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Abstract. – OBJECTIVE: Emerging evidence 
showed that microRNA-376a (miR-376a) func-
tions as a crucial role in human cancers. How-
ever, its role in renal cell carcinoma (RCC) re-
mains unclear.     

MATERIALS AND METHODS: MiR-376a ex-
pression in RCC cell lines was analyzed by 
quantitative real time-polymerase chain reac-
tion (qRT-PCR). The target of miR-376a was 
validated using the luciferase activity reporter 
assay, and the effects of miR-376a expression 
on RCC cell behaviors were investigated in vitro.     

RESULTS: MiR-376a expression was downreg-
ulated in RCC cell lines in comparison with HK-2 
cell line. Low miR-376a expression was correlat-
ed with poor overall survival of RCC patients. 
Serum/glucocorticoid regulated kinase family 
member 3 (SGK3) was validated as a direct tar-
get of miR-376a. The overexpression of miR-376a 
inhibits RCC cell proliferation, migration, and 
invasion through regulating SGK3.  

CONCLUSIONS: Taken together, these results 
demonstrated the tumor suppressive role of miR-
376a via targeting SGK3 in RCC and indicated that 
miR-376a might represent a novel therapeutic tar-
get for RCC treatment.
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Introduction

Renal cell carcinoma (RCC) is a common form 
of kidney cancer and accounts for approximately 
3% of all human cancers1. The past two decades 
have witnessed the rapid increase in the morbidity 
of RCC due to the resistance to chemotherapy and 
radiotherapy of metastatic RCC2,3. Therefore, the 
advanced understanding of the molecular mech-
anisms regarding the initiation and progression 
of RCC will help us to identify novel therapeutic 
targets.

MicroRNAs (miRNAs) are a group of 
non-coding RNA molecules with a length of 20-
24 nucleotides4. These molecules were reported to 
regulate the expression of approximately 30-60% 
of human protein-coding genes mainly through 
3’-untranslated region (3’-UTR) binding5. Ac-
cumulating evidence has revealed that miRNAs 
were frequently abnormally expressed in human 
cancers through functioning as a tumor suppres-
sor or promoter6,7. MicroRNA-376a (miR-376a), 
located at chromosome 14q32, was reported as a 
crucial participator in the initiation and progres-
sion of human cancers along with the other miR-
376a family member8,9. For example, miR-376a 
was frequently found downregulated in hepato-
cellular carcinoma tissues and cell lines, and its 
overexpression was able to inhibit cell prolifera-
tion, but promoted apoptosis in vitro10. In breast 
cancer, miR-376a downregulation was reported to 
predict poor prognosis of cancer patients11. More-
over, the overexpression of miR-376a was able to 
suppress cell proliferation, migration, and inva-
sion and promote cells apoptosis by targeting neu-
ropilin 111. The downregulation of miR-376a was 
also found in another solid tumor and non-small 
cell lung cancer12. In immune systems, miR-376a 
was reported to be downregulated in lymphoma, 
and the downregulation of miR-376a promotes 
cell proliferation but inhibits apoptosis by reg-
ulating forkhead box protein P213. Besides that, 
miR-376a was also found to have a role in glioma, 
a central neutron system malignancy14. miR-376a 
expression was revealed to be markedly down-
regulated in glioma tissues and cell lines, and it 
directly targeted the expression of the specific 
protein 1 to result in cell proliferation and inva-
sion inhibition. Nevertheless, the expression and 
function of miR-376a are still unknown in RCC.

In this study, we explored the expression and 
function of miR-376a in RCC. We showed that 
miR-376a expression was downregulated in RCC 
cell lines. The restoration of miR-376a expression 
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inhibits RCC cell proliferation, migration, and 
invasion in vitro. Serum/glucocorticoid regulat-
ed kinase family member 3 (SGK3) was proved 
to be the direct target of miR-376a in RCC. The 
overexpression of SGK3 abolished the effects of 
miR-376a on cell proliferation, migration, and in-
vasion. This study suggested a tumor suppressive 
role of miR-376a in RCC, and it has the potential 
to be used as a therapeutic target in the future.

Materials and Methods

Cell Culture
Human RCC cell lines (769-P, ACHN, and 

Caki-1) were purchased from the Cell Bank of the 
Chinese Academy of Sciences (Shanghai, China). 
Human kidney cells (HK-2) were purchased from 
the American Type Cell Culture Collection (ATCC; 
Rockville, MD, USA). Roswell Park Memorial In-
stitute-1640 (RPMI-1640) medium supplemented 
with 10% fetal bovine serum (FBS; Gibco; Ther-
mo Fisher Scientific, Inc., Waltham, MA, USA) 
were used to culture these cell lines at a 37°C in a 
humified incubator containing 5% CO2.

