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MicroRNAs (miRNAs) are emerging as pivotal regulators in the development and progression of various 
cancers, including renal cell carcinoma (RCC). MicroRNA-384 (miR-384) has been found to be an important 
cancer-related miRNA in several types of cancers. However, the role of miR-384 in RCC remains unclear. 
In this study, we aimed to investigate the potential function of miR-384 in regulating tumorigenesis in RCC. 
Here we found that miR-384 was significantly downregulated in RCC tissues and cell lines. Overexpression of 
miR-384 significantly inhibited the growth and invasion of RCC cells, whereas inhibition of miR-384 had the 
opposite effects. Bioinformatic analysis and luciferase reporter assay showed that miR-384 directly targeted 
the 3¢-untranslated region of astrocyte elevated gene 1 (AEG-1). Further data showed that miR-384 could 
negatively regulate the expression of AEG-1 in RCC cells. Importantly, miR-384 expression was inversely cor-
related with AEG-1 expression in clinical RCC specimens. Moreover, miR-384 regulates the activation of Wnt 
signaling. Overexpression of AEG-1 significantly reversed the antitumor effects of miR-384. Overall, these 
findings suggest that miR-384 suppresses the growth and invasion of RCC cells via downregulation of AEG-1, 
providing a potential therapeutic target for the treatment of RCC.
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INTRODUCTION

Renal cell carcinoma (RCC) is one of most prevalent  
urologic malignancies, with increasing morbidity and 
mortality in recent years1,2. Despite advances in cancer  
therapies, patients with advanced RCC remain incurable3,4.  
However, the molecular mechanism underlying the patho-
genesis of RCC remains largely unknown. Therefore,  
a better understanding of the molecular mechanisms of 
RCC could help in the identification of novel therapeutic 
targets for the treatment of RCC.

MicroRNAs (miRNAs) are highly conserved, small 
noncoding RNAs, which have emerged as novel tools 
for controlling gene expression5. miRNAs can nega-
tively regulate protein expression through binding to the 
3¢-untranslated regions (3¢-UTRs) of their target gene 
mRNAs6. miRNAs are thought to be involved in the 
regulation of various biological functions, including sig-
nal transduction, differentiation, proliferation, and metas-
tasis7. A growing body of evidence has suggested that 
numerous miRNAs, which could function as oncogenes 
or tumor suppressors, are differently expressed during  

the development and progression of cancers8,9. These  
miRNAs could serve as potential biomarkers for diagno-
sis and prognosis as well as therapeutic targets for treat-
ment of cancers10,11. Global miRNA expression studies 
have revealed that various miRNAs are dysregulated  
and involved in the development and progression of 
RCC12–14. Therefore, a better understanding of the precise 
role of miRNAs may help in the development of novel 
and effective therapeutic approaches for RCC.

An increasing number of studies have suggested that 
astrocyte elevated gene 1 (AEG-1) is a novel oncogene 
in many types of cancers15,16. AEG-1 was originally char-
acterized in primary human fetal astrocytes, which can be 
induced by human immunodeficiency virus 1 (HIV-1) and 
tumor necrosis factor-a17–19. AEG-1 plays an important 
role in cancer progression, obesity, and neurodegenerative 
diseases20. AEG-1 is highly expressed in many cancers, 
including gastric cancer21, colorectal cancer22, hepatocel-
lular carcinoma23, glioma24, and prostate cancer25. AEG-1 
regulates the proliferation, metastasis, and drug resis-
tance of cancers through activation of various oncogenic 
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signaling pathways, such as the phosphoinositol 3-kinase 
(PI3K)/Akt and wingless-related integration site (Wnt) 
signaling pathways15,26. Studies have shown that AEG-1 
is highly expressed in RCC and that AEG-1 expression 
level is correlated with tumor grade, clinical staging, and 
metastasis classification27. Knockdown of AEG-1 inhib-
its growth and induces apoptosis of RCC cells28. Thus, 
AEG-1 may have the potential to be used as a therapeutic 
target for RCC.

