (n = 26) High Expression (n = 26) Total (n = 52)

Age (mean * SD), years 44.04 £ 3.22 4227 £ 422 43.15 + 3.82 0.119

Tumor size 0.0261
<4cm 8 (33.3%) 16 (66.7%) 24
24 cm 18 (64.3%) 10 (35.7%) 28

SCC-Ag 0.1499
< |.5 ng/mL 19 (57.6%) 14 (42.4%) 33
= |.5 ng/mL 7 (36.8%) 12 (63.2%) 19

Histology 0.7595
Adenocarcinoma 8 (53.3%) 7 (46.7%) 15
Squamous 18 (48.6%) 19 (51.4%) 37

FIGO Stage 0.005
1 10 (33.3%) 20 (66.7%) 30
nnv 16 (72.7%) 6 (27.3%) 22

Preoperative metastasis 0.0021
Absent 9 (31.0%) 20 (69.0%) 29
Present 17 (73.9%) 6 (26.1%) 23

Notes: The median value of MAPK 10 was calculated to divide the expression of MAPK0. P-values of age were calculated by the t-test, while other values were measured by
Pearson’s chi-square test. A p-value < 0.05 indicated statistical significance. Preoperative metastasis indicated preoperative local lymphatic metastasis and distant metastasis

predict the upstream regulatory miRNAs of MAPK10, expression of miR-221-3p in the CC tissue samples com-
which detected 6 miRNAs in the intersection of predicted pared to the adjacent normal tissues (Figure 3B).
results (Figure 3A). Furthermore, a quantitative analysis  Bioinformatics database (http://www.microrna.org/micro
on the expression of these 6 miRNAs in CC tissue samples  rna/home.do) predicted the existence of a specific binding
was conducted, which recognized the most significant site between MAPK10 and miR-221-3p (Figure 3C). The
change of the expression of miR-221-3p with a higher luciferase activity of PGLO-MAPKI10 WT was reduced
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Figure 2 Overexpressed MAPK0 leads to inhibited proliferation, migration and invasion of cervical cancer cells. SiHa cells are transfected with oe-MAPK 10 and oe-NC. (A),
The mRNA expression of MAPK10, the AP-1 family members (c-FOS, c-JUN and JUNB) and angiogenesis related factor VEGF detected by RT-qPCR. (B), The protein
expression of MAPK10, the AP-1 family members (c-FOS, c-JUN and JUNB) and angiogenesis related factor VEGF measured by Western blot analysis. (C), Cell viability (x 200)
assessed by EdU assay. (D), Cell invasion ability (x 200) determined by Transwell assay. (E), Cell migration ability (x 200) identified by Transwell assay. *p < 0.05 vs SiHa cells
transfected with oe-NC. The above data are all documented measurement data. Comparisons between two groups were analyzed by non-paired t-test. The experiments are
repeated 3 times independently.

Abbreviations: EdU, 5-Ethynyl-2’-deoxyuridine; oe-NC, overexpressed-negative control.
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(p < 0.05), while that of PGLO-MAPK10 MUT did not
differ significantly following the transfection of miR-221-
3p mimic (p > 0.05) (Figure 3D). The miR-221-3p expres-
sion was higher in the Hela, Caski, SiHa and SW756 cell
lines than the normal cervical epithelial cell line Endl/
E6E7, with the highest expression evident in the SiHa cell
line (p > 0.05) (Figure 3E). The expression of c-FOS,
MAPK10, ¢c-JUN and JUNB was reduced and that of
VEGF was elevated after treatment with miR-221-3p
mimic, which was conflicting to the results after transfec-
tion with the miR-221-3p inhibitor or the combination of
miR-221-3p mimic with oe-MAPK10 in comparison with
their matched controls (p < 0.05; Figure 3F and G).
Subsequently, the cell proliferation, invasion and migra-
tion abilities were increased upon transfection of miR-221-
3p mimic and lowered upon transfection of miR-221-3p
inhibitor or the combination of miR-221-3p mimic with
0e-MAPK 10 compared to the relevant controls (p < 0.05)
(Figure 3H-J). Altogether, inhibition of miR-221-3p could
extensively suppress cell proliferation, invasion and
migration by targeting MAPK10 in CC.

