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Abstract. - OBJECTIVE: This study aimed to
observe the effect of microRNA-7 on the prolif-
eration and migration of human hepatocellular
carcinoma cell line SMMC-7721 and its effect on
epithelial-mesenchymal transition (EMT).

PATIENTS AND METHODS: Eukaryotic ex-
pression vector pcDNA3.1(-)-pri-miR-7(p-miR-7)
was used to instantaneously transfect human
liver cancer cells of SMMC-7721 cells in vitro.
The expression of microRNA-7 was detected by
RT-qPCR. Western blot was used to detect the
expression of EMT marker proteins E-cadherin,
p-catenin, N-cadherin and Vimentin. The pro-
liferation of SMMC-7721 cells was detected by
CCK-8 assay, and the invasion and migration
ability of cells was detected by transwell assay.

RESULTS: Compared with the normal group,
the expressions of E-cadherin and p-catenin in
SMMC-7721 cells transfected with miR-7 were
significantly increased (p<0.05), while the ex-
pressions of N-cadherin and Vimentin were sig-
nificantly decreased (p<0.05). Meanwhile, the
proliferation, invasion and migration ability of
the cells were significantly weakened (p<0.05).

CONCLUSIONS: The miR-7 can inhibit the pro-
liferation and invasion of human hepatocellular
carcinoma cell line SMMC-7721, and its mecha-
nism may be related to upregulation of E-cad-
herin, B-catenin protein, and downregulation of
N-cadherin and Vimentin proteins.
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Introduction

Globally, hepatocellular carcinoma (HCC) is
the fifth most common cancer among men, the
ninth most common cancer among women, and
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the second most common cause of cancer death'-.
Currently, surgical interventions, such as liver re-
section, liver transplantation and percutaneous
ablation are considered to be the most effective
methods for the treatment of HCC, with therapeu-
tic potential. Unfortunately, due to multiple lesions
and extrahepatic metastases, only about 20% of
HCC patients are suitable for surgery. Moreover,
the efficacy of HCC chemotherapy drugs are lim-
ited. For example, sorafenib, as one of the most
common prescriptions, its clinical benefit is lim-
ited, only effective for around 30% of the patients,
and there would be resistance in 6 months. In addi-
tion, the current treatment methods have problems,
such as hepatotoxicity, recurrence, drug resistance
and other adverse reactions. Due to the difficulty in
early diagnosis, rapid progress and lack of targeted
drugs, the S-year survival rate of HCC patients is
estimated to be less than 9%>**. Therefore, it is nec-
essary to further study the pathogenesis of HCC
and find targeted molecular therapeutic targets, in
order to provide new therapeutic directions, im-
prove the therapeutic effect and prolong the sur-
vival time for HCC patients.

MicroRNAs (miRNA) are a class of short (21-
22 nt) endogenous non-coding RNAs. They medi-
ate the post-transcriptional regulation of gene ex-
pression and play the role of guiding molecules in
the process of RNA silencing. They are important
regulators of gene expression®”. In the regulation
process of various oncogenes or tumor suppressor
genes, their expression profiles have been clinical-
ly used as a biomarker of diagnosis and prognosis.
They could be used to evaluate the occurrence, de-
velopment of tumors and the response to treatment
of cancer patients®. MiR-7 is a 23-nucleotide miR-
NA’. MiR-7 plays an important role in the growth,
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migration and invasion of prostate cancer'’. Hu et
al'' indicate that it can also significantly inhibit the
growth of lung cancer cells. However, there are few
researches on the role of miR-7 in HCC clinically,
which is worthy of further investigation.

Therefore, this study explored the effect of
miR-7 on the proliferation, invasion and migra-
tion of SMMC-7721 and the epithelial-mesenchy-
mal transition (EMT), in order to provide a refer-
ence for clinical practice.