Several studies have reported that miR-384 is a novel 
tumor-suppressive miRNA in many types of cancers29–31. 
However, the role of miR-384 in RCC remains unclear. 
In this study, we aimed to investigate the potential role 
and molecular mechanism of miR-384 in the develop-
ment and progression of RCC. Our results showed that 
miR-384 was significantly downregulated in RCC tissues 
and cell lines. Overexpression of miR-384 significantly 
inhibited the growth and invasion of RCC cells, whereas 
inhibition of miR-384 had the opposite effects. AEG-1 
was identified as a potential target gene of miR-384. 
Importantly, miR-384 expression was inversely corre-
lated with AEG-1 expression in clinical RCC specimens. 
Moreover, miR-384 regulates the activation of Wnt sig-
naling. Overexpression of AEG-1 significantly reversed 
the antitumor effects of miR-384. Overall, these findings 
suggest that miR-384 functions as a tumor suppressor 
in RCC and serves as a potential therapeutic target for 
its treatment.

MATERIALS AND METHODS

Tissue Samples

A total of 20 paired RCC tissues and adjacent normal 
tissues were obtained from RCC patients who under-
went nephrectomy in the China–Japan Union Hospital 
(Changchun, P.R. China). The samples were immedi-
ately frozen in liquid nitrogen and stored at −80°C until 
use. Written informed consent was obtained from all par-
ticipants. This study was reviewed and approved by the 
Institutional Human Experiment and Ethics Committee 
of the China–Japan Union Hospital. The experimen-
tal procedures were conducted in accordance with the 
Helsinki Declaration.

Cell Lines and Cultures

RCC cell lines including ACHN, A-498, 786-O, and 
Caki-1 and the human normal kidney tubule epithe-
lial cell line HK-2 were purchased from the American 
Type Culture Collection (ATCC; Manassas, VA, USA). 
HK-2 cells were cultured in keratinocyte serum-free 
medium (Gibco, Rockville, MD, USA) supplemented 
with 0.05 mg/ml bovine pituitary extract and 0.5 ng/ml 
human recombinant epidermal growth factor. ACHN and 
A-498 cells were cultured in Eagle’s minimum essential 

medium (ATCC); 786-O cells were grown in Roswell 
Park Memorial Institute (RPMI)-1640 medium (Gibco); 
and Caki-1 cells were cultured in McCoy’s 5a modified 
medium (ATCC). In addition, 10% fetal bovine serum 
(FBS) and 1% penicillin/streptomycin mix (Sigma-
Aldrich, St. Louis, MO, USA) were added to the media. 
Cells were grown in a humidified atmosphere of 95% air 
and 5% CO2 at 37°C.

RNA Isolation and Real-Time Quantitative Reverse 
Transcriptase PCR (qRT-PCR)

Total RNAs were isolated using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer’s protocols. Reverse transcription of miRNA 
was performed using the TaqMan microRNA Reverse 
Transcription Kit (Applied Biosystems, Foster City, 
CA, USA), whereas the reverse transcription of mRNA 
was performed using Moloney murine leukemia virus 
(M-MLV) reverse transcriptase (Takara Biotechnology 
Co., Ltd., Dalian, P.R. China). qRT-PCR was performed 
on an Applied Biosystems AB7500 Real-Time PCR 
System in a 20-μl reaction containing 1 μl of cDNA, 1 μl 
of primer, 10 μl of Power SYBR Green PCR Master Mix 
(Applied Biosystems), and 8 μl of ddH2O using the fol-
lowing cycling conditions: 95°C for 10 min; 40 cycles  
of 94°C for 10 s, 58°C for 20 s, and 72°C for 30 s;  
72°C for 5 min; and 4°C for 5 min. U6 small nuclear 
RNA and glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) served as internal controls for normalization  
of gene expression. Relative gene expression analysis 
was performed using the comparative 2−DDCt method.

Transient Transfection

The mimics, inhibitor, and negative controls (NCs) of 
miR-384 were synthesized by GenePharma (Shanghai, 
P.R. China). The open reading frame of AEG-1 was 
cloned into the pcDNA3.1 vector. The oligonucleotides 
and vectors were transiently transfected into cells using 
Lipofectamine 2000 (Invitrogen) following the manufac-
turer’s instructions. After 6 h, the culture medium was 
replaced by fresh medium, and the cells were incubated 
for 48 h prior to detection as described below. The trans-
fection efficacy was confirmed by qRT-PCR or Western 
blot analysis.