CC Cell-Derived Exosomes Carry
miR-221-3p

Then, we isolated exosomes from the CC cells for further
identification. TEM results evidently revealed a group of
circular or elliptical membranous vesicles with similar mor-
phology, obvious heterogeneity in size and a diameter of
50-180 nm. The membranous structures were observed in

the peripheral regions of vesicles, and low electron density
was critical in the central region (Figure 4A). The increased
expression of HSP70, CD9 and CD63 detected in exosomes
isolated from CC cells was indicative of successful exosome
isolation (Figure 4B). Further, the expression of miR-221-3p
was detected in exosomes derived from CC, and the results
revealed that exosomes derived from CC could carry miR-
221-3p (Figure 4C). These findings suggested high probabil-
ity of exosomes derived from CC cells to carry miR-221-3p.

Exosomes Secreted by CC Cells Carrying
miR-221-3p Enters MVECs to Promote
Their Proliferation, Migration and
Angiogenesis by Down-Regulating
MAPKI10 in CC

Subsequently, a fluorescence microscope was used to observe
whether the MVECs could uptake exosomes secreted by CC
cells. Next, 48 h after the co-transfection, the uptake of exo-
somes by MVECs was evidently increased (Figure S5A).
Thereafter, the expression of miR-221-3p was determined
using RT-qPCR, while the mRNA expression and protein
levels of MAPKI10, c¢-FOS, ¢-JUN, JUNB and VEGF in
MVECs after co-culture with exosomes were detected by
means of RT-qPCR and Western blot analysis. Subsequently,
it was unraveled that the expression of miR-221-3p and VEGF
was up-regulated and the expression of MAPKI10, c-FOS,
c-JUN, and JUNB was lowered upon co-culture with Exo-
miR-221-3p mimic, while contradictory results were evident
after co-culture with Exo-miR-221-3p inhibitor (Figure 5B
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Figure 4 Exosomes derived from cervical cancer cells carry miR-221-3p. (A), Exosome morphology observed by a TEM (scale bar = 200 nm). (B), The expression of
exosome surface markers (HSP70, CD9 and CDé63) detected by Western blot analysis. (C), The expression of miR-221-3p in exosomes derived from cervical cancer cells
measured by RT-qPCR. The above data are all documented measurement data. Comparisons between two groups were analyzed by non-paired t-test. The experiments are

repeated 3 times independently *p < 0.05 vs SiHa cells.
Abbreviation: TEM, transmission electron microscope.

Cancer Management and Research 2019:11

submit your manuscript

10315

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhang et al Dove

A B { O VI Cr| P — q
@l Exo-NC-mimic @l Exo-NC-mimic
Exo-miR-221-3p mimic C-FOS (il s SN .| Exo-miR-221-3p mimic
B Exo-NC-inhibitor B Exo-NC-inhibitor
4- Exo-miR-221-3p inhibitor CIUN | - - .| 20- Exo-miR-221-3p inhibitor
c
o
] #
g4l . JUNB | e g -| 2 15 4 I .
811 g o] i
IS #
5] P § g * VEGF |t gD = ~|; | 1
) 1 il s 1.0
° o
2 GAPDH| g e S .| g
3 17 : —— 1 2 05 " #
o HIEE A ¥ # & & ¢ ¢ B * i 4 * g
I Q’& ofR \é\\ \é\ & 0.0
0 T T T T = : s .0-
& Q& g R
O O I X R LA N & S Q
P& LY C & F D & L W® N
& ¥ & N N ¢
D MY
Exo-NC-mimic Ex0-miR-221-3p mimic Exo-NC-inhibitor Exo-miR-221-3p inhibitor
2
a)
w
Bl Exo-NC-mimic
Exo-miR-221-3p mimic
804 W Exo-NC-inhibitor
— Exo-miR-221-3p inhibitor
X
2™ +
o [
<
a 2 404
B
o #
;- 204 .
a)
w
0-
[)
=
2 @l Exo-NC-mimic

