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Purpose: microRNAs are thought to play crucial roles in tumorigenesis. Dysregulation of 

miR-488 has been implicated to be involved in several cancer progressions. However, the 

biological functions of miR-488 in renal cell carcinoma (RCC) remain unclear. This study aimed 

to explore the molecular mechanism underlying the role of miR-488 in RCC development.

Materials and methods: The expression levels of miR-488 were detected in 38 paired RCC 

tumor samples and cell lines by quantitative real-time polymerase chain reaction method. 

miR-488 was upregulated by mimics transfection in RCC cell lines. MTT, colony formation, 

transwell assay, flow cytometry assay, and a xenograft model were performed to determine 

cell proliferation, invasion, migration, epithelial-to-mesenchymal transition, and apoptosis in 

vitro and in vivo. Moreover, the potential target of miR-488 was verified by dual-luciferase 

reporter assay, quantitative real-time polymerase chain reaction, and Western blot. The correla-

tion between miR-488 expression and its target gene expression was confirmed by Spearman’s 

correlation analysis in 38 selected RCC tissue samples.

Results: We found that miR-488 was remarkably downregulated in human RCC samples and 

cell lines compared with paired normal tissues and cell lines. Functional investigations revealed 

that overexpression of miR-488 significantly suppressed cell proliferation, invasion, and migra-

tion, and promoted cell apoptosis in RCC cells. Nucleosome binding protein 1 (high-mobility 

group nucleosome binding domain 5 [HMGN5]) was identified as a direct target of miR-488, 

and an inverse relationship was found between miR-488 expression and HMGN5 mRNA 

levels in RCC specimens. Rescue experiments suggested that restoration of HMGN5 partially 

abolished miR-488-mediated cell proliferation and invasion inhibition in RCC cells through 

regulating phosphatidylinositol 3-kinase/protein kinase B/the mammalian target of rapamycin 

and epithelial-to-mesenchymal transition signaling pathways.

Conclusion: These data indicated that miR-488 acted as a tumor suppressor in RCC prolifera-

tion and invasion by targeting HMGN5, which might provide potential therapeutic biomarker 

for RCC patients.
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Introduction
Renal cell carcinoma (RCC), originating in the renal cortex, is the most common 

neoplasm of the adult kidney and the third leading cause of cancer-related mortality 

worldwide.1 The incidence rate of newly diagnosed RCC patients is increasing every 

year, which accounts for ~3% of new adult malignancy cases globally.2 Because 

RCC is resistant to adjuvant therapies like chemotherapy and radiotherapy, surgical 

resection still remains the only curative treatment for RCC in clinics.3 However, after 

the curative nephrectomy, about 40% of patients diagnosed with localized RCC will 

develop recurrence and metastasis, leading to poor prognosis in these patients.4 RCC is 
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characterized by multiple histologic and diverse molecular 

alterations even in a single patient, which highlights the 

heterogeneity and complexity of this disease.5 Recently, 

the novel therapies for distant metastatic RCC have been 

obviously improved,6 yet the 5-year survival rate of these 

advanced RCC patients is still ,10%.7 Therefore, there is 

urgent need to develop effective prognostic and therapeutic 

agents for the treatment of RCC patients in clinic.

microRNAs (miRNAs) belong to a class of endogenous, 

small, and noncoding RNAs, with ~19–22 nucleotides in 

length, that posttranscriptionally regulate gene expressions 

by binding to the 3′-untranslated region (3′-UTR) of their 

target mRNAs, which results in the translational repres-

sion or mRNA clearance of these target genes.8 It has been 

postulated that the expressions of .10,000 mRNAs are 

thought to be mediated by miRNAs in the human genome.9 

Increasing evidence has demonstrated that miRNAs play 

critical roles in a variety of crucial biological processes 

including cell growth, apoptosis, metastasis, angiogenesis, 

and differentiation.10 Recently, aberrant expressions of 

miRNAs are identified to be involved in the pathogenesis of 

multiple human cancers, including RCC.10 It has been dem-

onstrated that miRNAs expression profiles contribute to RCC 

progression at different stages through inducing oncogenes 

and suppressing tumor suppressor genes.11 Thus, miRNAs 

are referred to as a group of potential cancer biomarkers, 

which may provide benefits to RCC patients at the aspects 

of diagnosis, prognosis, and even therapeutics.

