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Abstract. MicroRNAs (miRNAs or miR) serve as oncogenes 
and tumor suppressors. In a previous study, it was revealed that 
has-miRNA-429 (miR-429) is a tumor suppressor in 786-O 
renal cell carcinoma (RCC) cells. However, its mechanism in 
RCC remains to be determined. The present study aimed to 
explain the functional role and mechanism of miR-429 in RCC 
pathogenesis. Luciferase reporter assays demonstrated that 
miR-429 overexpression reduced the transcriptional activity 
of AKT serine/threonine kinase 1 (AKT1). Reverse tran-
scripton-quantitative (RT-q) PCR and western blot analysis 
indicated that the mRNA and protein expression of AKT1 was 
downregulated in 786-O RCC cell lines when miR-429 was 
overexpressed, indicating that miR-429 may directly target 
AKT1 in RCC. Therefore, miR-429 overexpression enhanced 
the inhibition of tumor size and weight in nude mice in vivo. 
The current study indicated that the novel miR-429-regulated 
pathway may provide insights into RCC oncogenesis and 
metastasis.

Introduction

Renal cell carcinoma (RCC) accounts for 2-3% of all adult 
malignancies, and its incidence has an increasing rate of 
2-3% per decade (1). Approximately 80% of patients with 
RCC worldwide are diagnosed with clear cell RCC (ccRCC), 

the most common subtype of RCC. Although surgery is still 
the major modality for RCC, 50% of patients with RCC still 
suffer from recurrence with distant metastasis after curative 
nephrectomy (2). Biomarkers for the early diagnosis and 
targeted therapies of RCC are currently lacking. Therefore, 
precise, sensitive biomarkers and the targeted treatment for 
RCC therapy are urgently needed.

MicroRNAs (miRNAs) are small endogenous ncRNA 
comprising 19-22 nucleotides that regulate gene and 
protein-coding gene expression levels at the post-transcriptional 
level through translational inhibition or mRNA degrada-
tion  (3). miRNAs are distributed in some cancer types (4-6) 
and dysregulate the key processes of tumor development and 
progression, including proliferation, differentiation, cell cycle, 
apoptosis, migration, and invasion (7,8).

miR-429 is a member of the miR-200 family and an 
oncogene or tumor-suppressor gene in diverse cancer 
types, including ovarian cancer (9), cervical cancer (10), 
cholangiocarcinoma (11), non-small cell lung cancer (12), 
gastric cancer (13), and hepatocellular carcinoma (14). 
Wu et al (15) found that the miR-429 in RCC contributes 
to cell migration, survival, and invasion via the downregula-
tion of Sp1. Chen et al (16) also reported that miR-429 can 
regulate RCC cell function by targeting VEGF and reduce 
the 3'-untranslated region (3'-UTR) luciferase action of 
VEGF. However, the role and mechanisms of miR-429 in 
HCC have not been elucidated. In this study, we identified 
AKT1 as a target of miR-429 and showed the possible role of 
miR-429/AKT1-mediated signal pathway as a new target for 
RCC treatment.

Materials and methods

Cell culture. Cells 786-O and 293T were purchased from the 
American Type Culture Collection (Manassas, VA, USA), 
cultured in DMEM (Invitrogen Life Technologies; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA), and supplemented 
with 10% fetal bovine serum (Shanghai ExCell Biology, Inc., 
Shanghai, China), 100 U/ml penicillin, and 100 µg/ml strepto-
mycin. The cultures were maintained at 37˚C in a humidified 
air atmosphere with 5% CO2.
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Cell transfection. The miR-429 mimics, miR-429 inhibitor, 
negative control miRNA mimics (mimics NC), and negative 
control miRNA inhibitor (inhibitor NC) were chemically 
synthesized by Shanghai GenePharma Co., Ltd. (Shanghai, 
China). Some sequences are listed in Table I. 293T and 786-o 
cells of 60‑80% confluence were transfected with miR‑429 
mimic, NC mimic, miR-429 inhibitor or inhibitor controls 
using Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc) according to the manufacturer's instructions. 
The transfection efficiency and miR‑429 expression changes 
were confirmed by fluorescence microscopy (DMIRB; Leica 
Microsystems GmbH, Wetzlar, Germany) and qPCR. The 
culture medium was refreshed 6 h after transfection, and the 
transfection efficiency was observed in the 293T and 786‑o 
cells that were transfected with green fluorescent protein 
Fam-labeled miR-429 mimic-negative control (GenePharma 
Co., Ltd.). The cells were harvested and the total RNA was 
extracted for qPCR analysis 24 h after transfection with a 
miR-429 mimic or the control.