Patients and Methods

Research Object

Thirty HCC patients admitted from June 2016
to December 2017 were enrolled as study group,
and 30 healthy patients during the same peri-
od were collected as control group. In the study
group, there were 20 males and 10 females aged
40-65 years. In the control group, there were 18
males and 12 females aged 40-65 years. Inclusion
criteria: patients diagnosed with HCC by preoper-
ative or intraoperative pathology; no radiotherapy,
chemotherapy or immunotherapy was given before
surgery; all patients received treatment in Tong-
ji Hospital, Tongji Medical College of Huazhong
University of Science and Technology; clinical
data were complete. Exclusion criteria: patients
with severe cardiac and renal dysfunction, sys-
temic diseases of blood, mental diseases, other
malignant tumors, neurological diseases, systemic
autoimmune diseases. The study was approved and
filed by the Ethics Committee of Tongji Hospital,
Tongji Medical College of Huazhong University of
Science and Technology, and the subjects signed a
full informed consent form.

Detection Method

5 mL fasting venous serum of the two groups
was collected and analyzed in the morning of the
next day after admission. The serum was let stand
for 30 min after procoagulant, centrifuged at 4°C,
3500 r'min-1 for 5 min, and was taken and stored
in a 1.5 mL centrifuge tube at -80°C refrigerator
for testing.

Human hepatoma cell line SMMC-7721 was
purchased from the Institute of Cell Research,
Shanghai Academy of Health Sciences, China.
SMMC-7721 cells were placed in Roswell Park
Memorial Institute-1640 (RPMI-1640; Jichui Bo-
gao Biotechnology Co., Ltd., Beijing, China) me-
dium containing 10% fetal bovine serum (FBS;
Gibco, Carlsbad, CA, USA), cultured in a 37°C,
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5% CO, cell incubator. Then, the cell culture medi-
um was extracted, placed in a centrifuge tube, and
centrifuged at 1000 rpm for 5 minutes. The solu-
tion was cleared, an appropriate amount of fresh
medium was added, fully mixed, and transferred
to a new medium for dilution according to the dilu-
tion ratio. The cells were divided into three groups,
namely, the miR-7 mimics group, the negative con-
trol group, and the blank control group.

The logarithmic growth phase SMMC-7721
cells were selected and washed one time with
PBS. The 5x10* cells were resuspended in RPMI-
1640 medium, and then, transferred to the culture
medium with 5% CO, at 37°C in 24 plate wells.
After 12 hours, pcDNA3.1(-)-pri-miR-7 (p-miR-7)
was transfected into cells according to the in-
structions of FuGENE-HD Kkit.

After RT-qPCR Detection

Total RNA was extracted from serum and
cultured cells using TRIzol extraction kit (Invi-
trogen, Carlsbad, CA, USA). RNA concentration
and purity were detected by Nano-Drop 2000 UV
spectrophotometer (Beijing Keyi Xingye Tech-
nology Development Co., Ltd., China). RNA was
reversely transcribed into cDNA according to
TaKaRa Reverse Transcription Kit (Invitrogen,
Carlsbad, CA, USA). The synthesized cDNA was
stored at -20°C for later use. The primers were
designed and synthesized by Shanghai Jima Phar-
maceutical Technology Co., Ltd. The reaction
was performed on ABI PRISM 7500 fluorescence
quantitative PCR instrument (Applied Biosyste-
ms, Foster City, CA, USA). The PCR amplifica-
tion cycle conditions were as follows: 5 min at
90°C, 5 s at 90°C, 30 s at 60°C, 5 s at 72°C, for
a total of 40 cycles. Each sample was repeatedly
tested 3 times, and the relative expression of the
gene was expressed by 24T,

Cell Counting Kit-8 (CCK-8) Assay
for Cell Proliferation

The cells were diluted to a cell suspension with
a density of 5x10° /mL, and 100 uL of the cells
were inoculated into a 96-well plate. Three Rewells
were made in each group, and the cells were 1x10%/
well. The cells were incubated in an incubator at
37°C, and CCK-8 values were measured at 1 d, 2
d, 3 d and 4 d. The original medium was discarded
during the detection, and the CCK-8 solution was
placed at a ratio of 1:10 by volume (100 pL/well of
the test solution was added to the well to be tested,
and cultured for 1 hour). The absorbance (OD) val-
ues of each well were measured at the wavelength
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of 450 nm on EIx-800 enzyme-linked immuno-
sorbent assay (BioTek, Winooski, VT, USA). All
samples were repeatedly measured 3 times and the
average value was calculated.