Cell Transfection
miR-376a mimic or negative control (NC-mim-

ic) were purchased from GenePharm (Shanghai, 
China). The pcDNA3.1-SGK3 constructs and the 
empty vectors (NC-vector) were purchased from 
GenScript (Nanjing, China). Lipofectamine 2000 
(Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) was used to transfect the synthetic miRNAs 
or the expression constructs into RCC cell lines 
according to the manufacturer’s instructions.

RNA Extraction and Quantitative 
Real Time-Polymerase Chain Reaction 
(qRT-PCR)

Total RNA was isolated from cultured cells 
using TRIzol reagent (Beyotime, Haimen, Jiang-
su, China) in line with the supplied protocols. 
Complementary DNA (cDNA) was synthesized 
from the isolated RNAs using the PrimerScript 1st 
Strand cDNA Synthesis kit (TaKaRa, Dalian, Li-
aoning, China). qRT-PCR was performed at ABI 
7300 (Applied Biosystems, Thermo Fisher Scien-
tific, Inc.) using SYBR Green PCR Master Mix kit 
(Applied Biosystems; Thermo Fisher Scientific, 
Inc.). Relative miR-376a levels were calculated us-
ing the 2-ΔΔCq method with U6 small nuclear RNA 
(U6 snRNA) as internal control. The primers used 
in this work were as follows: miR-376a, forward 

5’-GTGCAGGGTCCGAGGT-3’, reverse 5’-AT-
CATAGAGGAAAATCCACG-3’; U6 snRNA, for-
ward 5’-ATTGGAACGATACAGAGAAGATT-3’, 
reverse 5’-GGAACGCTTCACGAATTTG-3’.

Protein Extraction and Western Blot
The total protein was extracted from cultured 

cells using RIPA lysis buffer supplemented with 
protease inhibitor (Beyotime, Haimen, Jiangsu, 
China). The protein concentration was deter-
mined using the bicinchoninic acid assay (Bey-
otime, Haimen, Jiangsu, China). Then, an equal 
amount of protein samples was separated using 
10% sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE), transferred to poly-
vinylidene difluoride membranes (Beyotime, Hai-
men, Jiangsu, China) and probed with primary 
antibodies (anti-SGK3: ab153981; anti-GAPDH: 
ab181602; both from Abcam, Cambridge, MA, 
USA) at 4°C for overnight. After being washed 
three times with TBST, the membranes were in-
cubated horseradish peroxidase-conjugated sec-
ondary antibody (ab6721, Abcam) for 1 h at room 
temperature. The protein bands were visualized 
with BeyoECL Plus kit (Beyotime).

Cell Proliferation Assay
The Cell proliferation was measured us-

ing 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphe-
nyl-2-H-tetrazolium bromide (MTT) assay. The 
cells (5 × 103 cells/well) were seeded into 96-well 
plates. At various time points (0, 24, 48, and 72 h), 
20 µl, 5 mg/ml MTT solution (Beyotime Haimen, 
Jiangsu, China) was added to the medium and 
cultured for other 4 h at 37°C. Subsequently, 150 
µl dimethyl sulfoxide was added to each well to 
dissolve the crystals and then to measure the ab-
sorbance at 570 nm using absorption spectropho-
tometer (Olympus Corporation, Tokyo, Japan).

Wound-Healing Assay
The wound healing assay was conducted to 

measure cell migration. Cells were seeded into 
6-well plates and incubated until 80% confluency, 
and then a scratch was created by a 200 μl pipette 
tip. The wound images were captured at 0 h and 
48 h after wounding.

Cell Invasion Assay
The cell invasion was analyzed using transwell 

invasion assay with the transwell chamber (Corn-
ing, Tewksbury, MA, USA) coated with Matrigel 
(BD Biosciences, San Jose, CA, USA) on the up-
per surface. 1 × 104 cells were seeded in the upper 
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chamber in FBS-free medium. The lower cham-
ber was filled with medium containing 10% FBS. 
After incubation for 24 h, the invasive cells on the 
lower membranes were fixed with 100% methanol 
at room temperature for 15 min, stained with 0.5 
% crystal violet solution at room temperature for 
15 min. Invasive cell numbers were counted un-
der an Olympus IX53 inverted fluorescent micro-
scope (Olympus Corporation, Tokyo, Japan) from 
five independent fields.