Cell Counting Kit-8 (CCK-8) Assay

Cell proliferation was assessed using the CCK-8 assay 
according to the manufacturer’s instructions. Briefly, cells 
were plated into 96-well plates (1 ́  104 cells/well) and 
cultured overnight. After 48 h of transfection, 10 µl of 
CCK-8 solution (Sigma-Aldrich) was added to each 
well and incubated for 2 h at 37°C. The optical density 
(OD) value was then measured at 450 nm using an auto 
microplate reader (Bio-Rad, Hercules, CA, USA).
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Colony Formation Assay

After 48 h of transfection, cells were seeded into six-
well plates at a density of 1,000 cells/well. The plates 
were precoated with growth medium containing 0.7% 
noble agar. After 14 days in culture at 37°C, cells were 
then washed with phosphate-buffered saline (PBS), fixed 
with 4% formaldehyde, and stained with 0.1% crystal 
violet. Stained colonies (diameter >1 mm) were counted 
under the microscope.

Cell Invasion Assay

Cell invasion was detected using the Transwell inva-
sion assay. Transwell chambers with 8-μm-pore mem-
branes (Millipore, Bedford, MA, USA) were coated with 
Matrigel (BD Biosciences, San Diego, CA, USA) accord-
ing to the manufacturer’s instructions. A total of 200 μl 
of serum-free medium containing 1 ́  105 cells was added 
to the upper chamber, and 600 μl of medium containing 
10% FBS was added to the lower chamber. The cells were 
cultured for 24 h at 37°C, noninvasive cells on the top 
surface were removed by a cotton swab, and the invasive 
cells on the lower surface were fixed with 4% formal-
dehyde and stained with 0.1% crystal violet. Then cells 
were observed and counted under the microscope.

Dual-Luciferase Reporter Assay

Fragments of the wild-type or mutant AEG-1 3¢-UTR 
containing the putative targeting site of miR-384 were sub-
cloned into the pmirGLO dual-luciferase reporter vector 
(Promega, Madison, WI, USA). Cells were seeded into 
24-well plates (1 ́  105 cells/well) and cultured overnight. 
Thereafter, cells were cotransfected with the pmirGLO-
AEG-1 3¢-UTR vector and miR-384 mimics or miR-384 

inhibitor using Lipofectamine 2000 (Invitrogen) and incu-
bated for 48 h. For measurement of Wnt activity, cells were 
transfected with miR-384 mimics or miR-384 inhibitor 
in the presence of TOPFlash firefly luciferase vector and 
phRL-TK Renilla luciferase vector. Luciferase activity was 
measured with the Dual-Luciferase Reporter Assay System 
(Promega) according to the manufacturer’s instructions.

Western Blot Analysis

Cells were lysed using radioimmunoprecipitation 
assay lysis buffer (Beyotime Biotechnology, Haimen, P.R. 
China). The concentrations of proteins were measured 
using the bicinchoninic acid assay. Equal amounts of 
proteins were electrophoresed in 10% sodium dodecyl 
sulfate polyacrylamide gels and transferred onto a polyvi-
nylidene fluoride membrane (Millipore). The membrane 
was blocked with 5% nonfat dry milk for 1 h at room 
temperature. The membrane was incubated with pri-
mary antibodies including anti-AEG-1 and anti-GAPDH 
(Cell Signaling Technology, Danvers, MA, USA) at 4°C 
overnight. Afterward, the membrane was blotted with 
horseradish peroxidase-conjugated secondary antibody 
(Beyotime Biotechnology) for 1 h at 37°C. Targeted pro-
teins were visualized using the enhanced chemilumines-
cence (ECL) system (Pierce, Rockford, IL, USA). Gray 
scale analysis of protein bands was performed by Image-
Pro Plus 6.0 software.

Data Analysis

Results are expressed as the means ± standard devia-
tion. Statistical analyses were performed by Student's t-test 
or one-way analysis of variance followed by Bonferroni 
post hoc analysis using SPSS 18.0 statistical software 

Figure 1.  Decreased expression of microRNA-384 (miR-384) in renal cell carcinoma (RCC). (A) Relative expression of miR-384 in 
20 paired clinical RCC specimens and adjacent normal tissues was detected by real-time qualitative reverse transcriptase polymerase 
chain reaction (qRT-PCR). ***p < 0.001 versus normal. (B) Relative expression of miR-384 in RCC cell lines (ACHN, A-498, 786-O, 
and Caki-1) and normal kidney tubule epithelial cell line HK-2 was detected by qRT-PCR. *p < 0.05 versus HK-2.
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package (SPSS Inc., Chicago, IL, USA). The correlation 
between miR-384 and AEG-1 expression was determined 
using Spearman’s correlation test. Results were consid-
ered statistically significant at a value of p < 0.05.