Western Blot Analysis of EMT
Marker Protein Expression

The cells were trypsinized with 0.25% EDTA,
resuspended in serum-free Dulbecco’s Modified
Eagle’s Medium (DMEM; Baienwei Biotechnolo-
gy Co., Ltd., Shenzhen, Guangdong, China). The
cell density of 10 cells per well was added to the
upper chamber of the transwell chamber in which
the Matrigel (Thermo Fisher Scientific, Carlsbad,
CA, USA) was pre-plated. 500 ml of the complete
culture solution was added to the lower chamber,
and cultured in a 37°C, 5% CO, cell incubator for
24 hours. The upper chamber was taken out, fixed
in 4% paraformaldehyde for 15 min, crystal violet
stained for 1 min, and washed with distilled water
for 3 times for 3 min each time. The number of
transmembrane cells was counted under a 200-
fold optical microscope, and five fields of view
were randomly selected.

Western Blot Analysis
of EMT Marker Protein Expression

The total protein of the cells was extracted
from RIPA lysate and quantified by PCA, fol-
lowed by sample addition, electrophoresis and
mold transfer at the rate of 50 pg/well. After the
mold transfer, it was sealed with 5% skim milk
powder at room temperature for 1.5 h and washed
with TBST for 3 min. Each protein antibody was
operated according to the antibody specification,
incubated overnight at 4°C, and washed with
TBST membrane for 3 times, 10 min each time.
Enhanced chemiluminescence (ECL) and devel-
opment were performed. GAPDH was used as an
internal reference to analyze the relative expres-
sion levels of each index.

Observation Indicators

The general data of the two groups were col-
lected. The expression of miR-7 in the serum of
the two groups was compared. The relationship
between the expression of miR-7 in the serum
of the study group and clinicopathological fea-
tures was observed. The transfection efficiency of
miRNA-7 was compared. The effect of miRNA-7
on proliferation and invasion of SMMC-7721 was
observed. The effect of miR-7 on the expression
of EMT E-cadherin, B-catenin, N-cadherin and
Vimentin was observed.

Statistical Analysis

The Statistical Product and Service Solution
(SPSS) 19.0 (IBM Corp., Armonk, NY, USA)
was used. The measurement data were expressed
as n (%), and the ratio between the two groups
was compared using the y-test. The count data
were expressed as mean =+ standard deviation
(mean+SD). The comparison between the two
groups was performed by independent sample
t-test. The comparison among multiple groups
was analyzed by ANOVA. Repeated measure-
ment ANOVA was used for the comparison of dif-
ferent time points within the group. LSD test was
used for the post-hoc test. p<0.05 was considered
statistically significant.

Results

General Information

There were 30 cases in the control group and
30 cases in the study group. There was no signifi-
cant difference in age, sex, smoking and drinking
behavior between the two groups (p>0.05). There
were 16 patients (53.33%) with the tumor in the
left lobe of the liver, while 14 patients (46.67%)
with the tumor in the right. The AFP, AST, ALT
and TBiL in the study group were significantly
higher than those in the control group (p»<0.05).
See Table I for details.

Expression of MiR-7 in Serum
of Two Groups

The results of RT-qPCR showed that the rel-
ative expression levels of miR-7 in the study
group and the control group were (1.38+0.68)
and (6.34+1.88), respectively. The relative ex-
pression of miR-7 in the study group was sig-
nificantly lower than that in the control group
(p<0.05) (Figure 1).

The Relationship Between
the Expression of MiR-7 in Serum
and the Clinicopathological
Characteristics of the Study Group

The clinical pathological data of the study
group and the expression of miR-7 in the serum
of patients were analyzed. It was found that the
expression of miR-7 was not correlated with age,
gender and tumor location (p>0.05), but correlat-
ed with the mean tumor diameter (cm), patho-
logical classification, lymph node metastasis and
TNM stage (p<0.05), as shown in Table II.
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Table I. General information.

