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Abstract

Background: To assess the effect of microRNA-126-5p (miR-126-5p) on the migration of the breast cancer MCF7 cell line.
Methods: GSE143564 was downloaded from the Gene Expression Omnibus (GEO; http://www.ncbi.nlm.nih.gov/geo) to identify
the differentially expressed miRNAs between breast cancer and adjacent tissues. Quantitative reverse transcription PCR
(RT-qPCR) was used to assess miR-126-5p levels in the normal 184Al breast cell line and the breast cancer MCF7 cell line. The
MCF7 cell line was then transfected with miR-126-5p mimics or corresponding negative control (NC-mimic). The proliferation
and migration abilities of the MCF7 cell line were measured by methyl thiazolyl tetrazolium (MTT), Transwell and scratch healing
assays. CCR4-NOT transcription complex and subunit 7 (CNOT7) expression levels in the NC-mimic and miR-126-5p mimic
groups were measured by Western blot analysis. Bioinformatic analysis and a dual-luciferase reporter assay were performed to
identify the miR-126-5p target gene. Results: One hundred forty-eight differentially expressed miRNAs (downregulated = 55,
upregulated = 93) were identified. MiR-126-5p expression in the MCF7 cell line was significantly downregulated relative to that of
I84Al cell line (P < 0.05). Compared with that observed in the control and NC-mimic groups, cell proliferation in the miR-126-5p
mimic group was significantly decreased at 48 and 72 h posttransfection (P < 0.05). In addition, the scratch healing rate and
number of membrane-piercing cells in the miR-126-5p overexpression group were lower than those detected in the control
and NC groups (P < 0.05). Furthermore, miR-126-5p could reduce the luciferase activity for the wild-type CNOT7 gene
3’-untranslated region (UTR) reporter (P < 0.05) but had no effect on the mutant 3’'UTR reporter (P > 0.05). Compared with that
observed in the NC and control groups, the levels of CNOT7 in the miR-126-5p overexpression group decreased (P < 0.05).
Conclusion: Upregulation of miR-126-5p can inhibit the migration of the breast cancer MCF7 cell line, which may involve its
direct targeting of the 3’UTR of CNOT?7.
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length, highly conserved, and involved in all aspects of cell
biological function, such as cell proliferation, differentiation,

Introduction

Breast cancer remains the primary cause of cancer-related deaths
worldwide.'* For patients with late-stage breast cancer, the total
5-year survival rate is only approximately 15%, which is primar-
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ily due to lymph node invasion or conditions with higher transfer
rates such as bone transfer and brain metastasis.®> Multiple che-
motherapy and radiation resistance are also significant factors.*
Therefore, studying the molecular mechanisms of breast cancer
development and identifying new treatment targets are important
for improving the treatment of patients.>

MicroRNAs are small fragments of endogenous single-
chain noncoding RNA that are approximately 19~25 nt in
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migration and apoptosis.”® MiRNAs can play a carcinogenic or
tumor suppressive roles in cancer progression by specifically
binding to mRNA of the target gene.” It is estimated that the
expression of mRNAs for more than 10,000 genes in the human
genome is regulated by miRNAs.'® Interestingly, miR-126-5p
has been shown to act as a tumor suppressor gene in many types
of cancer'"'? and has also been observed to be abnormally
expressed in endometriosis. Furthermore, a previous study
showed that miR-126-5p downregulates BCAR3 expression
to promote cell migration and invasion in endometriosis."?
However, little is known regarding the mechanism of miR-
126-5p in breast cancer progression.

Therefore, in the present study, we examined the role and
mechanism of miR-126-5p in the regulation of migration of
MCF7 cells. We observed that miR-126-5p could directly bind
to CCR4-NOT transcription complex and subunit 7 (CNOT7)
mRNA to regulate MCF7 cell migration.