RESULTS

miR-384 Is Downregulated in RCC Tissues  
and RCC Cell Lines

To investigate whether miR-384 is differently expressed 
in RCC, we detected the expression of miR-384 in 20 
paired RCC specimens and matched adjacent normal renal 
tissues by qRT-PCR. We found that miR-384 expression 
was significantly decreased in clinical RCC specimens 

compared with adjacent normal renal tissues (Fig. 1A). 
Moreover, we detected the expression of miR-384 in a 
series of RCC cell lines by qRT-PCR. The results showed 
that miR-384 expression was markedly downregulated 
in RCC cell lines compared with normal kidney cells 
(Fig. 1B). These results indicate that miR-384 may play 
an important role in the progression of RCC.

Overexpression of miR-384 Inhibits the Growth 
and Invasion of RCC Cell Lines

To investigate the exact biological function of miR-
384 in RCC, we transfected miR-384 mimics or miR-384 
inhibitor into ACHN and Caki-1 cell lines. The results 

Figure 2.  miR-384 inhibits the growth and invasion of RCC cell lines. ACHN and Caki-1 cells were transiently transfected with miR-
384 mimics or miR-384 inhibitor and incubated for 48 h before subsequent experiments. (A) The relative expression of miR-384 in 
ACHN and Caki-1 cells was detected by qRT-PCR. The effect of miR-384 overexpression or inhibition on the growth of ACHN and 
Caki-1 cells was detected by cell counting kit-8 (CCK-8) (B) and colony formation (C) assays. (D) The effect of miR-384 overexpression 
or inhibition on the invasion of ACHN and Caki-1 cells was detected by Transwell invasion assay. *p < 0.05, **p < 0.01 versus NC.
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showed that miR-384 expression was increased in cells 
transfected with miR-384 mimics, whereas miR-384 
expression was decreased in miR-384 inhibitor-trans-
fected cells (Fig. 2A). We then detected the effect of miR-
384 overexpression or inhibition of cell growth of RCC 
cell lines. The CCK-8 assay showed that overexpression 
of miR-384 significantly inhibited the proliferation of 
ACHN and Caki-1 cells (Fig. 2B). The colony formation 
assay showed that overexpression of miR-384 also inhib-
ited the colony-forming capacity of ACHN and Caki-1 
cells (Fig. 2C). Moreover, we investigated the role of 
miR-384 in regulating RCC cell invasion. The Transwell 
invasion assay revealed that overexpression of miR-384 
significantly suppressed the invasion ability of ACHN 
and Caki-1 cells (Fig. 2D). In contrast, miR-384 inhibi-
tion had the opposite effects (Fig. 2B–D). Overall, these 
results suggest that miR-384 may exert antitumor effects 
by inhibiting the growth and invasion of RCC cells.

miR-384 Inhibits AEG-1 Expression by Directly 
Targeting its 3¢-UTR

To investigate the molecular mechanism by which 
miR-384 exerts its antitumor effects, we investigated the 
predicted target genes of miR-384. Bioinformatics analy-
sis showed that AEG-1, an important oncogene in vari-
ous cancers15,16, was predicted as a potential target gene 
of miR-384. The 3¢-UTR of AEG-1 contains putative 
targeting sites for miR-384 (Fig. 3A). To verify whether 
miR-384 binds to the AEG-1 3¢-UTR, we performed a 
dual-luciferase reporter assay. The results showed that 
overexpression of miR-384 significantly decreased the 
luciferase activity of the reporter vector containing the 
wild-type AEG-1 3¢-UTR, whereas miR-384 inhibition 
significantly increased the luciferase activity of the wild-
type AEG-1 3¢-UTR (Fig. 3B and C). However, these 
effects were obviously abrogated when the binding sites  