Experimental Control group X2/t P
group (n=30) (n=30)
Age (year) 50.36+10.35 48.63+12.63 0.580 0.564
Gender [n(%)] 0.287 0.592
Male 20 (66.67) 18 (60.00)
Female 10 (33.33) 12 (40.00)
BMI 22.8542.36 21.36+2.69 2.281 0.026
Smoke [n(%)] 0.082 0.775
Yes 22(73.33) 21(70.00)
No 8(26.67) 9(30.00)
Drink [n(%)] 0.635 0.426
Yes 20 (66.67) 17 (56.67)
No 10 (33.33) 13 (43.33)
Tumor location [n(%)] — —
Left 16 (53.33) —
Right 14 (46.67)
AFP (ng/ml) 252.24+35.36 8.42+2.36 37.684 <0.001
AST (u/L) 103.55+25.33 15.36+5.69 18.606 <0.001
ALT (u/L) 113.684+20.96 17.63+8.31 23.333 <0.001
TBiL (umol/L) 32.64+6.64 9.25+3.61 16.951 <0.001

Expression of MiR-7 in SMMC-7721
Cells After Transfection

The relative expression level of miR-7
in control group in SMMC-7721 cells was
(1.26+0.57), the negative control group was
(1.234£0.58), and the miR-7mimics group was
(8.5242.65). There was no significant difference
between the blank control group and the nega-
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Figure 1. Expression of miRNA-7 in serum from two groups
of people. The relative expression of miR-7 in the study group
was significantly lower than that in the control group, and the
difference was statistically significant (p<0.05).
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tive control group, but the miR-7mimics group
was significantly higher than that in the other
two groups (p<0.05), indicating that transfec-
tion was effective (Figure 2).

Effect of MiR-7 on Invasion
of SMMC-7721

After transfection and culture for 24 hours, the
number of cells that penetrated into the micropore
membrane of the compartment was (63.21+£8.32)
in the miR-7 mimics group, (113.51£12.65) in the
blank control group, and (110.63£13.51) in the
negative control group. The number of invasion in
the miR-7 mimics group was significantly lower
than that in the other two groups, and the differ-
ence was statistically significant (p<0.05). There
was no significant difference in the number of in-
vasion between the blank control group and the
negative control group (Figure 3).

Effect of MiR-7 on the Proliferation
of SMMC-7721

There was no significant difference in the
proliferation of the three groups at 1 d and 2 d.
At 3 d and 4 d, the cell proliferation of the miR-7
mimics group was significantly lower than that
of the blank control group and the negative con-
trol group, and the difference was statistically
significant (p<0.05). There was no significant
difference between the blank control group and
the negative control group at any time point
(p>0.05) (Figure 4).
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Table Il. Relationship between expression of miR-7 in serum of patients in study group and clinicopathological features.

No. of Relative expression X2/t P
people of miR-7
Age (year) 0.156 0.887
<55 17 (56.67) 3.21+0.82
>55 13 (43.33) 3.16+0.93
Gender [n (%)] 0.166 0.870
Male 20 (66.67) 3.12+1.12
Female 10 (33.33) 3.05£1.03
Tumor location [n (%)] 0.075 0.941
Left 16 (53.33) 3.10+1.14
Right 14 (46.67) 3.13+1.05
Mean tumor diameter (cm) 3.656 0.001
<5 17 (56.67) 3.76+0.86
>5 13 (43.33) 2.63+0.81
Pathological type [n (%)] 3.340 0.002
well-differentiated 15 (50) 3.64+0.87
Middle and low differentiation 15 (50) 2.51+0.98
Lymphatic metastasis [n(%)] 3.338 0.002
Yes 17 (56.67) 2.46+0.86
No 13 (43.33) 3.55+0.92
TNM staging [n (%)] 2.569 0.016
I-1T 16 (53.33) 3.54+0.97
II-1v 14 (46.67) 2.56+1.12

Effects of MiR-7 on the Expression
of E-Cadherin, -Catenin, N-Cadherin
and Vimentin

Compared between the blank control group
and the negative control group, the expressions
of E-cadherin and B-catenin in SMC-7721 cells
transfected with miR-7 in miR-7 mimics group
were significantly increased (p<0.05), while the
expressions of N-cadherin and Vimentin were
significantly decreased (p<0.05). There was no
significant difference between the blank control
group and the negative control group (Figure 5).

