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MiR-425 involves in the development
and progression of renal cell carcinoma

by inhibiting E2F6
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Abstract. - OBJECTIVE: To investigate the
effect of miR-425 on the proliferation and apop-
tosis of clear cell renal carcinoma (ccRCA) cells,
and to explore the underlying mechanism.

PATIENTS AND METHODS: A total of 80 pairs
of human clear cell renal carcinoma (ccRCA) and
cancer-adjacent normal tissue samples were
collected in this study. Human ccRCA cell line
(786-0) and normal human kidney cell line (HK-
2) were used in cellular research. The expres-
sion level of miR-425 was detected in ccRCA
tissues and cells, respectively. Target genes of
miR-425 were predicted by bioinformatics and
verified by luciferase reporter gene assay. More-
over, the role of miR-425 in regulating E2F6 as
well as its effect on the proliferation and apop-
tosis of ccRCA cells were detected.

RESULTS: Quantitative reverse transcrip-
tase-polymerase chain reaction (qRT-PCR) re-
sults showed that the expression of miR-425
was significantly decreased in ccRCA tissues
and cells. The proliferation ability and cell cy-
cle of 786-0 cells were significantly inhibited af-
ter miR-425 overexpression. The percentage of
cells in GO/G1 phase was remarkably increased,
while the percentage of cells in S and G2/M
phases was significantly decreased. Besides,
the number of apoptotic cells was significant-
ly increased in the miR-425 intervention group.
On-line target gene prediction software indi-
cated that E2F6 was the potential downstream
target gene of miR-425. RT-PCR, Western blot-
ting and luciferase reporter gene assay demon-
strated that the expression of E2F6 was nega-
tively regulated by miR-425. In addition, subse-
quent experiments showed that the up-regula-
tion of E2F6 could suppress the inhibitory ef-
fect of miR-425 on the proliferation and apopto-
sis of ccRCA cells.

CONCLUSIONS: Our research demonstrated
the inhibitory function of miR-425 in ccRCA.
Therefore, the miR-425/E2F6 axis was expect-
ed to be one of the targets of ccRCA targeted
therapy.
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Introduction

Renal cell carcinoma, also known as renal
carcinoma (RCA), originates from renal tubular
epithelial cells of the renal parenchyma histolog-
ically. The incidence of RCA is about 3% of all
adult malignant tumors, ranking tenth among all
adult cancers. Moreover, studies have shown that
the incidence of RCA is increasing year by year'?.
Among all adult urological malignant tumors, it’s
incidence ranks second only to bladder cancer
in China. However, the mortality rate of RCA is
the highest, seriously threating the survival and
health of human beings**°. There are multiple
pathological types of RCA, mainly including
clear cell type, chromophobe cell type and pap-
illary cell type. The clear cell type is the most
common one, accounting for about 60-90% of
all RCAs. In addition, it is also the RCA subtype
with greatest invasiveness and worst prognosis®.

Due to the lack of specific tumor markers for
early diagnosis of RCA in clinic, the occurrence
of the following symptoms such as pain in waist
and back, abnormal lump in abdomen and back
as well as gross hematuria, is commonly known
as the trilogy of RCA. Meanwhile, RCA is very
likely to develop into middle or advanced stage,
or even distant metastasis has already occurred.
Moreover, epidemiological studies have con-
firmed that distant metastasis occurs in about 1/3
of patients when they are diagnosed with RCA
for the first time”8. Even after surgical resection
of renal tumors, about 20-40% of RCA patients
may still suffer from recurrence or metastasis™.
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Therefore, it is of vital importance to study the
mechanism of RCA metastasis and to find out
specific molecular markers for the diagnosis,
treatment and prognosis of RCA.

Micro ribonucleic acids (miRNAs), as a hot
research topic in recent years, can participate in
cellular biological behaviors such as tumor cell
proliferation, adhesion, migration and invasion.
The role of miRNAs has been confirmed in mul-
tiple biological fields, including the occurrence,
progression, differentiation and drug resistance
of cancer. Similar to other tumors, a large number
of differentially expressed miRNAs have been
found in RCA'*", Previous works have explored
such aspects and discovered some miRNAs with
potential clinical value. As a carcinogenic miR-
NA, miR-425 is highly expressed in many tumor
tissues, which also involves in the occurrence
and development of many malignant tumors'*-'%.
However, few studies have investigated the role
of miR-425 in the occurrence and development
of RCA.

