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Abstract. — OBJECTIVE: We explored the reg-
ulation of miR-429 in nephroblastoma cells, in-
vestigating the mechanisms by which miR-429
influenced the proliferation and apoptosis of
nephroblastoma.

PATIENTS AND METHODS: The quantitative
reverse transcription polymerase chain reac-
tion (QRT-PCR) was conducted to detect the ex-
pression of miR-429 in nephroblastoma tissues
and cell lines (G401). The interaction between
miR-429 and c-myc was confirmed by qRT-PCR,
Western blotting and luciferase assays, respec-
tively. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl tetrazolium bromide) and clone forma-
tion assay were used to detect the effect of
miR-429 on the proliferation and clone forma-
tion ability of G401 cells. Cell cycle and apopto-
sis of G401 cells were measured by flow cytome-
try and TUNEL staining, respectively.

RESULTS: miR-429 was down-regulated in
nephroblastoma tissues and cells. On-line tar-
get gene prediction software was applied to
screen c-myc, the potential downstream target
gene of miR-429. The expression of c-myc was
negatively regulated by miR-429. Subsequent
experiments demonstrated that overexpression
of miR-429 inhibited the proliferation ability and
arrested cell cycle of G401 cells in GO/G1 phase.
Besides, the number of apoptotic cells was in-
creased in miR-429 intervened group. Howev-
er, c-myc could reverse the biological effects of
miR-429 on proliferation, apoptosis, clone for-
mation and cell cycle of G401 cells.

CONCLUSIONS: MiR-429 can regulate the pro-
liferation, clone formation, cell cycle and apop-
tosis of nephroblastoma cells through target-
ing c-myc, indicating miR-429 may function as a
potential therapeutic target for the treatment of
nephroblastoma.
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Introduction

Nephroblastoma is the most common primary
malignant tumor of the urinary system in chil-
dren. In 1899, Doctor Max Wilms in Germany
described nephroblastoma in detail for the first
time, so it is also known as Wilms’ tumor (WT)'.
Nephroblastoma often occurs in children young-
er than 5 years old, the incidence rate of which
accounts for about 8-10% in children’s malignant
tumors and 95% in children’s renal tumors®’.
The pathogenesis of nephroblastoma in children
is complex. Currently, researches have revealed
that the abnormal activation of oncogenes, lack
or inactivation of tumor suppressor genes, point
mutations of relevant genes or abnormal gene
regulation in child patients, are related to the oc-
currence of nephroblastoma®. The comprehensive
treatments, including surgery, chemotherapy and
radiotherapy, significantly improve the prognosis
of child patients with nephroblastoma. However,
traditional treatment has unsatisfactory curative
effects on nephroblastoma patients with poor his-
tological features and relapse after treatment>®.
Therefore, in-depth investigations on the biolog-
ical characteristics and pathogenesis of nephro-
blastoma were of great clinical value and signif-
icance in searching new treatment methods and
improving the survival rate of child patients.

In recent years, the correlation between micro
ribonucleic acid (miRNA) and tumors has been
attracted increased attention. MiRNA is a kind of
non-coding small RNA with 18-25 nt in length,
which regulates the post-transcriptional transla-
tion of the target gene mRNA through binding to
its 3’-untranslated region (3’-UTR) . It had been
proved that miRNA played an important role in
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the regulation of gene expression and biological
growth and development, including cell cycle, cell
growth, apoptosis, embryonic development, stress
response, metabolism, morphogenesis and forma-
tion of various diseases®®. According to statistics'’,
miRNA found in the human genome might regulate
one third of human genes. Similar to other tumors,
a large number of differentially expressed miRNAs
have been found in nephroblastoma. Several works
have already confirmed the potential clinical appli-
cation of these certain miRNAs in nephroblastoma.
For example, miR-1180-5p'! and miR-21'? acted as
oncogenes, which promoted the malignant behav-
ior of nephroblastoma by targeting the expressions
of p73 and PTEN, respectively. However, the low
expression of miR-613 in nephroblastoma had a
tumor-suppressive effect on nephroblastoma’s pro-
gression and metastasis via mediating the expres-
sion of FRS2".

As a member of miRNAs, miR-429 had been
found involving in the occurrence and develop-
ment of many kinds of tumors!*!”. However, there
were few studies on the roles of miR-429 in the
development of nephroblastoma.