Reverse transcription‑quantitative (RT‑q) PCR. Total RNA 
was extracted from cells by using TRIzol® reagent (Invitrogen 
Life Technologies; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's instructions. RT was performed to analyze 
the mRNA expression levels of AKT1 by using the Revert Aid 
First Strand cDNA synthesis kit (Thermo Fisher Scientific, Inc., 
Vilnius, Lithuania) according to the manufacturer's instructions. 
The 20 µl of PCR mixture contained 10 µl of 2X QuantiTect 
SYBR Green PCR Master mix (Takara Bio, Inc., Otsu, Japan), 
1 µl of cDNA template, 1 µl of each primer, and RNase-free 
water. The program for polymerase chain reaction (PCR) was 
as follows: 95˚C for 15 min, followed by 45 cycles of 94˚C for 
15 sec, 57˚C for 30 sec, and 72˚C for 30 sec. AKT1 expression 
levels were evaluated using the comparative threshold cycle 
(Ct) method (17). GAPDH was used as an internal control. 
The primers for AKT1 and GAPDH are listed in Table I. Each 
sample was detected in triplicate.

Luciferase reporter assay. Luciferase reporter assay was used 
to verify whether or not AKT1 is a direct target of miR-429. 
The 3'-UTR region of AKT1 with the potential binding 
sites or mutant sites of miR-429 were generated, followed 
by fusion into the luciferase reporter vector pGL3-promoter 
vector (Promega Corporation, Madison, WI, USA, named as 
AKT1-WT or AKT1-MUT). Amplification was conducted 
using the primers listed in Table I. Then, 293T cells were 
seeded (10,000 cells/well) in a 96-well plate and co-trans-
fected with miR-429 mimic/miR-negative control, miR-429 
inhibitor/inhibitor control and WT/MUT-AKT1-3'-UTR 
vector. Luciferase activity was measured using a Luciferase 
reporter assay kit (Promega Corporation) according to the 
manufacturer's guidelines at 48 h after transfection.

Protein extraction and western blot analysis. Western blot 
was performed according to the manufacturer's guidance. 
The cells were homogenized, and total protein was extracted 
using RIPA buffer and analyzed by Western blot. The proteins 
were then detected with antibodies. The primary antibodies 
included AKT1 (1:1,000; cat no. ab-81283; Abcam, Hong Kong, 
China) and GAPDH (1:1,000; cat no.sc-47724; Santa Cruz 

Biotechnology, Inc., Santa Cruz, CA, USA). Goat anti-rabbit 
IgG-HRP purchased from Beyotime was used as the secondary 
antibody. GAPDH was used as an internal control.

In vivo tumor xenograft studies. Six BALB/c-nu mice 
(6 weeks, 16-18 g) were provided by Shanghai Slac Laboratory 
Animal Ltd. (Shanghai, China) and were allowed to adapt 
for 3 days before any experimental procedures. The 786-O 
cells were injected into the underarms of each mouse. The 
mice received two intratumoral injection of miR-429 miRNA 
agomir or agomir negative control each week until the tumor 
size reached approximately 5x5 mm. Tumor size was super-
vised every week, and tumor volume was calculated using the 
formula V = (a2xb)/2, where a and b represents the width and 
length, respectively. Finally, mice were euthanized with an 
intraperitoneal injection of pentobarbital sodium (200 mg/kg) 
at the end of the experiment, then tumors were harvested 
and weighed. Symptoms such as pain, weight loss, loss of 
appetite or weakness were set as humane endpoints for the 
present study; however, no animal was sacrificed before the 
completion of the experiment as a result of displaying any 
of these symptoms. The animal experiment was approved 
by the Institutional Ethics Committee on Animal Care and 
Experimentation at The Guangzhou Medical University of 
China (approval no. 2017-020).

Statistical analysis. Statistical significance was analyzed 
using the t-test. Each sample was evaluated in triplicate, and 
the results were expressed as the means ± standard deviation. 
A two-tailed P<0.05 was considered significant. All statistical 
analyses were conducted using SPSS 17.0 statistical software 
(SPSS, Inc., Chicago, IL, USA).