Exo-miR-221-3p mimic
B Exo-NC-inhibitor

407 Exo-miR-221-3p inhibitor
*
Exo-miR-221-3p mimic Exo-NC-inhibitor Exo-miR-221-3p inhibitor .é T
S TUTRA =W TN o T T2 e I T 30
" aa E
§ ©
, - 8 201
-
D 104
€ 4
" \ >
3 z

Exo-NC-mimic Exo-NC-inhibitor *
"o S AR g T
o
#
5001
Exo-miR-221-3p inhibitor @2 .
— e T 400 =+
8
" 'S 300
2
B
5 2004
3 #
£ 1001 a
=}
z
0-

Figure 5 Cervical cancer cells-secreted exosomes carry miR-221-3p to facilitate MVEC proliferation, invasion, migration and angiogenesis in cervical cancer. MVECs are co-cultured
with Exo-miR-221-3p mimic and Exo-miR-221-3p inhibitor. (A), The uptake of cervical cancer cell-secreted exosomes by MVECs observed by a fluorescence microscope (% 200). (B),
The expression of miR-221-3p, MAPK 0, c-FOS, c-JUN, JUNB and VEGF in MVEC:s after co-culture with exosomes measured by RT-qPCR. (C), The protein expression of MAPK10,
c-FOS, c-JUN, JUNB and VEGF in MVEC:s after co-culture with exosomes detected by Western blot analysis. (D), Cell proliferation activity (x 200) determined by EdU assay. (E), The
ability of angiogenesis in MVECs (% 100). (F), Cell invasion ability assessed by Transwell assay (x 200). (G), Cell migration ability tested by Transwell assay (% 200). *p < 0.05 vs the co-
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Abbreviations: c-FOS, Fos proto-oncogene; c-JUN, Jun proto-oncogene; JUNB, JunB proto-oncogene; VEGF, vascular endothelial growth factor; MVEC, microvascular
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and C). Next, the MVEC proliferation, migration, invasion
and angiogenesis abilities were evaluated. Results demon-
strated enhanced MVEC proliferation, migration, invasion
and angiogenesis abilities after co-culture with Exo-221-3p
mimic, and weakened after co-culture with the Exo-miR-221-
3p inhibitor (Figure 5D-G). In all, miR-221-3p carried by CC
cell-secreted exosomes promoted MVEC proliferation, inva-
sion migration and angiogenesis by lowering the expression of
MAPKI10 in CC.

Discussion

CC remains to be a global public health problem.*
Exosomes have exhibited vital importance in regulating
intercellular communication and function as a potential
carrier for gene therapy and drug delivery.”! Exosomal
miRNAs have established the functionality as therapeutic
markers and targets for their significant roles in cancer
therapy.” Thus we delineated the role of exosomal miR-
221-3p derived from CC cells in CC. Conjointly, our study
found that CC cell-derived exosomal miR-221-3p stimu-
lated MVEC proliferation, migration, invasion and angio-
genesis in CC by down-regulating MAPK10.

Our findings illustrated that miR-221-3p was highly
expressed while MAPK10 was poorly expressed in CC.
Moreover, miR-221-3p has been revealed to be expressed at
a high level in pancreatic cancer.” Similarly, notable increases
in miR-221-3p have been observed in lung adenocarcinoma
patients’ plasma.*® An elevated expression of miR-221-3p has
been evident in clear cell renal cell carcinoma tumor tissues.**
Meanwhile, miR-221-3p is discernibly upregulated in meta-
static CC tissues compared to the non-metastatic CC tissues.>
MAPKI10 has been revealed to be down-regulated or depleted
in Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, gastric,
breast, and hepatocellular cancer cell lines.”® Low expression
of MAPK 10 has been previously documented in nasopharyn-
geal carcinoma.”’ Besides, dual luciferase reporter gene assay
validated MAPK10 as the target gene of miR-221-3p. In
consistency with our results, Lihua Li et al have elucidated
the functionality of MAPK10 as a promising target of miR-
27a-3p.?” Additionally, miR-221-3p could enhance the desen-
sitization of pancreatic cancer cells to S5-fluorouracil through
targeting RB1.%®