In this study, it was found that the expression
level of miR-429 in nephroblastoma tissues was
significantly decreased, and the biological role
of miR-429 in nephroblastoma cells was further
studied.

Patients and Methods

Patients

37 pairs of nephroblastoma tissues and adjacent
normal tissues were obtained from nephroblasto-
ma patients undergoing surgical procedure at Linyi
Central Hospital. Patients were pathologically con-
firmed as nephroblastoma. Tissues were frozen in
the liquid nitrogen and kept at -80°C refrigerator.
Both adjacent normal tissues and nephroblastoma
tissues should be confirmed by biopsy detection.
This study was approved by the Ethics Committee
of Linyi Central Hospital. Signed written informed
consents were obtained from all parents or guardi-
ons of the patiens before the study.

The human nephroblastoma cell line (G401)
together with human embryonic kidney cell line
(HEK-293T) were purchased from the Chinese
Academy of Sciences (Shanghai, China). All cells
were cultured in Roswell Park Memorial Institute
1640 (RPMI-1640) medium (Gibco, Rockville,
MD, USA) complemented with 10% fetal bovine
serum (FBS), 100 pg/mL streptomycin and 100

IU/mL penicillin (Gibco, Rockville, MD, USA) in
5% CO, cell culture incubator.

Luciferase Reporter Assays

In TargetScan, miRDB and microRNA web-
sites, it was found that c-myc was a target gene
of miR-429. The binding sequence of miR-429
at the 3’-end of c-myc was mutated using a point
mutation kit (Agilent Technologies, Santa Clara,
CA, USA). The mutated c-myc (Mut-type) and
non-mutant c-myc (WT-type) were connected with
the pGL3-Basic luciferase reporter vector (Prome-
ga, Madison, WI, USA). PGL3-basic vector with
mutant c-myc was transfected into G401 cells af-
ter lentivirus intervention in the 24-well plate. The
same treatment was performed on the pGL3-basic
vector connected with the non-mutant c-myc ac-
cording to steps in the Luciferase Reporter Gene
Assay Kit. The luciferase activity was detected in a
multi-function microplate reader.

Transfection

MiR-429 mimics and si-c-myc were synthesized
and transfected to nephroblastoma cell lines (G401)
to analyze biological function of miR-429. Three
groups were established to study the potential rel-
evance between miR-429 and G401 cell, namely
NC group (negative control), miR-429 mimics
(G401 cells transfected with miR-429 mimics)
and mimics + c-myc (G401 cells transfected with
miR-429 mimics and si-c-myc). All plasmids were
purchased from RiboBio (Guangzhou, China), and
transfected using lipofectamine RNAIMAX (Life
Technologies, Gaithersburg, MD, USA) according
to the manufacturer’s instructions.

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

Total RNA was procured by TRIzol Reagent
(Invitrogen, Carlsbad, CA, USA) in accordance
with the manufacturer’s protocol. SYBR green
qPCR assay was used to measure the expres-
sion level of c-myc and endogenous controlled
by glyceraldehyde 3-phosphate dehydrogenase
(GAPDH). TagMan miRNA assay (Applied
Biosystems, Foster City, CA, USA) was used to
measure the level of miR-429 expression nor-
malized to miRNA U6. Primer sequences used
in this study were as follows: c-myc, F: 5’-TC-
GGACTCTCTGCTCTCCTC-3’, R: 5-CTG-
CATAATTGTGCTGGTGC-3’; microRNA-429,
F: 5°- GCCGATTAATACTGTCTGGTAA-3’, R:
5’-CAGTGCAGGGTCCGAGGT-3’; U6: For-

5173



H.-F. Wang, W.-H. Wang, H.-W. Zhuang, M. Xu

ward: 5’-CTCGCTTCGGCAGCACA-3’, Re-
verse: 5’-AACGCTTCACGAATTTGCGT-3’