The aberrant expression of miR-488 has been reported to 

be involved in the pathological processes of various diseases. 

Song et al have showed that miR-488 plays a positive role in 

chondrocyte differentiation and inhibits the pathogenesis of 

osteoarthritis.12 Muinos-Gimeno et al have found that altered 

expression of miR-488 is associated with panic disorder and 

regulates the physiological pathways related to anxiety.13 

Recently, miR-488 has been found to function as a tumor 

suppressor during different cancer developments. Fang et al 

have indicated that exogenous overexpression of miR-488 

could inhibit proliferation and cisplatin sensitivity in none of 

the small-cell lung cancer cells.14 Lv et al have illustrated that 

downregulation of miR-488 increases cell proliferation and 

migration, and accelerates the progression of colorectal can-

cer.15 Zhao et al have suggested that miR-488 acts as a tumor 

suppressor by inhibiting cell proliferation and migration in 

gastric cancer.16 However, the association of miR-488 with 

the progression and development of RCC is still unknown.

High-mobility group nucleosome binding domain 5 

(HMGN5/NSBOP1) is referred as a ubiquitous nucleosome 

binding protein and located at the Xq13.3 region of the 

human genome.17 It has the characteristic structure of a 

nucleosome location signal (NLS) in the N-terminal, a highly 

conserved nucleosomal binding domain, and a negatively 

charged C-terminal domain.18 HMGN5 specifically interacts 

with nucleosome core particles and participates in the cel-

lular processes of replication, transcription, DNA repair, and 

recombination.19 Accumulating studies have demonstrated 

that HMGN5 is identified as a candidate oncogene in diverse 

cancers, including gliomas, prostate cancer, breast cancer, and 

osteosarcoma.20 Notably, a recent study has illustrated that 

silencing of HMGN5 inhibits the growth and invasion of clear 

cell RCC cells in vitro and in vivo.21 Nevertheless, whether 

specific miRNAs are involved in the molecular regulation of 

HMGN5 during RCC progression remains largely unknown.

The present study was aimed to investigate the function 

of miR-488 in the pathogenesis of RCC and illuminate the 

underlying molecular mechanisms by which miR-488 regu-

lated RCC progression. In this study, we found that miR-488 

expression was significantly downregulated in RCC tissue 

samples and cell lines. Functional experiments showed that 

miR-488 acted as a tumor suppressor by inhibiting cell prolif-

eration, migration, and invasion, and by promoting apoptosis 

in RCC cells in vitro and in vivo. Moreover, HMGN5 was 

identified as a direct target of miR-488, and restoration of 

HMGN5 could partially attenuate the inhibitory effect of 

miR-488 on RCC cell proliferation and invasion. Therefore, 

we supposed that these findings might give insight into devel-

oping a new therapeutic biomarker for RCC treatment.

Materials and methods
Collection of human samples
RCC tissue samples and paired adjacent normal tissues 

were obtained from 38 patients who underwent radical 

nephrectomy at the Department of Urology, China-Japan 

Union Hospital of Jilin University, between May 2014 and 

March 2016. None of the patients had received radiotherapy 

or chemotherapy prior to surgical resection. The collected 

samples were immediately stored in liquid nitrogen. Written 

informed consent was obtained from all the patients, and 

this study was approved by the Institution Research Ethics 

Committee of Jilin University.

Cell culture
Five human RCC cell lines including ACHN, Caki-1, 786-O, 

769-P, and A498, and the normal human proximal tubule 

epithelial cell line HK-2 were obtained from the Cell Bank 

of Type Culture Collection of the Chinese Academy of 

Sciences (Shanghai, China). All cells were cultured in 

DMEM (Thermo Fisher Scientific, Waltham, MA, USA) 
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supplemented with 10% fetal bovine serum (FBS; Thermo 

Fisher Scientific) and 1% penicillin/streptomycin at 37°C in 

a 5% CO
2
 humidified incubator.