Discussion

HCC is one of the most common malignancies.
According to global epidemiological statistics, the
number of people dying from liver cancer each year
is more than 700,000, and the number of deaths is
increasing every year. Meanwhile, the age of onset
is getting younger'*"®. Hepatectomy is the most com-
monly used and most effective method for the treat-
ment of HCC liver cancer'. Its 5-year survival rate is
about 30%-40%", and the survival rate is lower for
patients who meet the surgical criteria. Therefore,
it is necessary to further explore the pathogenesis
of HCC and targeted molecular therapeutic targets
to provide new therapeutic directions. miRNA is a

kind of small non-coding RNA that plays a central
role as a major regulator of gene expression in a va-
riety of cancer-related signaling pathways'®. The cell

@ Control group
0 Negative group
@ MiR-7-mimics group

15,

10

miR-7

Groups

Figure 2. Expression of miRNA-7 in SMMC-7721 cells
post transfection. The expression of miR-7 in the miR-7mim-
ics group was significantly higher than that in the blank con-
trol group and the negative control group, and the difference
was statistically significant (p<0.05). *Compared with the
miR-7mimics group (p<0.05).
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Figure 3. Effect of miRNA-7 on SMMC-7721 inva-
sion. The number of invasion in the miR-7mimics group
was significantly lower than that in the negative control
group and the blank control group, and the difference was
statistically significant (p<0.05). *Compared with the
miR-7mimics group (p<0.05).

proliferation, differentiation, invasion, migration
and apoptosis could be controlled by regulating the
stability of target mRNA or inhibiting its transla-
tion. It plays an important role in the development
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Figure 4. Effect of miRNA-7 on proliferation of SMMC-7721.
At 3 d and 4 d, the cell proliferation of miR-7mimics cells was
significantly lower than that of the blank control group and the
negative control group, and the difference was statistically sig-
nificant (p<0.05). *Compared with the miR-7mimics group at
the same time point (p < 0.05).
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Figure 5. Effect of miRNA-7 on the expression of E-cadher-
in, B-catenin, N-cadherin and Vimentin. Compared with the
blank control group and the negative control group, the expres-
sions of E-cadherin and B-catenin in SMMC-7721 cells trans-
fected with miR-7 in miR-7mimics group were significantly in-
creased (p<0.05), while N-cadherin and Vimentin expressions
were significantly decreased (p<0.05). *Compared with the
miR-7mimics group (p<0.05).

of tumors'”'®. MiRNA is also the main regulator of
EMT, dynamically regulating the balance between
EMT and reverse processes'>?. As a member of the
miRNA family, Cao et al* have shown that miR-7
can inhibit the proliferation, migration and invasion
of non-small cell lung cancer cells; but there are still
few clinical study on the effect of miR-7 on HCC.
Therefore, we took liver cell SMMC-7721 as the ob-
ject to investigate the effect of miR-7 on the prolifer-
ation, invasion and migration ability of SMMC-7721
and EMT.

In our research, 30 patients with HCC admit-
ted to Tongji Hospital, Tongji Medical College of
Huazhong University of Science and Technology
were enrolled in the study group, and 30 patients
with concurrent physical examinations were select-
ed as the control group. Strict inclusion and exclu-
sion criteria were implemented. In the study, the eu-
karyotic expression vector pcDNA3.1(-)-pri-miR-7
(p-miR-7) was used to transiently transfect SMMC-
7721 cells in vitro, and the expression of microR-7
was detected by RT-qPCR. Western blot was used
to detect the expression of EMT marker proteins
E-cadherin, B-catenin, N-cadherin and Vimentin.
The proliferation of SMMC-7721 cells was detect-
ed by CCK-8 assay, and the invasion and migration



MicroRNA-7 on hepatoma cell line SMMC-7721

ability of cells were detected by transwell assay.
Our results showed that the proliferation, invasion
and migration of SMMC-7721 cells transfected with
miR-7 were significantly reduced, and the expres-
sions of E-cadherin and B-catenin were significantly
increased, while the expressions of N-cadherin and
Vimentin were significantly decreased.