Our study also speculated silencing of miR-221-3p to
inhibit cell proliferation, migration, invasion and angio-
genesis in CC by increasing the expression of MAPK10, in
response to elevated expression of AP-1 family members
and downregulated VEGF. Functioning as a heterogeneous
dimer of a cluster, AP-1 is an association complex formed

by FOS protein and JUN proteins that are functionally and
structurally fundamental to CC progression.”” VEGF is
a vital mediator of abnormal and normal growth of blood
vessels.”® Links have been established between VEGF
elevation and severe CC precursor lesion and invasive
disease.’’ In addition, miR-221-3p down-regulation func-
tions as a blockade for the initiation and development of
hepatocellular carcinoma.’® Meanwhile, lower expression
of miR-221-3p could potentially inhibit cell invasion,
migration and lymphatic metastasis in CC.>> MAPK sig-
naling is capable of affecting various biological activities
including cell invasion, migration, proliferation, and
angiogenesis.”®> As a tumor inhibitor, MAPK kinase 4
could extensively suppress the metastasis of ovarian and
prostate cancers.>* Furthermore, activated p38 MAPK sig-
naling pathway could accelerate apoptosis and impede
proliferation in CC in conformity with TMPyP4.%°

In addition, our findings demonstrated the ability of CC
cells-secreted exosomes to carry miR-221-3p in order to
enter MVEC. Exosomes, nanovesicles derivatives of cells,
carry an extensive variety of molecules including DNA/
RNA, lipid and protein.” Exosomes derived from cancer
cells are associated with miRNA biogenesis independent
of cells and tumorigenesis.>® Also, the possibility of exo-
somal miRNA has been suggested to serve as therapeutic
targets and biological markers for cancer therapy.” For
instance, exosomal miR-105 secreted from active cancer
cells accelerates tumor growth.>’” Besides, exosomes
derived from glioma stem cells could enhance the angio-
genic ability of endothelial cells through the miR-21/
VEGF signal.*® Moreover, our results provide evidence
elucidating that CC cells-secreted exosomes containing
miR-221-3p enhanced MVEC proliferation, migration,
invasion and angiogenesis. An existing study revealed
that exosomes secreted by cervical squamous cell carci-
noma carrying miR-221-3p facilitate lymphatic metastasis
and lymphangiogenesis by regulating vasohibin-1."?
Furthermore, a previous report on cervical squamous cell
carcinoma demonstrated the ability of exosomal miR-221-
3p derived from cancer cells to facilitate angiogenesis of
human umbilical vein endothelial cells.*

Conclusion

Taken together, our study suggested that miR-221-3p car-
ried by CC cell-secreted exosomes could potentially
down-regulate the expression of MAPKI10, thereby pro-
moting CC cell invasion, migration and angiogenesis
(Figure 6). The present study unravels the effect of
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Figure 6 Cervical cancer cells-secreted exosomes harboring miR-221-3p affect
cervical cancer progression by targeting MAPK 0. By targeting and down-regulating
MAPKI0, cervical cancer cells-secreted exosomes containing miR-221-3p inhibit
the expression of downstream factors c-FOS, c-JUN and JUNB, and elevate the
expression of VEGF, thereby enhancing the abilities of migration, invasion and
angiogenesis in cervical cancer cells.

exosomal miR-221-3p in CC, thereby providing an insight
on the approach of miRNA delivery in CC treatment.
However, further studies are still required to illustrate its
internal mechanism for this study.
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