Cell transfection
The miR-488 mimics (miR-488) and the corresponding 

negative control (miR-NC) were synthesized and obtained 

from GenePharma (Shanghai, China). pcDNA3.1-HMGN5 

recombinant plasmid was also constructed by GenePharma to 

restore HMGN5 expression. miR-488, miR-NC, pcDNA3.1-

HMGN5, or pcDNA3.1 empty vector was transfected into 

RCC cell lines with Lipofectamine 2000 (Thermo Fisher Sci-

entific) for 24 h according to the manufacturer’s protocols.

Quantitative real-time polymerase chain 
reaction assay
Total RNA from tissues or cell lines was isolated by using 

TRIzol reagent (Thermo Fisher Scientific) according to the 

manufacturer’s instructions. cDNA was synthesized using 

PrimeScript RT reagent kit (Takara, Tokyo, Japan). Detection 

of miR-488 was performed by using a TaqMan miRNA assay 

in accordance with the manufacturer’s protocols (Qiagen, 

Shanghai, China) under ABI 7500 Real-time PCR system 

(Bio-Rad Laboratories Inc., Hercules, CA, USA). U6 was 

used as the internal control for miRNA. The mRNA expres-

sion level of HMGN5 expression was measured by SYBR 

Green Master Mix (Thermo Fisher Scientific) using ABI 7500 

Real-time PCR system (Bio-Rad Laboratories Inc.). Glycer-

aldehyde 3-phosphate dehydrogenase (GAPDH) was used as 

the internal control for mRNA. The relative expression level 

of miR-488 or HMGN5 was calculated with 2−ΔΔCt method.

Western blot
Cells were collected and lysed with radio immunoprecipitation 

assay buffer according to the manufacturer’s instruction. The 

protein concentration was measured by BCA protein assay 

kit (Boster, Wuhan, China). Twenty micrograms of proteins 

was separated on 12% SDS-PAGE and electrophoretically 

transferred onto polyvinylidene fluoride membrane (EMD 

Millipore, Billerica, MA, USA). The membranes were 

blocked with 5% nonfat skim milk for 1 h at the room 

temperature, and then incubated with primary antibodies 

against HMGN5, E-cadherin, N-cadherin, vimentin, phos-

phorylated (p)-AKT, p-mTOR, P13K, AKT, and mTOR 

(Abcam, Cambridge, UK) overnight at 4°C. After rinsing, the 

membranes were incubated with the corresponding second-

ary horseradish peroxidase-conjugated secondary antibodies 

(Abcam) for 2 h at 37°C. The protein bands were visualized 

with ECL chemiluminescent kit (Thermo Fisher Scientific) 

and quantified by ImageJ software. GAPDH was used 

for normalization.

MTT assay
MTT assay was performed to examine cell viability. After 

transfection with miR-488 mimics or miR-NC for 24 h, 

768-O and A498 cells were seeded into 96-well plates at the 

density of 5×103 cells per well and cultured for 24, 48, 72, 

or 96 h. Subsequently, 20 μL of MTT solution (0.5 mg/mL; 

Sigma-Aldrich Co., St Louis, MO, USA) was added into 

each well and incubated for 4 h, followed by additional 

incubation with 200 μL of dimethyl sulfoxide for 15 min. 

Optical density was determined by a microplate reader at a 

wavelength of 490 nm.

Colony formation assay
For colony formation assay, after transfection with miR-488 

mimics or miR-NC for 24 h, 768-O and A498 cells were 

plated in 6-well plates (5×108 cells/well) and incubated 

for 14 days. Subsequently, cells were fixed with ice-cold 

methanol for 30 min at room temperature and then stained 

with 1% crystal violet. The number of colonies was detected 

and counted under a light microscope (Olympus, Tokyo, 

Japan). The percentage of the colony formation was measured 

by adjusting miR-NC to 100%.

Cell invasion and migration assays
Cell invasion and migration assays were performed using 

Transwell chambers (pore size, 8.0 μm; BD Biosciences, 

San Jose, CA, USA). For invasion assay, 4×104 transfected cells 

were suspended in 200 mL of serum-free medium and placed 

in the upper chamber, which was precoated with Matrigel (BD 

Biosciences). For migration assay, 2×104 transfected cells were 

suspended in 200 mL of serum-free medium and placed in the 

upper chamber. Six hundred microliters of medium with 10% 

FBS was added to the bottom chamber as a chemoattractant. 