Materials and Methods

Bioinformatic Analysis of GSE143564

GSE143564 was downloaded from the Gene Expression Omni-
bus (GEO; http://www.ncbi.nlm.nih.gov/geo). GSE143564
was based on the Affymetrix Multispecies miRNA-4 Array
[Probe Set ID version] platform and included 6 samples
(3 breast tissues and 3 adjacent tissues). Quantile normalization
was used to minimize inconsistencies in the GSE series. Dif-
ferentially expressed miRNAs between breast and adjacent tis-
sues were identified with the Limma package in the R software
environment and were plotted using a volcano plot and heat-
map using the R packages “ggplot2” and “pheatmap.” Then,
we selected the most significant differentially expressed miR-
NAs for further analyses. Three miRNA target gene databases
(TargetScan, miRanda and miRDB) were used to predict the
target genes of miRNAs. Then, a Venn diagram was con-
structed using the online tool jvenn (http://www.bioinfor
matics.com.cn/static/others/jvenn/example.html) to overlap the
genes obtained from these 3 databases. Subsequently, enrich-
ment analysis was performed using the Metascape online tool
(http://metascape.org). MiR-126-5p and its target gene network
were constructed with Cytoscape (http://apps.cytoscape.org/).

Breast Cancer and Adjacent Tissue

Twenty primary breast cancer tissue samples and 20 corre-
sponding adjacent normal mammary tissue samples were
obtained from XuZhou Central Hospital. The diagnosis of
breast cancer was pathologically confirmed, and only tumor-
node-metastasis (TNM) stage III patients were included. The
patients had not received hormone or adjuvant therapy prior to
breast cancer surgery. All patients and their families agreed to
participate in the experiment and provided written informed
consent. This study was approved by the Research Ethics Com-
mittee of XuZhou Central Hospital (approval no: XZCH-2018-

0515, date: 15 March 2018). All tissues were stored in RNA
preservation solution and used for RNA extraction.

Cell Culture and Transfection

MCF7 cells were cultured in DMEM supplemented with 10%
fetal bovine serum (FBS) and 100 U/ml of penicillin in stan-
dard conditions in a humidified CO, incubator at 37°C and
under an atmosphere with 5% CO,. When the cells reached
approximately 80% confluency, they were digested with
0.25% trypsin and passaged. Cells were inoculated into
6-well plates at a density of 1 x 10’ cells per well and then chan-
ged to serum-free medium when they reached approximately
50~60% confluency. MCF7 cells were transfected with miR-
126-5p mimics (overexpression group), negative control (NC
group), pcDNA and pcDNA-CNOT?7 using Lipofectamine®
2000 according to the manufacturer’s instructions. The assays
were repeated in 3 independent assays in triplicate.

Methyl Thiazolyl Tetrazolium (MTT) Assay

MCEF7 cells were inoculated into a 96-well plate (1x10* cells
per well). After transfection, 5 pg/ul of MTT solution was
added to each well for 0, 24, 48, or 72 h. After culturing for
4 h, dimethyl sulfoxide was added to stop the reaction. The
absorbance values of each well at 490 nm were detected by a
microplate reader, and the cell proliferation in each well was
determined using a blank as the control.

Cell Scratch Experiment

MCF7 cells were cultured to monolayers in a routine manner.
Then, a straight line was scratched into the monolayer with a
sterilized yellow tip to form a cell-free growth zone (i.e.,
a scratch). The width of the scratch was approximately
500 um, and the relative distance of the scratch zone was
recorded. Then, the exfoliated cells were washed away in
serum-free medium. After conventional culture in a constant
temperature incubator for 4 h, the exfoliated cells were washed
away, the adhered cells were observed and imaged under an
inverted microscope, and the relative distance of cell migration
from the injured area was analyzed.

Cell Invasion Assay

Transwell chambers (8 pm aperture) were used to assess cell
migration. MCF7 cells (5x 10*) were inoculated in serum-free
medium and added to the upper chamber, while the lower
chamber contained medium with 10% serum. After 48 h of
culture, the cells that did not pass through the upper cavity
were removed and washed. Then, the cells were fixed in 4%
paraformaldehyde for 30 min, stained with crystal violet, and
then observed under an optical microscope and imaged. Five
fields were randomly selected for counting in each group.
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Table 1. Primer That Used for PCR.