Western Blot Analysis

The protein concentration was measured by bi-
cinchoninic acid (BCA) reagent kit (Merck, Bill-
erica, MA, USA). 20 pg protein of G401 cells was
subjected to 10% sodium dodecyl sulfate (SDS)
polyacrylamide gel electrophoresis, transferred
onto a nitrocellulose membrane and sealed with
gelatin for 2 h. Membranes were incubated with
anti-c-myc and anti-GADPH (diluted at 1:1000,
Cell Signaling Technology, Danvers, MA, USA)
at 4°C overnight. Subsequently, membranes
were incubated with specific horseradish perox-
idase-conjugated secondary antibody (1:10000)
for 1 h, and washed with Tris-Buffered Saline
with Tween-20 (TBS-T) for 3 times. The protein
bands were developed using enhanced chemilu-
minescence (ECL) method (Thermo Fisher Sci-
entific, Waltham, MA, USA). The proteins were
visualized and detected, and the grey level of each
protein was normalized to the GADPH. Western
blot results were analyzed via Image-J software.

Cell Proliferation

Cells in logarithmic growth phase were collect-
ed, diluted into 1x10° cell suspension, and added
into a 96-well cell culture plate (5x10%/100 uL per
well). Blank controls were set with only culture
medium. Cell viability was determined via MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide) assay. 15 pL. MTT reagent (500
ug/mL) were added to each well. Cells were con-
tinuously cultured at 37°C for 2 h, followed by
the measurement of the absorbance value at the
wavelength of 450 nm. The blank control was ze-
roed, and absorbance value at the wavelength of
450 nm was measured using a microplate reader.

Clone Formation Assays

The G401 cells were digested and transfected
with trypsin for in single cell suspension state.
6x10° cells were cultured in a 60 mm culture dish
for 14 d, and bacterial colonies were fixed, stained
with 0.5% crystal violet for 15 min. 10 random
fields of view were observed under a light micro-
scope, and the number of colonies was counted
(cell groups consisting of more than 50 cells were
taken as one cell colony).

Cell Cycle Assay

G401 cells were obtained 48 h after transfec-
tion, and 1x10° cells were collected from each
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group. The cells were washed twice with phos-
phate-buffered saline (PBS), and the supernatant
was discarded. During the cell cycle detection,
each sample was added and fixed with 70% eth-
anol (pre-cooled at -20°C), placed at -20°C over-
night. Subsequently, cells were washed twice with
pre-cooled PBS, followed by 15 min of incubation
with ribonucleases (RNases) (50 pg/mL) (Shang-
hai Li Rui Biological Technology Co, Ltd. Shang-
hai, China). After that, each sample was added
with 50 pg/mL propidium iodide (PI) for 30 min
of incubation. The stained cells were detected via
flow cytometry. The rate of cells in GO/G1 or S
phases was presented in the results.

Cell Apoptosis Detection

The apoptosis of G401 cells was detected by
TUNEL assay according to the manufacturer’s in-
structions (Roche, Basel, Switzerland). Horserad-
ish peroxidase (HRP)-mediated diaminobenzidine
reaction was used to visualize the TUNEL-posi-
tive cells, following the counterstain. Fields were
photographed at a magnification of 200x and were
randomly selected. The apoptosis index was used
to measure the degree of apoptosis.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 16.0 software (SPSS Inc., Chicago, IL,
USA) were used for statistical analysis. 7-test was
used for the intergroup differences. p<0.05 was
considered statistically significant.

Results

MiR-429 Expression was Reduced in
Nephroblastoma Tissues and Cells

In order to examine the effect of miR-429
during the development of nephroblastoma, we
measured the expression level of miR-429 in clin-
ical tissues and adjacent normal tissues by qRT-
PCR. The expression of miR-429 was remarkably
lower in nephroblastoma tissues comparing with
that in adjacent normal tissues (Figure 1). The
same results were obtained in cellular level of
miR-429 (Figure 2A). Taken together, we thought
miR-429 might have regulatory effect during the
progression of nephroblastoma.