Figure 3.  miR-384 targets the 3¢-untranslated region (UTR) of astrocyte elevated gene 1 (AEG-1). (A) The schematic diagram of 
miR-384 targeting sites in the 3¢-UTR of AEG-1. Dual-luciferase reporter assay was performed using ACHN (B) and Caki-1 (C) cells 
cotransfected with wild-type or mutant type 3¢-UTR reporter vector and miR-384 mimics or miR-384 inhibitor for 48 h. *p < 0.05 
versus NC.
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were mutated in the AEG-1 3¢-UTR (Fig. 3B and C).  
These results suggest that miR-384 directly binds to the 
3¢-UTR of AEG-1. To investigate whether miR-384 directly 
regulates AEG-1 expression, we detected the effect of  
miR-384 overexpression or inhibition on AEG-1 expres-
sion by qRT-PCR and Western blot analysis. The results 
showed that overexpression of miR-384 significantly 
inhibited the mRNA and protein expression of AEG-1, 
whereas miR-384 inhibition markedly increased the 
expression of AEG-1 (Fig. 4A and B) in RCC cells. Over
all, these results indicate that miR-384 inhibits AEG-1  
expression through the direct targeting of its 3¢-UTR.

miR-384 Expression Is Inversely Correlated  
With AEG-1 Expression in RCC Specimens

To further investigate the relationship between miR-
384 and AEG-1, we analyzed the correlation between 
miR-384 and AEG-1 expression in clinical RCC speci-
mens. We found that AEG-1 mRNA expression was 
significantly increased in RCC specimens (Fig. 5A). 
Correlation analysis showed that miR-384 expression 
was inversely correlated with AEG-1 mRNA expression 
in RCC specimens (Fig. 5B). These results suggest that 
miR-384 may be negatively associated with AEG-1 in 
RCC patients in vivo.

miR-384 Negatively Regulates Wnt Signaling 
by Targeting AEG-1 in RCC Cells

AEG-1 has been suggested as a coactivator of multiple 
oncogenic signaling pathways, including Wnt signaling32. 

Considering the regulatory effect of miR-384 on AEG-1 
expression, we investigated the regulatory effect of miR-
384 on Wnt signaling in RCC cells. The results showed 
that overexpression of miR-384 significantly suppressed 
the activation of Wnt signaling, whereas miR-384 inhi-
bition enhanced its activation (Fig. 6A). To investigate 
whether miR-384 regulates Wnt signaling through tar-
geting of AEG-1, we determined the effect of restoring 
AEG-1 expression on miR-384-induced inhibition of 
Wnt signaling. Transfection of the pcDNA3.1/AEG-1 
vector (without the 3¢-UTR) significantly increased the 
expression of AEG-1 in miR-384 mimic-transfected 
cells (Fig. 6B). Further experiments showed that over-
expression of AEG-1 significantly reversed the inhibi-
tory effects of miR-384 on Wnt signaling in RCC cells 
(Fig. 6C). Overall, these results suggest that miR-384 
negatively regulates Wnt signaling by targeting AEG-1 
in RCC cells.

Overexpression of AEG-1 Reverses the Inhibitory Effect 
of miR-384 on RCC Cell Growth and Invasion

To investigate whether AEG-1 is involved in miR-384- 
mediated RCC cell growth and invasion, we detected the 
restoration of AEG-1 expression on miR-384-mediated 
RCC cell growth and invasion. The results showed that 
overexpression of AEG-1 significantly reversed the inhib
itory effect of miR-384 on RCC cell growth and inva-
sion (Fig. 7A and B). These data indicate that miR-384 
inhibits the growth and invasion of RCC cells through 
downregulation of AEG-1.

Figure 4. miR-384 negatively regulates AEG-1 expression. ACHN and Caki-1 cells were transiently transfected with miR-384 mimics 
or miR-384 inhibitor and incubated for 48 h. (A) The relative mRNA expression of AEG-1 was detected by qRT-PCR. (B) The rela-
tive protein expression of AEG-1 was detected by Western blot analysis. *p < 0.05 versus NC. GAPDH, glyceraldehyde 3-phosphate 
dehydrogenase.
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DISCUSSION

In the present study, we demonstrate an important role 
of miR-384 in the progression of RCC. We found sig-
nificant downregulation of miR-384 in RCC tissues and 
cell lines. Functional experiments indicated that miR-384 
inhibited the growth and invasion of RCC cells through 
targeting of AEG-1. Overall, our study reports for the 
first time that miR-384 functions as a tumor suppressor 
in RCC.