After incubation at 37°C with 5% CO
2
 for 24 h, the cells remain-

ing in the upper chamber were removed with a cotton swab. The 

cells on the bottom chambers were fixed in methanol and stained 

with 0.2% crystal violet (Sigma-Aldrich Co.). The number of 

invading or migrating cells was counted randomly in five fields 

of each membrane by a light microscope (Olympus).

Cell apoptosis
Cell apoptosis was determined with Annexin V-FITC Apop-

tosis Detection kit (BD Biosciences). Briefly, after transfect-

ing with miR-488 mimics or NC for 24 h, 2×105 RCC cells 

were harvested and resuspended with 200 μL of binding 

buffer. Five microliters of Annexin V-FITC and 10 μL of 
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propidium iodide were added and incubated for 15 min in the 

dark at room temperature. Then, the cells were resuspended 

with 500 μL binding buffer, and cell apoptosis was detected 

by using a flow cytometer (BD Biosciences).

Dual-luciferase reporter assay
Bioinformatics databases (TargetScan, PicTar, and miRanda) 

were used to predict the potential target gene of miR-488, and 

HMGN5 was selected for further analysis. Wild-type (WT) 

3′-UTR region of HMGN5 containing the predicted target site 

of miR-488 and the mutant (MU) sites were amplified and 

cloned into the pmirGLO dual-luciferase miRNA expression 

vector (Promega Corporation, Fitchburg, WI, USA). Next, 

5×104 RCC cells were plated in a 24-well plate and cotrans-

fected with WT or MU 3′-UTR of HMGN reporter plasmid, 

and miR-488 mimics or miR-NC using Lipofectamine 2000 

according to the manufacturer’s instruction. After transfec-

tion for 24 h, the luciferase activity was measured by a 

dual-luciferase reporter assay system (Promega Corporation). 

Renilla luciferase was used for normalization.

Xenograft mouse model
Male BALB/c nude mice (5 weeks old) were obtained from 

the Laboratory Animal Center of Jilin University (Changchun, 

China) and raised under special pathogen-free conditions with 

12 h light/dark cycle. All animal experiments were approved 

by the Animal Care and Use Ethics Committee of Jilin Uni-

versity and were performed in accordance with the guidelines 

of the Animal Welfare Act of the National Institutes of Health 

(NIH Publications no 80-23), revised 2010. Animals were 

randomly divided into two groups (n=8 for each group), 

786-O cells with miR-488 mimics or miR-NC transfection 

were suspended in serum-free DMEM medium (3×106 cells) 

and subcutaneously injected into the left flank of each mice. 

Xenograft growth was monitored every 7 days for 35 con-

secutive days after injection. Tumor volume was calculated as 

V=0.5×length×width2 by calipers. Thirty-five days after injec-

tion, mice were sacrificed, and tumor tissues were isolated and 

weighted. Then, part of the tumor tissues were immediately 

stored at −80°C for quantitative real-time polymerase chain 

reaction (qRT-PCR) and Western blot analysis.

Statistical analysis
Statistical analysis was performed using the Graphpad Prism 

6.0 (GraphPad Software, La Jolla, CA, USA) and expressed 

as mean±SD. Student’s t-test was used to analyze the differ-

ence between two groups, and one-way analysis of variance 

followed by Newman–Keuls test was used to analyze differ-

ence among three or more groups. Spearman’s correlation test 

was used for analyzing the correlations between the miR-488 

and HMNG5 expression levels in 35 RCC specimens. 

P,0.05 was considered to be statistically significant. All 

experiments were done at least three independent times.

Results
miR-488 was downregulated in RCC 
tissue samples and cell lines
qRT-PCR was performed to detect the miR-488 expression 

levels in RCC tissues and their paired normal tissues from 

35 patients. The results showed that the expression levels of 

miR-488 were significantly reduced in RCC tissues compared 

with those in normal tissue samples (P,0.01, Figure 1A). 