Gene Forward (5°-3) Reverse (5°-3%)

miR-126-5p TCGTACCGTGAGTAATAATGCG

U6 CTCGCTTCGGCAGCACATA CTCGCTTCGGCAGCACATA
CNOT7 CACAAATGCTCACCGAAGAA TTCGATTTCCCTGAGGACTG
GAPDH GCGGTGGAACTGAAGGATTC TGGCAGTTTGGGTGTACTGG
PCR

Total RNA was extracted from 184A1 and MCF7 cells using
TRIzol reagent, and the total RNA concentration was deter-
mined using a Tecan Nano Quant Plate™ instrument. Total
RNA (1 ng) was used to synthesize cDNA with a One Step
Prime Script cDNA Synthesis kit according to the manufactur-
er’s instructions. The cDNA was then used as a template for
RT-qPCR, which was performed using a One Step SYBR®
Prime Script™ TR-PCR kit in an ABI 7500 instrument. The
thermocycling conditions were as follows: 95°C for 60 s fol-
lowed by 40 cycles of 95°C for 20 s and 58°C for 40 s. U6 and
GAPDH were used as endogenous controls for the expression
of mir-126-5p and target genes, respectively.'® Primer
sequences are presented in Table 1. The quantitative results
were determined using the 2" method.

Western Blot Analysis

After being transfected for 48 h, cells were lysed with RIPA
lysis buffer supplemented with protease inhibitors to obtain
total cell protein. Then, the extracted protein concentration was
determined using a BCA assay kit (Solarbio, Beijing, China).
Subsequently, 20 pg of total protein for each sample was sepa-
rated by 10% SDS-PAGE and then transferred to polyvinyli-
dene fluoride (PVDF) membranes. After blocking with 5%
nonfat dried milk, the membranes were incubated with a pri-
mary goat anti-human CNOT7 primary antibody (Abcam,
1:2000, USA) at 4 °C overnight followed by an incubation with
an HRP-labeled secondary antibody for 1 h. Lastly, the
enhanced chemiluminescent method was used to detect the
protein bands.

Dual-Luciferase reporter Assay

A potential target gene of miR-126-5p was identified from the
overlapping results of 3 databases: TargetScan (http://www.
targetscan.org/vert_72/), miRDB (http://mirdb.org/miRDB/)
and miRanda (www.microrna.org/microrna/getDownloads.
do). A Venn diagram was generated using Venn diagram
viewer (http://www.bioinformatics.com.cn/static/others/jvenn/
example.html).'> Luciferase pmirGLO reporter plasmids were
generated harboring the wild-type (WT) or mutated (MUT) 3°-
untranslated region (3’UTR) of the CNOT?7. The cells were
cotransfected with the dual-luciferase reporter plasmids (WT/
MUT plasmids) and miR-126-5p mimics or NC, and the dual-
luciferase assay kit was used to determine the luciferase

activity, where the firefly luciferase activity was normalized
to that of marine kidney luciferase.

Statistical Analysis

SPSS 20.0 was used for statistical analysis. The data are pre-
sented as the means and standard deviation (SD). One-way
ANOVA was used for multigroup comparison, and the
Student-Newman-Keuls (SNK) method was used for pairwise
comparison. Comparison of the means between 2 groups was
performed using the 2-tailed Student’s t-test (parametric) or the
Mann-Whitney U test (nonparametric). Pearson correlation
analysis to evaluate differences in expression between miR-
126-5p and CNOT7. P < 0.05 was considered statistically
significant.