One study showed that in pancreatic cancer,
miR-7 can inhibit autophagy through up-egulated
hepatase-AMP-activated protein kinase-activated
and mammalian sirolimus target protein (LKB1-
AMPK-mTOR) signaling pathway under stressful
tumor microenvironment. It also directly targets
at autophagy induction and vesicle lengthening
stage, reducing the supply of intracellular glu-
cose to glycolysis metabolism. In addition, miR-7
inhibits the proliferation and metastasis of pan-
creatic cancer cells in vivo and in vitro. Lenti-
virus-mediated miR-7 interferes with glycolysis
by inhibiting autophagy, effectively reducing the
growth of pation-derived xenografts.

Gu et al*? showed that miR-7 may act as an im-
portant regulatory factor to weaken the glucose
pool derived from autophagy, inhibiting the pro-
gression of pancreatic cancer. It may be a poten-
tial therapeutic target for pancreatic cancer. Our
investigation indicated that miRNA-7 can inhibit
the proliferation and invasion of HCC cells. We
also studied the effect of miR-7 on EMT. In anoth-
er work, miR-7 was significantly downregulated in
cervical cancer, especially metastatic tumors. The
ectopic expression of miR-7 significantly inhibited
the metastasis and invasion of human cervical can-
cer cells and C33A cells, and the upregulation of
miR-7 significantly inhibited focal adhesion kinase
(FAK), which was negatively correlated with miR-
7 in cervical cancer tissues®™. In the two reports,
the mechanism of action was found. The specific
mechanisms of action of miR-7 in different cancers
are different, and the target is different. However,
our literature does not specifically address this
point. We believe that its mechanism may be relat-
ed to upregulation of E-cadherin and B-cadherin,
and downregulation of N-cadherin and Vimentin
proteins, and we hope to conduct this discussion in
future studies.

Studies have pointed out that the role of miR-
NA-7 is not limited to cancer. It expands in health,
focusing on organ differentiation and development,
as well as in various mammalian diseases, espe-
cially in the brain, heart, endocrine pancreas and
skin. It indicates that the more we know about miR-
7, the more we can recognize the complexity of its
regulation and its potential functional applications

from biomarkers and therapeutic perspectives®.
Pollock et al* showed that miR-7 prevents progen-
itor cell apoptosis by regulating the target proteins
Akl, p21, and other possible targets in the p53 path-
way, and allows subsequent generation of neurons
to control normal brain size. In another study?®,
miRNAs have been shown to be useful biomark-
ers for diagnosing diseases and different types of
cancer. Therefore, not only miR-7 can be applied to
treatments, but also the miRNA family. They can
be applied in cancer as well as other disease-related
diagnosis and health-related regulation. We boldly
speculate that miRNA will be a huge success in
future clinical research and applications.

The present investigation showed the role of
miR-7 in the SMMC-7721 cell line and its effect
on its EMT, but there are still some limitations.
Our research did not further investigate the ability
of miR-7 to invade and apoptosis in SMMC-7721
cell line. In addition, we speculate that the mech-
anism may be related to upregulation of E-cad-
herin, B-catenin protein and downregulation of
N-cadherin and Vimentin proteins, however, we
have not validated targeted genes and factors.
The specific mechanism is not clear, so we hope
to further supplement it in future research.

Conclusions

In brief, miR-7 has an inhibitory effect on the
proliferation and invasion of human hepatocellu-
lar carcinoma cell line SMMC-7721, which may
be related to upregulation of E-cadherin, B-caten-
in protein and down-regulation of N-cadherin and
Vimentin proteins.

Funding

This study was supported by National Natural Science
Foundation of China (No. 81402410).