In this study, we found that the expression level
of miR-425 in clear cell renal carcinoma (ccRCA)
tissues was significantly decreased. Meanwhile,
the biological role of miR-425 in ccRCA was
further studied.

Patients and Methods

RCA Patients

A total of 80 ccRCA patients undergoing sur-
gery in Tongde Hospital of Zhejiang Province
were enrolled in this study. All these patients
were confirmed as ccRCA by pathological diag-
nosis. Preoperative chemotherapy or radiother-
apy treatment was forbidden. After resection,
liquid nitrogen was used to freeze ccRCA tissues
and corresponding adjacent normal tissues. All
collected samples were stored in a -80°C refrig-
erator. Adjacent normal tissues were confirmed
by biological biopsy to ensure that they did not
include ccRCA cells. After all, declaration of Hel-
sinki should be mentioned and respected. This
study was approved by the Ethics Committee of
Tongde Hospital of Zhejiang Province. Signed
written informed consents were obtained from all
participants before the study.

Cells Culture

Human ccRCA cell line (786-0O) and nor-
mal human kidney cell line (HK-2) were pur-
chased from the Chinese Academy of Sciences

(Shanghai, China). All cells were cultured in
Roswell Park Memorial Institute-1640 (RP-
MI-1640) medium (Invitrogen, Carlsbad, CA,
USA) complemented with 10% fetal bovine
serum (FBS), 100 pg/mL streptomycin and
100 TU/mL penicillin (Invitrogen, Carlsbad,
CA, USA), and were grown in a 37°C, 5%
CO, incubator. MiR-425 mimics/inhibitors and
negative controls (NCs) were purchased from
GenePhama (Shanghai, China). Cell transfec-
tion was performed according to the instruc-
tions of Lipofectamine® 2000 (Thermo Fisher
Scientific, Waltham, MA, USA). When 786-O
cells were grown into the logarithmic growth
phase, they were collected and inoculated into
corresponding 6-well plates. After 24 h, 786-O
cells were transfected with NCs or miR-425
mimics/inhibitors with the final concentration
of 100 nmol/L. 6 h after transfection, cell
culture medium was replaced with complete
DMEM (Dulbecco’s modified eagle Medium)
(HyClone, South Logan, UT, USA).

Luciferase Reporter Gene Assay

In TargetScan, miRDB and microRNA web-
sites, we found that E2F6 was a target gene of
miR-425. The binding sequence of miR-425 at
the 3’-end of E2F6 was mutated by using a point
mutation kit (Agilent Technologies, Santa Clara,
CA, USA). Subsequently, mutated E2F6 (Mut-
type) and non-mutant E2F6 (WT-type) were con-
nected with the pGL3-Basic luciferase reporter
vector (Promega, Madison, W1, USA). PGL3-Ba-
sic vector with mutant E2F6 was transfected
into 786-0 cells after lentivirus intervention on
24-well plates. According to the procedure of the
Luciferase Reporter Gene Assay Kit, the same
treatment was performed for the pGL3-Basic vec-
tor connected with non-mutant E2F6. Luciferase
activity was then detected by a multi-function
microplate reader.

Cell Transfection

MiR-425 mimics and inhibitor were synthe-
sized and transfected into ccRCA cells to analyze
the biological function of miR-425. Next, three
groups were established to elucidate the poten-
tial correlation between miR-425 and ccRCA,
including: the NC group (negative control), the
miR-425 mimics (786-O cells transfected with
miR-425 mimics) group and the mimics + E2F6
(786-0O cells transfected with miR-425 mimics
and si-E2F6) group. All the stuff was purchased
from RiboBio (Guangzhou, China). Cell transfec-
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tion was performed according to the instructions
of lipofectaminRNAIMAX (Life Technologies,
Gaithersburg, MD, USA).