C-myc is a Direct Target of miR-429

The microRNA target gene prediction soft-
ware manifested that miR-429 could act on the
3’-UTR of c-myc. Firstly, we detected the ex-
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pression level of c-myc in nephroblastoma cell
lines by qRT-PCR, and we found that c-myc
expression was up-regulated in G401 cells com-
paring with the control (Figure 2B-C). Secondly,
luciferase activity was detected after co-trans-
fection of constructed fluorescent report vectors
(pmirGLO/c-myc-3’-UTR or pmirGLO/c-myc-
3’-UTR mut) with miR-429 mimics into G401
cells, respectively. The results revealed that the
over-expression of miR-429 could down-regu-
late the luciferase activity of the report vector
of /c-myc-3’-UTR wt. However, the luciferase
activity of c-myc-3’-UTR wt was up-regulat-
ed after the inhibition of miR-429 expression,
suggesting that miR-429 had a targeting effect
on c-myc. However, the luciferase activity in
the report vector group transfected with mutant
c-myc 3’-UTR did not decrease significantly
(Figure 2D). Together, we thought that miR-429
and c-myc might have some correlation on effect
during the progression of nephroblastoma.

MiR-429 Decreased the Expression
Level of c-myc

The miR-NC group, miR-429 mimics group
and the mimics + si-c-myc group were established
to detect expressions of miR-429 and c-myc in
G401 cells. The results from qRT-PCR and West-
ern blotting showed that the expression level of
c-myc was decreased by up-regulation of miR-
429 in G401 cells. These data further illustrated
the regulatory effect of miR-429 on the expres-
sion of c-myc (Figure 2E-G).
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Figure 1. The expressions of miR-429 in nephroblasto-
ma tissues. Difference in the expression of miR-429 be-
tween nephroblastoma tissues and adjacent normal tissues.
(****p<0.0001).

MiR-429 Inhibited the Cell Proliferation

MTT assay was taken to detect the cell prolifer-
ation after the transfection. The results suggested
that the cell proliferation of G401 cells were re-
duced by miR-429 mimics transfection. In con-
trast, the cell growth of nephroblastoma cells was
found encouraged in mimics+ c-myc group (Fig-
ure 3A), indicating that miR-429 could inhibit the
proliferation of nephroblastoma cells. Moreover,
the colony formation in G401 cells transfected
with miR-429 mimics was significantly decreased
in number and size than those of control cells
(Figure 3B).

The Influence of miR-429 on the
Cell Cycle Proliferation

To explore whether miR-429 had an influence
on cell cycle progression, it was observed that
overexpression of miR-429 increased the percent-
age of cells in GO/G1 phase compared with that of
S phase. However, an opposite effect was found
after c-myc intervention. As a result, the study
suggested that miR-429 could arrest cells in GO/
G1 phase and promote cells in S phases for divi-
sion and proliferation (Figure 3C, 3D).

MiR-429 Promoted the Cell Apoptosis

The apoptosis rate of G401 cells was detected
by TUNEL assay. After the transfection of miR-
429 mimics, the percentage of apoptotic cells was
significantly increased (Figure 4A-B). However,
the apoptotic rates were much lower in miR-NC
and mimicstc-myc groups (Figure 4C). The re-
sults indicated the promotion effect of miR-429
on apoptosis of nephroblastoma cells.

Discussion

With the in-depth researches on miRNAs, there
had been increasing studies focusing on the rela-
tionship between miRNA and tumors. The role
of miR-429 in tumors has been well recognized.
Researches had confirmed that the miR-429 ex-
pression in gastric cancer'® and colon cancer'® was
significantly inhibited. MiR-429 was considered
as a tumor suppressor miRNA in the pathogenesis
of the above cancers. Overexpression of miR-429
could reduce the proliferation, migration and inva-
sion capacity of tumor cells. The carcinogenesis of
miR-429 was realized via regulating the FSCN1
and PAKG6 expression. However, Huang et al*® had
demonstrated that upregulated miR-429 in liver
cancer could promote the tumor cell proliferation,

5175



H.-F. Wang, W.-H. Wang, H.-W. Zhuang, M. Xu

>

Relative miR-429 expression
o

-
o
1

i
(3.}
1

o
o
1

B

H
1

g
i

Relative c-myc expression
- N
L L

o
1

C D 215 «~ @B NC
g B miR-429
©
c-myc 3°-UTR Wild Type 5’ ."UAGUAUAUAGUACCU/?G[UAUUAA‘.3’ @ 1.0
©
hsa-MiR-429 3’ UGCCAAAAUGGUCUGUCAUAAU 5 3
Q
c-myc 3’-UTR Mutant Type 5’ ...UAGUAUAUAGUACCUUCAUAAU...3’ % 0.5
>
s
[]
& 0.0
< (7
< <K
& &
N4 <
S S
g # 2« T
s - | e—— - o Sm
28 1.0] c-mye @ 10
o CH) E
% E " GADPH < < Sl é 2 -
o ;: 0.5 ¢ © & 82 05
é \Qﬁ &-\6‘ s’(‘"& % 2
K o > & K
[ [}
x g0l & v © 00
] e & ] & ~\°
& & & & & &
<€ ) e <& o @
» & » &
é& & &“Q' &