Conflict of Interests
The authors declare that they have no conflict of interest

References

1) Rverson AB, EHEmAN CR, Avtekruse SF, Warp JW,
JemAL A, SHERMAN RL, Hencey SJ, Howtzmwan D, LAKE
A, NooNE AM, ANDERsON RN, Ma J, Ly KN, CroNIN
KA, PensertHY L, Korier BA. Annual Report to
the Nation on the Status of Cancer, 1975-2012,
featuring the increasing incidence of liver cancer.
Cancer 2016; 122: 1312-1337.

12159



Z.-Y. Zhang, Y.-P. Zheng, K.-S. Dong, H.-H. Dong

2) BrouTiER L, MASTROGIOVANNI G, VERSTEGEN MM, FRrRAN-
ces HE, Gavarro LM, BrabsHaw CR, ALLEN GE,
ARNES-BENITO R, Siporova O, GAsPErsz MP, GEORGA-
korouLos N, Koo BK, DiETMANN S, Davies SE, Pra-
seeboM RK, LiesHouT R, 1Jzermans JNM, WiGmoRe SJ,
SAEB-PARsY K, GARNETT MJ, vAN DER LAAN LJ, HucH
M. Human primary liver cancer—derived organoid
cultures for disease modeling and drug screen-
ing. Nat Med 2017; 23: 1424-1435.

3) Ebwarps BK, NooNe AM, Mariotto AB, SiMArRD EP,
Boscoe FP, HENLEY SJ, JEMAL A, CHo H, ANDERsON RN,
KoHLer BA, EHEmAN CR, Warp EM. Annual Report
to the Nation on the status of cancer, 1975-2010,
featuring prevalence of comorbidity and impact
on survival among persons with lung, colorectal,
breast, or prostate cancer. Cancer 2013; 120:
1290-1314.

4) RaHiB L, SmitH B D, AizenBerG R, Rosenzweic AB,
FLesiman JM, Matrisian LM. Projecting cancer in-
cidence and deaths to 2030: the unexpected bur-
den of thyroid, liver, and pancreas cancers in the
United States. Cancer Res 2014; 74: 2913-2921.

5) HA M, Kim VN. Regulation of microRNA biogene-
sis. Nat Rev Mol Cell Biol 2014; 15: 509-524.

6) VAN Roou E, KaupriNen S. Development of microR-
NA therapeutics is coming of age. EMBO Mol
Med 2014; 6: 851-864.

7) Lin S, Grecory RI. MicroRNA biogenesis pathways
in cancer. Nat Rev Cancer 2015; 15: 321-333.

8) KroL J, Loebice I, Fiupowicz W. The widespread
regulation of microRNA biogenesis, function and
decay. Nat Rev Genet 2010; 11: 597-610.

9) Kaunowski FC, BRown RA, Ganba C, Gies KM, Epis
MR, HorsHam J, Leepman PJ. microRNA-7: a tumor
suppressor miRNA with therapeutic potential. Int
J Biochem Cell Biol 2014; 54: 312-317.

10) Suto T, YokoBorl T, YAaima R, Morma H, Fuu T,
YAMAGUCHI S, ALTAN B, Tsutsumi S, Asao T, Kuwano
H. MicroRNA-7 expression in colorectal cancer
is associated with poor prognosis and regulates
cetuximab sensitivity via EGFR regulation. Car-
cinogenesis 2015; 36: 338-345.

11) Hu Y, Liao Z, CHen C, QiIN N, ZHenG J, Tian D, Lt Y,
ZHu S, Luo J, Xu L. Over-expressed microRNA-7
inhibits the growth of human lung cancer cells via
suppressing CGGBP1 expression. Xi Bao Yu Fen
Zi Mian Yi Xue Za Zhi 2014; 30: 125-130.

12) SanGro B, CARrPANESE L, CIANNI R, GOLFIERI R, GASPARINI
D, EzzibpiN S, PAPROTTKA PM, Fiore F, VAN Buskirk M,
BiLeao JI, ETToRRe GM, SALVATORI R, GIAMPALMA E, GE-
ATTI O, WiLHELM K, HOFFMANN RT, 1zzo F, INARRAIRAEGUI
M, Maini CL, Urico C, CaprreLll A, VIT A, AHMADZADE-
HFAR H, JakoBs TF, Lastoria S; European Network on
Radioembolization with Yttrium-90 Resin Micro-
spheres (ENRY). Survival after yttrium-90 resin
microsphere radioembolization of hepatocellular
carcinoma across Barcelona clinic liver cancer
stages: a European evaluation. Hepatology 2011;
54: 868-878.