Quantitative Reverse
Transcriptase-Polymerase Chain
Reaction (qRT-PCR) Analysis

The expression levels of miR-425 and E2F6
in 786-O cells were detected via quantitative
polymerase chain reaction (QPCR), respectively.
Total RNA was extracted in accordance with
the manufacturer’s protocol of TRIzol Reagent
(Invitrogen, Carlsbad, CA, USA). SYBR green
gPCR assay was used to measure the expres-
sion level of E2F6. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as an in-
ternal control. TagMan miRNA assay (Applied
Biosystems, Foster City, CA, USA) was used to
measure the expression level of miR-425 normal-
ized to U6. Primers used in this study were as
follows: E2F6, F: 5°- TCTGAATTCTTGTGCT-
GGGCCCTTGGAAATC-3’, R: 5’- CCCGGTAC-
CAATGCCATCAGTTGCTTACTTCAA-3’, miR-
425, F: 5-TCGGTGTAAACATCCTCGACTG-3’,
R: 5-GACCGTGTCGTGGAGTCG-3; Ué6: F:
5-GCTTCGGCAGCACATATACTAAAAT-3, R:
5-CGCTTCAGAATTTGCGTGTCAT-3’; GAP-
DH: F: 5’-CGCTCTCTGCTCCTCCTGTTC-3, R:
5-ATCCGTTGACTCCGACCTTCAC-3".

Western Blot

Radioimmunoprecipitation assay (RIPA) ly-
sate (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) was employed to extract total protein
of 786-0 cells. Extracted proteins were separat-
ed by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) gel (Sigma-Al-
drich, St. Louis, MO, USA) and transferred onto
polyvinylidene difluoride (PVDF) membranes
(Roche, Basel, Switzerland). Subsequently, the
membranes were incubated with 5% milk for
non-specific binding. After that, the membranes
were incubated with primary E2F6 and GAPDH
antibodies [diluted at 1:1000, Cell Signaling
Technology (CST) Inc. Danvers, MA, USA] at
4°C overnight. The next day, the membranes
were incubated with corresponding second-
ary antibodies (CST, Inc. Danvers, MA, USA)
at room temperature for 1 h. Immunoreactive
bands were exposed by enhanced chemilumi-
nescence method (Thermo Fisher Scientific,
Waltham, MA, USA). GAPDH was used as an
internal reference, and relative changes of pro-
tein expression were calculated.
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Cell Proliferation

When cells grew to the logarithmic growth
phase, they were collected and diluted into 1 x
10 cell suspension. Then the cells were seeded
into 96-well plates with 5x10°/100 puL per well.
The wells only added with medium were used as
blank controls. Cell viability was determined via
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) colorimetric assay (Beyo-
time, Shanghai, China). A total of 15 pL MTT
reagents (500 pg/mL) were first added. Subse-
quently, the absorbance was measured by an
enzyme-labeled spectrophotometer, followed by
zero setting with blank controls.

Cell Cycle

Single cell suspension was prepared 48 h af-
ter cell transfection for each group, respective-
ly. 3 replicates were set in each group. Prepared
cell suspension was washed with pre-cooled
phosphate-buffered saline (PBS) and fixed with
70% ethanol for 12 h. Subsequently, 0.5 mL
100 g/mL propidium iodide was added in the
cell suspension for staining at room tempera-
ture for 10 min. The changes of DNA content in
786-0 cells were detected via a flow cytometer
and analyzed by random software Modfit LT.
Finally, the changes of cell cycle were further
analyzed.

Cell Apoptosis

48 h after transfection, 786-0O cells were col-
lected and washed with pre-cooled poly butylene
succinate (PBS). The cells were then suspended
with 300 uL binding buffer, and the concentra-
tion of 786-0 cell was adjusted to 1 x 10° cells/
mL. Subsequently, 100 pL cell suspension was
added in a flow tube, followed by 5 pL Annexin
V-fluorescein isothiocyanate 1 (FITC) and 5 pL
propidium iodide (PI) (eBioscience, San Diego,
CA, USA). Next, the mixture was incubation at
room temperature for 15 min in dark. 400 pL
PBS was added to the reaction tube. Finally, a
flow cytometer was used for cell apoptosis detec-
tion within 1 h.

Statistical Analysis

Prism 6.02 Software (La Jolla, CA, USA) was
used for statistical analysis. All quantitative data
were expressed as mean =+ standard deviation.
Student’s ¢-test or F-test was used for comparison
between two groups. p < 0.05 was considered
statistically significant.
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Results

Expression of miR-425 in ccRCA
Tissues and Cells

To explore the role of miR-425 in ccRCA,
we detected the expression level of miR-425 in
ccRCA tissues and cells. Results indicated that
the expression of miR-425 was significantly
lower in ccRCA tissues than that of adjacent
normal tissues (Figure 1A). Subsequently, we
detected the expression level of miR-425 in
786-0 cells and HK-2 cells. The same results
were obtained at the cellular level (Figure
1B). Taken together, we believed that miR-425
might play a regulatory role in the progression
of ccRCA.