In addition, the expression levels of miR-488 were also 

evaluated in RCC cell lines (ACHN, Caki-1, 786-O, 769-P, 

Figure 1 miR-488 was downregulated in RCC tissue samples and cell lines.
Notes: (A) Expression levels of miR-488 in 38 RCC tissues and in paired adjacent normal tissues were detected by qRT-PCR method. **P,0.01 vs Normal. (B) Expression 
levels of miR-488 in five RCC cell lines (ACHN, Caki-1, 786-O, 769-P, and A498) and in normal human proximal tubule epithelial cell line HK-2 were determined by qRT-PCR 
method. All data are shown as mean±SD. *P,0.05 vs HK-2.
Abbreviations: qRT-PCR, quantitative real-time polymerase chain reaction; RCC, renal cell carcinoma.

2.0

1.5

1.0

0.5

0.0

**

Normal

R
el

at
iv

e 
m

iR
-4

88
ex

pr
es

si
on

Tumor

A 1.5

1.0

0.5

0.0
HK-2 ACHN Caki-1 786-O 769-P A498

*

*

*
**

R
el

at
iv

e 
m

iR
-4

88
ex

pr
es

si
on

B

R
E
T
R
A
C
T
E
D

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2209

miR-488 inhibits renal cancer proliferation by targeting HMGN5

and A498) and the normal human proximal tubule epithe-

lial cell line HK-2. We found that miR-488 expression in 

RCC cell lines was lower than that in HK-2 cells (P,0.05, 

Figure 1B). The difference varied among the five RCC cell 

lines, of which 786-O and A498 cell lines showed lower 

miR-488 expressions.

miR-488 inhibited cell proliferation and 
promoted apoptosis in RCC cells
To determine the influence of miR-488 on cell proliferation 

and apoptosis, 786-O and A498 cell lines were selected to 

undergo the overexpression experiments. The efficiencies 

of miR-488 mimics transfection were confirmed in 786-O 

and A498 cell lines by using qRT-PCR assay (P,0.01, 

respectively, Figure 2A). MTT and colony formation 

assays showed that overexpression of miR-488 remarkably 

suppressed cell viability and colony formation abilities in 

786-O and A498 cell lines with miR-488 transfection when 

compared with those in NC groups (all P,0.01, Figure 2B 

and C). Furthermore, compared with NC groups, the percent-

age of apoptotic cells was significantly increased by miR-488 

overexpression in miR-488 groups (P,0.01, Figure 2D). 

Thus, these data indicated that overexpression of miR-488 

could inhibit cell proliferation and promote apoptosis in 

RCC cells.

miR-488 suppressed cell invasion, 
migration, and EMT in RCC cells
Transwell assays were performed to investigate the effect 

of miR-488 on RCC cell invasion and migration. We found 

that overexpression of miR-488 apparently inhibited cell 

migratory and invasive abilities in 786-O and A498 cell 

Figure 2 miR-488 inhibited cell proliferation and promoted apoptosis in RCC cells.
Notes: (A) Expression levels of miR-488 in 786-O and A498 cell lines transfected with miR-488 mimics (miR-488) or miR-NC were detected by qRT-PCR. (B) Cell viability 
of 786-O and A498 cell lines after transfection with miR-488 or miR-NC was determined by MTT assay. (C) Colony formation was measured in 786-O and A498 cell lines 
transfected with miR-488 or miR-NC. (D) Cell apoptosis was examined in 786-O and A498 cell lines transfected with miR-488 or miR-NC by flow cytometry analysis. 
All data are shown as mean±SD. **P,0.01 vs miR-NC.
Abbreviations: miR-NC, miR-488 negative control; qRT-PCR, quantitative real-time polymerase chain reaction; RCC, renal cell carcinoma; PI, propidium iodide; FITC, 
fluorescein isothiocyanate.
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lines with miR-488 transfection when compared with 

those in NC groups (all P,0.01, Figure 3A and B). Since 

epithelial–mesenchymal transition (EMT) plays a crucial 

role in the metastasis of various cancer cells, the expres-

sions of EMT-related protein were examined by Western 

blot in this study. The results showed that, compared with 

NC groups, overexpression of miR-488 in 786-O and A498 

cell lines markedly downregulated the expression levels of 

N-cadherin and vimentin, while upregulated the expression 

levels of E-cadherin (all P,0.05, Figure 3C), which lead to 

the inhibition of EMT.