12160

13) WanG Y, HE L, Du Y, ZHu P, HuanGg G, Luo J, Yan

X, YEB, Li C, XiA P, ZHANG G, TiAN Y, CHEN R, FAN

Z. The long noncoding RNA IncTCF7 promotes

self-renewal of human liver cancer stem cells

through activation of Wnt signaling. Cell Stem

Cell 2015; 16: 413-425.

EHEmMAN C, Hentey SJ, BALLARD-BARBASH R, JAacoss EJ,

ScHYMURA MJ, Noone AM, Pan L, AnpersoN RN, Ful-

ToN JE, KoHLER BA, JEMAL A, WARD E, PLescia M, RIEs

LA, Epwarps BK. Annual Report to the Nation on

the status of cancer, 1975-2008, featuring cancers

associated with excess weight and lack of sufficient

physical activity. Cancer 2012; 118: 2338-2366.

15) Treiger T, Treiger N, Mester G. Regulation of mi-
croRNA biogenesis and function. Thromb Hae-
most 2012; 107: 605-610.

16) Cantini L, Bertou G, Cava C, Dusors T, ZiNovyev A, CASELLE
M, CastigLioNt I, BariLLot E, MarmigNeTT L. Identification of
microRNA clusters cooperatively acting on epithelial
to mesenchymal transition in triple negative breast
cancer. Nucleic Acids Res 2019; 47: 2205-2215.

17) Siomi H, Siomi MC. Posttranscriptional regulation of
microRNA biogenesis in animals. Mol Cell 2010;
38: 323-332.

18) Luo W, LiN Y, MenG S, Guo Y, Znang W. miRNA-
296-3p modulates chemosensitivity of lung can-
cer cells by targeting CX3CR1. Am J Transl Res
2016; 8: 1848-1856.

19) Ding XM. MicroRNAs: regulators of cancer me-
tastasis and epithelial-mesenchymal transition
(EMT). Chin J Cancer 2013; 33: 140-147.

20) Lir V, Miesen P, van Ru RP, Buck AH. Regulation of
microRNA biogenesis and turnover by animals and
their viruses. Cell Mol Life Sci 2013; 70: 3525-3544.

21) Cao Q, Mao ZD, SHi Y J, CHeN Y, SuN Y, ZHANG Q,
SonG L, Peng LP. MicroRNA-7 inhibits cell prolifer-
ation, migration and invasion in human non-small
cell lung cancer cells by targeting FAK through
ERK/MAPK signaling pathway. Oncotarget 2016;
7: 77468-77481.

22) Gu D, Jiang M, Mei Z, Dai JJ, Dai CY, Fana C, HuanG
Q, Tian L. MicroRNA-7 impairs autophagy-derived
pools of glucose to suppress pancreatic cancer
progression. Cancer Lett 2017; 400: 69-78.

23) HAao Z, YanG J, WanG C, Li'Y, ZHanG Y, DonG X,
ZHou L, Liu J, ZHaNG Y, Qian J. MicroRNA-7 inhibits
metastasis and invasion through targeting focal
adhesion kinase in cervical cancer. Int J Clin Exp
Med 2015; 8: 480-487.

24) HorsHam JL, GAnDA C, Kauinowski FC, BRown RA,
Eris MR, Leepman PJ. MicroRNA-7: a miRNA with
expanding roles in development and disease. Int
J Biochem Cell Biol 2015; 69: 215-224.

25) PoLiock A, Bian S, ZHanG C, CHen Z, Sun T. Growth
of the developing cerebral cortex is controlled by
microRNA-7 through the p53 pathway. Cell Rep
2014; 7: 1184-1196.

26) WaNG J, CHen J, SEn S: MicroRNA as biomarkers
and diagnostics. J Cell Physiol 2016; 231: 25-30.

14

=