Results

miR‑429 downregulated AKT1 expression in 786‑O RCC cell 
lines. mRNA and protein analyses were performed to confirm 
the effect of miR-429 on AKT1 expression at the transcrip-
tional or translational levels. Compared with the control group, 
the cells transfected with the miR-429 mimics suppressed the 
mRNA expression of AKT1 (Fig. 1A), and this finding was 
consistent with those of luciferase report assay. miR-429 over-
expression remarkably decreased the AKT1 protein expression 
in 786-O RCC cell lines (Fig. 1B). The Fam-labeled negative 
control was transfected into the cells, and the transfection 
efficiency was analyzed by fluorescence microscopy 6 h after 
transfection. The transfection efficiency was ~80 and 85% in 
293T and 786-o cells, respectively. In addition, the fold changes 
to the expression levels of miR-429, as determined by qPCR, 
were 130.4 and 162.3 in the 293T and 786-o cells Compared 
with the NC mimic control group, respectively (Fig. 1C).

AKT1 is a direct target of miR‑429. miRNA target was 
predicted using computational algorithms according to the 
base-pairing rules between miRNA and mRNA target sites, 
the location of binding sequences within the target 3'-UTR, 
and the conservation of target binding sequences within asso-
ciated genomes. The gene was predicted using the microRNA 
(http://www.microrna.org/microrna/home.do) computational 
algorithms (Fig. 2A).
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To perform luciferase reporter assay and validate the 
physical interaction of miR-429 with AKT1 mRNA, we 
constructed two vectors by cloning WT and MUT 3'-UTR 

into pGL3-promoter vector. Luciferase reporter constructs 
containing the 3'-UTR of AKT1 with the miR-429 mimic 
or negative control, either inhibitor or inhibitor NC, were 
transfected into the 293T cells. After 48 h, the luciferase 
activity was detected. The relative luciferase activity of 
the reporter, containing the WT 3'‑UTR was significantly 
suppressed when miR-429 was co-transfected into the 293T 
cells compared with the negative control; containing the 
WT 3'‑UTR was significantly promoted when inhibitor was 
cotransfected into the 293T cells compared with inhibitor 
NC (Fig. 2B). By contrast, the luciferase activity of the MUT 
reporter was unaffected (Fig. 2C). All luciferase assays were 
repeated three times.

miR‑429 suppressed 786‑O cells derived xenograft tumor 
growth in vivo. A nude mouse xenograft model was established 
to confirm whether or not miR-429 overexpression could 
inhibit the growth of tumor. The results showed that miR-429 
effectively inhibited the growth of tumor. The size and weight 
of nude mice with miR-429 treatment were lower than those of 
the control mice (Fig. 3A-C).

Discussion

RCC is a highly malignant digestive system tumor with radical 
surgical removal of the tumor as one of its main therapies. 
However, the recurrence rate of this disease remains high even 
after surgery. Therefore, searching for alternative treatment for 
RCC is urgent.

The role of miRNAs has been well studied in cancer and 
normal tissues (18-21). miRNAs are important biomarkers or 
therapeutic targets for RCC (22). However, the role of miR-429 
is controversial. Machackova et al reported that miR-429 acts 
as a tumor suppressor by inhibiting the loss of E-cadherin 
in RCC cells (23). miR-429 can also inhibit the migration, 
invasion, and proliferation of RCC cells by targeting Sp1 
directly (15). Furthermore, miR-429 is related to the resis-
tance to chemoradiotherapy of pancreatic cancer through the 

Table I. Primer sequences used in the present study.

Primer Sequence

AKT1 F: AGCGACGTGGCTATTGTGAAG
 R: GCCATCATTCTTGAGGAGGAAGT
AKT1-3'UTR-WT F: ACGCGTGCTAGCCCGGGCGAGCCCAGATGGAAAGACGT
 R: GCAGATCGCAGATCTCGAATTTGGAGGGAAGGTTCCA
AKT1-3'UTR-MUT F: TTTACAACATTCAACTTCGAAGAGCTTACTATTATAATATAATA
 R: TATTATATTATAATAGTAAGCTTCACGAAGTTGAATGTTGTAAA
miR-429 mimic F: UAAUACUGUCUGGUAAAACCGU
 R: GGUUUUACCAGACAGUAUUAUU
NC mimic F: UUCUCCGAACGUGUCACGUUT
 R: ACGUGACACGUUCGGAGAATT
GAPDH F: GGAGCGAGATCCCTCCAAAAT
 R: GGCTGTTGTCATACTTCTCATGG

AKT1, AKT serine/threonine kinase 1; 3'UTR, 3' untranslated region; WT, wild-type; MUT, mutant; miR, microRNA; NC, negative control.