Bioinformation Analysis 
and Dual-Luciferase Activity 
Reporter Assay

TargetScan (http://www.targetscan.org/
vert_72/) was used to predict the targets of miR-
376a. Among all these predicted targets, SGK3 
contains a binding site in its 3’-UTR for miR-376a 
and was selected for further investigations. The 
wild-type (wt) or mutant (mut) 3’-UTR of SGK3 
was cloned into pGL3 vector (Promega, Madison, 
WI, USA). Cells (1.5 × 105 cells/well), were seeded 
into 24-well plate, and cultured overnight at 37°C 
before the co-transfection with pGL3-SGK3-
wt or pGL3-SGK3-mut and miR-376a mimic or 
NC-mimic, using Lipofectamine 2000 (Invitro-
gen, Thermo Fisher Scientific, Inc.) according to 
the manufacturer’s protocol. The luciferase ac-
tivities were measured with the Dual-Luciferase 
Reporter Assay system (Promega) after 48 h of 
transfection with Renilla luciferase activity as in-
ternal control.

Kaplan-Meier (KM) Plotter 
Analysis

KM plotter analysis (http://kmplot.com/analy-
sis/index.php?p=background) was done to evalu-
ate the correlation between miR-376a expression 
and the overall survival of RCC patients. A cut-
off value was auto-selected in the algorithm.

Statistical Analysis
Data were presented as means ± SD and the 

differences between two groups or among three or 
above groups were evaluated using the Student’s 
t-test or ANOVA and Tukey post-hoc test, respec-
tively. GraphPad Prism 5 (GraphPad Software, La 
Jolla, CA, USA) was used for all data analyses. p 
< 0.05 was regarded as statistical significance.

Results

MiR-376a Expression Was 
Downregulated in RCC Cell Lines

To verify the expression pattern of miR-376a 
in RCC, we analyzed its expression in three RCC 
cell lines using qRT-PCR. The results indicated 
that the expression level of miR-376a was signifi-
cantly downregulated in RCC cell lines (769-P, 
ACHN, and Caki-1) compared to HK-2 cell line 
(Figure 1A). The 769-P and ACHN cell lines were 
used for the following studies as they have the 
first and second lowest miR-376a expression in 
the RCC cell lines investigated (Figure 1A).

BA

Figure 1. Downregulation of miR-376a in RCC. A, Expression of miR-376a in human RCC cell lines (769-P, ACHN, and Caki-
1) and human kidney cells (HK-2). B, Low miR-376a expression predicts worse overall survival of RCC patients. (***p<0.001); 
miR-376a: microRNA-376a; RCC: renal cell carcinoma.
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Low MiR-376a Expression Predicts 
Poor Prognosis of RCC Patients

After having established that miR-376a expres-
sion was downregulated in RCC we, therefore, 
investigated the effects of miR-376a on the over-
all survival of RCC patients using Kaplan-Meier 
plotter. We found that the low expression of miR-
376a was a predictor for the poor prognosis of 
RCC patients (p = 7.3e-05, Figure 1B).

MiR-376a Overexpression Inhibits Cell
Proliferation, Migration, and Invasion

To explore the role of miR-376a in RCC, we 
transfected the miR-376a mimic and NC-mimic into 
769-P and ACHN cell lines. The transfection of miR-
376a mimic significantly enhanced the expression of 
miR-376a in RCC cells compared with NC-mimic 
transfection (Figure 2A). As shown in Figure 2B, the 
upregulation of miR-376a significantly suppressed 
769-P and ACHN cell proliferation. The wound-heal-
ing assay showed that cell migration was significantly 
inhibited by miR-376 mimic (Figure 2C). Moreover, 

the transwell invasion assay revealed that cell inva-
sion was remarkedly inhibited by miR-376a mimic 
compared with NC-mimic (Figure 2D).

SGK3 Was a Direct Target of MiR-376a
The bioinformatic analysis showed that the 3’-

UTR of SGK3 contains a binding site for miR-376a 
(Figure 3A). To confirm this prediction, a luciferase 
activity reporter assay was conducted. We showed 
that the luciferase activity of cells transfected with 
pGL3-SGK3-wt but not pGL3-SGK3-mut was 
suppressed by miR-376a mimic (Figure 3B). West-
ern blot assay showed that the SGK3 protein ex-
pression could be suppressed by miR-376a mimic 
transfection (Figure 3C). These results demonstrat-
ed that SGK3 was a direct target of miR-376a.