miR-488 directly targeted HMGN5 in 
RCC cells
To unravel the molecular mechanism by which miR-488 

regulates RCC cells, bioinformatic databases (TargetScan, 

miRanda, and PicTar) were used to predict the potential miR-

488 targets. The results showed that HMGN5 was a potential 

target of miR-488 (Figure 4A). To verify the potential inter-

action between HMGN5 and miR-488, WT 3′-UTR region 

containing the potential binding sites or MU of HMGN5 

was cloned into the pmirGLO vectors. A dual-luciferase 

reporter assay revealed that the luciferase activity was 

Figure 3 miR-488 suppressed cell migration, invasion, and EMT in RCC cells.
Notes: Cell migration (A) and cell invasion (B) were determined in 786-O and A498 cell lines transfected with miR-488 or miR-NC by Transwell assays. (C) The protein 
expression levels of E-cadherin, N-cadherin, and vimentin in 786-O and A498 cell lines transfected with miR-488 or miR-NC were determined by Western blot analysis. 
GAPDH was used as the internal control. All data are shown as mean±SD. *P,0.05; **P,0.01 vs miR-NC.
Abbreviations: EMT, epithelial-to-mesenchymal transition; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; miR-NC, miR-488 negative control; RCC, renal cell 
carcinoma.
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significantly reduced in 786-O and A498 cells cotransfected 

with WT 3′-UTR HMGN5 and miR-488 mimics (P,0.01, 

respectively, Figure 4B), whereas no significant effect was 

observed in MU 3′-UTR HMGN5 transfection groups. qRT-

PCR and Western blot further confirmed that overexpression 

of miR-488 dramatically inhibited HMGN5 expression in 

786-O and A498 cells both at mRNA and protein levels (all 

P,0.05, Figure 4C). In addition, we also found that mRNA 

expression levels of HMGN5 in 35 RCC tissues were much 

higher than those in paired adjacent normal tissues (P,0.01, 

Figure 4D). Spearman’s rank correlation analysis showed 

that there was an inverse correlation between the HMGN5 

mRNA expression and miR-488 expression in RCC tissues 

(P,0.001, r2=0.228; Figure 4E). Therefore, these findings 

demonstrated that HMGN5 was a direct target of miR-488 

in RCC.

Restoration of HMGN5 expression 
rescued the miR-488-mediated inhibitory 
effect on RCC cells
To determine whether HMGN5 was a candidate target to regu-

late the biological functions of miR-488 in RCC cells, HMGN5 

Figure 4 miR-488 directly targeted HMGN5 in RCC cells.
Notes: (A) The putative binding sites for miR-488 in the 3′-UTR of HMGN5 mRNA. (B) Relative luciferase activity in 786-O and A498 cell lines cotransfected with miR-488 
or miR-NC and WT or MU 3′-UTR HMGN5 was measured by dual-luciferase reporter assay. (C) HMGN5 mRNA and protein expression levels in 86-O and A498 cell 
lines transfected with miR-488 or miR-NC were detected by qRT-PCR and Western blot. (D) The mRNA expression levels of HMGN5 were measured in 38 paired RCC 
tissue samples by qRT-PCR. **P,0.01 vs Normal. (E) The correlation between miR-488 and HMGN5 expression was investigated in 38 RCC tissue samples by Spearman’s 
correlation analysis. All data are shown as mean±SD. *P,0.05; **P,0.01 vs miR-NC.
Abbreviations: 3′-UTR, 3′-untranslated region; HMGN5, high-mobility group nucleosome binding domain 5; miR-NC, miR-488 negative control; MU, mutant; qRT-PCR, 
quantitative real-time polymerase chain reaction; RCC, renal cell carcinoma; WT, wild type.
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overexpressing vector was constructed and transfected into 

786-O and A498 cells. qRT-PCR and Western blot assays 

showed that forced expression levels of HMGN5 significantly 

rescued the decreased mRNA and protein levels of HMGN5 

induced by miR-488 in 786-O and A498 cells (all P,0.05, 

Figure 5A). Furthermore, restoration of HMGN5 expression 

also partially reversed the suppressive effect of miR-488 on 

cell viability, colony formation, invasion, migration, and EMT 

in 786-O and A498 cells (all P,0.05, Figure 5B–F). Taken 

together, these data indicated that miR-488 exerted its inhibi-

tory effects in RCC cells through repressing HMGN5.