Recent studies have reported that miR-384 plays an 
important role in the development and progression of 
various cancers. It is reported that miR-384 is involved 
in regulating the tumor metastasis of melanoma cells 
by targeting histone deacetylase 333. Overexpression of 
miR-384 results in a decrease of piwi-like RNA-mediated 
gene silencing 4 (PIWIL4), leading to tumor repression 
of glioma31. In hepatocellular carcinoma, miR-384 is 
found decreased in hepatocellular carcinoma tissues and 
cell lines, and overexpression of miR-384 inhibits the 
proliferation of hepatocellular carcinoma cells by target-
ing insulin receptor substrate 130. Similarly, Chen et al. 
reported that inhibition of miR-384 promoted the prolif-
eration, migration, and invasion of hepatocellular carci-
noma cells34. A recent study showed that suppression of 
miR-384 leads to overexpression of pleiotrophin, which 
promotes the proliferation, metastasis, and lipogenesis 
of hepatitis B virus-related hepatocellular carcinoma 
cells35. Moreover, Wang et al. reported that low expres-
sion of miR-384 was correlated with the invasive depth, 
lymph node, and distant metastasis of colorectal cancer29. 
Furthermore, overexpression of miR-384 inhibited the 
metastasis of colorectal cancer by targeting Kirsten rat 

sarcoma viral oncogene homolog (KRas) and cell divi-
sion cycle 4229. These studies suggest a tumor-suppressive 
role of miR-384. However, little is known about the role 
of miR-384 in RCC. In this study, we found that miR-384 
was significantly downregulated in RCC tissues and cell 
lines. We also showed that overexpression of miR-384 
inhibited the growth and invasion of RCC cells, whereas 
inhibition of miR-384 promoted the growth and invasion 
of RCC cells. These results suggest that miR-384 func-
tions as a tumor suppressor in RCC.

AEG-1 has been suggested as a critical oncogene in 
various cancers15,16, including RCC. Chen et al. reported 
that the mRNA and protein levels of AEG-1 were highly 
upregulated in RCC tissues and RCC cell lines27. Statistical 
analysis showed that high expression of AEG-1 was cor-
related with tumor grade, clinical staging, T classification, 
metastasis classification, and shorter survival time in RCC 
patients27. Similarly, another study shows that high expres-
sion of AEG-1 is correlated with tumor capsule invasion, 
lymphovascular invasion, and tumor size36. A functional 
study revealed that knockdown of AEG-1 inhibits cell pro-
liferation and colony formation and arrests cell cycle pro-
gression of RCC cells28. Moreover, knockdown of AEG-1 
increases chemosensitivity to 5-fluorouracil in RCC 
cells28. Therefore, AEG-1 may serve as a promising target 
for the treatment of RCC. In this study, our results showed 
that AEG-1 was a target gene of miR-384. We found that 
miR-384 could negatively regulate AEG-1 expression in 
RCC cells. In addition, miR-384 was inversely correlated 
with AEG-1 expression in RCC specimens. Therefore, 
decreased miR-384 expression may contribute to the high 
expression of AEG-1 in RCC, which leads to the develop-
ment and progression of RCC. Our results also showed that 

Figure 5. miR-384 expression is inversely correlated with AEG-1 expression in RCC specimens. (A) The relative mRNA expression of 
AEG-1 in 20 paired clinical RCC specimens and adjacent normal tissues was detected by qRT-PCR. **p < 0.01 versus normal. (B) The 
relationship between miR-384 and AEG-1 expression was analyzed by Spearman’s correlation test. r = −0.7888; p < 0.0001.