Figure 1. (A) 786-O cells transfected with miR-429 mimic exhibited 
decreased mRNA expression levels of AKT1 compared with those trans-
fected with the negative control. (B) Overexpression of miR-429 resulted in a 
decrease in the protein expression levels of AKT1 in the renal cell carcinoma 
786-O cell lines. (C) The fold changes to the expression levels of miR-429, 
as determined by quantitative PCR, were 130.4 and 162.3 in the 293T and 
786-O cells compared with the negative control group, respectively. The 
results represent three independent experiments. *P≤0.05. miR, microRNA; 
AKT1, AKT serine/threonine kinase 1.
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regulation of PDCD4 (24). In 2018, Xue and Tian reported 
that miR‑429 expression is significantly lower in HCC tissues 
and cells than in normal tissues, and the elevated level of 

miR-429 could inhibit metastasis in HCC cells by targeting 
RAB23 (14). By contrast, Tang et al reported that miR-429 
enhances HCC cell invasion and migration by targeting the 

Figure 2. AKT1 is the target gene of miR-429. (A) Putative duplex formation between miR-429 and the AKT1 3'UTR. (B)  Luciferase reporter constructs 
containing the 3'UTR of AKT1, together with the miR-429 mimic or negative control, inhibitor or inhibitor NC, were transfected into the 293T cells. After 
48 h, luciferase activity was detected. The relative luciferase activity of the reporter, containing the WT 3'UTR was significantly suppressed when miR‑429 
was cotransfected into the 293T cells compared with negative control; containing the WT 3'UTR was significantly promoted when inhibitor was cotransfected 
into the 293T cells compared with inhibitor NC. (C) In contrast, the luciferase activity of the MUT reporter was unaffected. All luciferase assays were repeated 
three times; UTR, untranslated region; WT, wild-type; MUT, mutant. *P<0.05. n.s., nonsignificant; AKT1, AKT serine/threonine kinase 1; miR, microRNA; 
UTR, untranslated region; NC, negative control; WT, wild-type; MUT, mutant.

Figure 3. Tumor volumes at the (B) indicated dates and images and (A) tumor weight at (C) day 28 in the nude mice treated with intratumoral injection of 
miR-429 agomir or its negative control (negative control agomir) for a period of 4 weeks. The average values are present in the bar graphs (means ± standard 
deviation; n=3 for each group). The results represent three independent experiments. *P≤0.05. miR, microRNA.
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PTEN/PI3K/AKT/β-catenin axis directly (25). In human pros-
tate cancer cells, the elevated level of miR-429 promotes cell 
proliferation by targeting p27Kip1 (26).

In this study, we reported that miR-429 acts as a tumor 
suppressor in RCC cells. Several signal pathways, such as 
PDCD4 (24), VEGF (16), and c-myc (27), are involved in 
miR-429-regulated tumor development. This study first 
revealed that AKT1 is a target in mediating the anti-tumoral 
function of miR-429.

The phosphoinositide 3-kinase (PI3K)/RAC seine/ 
threonine-protein kinase (AKT)/mechanistic target of 
rapamycin (mTOR) signaling pathway is frequently dysregu-
lated in several cancer types (28,29). AKT plays a key role in 
the PI3K/AKT/mTOR signaling pathway and is closely associ-
ated with various cancer pathophysiologies, including EMT, 
growth, migration, metabolism, and angiogenesis (30-32). 
AKT has three isoforms (AKT1, AKT2, and AKT3) with 
different roles in cancer pathophysiology. AKT1 can also 
suppress breast cancer cell invasion and migration (33,34) 
but accelerate the onset of tumorigenesis (35). Therefore, the 
knockdown of AKT1 gene inhibits the onset of tumorigen-
esis (36).

Four computational algorithms were used to explore the 
potential effect of miR-429 in renal tumorigenesis, predict 
the targets of miR‑429, and confirm AKT1 as a novel target 
gene. The binding sites of miR-429 on the AKT1 3'-UTR 
were verified using the luciferase reporter assay. In addition, 
the cancer cells transfected with miR-429 mimics showed a 
reduced AKT1 expression at the mRNA and protein levels. 
The in vitro experiment showed that miR-429 overexpression 
could enhance the inhibition effect of tumor size and weight 
in nude mice. Hence, AKT1 is a direct target gene of miR-429 
in renal caner. Therefore, miR-429/AKT1 axis can be a novel 
marker and therapeutic target in RCC treatment. However, 
owing to the experimental conditions were not perfect, there 
were no evaluated other proteins involved into the AKT 
pathway, such as Phospho-p70 S6 Kinase. When the condi-
tions are improved, I will further explore components of the 
AKT pathway.

This study revealed that miR-429 acts as a tumor suppressor 
in RCC via the regulation of AKT1. This newly discovered 
underlying association between miR-429 and AKT1 may 
provide a new therapeutic strategy for RCC.
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