MiR-376a Inhibits RCC Cell 
Behaviors Through Targeting SGK3

To investigate whether miR-376a elicits the 
inhibitory effects on RCC cell behaviors through 
SGK3, we transfected the pcDNA3.1-SGK3 con-

A

C D

B

Figure 2. miR-376a inhibits RCC cell proliferation, migration, and invasion in vitro. A, miR-376a expression; B, Cell 
proliferation; C, Cell migration, and (D) Cell invasion in cells transfected with miR-376a mimic and NC-mimic. (**p<0.01; 
***p<0.001); miR-376a: microRNA-376a; RCC: renal cell carcinoma; NC-mimic: negative control.
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struct and miR-376a mimic into the cells. Not 
surprisingly, the transfection of pcDNA3.1-SGK3 
construct enhanced the levels of SGK3 (Figure 
4A). MTT assay showed that pcDNA3.1-SGK3 
construct abolished the inhibitory effect of miR-
376a mimic on cell proliferation (Figure 4B). The 
wound-healing assay and transwell invasion assay 
demonstrated that SGK3 overexpression reversed 
the suppression effects of miR-376a mimic on 
cell migration and invasion (Figure 4C and 4D). 
These results indicated that SGK3 overexpression 
restored the suppressive function of miR-376a on 
RCC behaviors.

Discussion

Emerging evidence suggested that the abnor-
mal expression of miRNAs may contribute to the 
carcinogenesis6,7,15-17. With all these advancements, 
new diagnostic, prognostic, and therapeutic strat-
egies have been developed, but few of them came 
into clinical stage6,7. In RCC, miR-543 was found 
to be overexpressed in tumor tissues and cell lines 
and therefore promoted cell proliferation and me-
tastasis by regulating the expression of Dickkopf 
1 through the Wnt/β-catenin signaling pathway, 
suggesting an oncogenic role of miR-54318. There 
is also a study which showed the tumor suppressive 

role of miRNA in RCC. miR-200-3p was demon-
strated to be downregulated in RCC tissues, and 
cell lines and the ectopic expression of miR-200a-
3p suppressed cell proliferation and migration but 
enforced cell apoptosis by directly inhibiting the 
expression of casitas-b-lymphoma19. 

In this study, miR-376a expression was found 
to be downregulated in RCC cell lines, suggest-
ing that miR-376a might play a tumor suppressive 
role in the progression of RCC. More importantly, 
we found that the low miR-376a expression was a 
predictor for poor prognosis of RCC patients by 
analyzing the overall survival of RCC patients. 
Functional analysis showed that the overexpres-
sion of miR-376a inhibits RCC cell proliferation, 
migration, and invasion in vitro. Collectively, 
these results validated the tumor suppressive role 
of miR-376a in RCC.

Previous studies have demonstrated that miR-
NAs modulate the expression of specific genes 
to function as either tumor suppressor or pro-
moter in different tumors10-19. Given the finding 
of miR-376a functions as a tumor suppressor in 
RCC, we are therefore interested to investigate 
the downstream target of miR-376a. The pre-
diction algorithm showed that SGK3 might be 
a potential target of miR-376a and this link was 
not demonstrated in previous studies. SGK3 was 
previously reported to be overexpressed and reg-

A

B

C

Figure 3. SGK3 was a direct target of miR-376a. 
A, Bioinformatic result of TargetScan in prediction 
the interaction between SGK3 and miR-376a. B, 
Luciferase activity in cells transfected with miR-
376a mimic or NC-mimic and pGL3-SGK3-wt or 
pGL3-SGK3-mut. C, SGK3 expression in cells 
transfected with miR-376a mimic or NC-mimic. 
(ns not significant; ***p<0.001); miR-376a: 
microRNA-376a; NC-mimic: negative control; 
SGK3: Serum/glucocorticoid regulated kinase 
family member 3; UTR: untranslated region; wt: 
wild-type; mut: mutant.
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ulated by miRNAs in human cancers including 
hepatocellular carcinoma and glioblastoma20,21. 
The luciferase activity reporter assay and West-
ern blot confirmed that SGK3 was also a target of 
miR-376a. Besides that, functional assays showed 
that the overexpression of SGK3 could abolish the 
inhibitory effects of miR-376a on RCC cell prolif-
eration, migration, and invasion.

Conclusions

We detected the expression of miR-376a in RCC 
cell lines and investigated the effects of miR-376a on 
overall survival of RCC patients. We also found that 
SGK3 was a direct target of miR-376a in RCC. The 
miR-376a/SGK3 axis plays a crucial role in regulat-
ing RCC cell behaviors in vitro. These results indi-
cated that the miR-376a/SGK3 axis may be used as 
therapeutic targets for RCC in the future.
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