464	 SONG ET AL.

F
ig

ur
e 

6.
 m

iR
-3

84
 n

eg
at

iv
el

y 
re

gu
la

te
s 

w
in

gl
es

s-
re

la
te

d 
in

te
gr

at
io

n 
si

te
 (W

nt
) s

ig
na

lin
g 

in
 R

C
C

 c
el

ls
. (

A
) R

el
at

iv
e 

ac
tiv

ity
 o

f W
nt

 w
as

 d
et

ec
te

d 
by

 lu
ci

fe
ra

se
 re

po
rt

er
 a

ss
ay

. A
C

H
N

 
an

d 
C

ak
i-

1 
ce

lls
 w

er
e 

tr
an

sf
ec

te
d 

w
ith

 m
iR

-3
84

 m
im

ic
s 

or
 m

iR
-3

84
 i

nh
ib

ito
r 

in
 t

he
 p

re
se

nc
e 

w
ith

 T
O

PF
la

sh
 fi

re
fly

 l
uc

if
er

as
e 

ve
ct

or
 a

nd
 p

hR
L

-T
K

 R
en

il
la

 l
uc

if
er

as
e 

ve
ct

or
 a

nd
 

in
cu

ba
te

d 
fo

r 
48

 h
. *

p 
< 

0.
05

 v
er

su
s 

N
C

. (
B

) 
R

el
at

iv
e 

pr
ot

ei
n 

ex
pr

es
si

on
 o

f 
A

E
G

-1
 w

as
 d

et
ec

te
d 

by
 W

es
te

rn
 b

lo
tti

ng
. A

C
H

N
 a

nd
 C

ak
i-

1 
ce

lls
 w

er
e 

co
tr

an
sf

ec
te

d 
w

ith
 m

iR
-3

84
  

m
im

ic
s 

an
d 

pc
D

N
A

3.
1/

A
E

G
-1

 v
ec

to
r 

fo
r 

48
 h

. 
*p

 <
 0

.0
5.

 (
C

) 
R

el
at

iv
e 

ac
tiv

ity
 o

f 
W

nt
 w

as
 d

et
ec

te
d 

by
 l

uc
if

er
as

e 
re

po
rt

er
 a

ss
ay

 i
n 

A
C

H
N

 a
nd

 C
ak

i-
1 

ce
lls

 c
ot

ra
ns

fe
ct

ed
 w

ith
  

m
iR

-3
84

 m
im

ic
s 

an
d 

pc
D

N
A

3.
1/

A
E

G
-1

 v
ec

to
r 

in
 th

e 
pr

es
en

ce
 w

ith
 T

O
PF

la
sh

 fi
re

fly
 lu

ci
fe

ra
se

 v
ec

to
r 

an
d 

ph
R

L
-T

K
 R

en
il

la
 lu

ci
fe

ra
se

 v
ec

to
r 

an
d 

in
cu

ba
te

d 
fo

r 
48

 h
. *

p 
< 

0.
05

.



SUPPRESSIVE ROLE OF miR-384 IN RENAL CELL CARCINOMA	 465

overexpression of AEG-1 significantly reversed the anti-
tumor effect of miR-384, indicating that miR-384 inhibits 
the growth and invasion of RCC cells through targeting 
of AEG-1. Our study suggests that manipulating AEG-1 
expression by miR-384 may represent a promising thera-
peutic strategy for the treatment of RCC.

In recent years, a growing body of evidence has revealed 
that AEG-1 expression is regulated by numerous miRNAs, 
including miR-37537, miR-13638, and miR-21739. These 
studies reveal that AEG-1 expression is posttranscrip-
tionally controlled by specific miRNAs, which may be 
involved in the development and progression of cancers. 
However, it is unknown if the dysregulated AEG-1 expres-
sion in RCC is associated with miRNA. In this study, we 
found that AEG-1 was a target gene of miR-384, and its 
expression was regulated by miR-384 in RCC. Similarly, 
a recent study reports that miR-30d targets and regulates 
AEG-1 in RCC40. These findings suggest that the high 
expression of AEG-1 during tumorigenesis is associated 
with specific miRNA dysregulation. Therefore, miRNA-
based methods for inhibiting AEG-1 expression may be 
promising strategies for the treatment of RCC.

In conclusion, our results demonstrate that miR-384 
inhibits the growth and invasion of RCC cells through 
downregulation of AEG-1, supporting a tumor-suppres-
sive role for miR-384 in RCC. These findings suggest 

that miR-384/AEG-1 may play novel functional roles in 
the pathogenesis of RCC. Therefore, miR-384 may serve 
as a promising and effective target for the development of 
a novel therapeutic strategy for the treatment of RCC.
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