Figure 2. C-myc is a direct and functional target of miR-429. 4, and B, Difference in the expressions of miR-429 and c-myc
between human nephroblastoma cell line G401 and human embryonic kidney cell line HEK-293T (***p<0.001 vs. HEK-293T).
C, Diagram of putative miR-429 binding sites of c-myc. D, Relative activities of luciferase reporters (**p<0.01). E. Expression
level of c-myc by qRT-PCR analysis. F, Protein expression of c-myc by Western blot. G, Expression level of c-myc by Western
blot experiment statistical analysis of F. All data were presented as means + standard deviations (**p<0.01, ***p<0.001 vs. NC

group; ##p<0.01 vs. Mimics group).

indicating that miR-429 played a carcinogenic role
in the development of liver cancer. To our best
knowledge, there was no research on the biological
function of miR-429 in nephroblastoma.

As previously mentioned, miRNA regulated the
biological behavior of tumor cells by targeting the
downstream genes, including the promotion of pro-
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liferation, growth and invasion of tumor cells. To
clarify the mechanism of miR-429 in affecting the
occurrence and development of nephroblastoma,
potential target genes of miR-429 were screened
using on-line target gene prediction software. Ac-
cording to bioinformatics analysis, it was predicted
that c-myc is a direct target gene of miR-429.
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Figure 3. The influence of miR-429 on cell clone ability and cell cycle. 4, Assessment of colony formation. C, The cell cycle
phases of nephroblastoma cell analyzed using flow cytometry. B, and D, were statistical analysis of A and B, respectively. All
data were presented as means + standard deviations (*p<0.05, **p<0.01 vs. NC group; #»<0.05, ##p<0.01 vs. Mimics group).

C-myc, as a member of the proto-oncogene myc
family, is located on chromosome 8, which main-
ly stimulates the cell proliferation and induces
the apoptosis. Animal experiments had confirmed
that overexpression of c-myc could promote cell
deviation and induce quiescent cells into the cell
division phase, thereby leading to increased cell
proliferation rate and tumorigenesis. At the same
time, c-myc expression was closely related to the
proliferation and differentiation of such malignant
tumors as non-small-cell lung cancer (NSCLC)?!
and pancreatic cancer®. The regulatory effects of
its expression in the aspect of cell growth, differ-
entiation and malignant transformation had also
been confirmed.

The microRNA target gene prediction software
manifested that c-myc was a downstream target
gene of miR-429. To further investigate the cor-
relation between c-myc and miRNA in the oc-
currence and development of nephroblastoma,
miR-429 mimics with or without si-c-myc were
transfected into G401 cells. Western blotting and
gqRT-PCR results confirmed that there was a neg-
ative correlation between miR-429 and c-myc

expression in G401 cells. These results further
proved that c-myc was a target gene of miR-143.
Overexpression of miR-429 could significantly
inhibit the proliferation and clone ability, where-
as promote apoptosis of G401 cells. Furthermore,
overexpression of c-myc could effectively reverse
the effects of miR-429 on nephroblastoma cells.
These results suggested that the inhibitory effect
of miR-429 on the biological function of nephro-
blastoma cell was realized via inhibiting the ex-
pression of c-myc.

Conclusions

We showed the regulatory effect of miR-429 on
the occurrence and development of nephroblasto-
ma for the first time. The mechanism of miR-429
was further clarified to provide a new target for
the biotherapy of nephroblastoma.
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Figure 4. The influence of miR-429 on cell proliferation and cell apoptosis. 4, Cell proliferation of nephroblastoma cells de-
tecting by MTT assay (***p<0.001). B, and C, Apoptosis level of ALL cells tested by TUNEL staining (200x). All data were
presented as means + standard deviations (***p<0.001 vs. NC group; ###p<0.001 vs. Mimics group).
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