Effect of miR-425 on the Proliferation
of 786-0 Cells

To investigate the effect of miR-425 on the
proliferation of ccRCA, 786-O cells were trans-
fected with miR-425 mimics, miR-425 inhibitor
and miRNA NC, respectively. The changes of
miR-425 expression were detected by qRT-PCR,
and the efficiency of miR-425 transfection was
verified (Figure 2A). Methyl thiazolyl tetrazoli-
um (MTT) assay showed that the proliferation
rate of 786-O cells was significantly decreased
after miR-42 mimics transfection. However, the
proliferation rate of 786-O cells was significantly
increased in the miR-425 inhibitor group than
that of the control group (Figure 2B), indicating
that miR-425 could inhibit the proliferation of
ccRCA cells.

Influence of miR-425 on the Cell Cycle
of 786-0 Cells

After 48 h of transfection with miR-425 mim-
ics and inhibitor, cell cycle was detected by flow
cytometry. Compared with the control group, the
number of cells in G1/G2 phase was significantly
increased significantly, whereas the number of
cells in S and G2/M phases was significantly
decreased in the miR-425 mimics group. How-
ever, the number of cells in G1/G2 phase was
significantly declined and the number of cells in
S and G2/M phases was remarkably increased in
the miR-425 inhibitor group when compared with
the control group. These results suggested that
miR-425 could inhibit 786-0O cells from crossing
the node between G0/G1 phase and S phase, and
entering S and G2/M phases for division and pro-
liferation (Figure 2C).

Effect of miR-425 on the Apoptosis of
786-0 Cells

The apoptosis rate of 786-0 cells was detected
by flow cytometry. As shown in Figure 2D and
2E, after transfection with miR-425 mimics, the
percentage of apoptotic cells was significantly
increased. However, the total apoptotic rate was
significantly reduced in the inhibitor group, in-
dicating the facilitating role of miR-425 in cell
apoptosis.

Prediction and Verification of
miR-425 Targets

The miRNA target gene prediction software
indicated that miR-425 could act on the 3’-UTR
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Figure 1. The expression levels of miR-425 and E2F6 in ccRCA tissues and cells. 4, The expression of miR-425 in ccRCA
tissues and corresponding adjacent normal tissues. (¥****p < 0.0001 compared with adjacent normal tissues). B, The expression
of miR-425 and E2F6 in ccRCA cells (786-0) and normal human kidney cells (HK-2). (**p < 0.01, ***p < 0.001 compared

with HK-2s).
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Figure 2. MiR-425 inhibited the biological function of ccRCA cells. 786-O cells were transfection with miR-425 mimics and
inhibitor. 4, The changes of miR-425 expression after cell transfection were analyzed byg qRT-PCR. B, Effect of miR-425 on cell
proliferation. MTT assay was performed to detect the proliferation of ccRCA cells transfected with mimics or inhibitor. C, Effect
of miR-425 on cell cycle. Flow cytometry was applied to detect the cell cycle phases of ccRCA cells. D-E, Effect of miR-425 on
cell apoptosis. Annexin V/PI staining was used to detect the apoptosis of ccRCA cells. Data were presented as means + standard
deviations. (*p < 0.05, **p < 0.01, ***p < 0.001 vs. the control group; “p < 0.01, “#p < 0.001 vs. the mimics group).

of E2F6 (Figure 3A). After co-transfection of
constructed fluorescent report vector (pmirGLO/
E2F6-3’UTR and pmirGLO/E2F6-3’UTR mut)
with miR-425 into 786-0 cells, the luciferase ac-
tivity was detected. Results revealed that over-ex-
pression of miR-425 could down-regulate the lu-
ciferase activity of the report vector of wild-type
E2F6 3’UTR. However, the luciferase activity
of the report vector of wild-type E2F6 3’UTR
was up-regulated after inhibiting the expression
of miR-425, suggesting that miR-425 had a tar-
geting effect on E2F6. However, the luciferase
activity in the report vector group transfected
with mutant E2F6 3’'UTR was not significantly
decreased. These experimental results indicated
that miR-425 could complement and bind to the
3’UTR of E2F6 (Figure 3B).