Results

Analysis of Differentially Expressed miRNA Expression
Profiles

The box plots of the log expression values for all genes in each
group (breast tissues versus adjacent tissues) before and after
normalization were mapped (Figure 1A). After normalization,
the median values of each sample were extremely similar, sug-
gesting that the data should be further analyzed. After normal-
ization, 148 differentially expressed miRNAs (downregulated
= 55, upregulated = 93) were identified (Figure 1B), the top
100 of which are shown as a heatmap (Figure 1C). Among the
differentially expressed miRNAs, miR-126-5p was the most
significantly downregulated and was therefore chosen for an
in-depth study. Twenty-one overlapping genes were identified
from the TargetScan, miRanda and miRDB databases
(Figure 1D). Enrichment analysis showed that these target
genes were primarily enriched in pentose and glucuronate
interconversions, homophilic cell adhesion via plasma mem-
brane adhesion molecules, cellular hormone metabolic process,
phenylpropanoid metabolic process, chloride transport, glyco-
sphingolipid biosynthetic process, GPCR ligand binding, cel-
lular response to drug, mononuclear cell migration, leucine
metabolic process, negative regulation of phospholipase activ-
ity, positive regulation of T cell cytokine production, negative
regulation of myeloid cell differentiation, folate biosynthesis,
protein localization to cilium, positive regulation of NIK/NF-
kappa B signaling, positive regulation of interleukin-23 pro-
duction, alcohol metabolic process and negative regulation of
response to DNA damage stimulus (Figure 1E). Figure 1F
shows the interaction between miR-126-5p and its target genes.

MiR-126-5p Is Downregulated in MCF7 Cells

As shown in Figure 2A, miR-126-5p expression was decreased
in breast cancer tissue relative to that observed in adjacent
tissues (t = 41.53, degree of freedom [df] = 38, P < 0.0001).
In contrast, CNOT7 expression was significantly increased in
breast cancer tissue relative to that observed in adjacent tissues
(t=25.19, df = 38, P <0.0001, Figure 2B) such that miR-126-
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Figure 1. miR-126-5p is downregulated in breast cancer tissues. (A) Comparison of the expression values before and after normalization.
(B) Volcano plot of the differentially expressed miRNAs between breast cancer and adjacent tissues. Green dots represent downregulated
miRNAs, and red dots represent upregulated miRNAs in breast tissues; black dots represent normally expressed miRNAs. (C) Heatmap showing
the profiles of the top 100 differentially expressed miRNAs between breast and adjacent tissues. Green and red indicate low and high expression,
respectively. (D) Venn diagram results showing the overlapping predicted genes from the TargetScan, miRanda and miRDB databases. (E) Top
20 enriched gene ontology and KEGG pathway terms for the overlapping predicted genes. (F) Regulatory network between miR-126-5p and its
target genes.
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Figure 2. miR-126-5p is downregulated in breast cancer tissues. (A) Relative expression of miR-126-5p in breast cancer and adjacent tissues.
(B) Relative expression of CNOT7 in breast cancer and adjacent tissues. (C) Correlation of miR-126-5p and CNOT?7 in breast cancer tissue. (D)
Relative expression of miR-126-5p in the normal 184A1 breast cell line and the breast cancer MCF7 cell line. (E) Relative expression of CNOT7
in the normal 184A1 breast cell line and the breast cancer MCF7 cell line. F Correlation of miR-126-5p and CNOT?7 in the MCF7 cell line. (F)
MTT was used to measure the viability of MCF7 cells between the control, NC and miR-126-5p mimic groups at 24, 48 and 72 h.

Sp expression was negatively correlated with that of CNOT?7 in
breast cancer tissue (r = -0.772, P = 0.040, Figure 2C).

In addition, miR-126-5p expression was observed to be
decreased in MCF7 cells relative to that detected in 184A1
cells (t = 37.46 df = 10, P < 0.0001, Figure 2D). In contrast,
the expression of the target gene of miR-126-5p, CNOT7, was
increased in MCF7 cells relative to that detected in 184A1 cells
(t =41.88 df = 10, P < 0.0001, Figure 2E). Further study
revealed that the relative expression of CNOT7 and miR-
126-5p were negatively correlated (r = —0.734, P = 0.002,
Figure 2F).

The MTT results showed that the proliferation of cells in the
miR-126-5p overexpression group was significantly decreased
at 48 and 72 h relative to that observed in the control group

(P = 0.0001). There was no significant difference in the pro-
liferation between the control and NC groups at 0 and 24 h (P >
0.05), as shown in Figure 2G.