RT-PCR and Western blot showed that the ex-
pression of E2F6 was significantly reduced after
miR-425 overexpression (Figure 4A-4C), further
confirming the regulatory effect of miR-425 on
E2F6 expression. Subsequently, we explored the
correlation between of E2F6 and miR-425 in
ccRCA cells. 3 groups were constructed (the miR-
NC group, the miR-425 mimics group and the
mimics + E2F6 group) and similar experiments
were performed in 786-0O cells. As expected, the
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restoration of E2F6 had the reverse force on the
inhibitory effect of miR-425 on the proliferation
(Figure 4D), cell cycle (Figure 4E), cell apoptosis
(Figure 4F-4G) of ccRCA cells. These results
indicated that miR-425 could inhibit ccRCA by
targeting E2F6 expression.
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Figure 3. E2F6 was a direct and functional target of miR-
425.786-0 cells were transfected with miR-425 mimics and
inhibitor. 4, Diagram of putative miR-425 binding sites of E2F6.
B, Relative activities of luciferase reporters (***p < 0.001).
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Figure 4. E2F6 was a direct and functional target of miR-425. E2F6 overexpression attenuated the inhibitory effect of miR-
425 on 786-0 cells. 4, The mRNA expression level of E2F6 was detected by qRT-PCR. B, Protein expression of E2F6. C,
The protein expression level of E2F6 was detected by Western blot. D, Cell proliferation was measured by MTT assay. E, Cell
cycle was detected by flow cytometry. F-G, Cell apoptosis of ccRCA cells was analyzed by Annexin V/PI staining. Data were
presented as means + standard deviations. (*p < 0.05, **p < 0.01, ***p < 0.001 vs. the NC group; “p < 0.05, *p < 0.01, *p <

0.001 vs. the mimics group).

Discussion

Differential ~expression (up-regulated or
down-regulated expression) of miRNAs can of-
ten been found in cancer tissues. Previous studies
have proved that these differentially expressed
miRNAs can participate in the regulation of tu-
mor biological function, which may further affect
the progression of malignant tumors. Considering
the obvious down-regulation of miR-425 expres-
sion in ccRCA tissues and cells, we explored
the biological role of miR-425 in ccRCA by cell
transfection in this study. Results indicated that
knocking down the expression of miR-425 could
significantly enhance the malignant phenotype of

ccRCA cells and accelerate the growth of 786-O
cells. However, over-expression of miR-425 could
significantly inhibit the proliferation and promote
the apoptosis of ccRCA cells. These experimen-
tal results confirmed that miR-425 exhibited an
obvious inhibitory effect on the metastasis of
ccRCA. Researches have also found that miR-425
also acts as an anti-oncogene in malignant tumors
of most other organs. Based on the complete
or incomplete principle of base complementary
pairing, miRNAs usually work through binding
to the 3’UTR of target genes. This may directly
degrade target gene mRNAs or inhibit the pro-
tein translation process, eventually preventing
the corresponding protein expression from oc-
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currence”. Therefore, finding out the functional
targets of miRNAs is of great significance in
identifying the corresponding biological func-
tion mechanisms of miRNAs in tumors®. In this
study, E2F6, a potential target gene of miR-425,
was selected through three websites (TargetScan,
miRDB and miRanda). It was confirmed that
E2F6 could be directly targeted by binding to
the corresponding 3’UTR. Meanwhile, results of
reporter gene assay, Western blot and qRT-PCR
indicated that the expression of E2F6 was nega-
tively regulated by miR-425.

E2F6 is a member of the nuclear transcription
factor E2Fs family. It is also a key molecule that
can regulate important cellular biological ac-
tivities, such as the proliferation, apoptosis and
differentiation of cells. Scholars have proved that
E2F6 can inhibit the apoptosis induced by deoxy-
ribonucleic acid (DNA) damage®** and partici-
pate in the occurrence and development of can-
cers, including breast cancer” and lung cancer?.

In our study, we found that E2F6 overex-
pression could significantly affect the inhibitory
function of miR-425 on ccRCA cells in cell pro-
liferation, cell cycle and cell apoptosis. This indi-
cated that miR-425 could target the expression of
E2F6. Therefore, the miR-425/E2F6 axis might
be an important mechanism for the development
of ccRCA.

Conclusions

For RCA, there is a lack of effective molec-
ular markers for the early diagnosis, prognosis
and treatment of sensitivity prediction of RCA.
Meanwhile, we also lack RCA specific target
molecules that can be used as a target for drug
therapy, which are great difficulties in the clin-
ical diagnosis and treatment of RCA. Through
this study, we found that miR-425 was lowly ex-
pressed in ccRCA tumor tissues and could inhibit
the growth and promote the apoptosis of ccRCA
cells by targeting E2F6. This study provided a
basic research for the application of miR-425 in
RCA in the future.
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