Effects of miR-126-5p Overexpression on MCF7 Cell
Migration

Transwell assay results showed that the number of membrane-
penetrating cells in the control, the NC and miR-126-5p over-
expression groups was 100 + 12, 105 + 8 and 65 + 4 cells/
vision, respectively. Compared with that observed in the con-
trol and NC groups, the number of membrane-penetrating cells
in the miR-126-5p overexpression group was significantly
decreased (F = 132.8, P < 0.0001, Figure 3A).
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Figure 3. miR-126-5p mimics can inhibit the migration of MCF7 cells. (A) Transwell analyses of MCF7 cells from the miR-126-5p mimic,
NC-mimic and control groups. (B) Cell migration was assessed in the MCF7 cell line transfected with miR-126-5p mimics or NC-mimics at

0 and 24 h by wound healing assay.

The wound healing assay results showed that the migra-
tion distance of cells in the control, the NC and the miR-126-
Sp overexpression groups was 5.0 + 1.0,5.2 + 0.6 and 1.1 +
0.4 um/24 h, respectively. Compared with the control and NC
group, the migration distance in the MCF7 cell line in the
miR-126-5p overexpression group was significantly decreased
(F = 314.6, P < 0.001, Figure 3B).

MiR-126-5p Can Directly Bind to CNOT7

TargetScan predicted that the 3’UTR of the CNOT7 gene har-
bors a complementary site that could bind to miR-126-5p
(Figure 4A). Subsequently, dual-luciferase reporter gene assay
results showed that miR-126-5p mimics could reduce the luci-
ferase activity of the WT CNOT7 3’UTR reporter (P < 0.0001,
Figure 4B) but had no effect on the reporter with the mutant
3’UTR (P = 0.971, Figure 4B).

Effects of miR-126-5p Overexpression on CNOT7
in MCF7 Cells

To assess the effects of CNOT7 on MCF7 cell migration,
MCF7 cells were transfected with miR-126-5p mimic alone
or combined with pcDNA-CNOTY7. The inhibitory effect of
miR-126-5p on the migration of MCF7 cells was partially

reversed by cotransfection with CNOT7 (Figure 5A). In addi-
tion, the wound healing assay results were similar to those of
the Transwell assay (Figure 5B).

Finally, we measured the protein expression of CNOT7
under various conditions. CNOT7 expression in the miR-126-
S5p mimic group was significantly downregulated. However,
the downregulation of CNOT?7 in the miR-126-5p group was
partially reversed by cotransfection with pcDNA-CNOT?7
(Figure 5C).

Discussion

In the present study, GSE143564 was used for bioinformatic
analyses of differentially expressed miRNAs between breast
cancer and normal adjacent tissue. We observed that miR-
126-5p expression was decreased in breast cancer tissue rela-
tive to that detected in normal adjacent tissues, which was
further analyzed using the MCF7 cell line. Additionally,
miR-126-5p was shown to potentially be involved in the regu-
lation of breast cancer cell migration. MiR-126-5p and CNOT7
expression are negatively correlated. Moreover, miR-126-5p
could significantly inhibit the migration of MCF7 cells, as
demonstrated by Transwell and scratch experiments. MiR-
126-5p mimics could significantly decrease the migration dis-
tance and migratory cell number. Furthermore, TargetScan and
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is shown.

dual-luciferase reporter analyses revealed that miR-126-5p
could significantly bind to the CNOT7 3°’UTR.

Abnormal miR-126-5p has been shown to be associated
with the pathological processes of various diseases. Wang
et al.'' reported that miR-126-5p binds to the Bcl212 mRNA
3’-UTR and promotes cell apoptosis in cervical cancer. Thus,
miR-126-5p plays an inhibitory role in human cervical cancer
progression and may be a potential therapeutic target for cer-
vical cancer. In addition, Sun et al.'® observed that the miR-
126-5p/YAP1/MALAT!]1 axis can control angiogenesis and the
epithelial-mesenchymal transition in colorectal carcinoma.

Recently, miR-126-5p has been shown to be useful in dif-
ferent types of cancer as a tumor suppressor'’. Fiala et al.'”
found that miR-126-5p expression was significantly associated
with progression-free survival and overall survival in meta-
static colorectal cancer. In another study, Gu et al.'® explored
the relationship between miR-126-5p and esophageal cancer
cells and observed that miR-126-5p could target CDK6 and
has a positive role in inhibiting the proliferation and migration
of esophageal cancer cells.

However, studies on miR-126-5p in breast cancer are scarce.
In the present study, miR-126-5p expression in breast cancer
and normal adjacent tissue was assessed. The results showed
that miR-126-5p expression in MCF7 cells was significantly
downregulated compared to that observed in the normal breast
cell line 184A1. MTT, Transwell and scratch experiments were
used to assess the effect of miR-126-5p on the proliferation and
migration of MCF7 cells. MiR-126-5p mimics reduced breast
cancer cell migration, indicating that miR-196b-5p may serve
as a novel therapeutic target for breast cancer. MiR mimic

therapy is an emerging modality for cancer treatment' and has
some advantages over siRNA therapy, as miR mimics target
multiple genes. However, miR mimics have low serum stabi-
lity, and developing an effective delivery system is of great
importance to realize the full potential of miR therapy. Further
experiments will be conducted in the future using in vivo ani-
mal models, which will further reveal the effects of miR-126-
Sp for the treatment of breast cancer.

CNOT?7 expression is altered in acute leukemias and may
represent a promising biomarker and drug target for these
diseases. Maragozidis et al.?° revealed that CNOT?7 is differ-
entially expressed in squamous cell lung cancer clinical sam-
ples. Furthermore, CNOT7 was identified as a diagnostic
marker for lung cancer patients. In the present study, we
also observed that CNOT7 was highly expressed in MCF7
cells relative to that detected in the normal breast cell line.
Therefore, we performed a dual-luciferase reporter assay to
confirm that miR-126-5p could directly target the 3’UTR of
CNOT7.

The results of the present study predicted and verified that
CNOT7 is a target gene of miR-126-5p and that CNOT7 exhib-
ited the opposite expression pattern as miR-126-5p. Upregulat-
ing miR-126-5p significantly inhibited CNOT7 expression.
CNOT?7 has been shown to be overexpressed in a variety of
human cancers and to play a carcinogenic role in tumor devel-
opment.?""** For example, Maragozidis et al.?’ showed that
PARN, CNOT6, CNOT7 and NOC, 4 deadenylases, are differ-
entially expressed in lung cancer clinical samples. In the pres-
ent study, we showed that miR-126-5p directly binds to the
3’UTR of CNOT?7 to inhibit breast cancer progression.
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Conclusion

In summary, miR-126-5p may serve as a tumor suppressor and
inhibit the migration of breast cells by directly binding to
CNOT7. Therefore, miR-126-5p may act as a potential diag-
nostic marker and therapeutic target of breast cancer. However,
how miR-126-5p regulates the epithelial-mesenchymal trans-
formation and angiogenesis of breast cancer through other sig-
naling pathways and complex regulatory networks requires
further research.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD
Lecan Sun @ https://orcid.org/0000-0002-7179-0949

References
1. Bener A, Ayub H, Kakil R, Ibrahim W. Patterns of cancer inci-
dence among the population of Qatar: a worldwide comparative
study. Asian Pac J Cancer Prev. 2008;9(1):19-24.
2. Fasano J, Shao T, Huang HH, Kessler AJ, Kolodka OP, Shapiro
CL. Optimism and coping: do they influence health outcomes in


https://orcid.org/0000-0002-7179-0949
https://orcid.org/0000-0002-7179-0949
https://orcid.org/0000-0002-7179-0949

Miao et al

10.

11.

12.

13.

women with breast cancer? A systemic review and meta-analysis.
Breast Cancer Res Treat. 2020;183(3):495-501.

. Jotwani R, Mehta N, Baig E, Gupta A, Gulati A. Neuromodula-

tion and the epidemiology of magnetic resonance utilization for
lung, breast, colon, and prostate cancer. Neuromodulation. 2020;
23(7):912-921.

. Rodriguez-Canales J, Parra-Cuentas E, Wistuba II. Diagnosis and

molecular classification of lung cancer. Cancer Treat Res. 2016;
170:25-46.

. Bernhardt EB, Jalal SI. Small cell lung cancer. Cancer Treat Res.

2016;170:301-322.

. Hirsch FR, Scagliotti GV, Mulshine JL, et al. Lung cancer: cur-

rent therapies and new targeted treatments. Lancet (London, Eng-
land). 2017;389(10066):299-311.

. LiG, FangJ, Wang Y, Wang H, Sun CC. MiRNA-based therapeutic

strategy in lung cancer. Curr Pharm Des. 2018;23(39):6011-6018.

. Chen Y, Min L, Ren C, et al. miRNA-148a serves as a prognostic

factor and suppresses migration and invasion through wntl in
non-small cell lung cancer. PLoS One. 2017;12(2):¢0171751.

. Xu G, Ding Z, Shi HF. The mechanism of miR-889 regulates

osteogenesis in human bone marrow mesenchymal stem cells.
J Orthop Surg Res. 2019;14(1):366.

Wu KL, Tsai YM, Lien CT, Kuo PL, Hung AJ. The roles of
microRNA in lung cancer. Int J Mol Sci. 2019;20(7):1611.
Wang C, Zhou B, Liu M, Liu Y, Gao R. miR-126-5p restoration
promotes cell apoptosis in cervical cancer by targeting Bcl212.
Oncol Res. 2017;25(4):463-470.

Zhao Y, Ye L, Yu Y. MicroRNA-126-5p suppresses cell prolif-
eration, invasion and migration by targeting EGFR in liver cancer.
Clin Res Hepatol Gastroenterol. 2020;S2210-7401(20)30100-5.
Meng X, Liu J, Wang H, Chen P, Wang D. MicroRNA-126-5p
downregulates BCAR3 expression to promote cell migration and

14.

15.

16.

18.

19.

20.

21.

22.

invasion in endometriosis. Mol Cell Endocrinol. 2019;494:
110486-110486.

Zhao Z, Ma X, Ma J, Sun X, Li F, Lv J. Naringin enhances
endothelial progenitor cell (EPC) proliferation and tube formation
capacity through the CXCL12/CXCR4/PI3K/Akt signaling path-
way. Chem-Biol Interact. 2018;286:45-51.

Bardou P, Mariette J, Escudi¢ F, Djemiel C, Klopp C. jvenn: an
interactive Venn diagram viewer. BMC Bioinfor. 2014;15(1):293.
Sun Z, Ou C, Liu J, et al. YAP1-induced MALATI1 promotes
epithelial-mesenchymal transition and angiogenesis by sponging
miR-126-5p in colorectal cancer. Oncogene. 2019;38(14):
2627-2644.

. Fiala O, Pitule P, Hosek P, et al. The association of miR-126-3p,

miR-126-5p and miR-664-3p expression profiles with outcomes
of patients with metastatic colorectal cancer treated with bevaci-
zumab. Tumour Biol. 2017;39(7):1010428317709283.

Gu JF, Liu SG, Pan Q, Qin F, Li YY. Negative regulation of
CDKG6 expression by microRNA-126-5p and its influence on the
proliferation and invasion of esophageal cancer cells. Anat Rec
(Hoboken). 2020;303(11):2811-2820.

Mendell JT, Olson EN. MicroRNAs in stress signaling and human
disease. Cell. 2012;148(6):1172-1187.

Maragozidis P, Papanastasi E, Scutelnic D, et al. Poly(A)-specific
ribonuclease and nocturnin in squamous cell lung cancer: prog-
nostic value and impact on gene expression. Mol Cancer. 2015;
14:187-187.

Faraji F, Hu Y, Yang HH, et al. Post-transcriptional control of
tumor cell autonomous metastatic potential by ccr4-not deadeny-
lase cnot7. PLoS genet. 2016;12(1): ¢1005820.

Chapat C, Kolytcheff C, Le Romancer M, et al. hCAF1/CNOT7
regulates interferon signalling by targeting STAT1. The EMBO J.
2013;32(5):688-700.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