miR-488 suppressed RCC growth in vivo 
by inhibiting HMGN5
To investigate the role of miR-488 in RCC tumorigenicity 

in vivo, xenograft mouse model was established by injecting 

Figure 5 Restoration of HMGN5 expression rescued the miR-488-mediated inhibitory effect on RCC cells.
Notes: (A) The mRNA and protein expressions of HMGN5 in 786-O and A498 cells transfected with miR-488, miR-NC, empty vector, or HMGN5-overexpression plasmid 
were determined by qRT-PCR and Western blot. Cell viability (B), colony formation (C), migration (D), invasion (E), and EMT (F) were measured in 786-O and A498 cells 
transfected with miR-488, miR-NC, empty vector, or HMGN5-overexpression plasmid. Con group: transfected with miR-NC and empty vector; miR-488 group: transfected 
with miR-488 and empty vector; miR-488+HMGN5 group: transfected with miR-488 and HMGN5-overexpression plasmid. All data are shown as mean±SD. *P,0.05, 
**P,0.01 vs Con; P,0.05 vs miR-488.
Abbreviations: Con, control; EMT, epithelial-to-mesenchymal transition; HMGN5, high-mobility group nucleosome binding domain 5; miR-NC, miR-488 negative control; 
qRT-PCR, quantitative real-time polymerase chain reaction; RCC, renal cell carcinoma.
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786-O cells with miR-488 mimics or miR-NC transfection. 

The results showed that miR-488 overexpression remark-

ably inhibited tumor growth in vivo (P,0.01, Figure 6A). 

The size and weight of tumors isolated from miR-488 

mice were much lower than those of miR-NC group 

(P,0.01, Figure 6B and C). In addition, the expression 

levels of miR-488 and HMGN5 were also determined in 

the isolated tumors. As shown in Figure 6D, when com-

pared with miR-NC group, miR-488 expression level 

was significantly enhanced in miR-488 group (P,0.01, 

Figure 6D), while HMGN5 mRNA and protein levels 

were significantly inhibited in miR-488 group (P,0.05, 

Figure 6E and F). Furthermore, Western blot assay also 

revealed that the protein levels of N-cadherin, vimentin, 

p-AKT, p-mTOR, and P13K were obviously reduced, while 

that of E-cadherin was significantly increased compared 

with those in miR-NC group (all P,0.05, Figure 6F), 

but not in the AKT and mTOR expressions. These find-

ings suggested that miR-488/HMGN5 axis inhibited RCC 

tumorigenicity in vivo by regulating P13K/AKT/mTOR 

signaling pathway.

Discussion
RCC is the most lethal type of urologic cancer and accounts 

for ~90% of all renal malignancies worldwide.22 Metastatic 

RCC resulted in the death of nearly 40% patients every year, 

which makes it the tough therapeutic challenge to overcome.23 

Recently, improved understanding of molecular mechanism of 

RCC has received new prospects and more specific focus on 

the treatment of this disease.24 Targeted therapies that aim to 

block molecular pathways have showed significant antitumor 

growth and survival outcomes, which obviously ameliorate 

the poor prognosis of advanced RCC patients.25 So far, three 

kinds of targeted therapies including multitargeted tyrosine 

kinase inhibitor, the mTOR complex 1 kinase inhibitor, and the 

humanized anti-vascular endothelial growth factor monoclo-

nal antibody have been developed and widely used in clinics.26 

However, increasing evidence demonstrates that resistance to 

targeted therapeutic strategy has emerged in multiple tumors, 

which results from the secondary mutation of the target protein 

or pathway that avoids the target site suppression.27

Recently, it has been well identified that a variety of 

miRNAs could act either as an oncogenic or tumor suppressor 

Figure 6 miR-488 suppressed RCC growth in vivo by inhibiting HMGN5.
Notes: (A) Tumor growth curves for the miR-488 and miR-NC nude mice groups were calculated every 7 days. (B) Representative images of isolated tumors from miR-488 
and miR-NC nude mice groups. (C) Tumor weights form miR-488 and miR-NC nude mice groups. The expression levels of miR-488 (D) and HMGN5 mRNA (E) in isolated 
tumor tissues from miR-488 and miR-NC nude mice groups were detected by qRT-PCR. (F) The protein expression levels of P13K, AKT, mTOR, p-AKT, p-mTOR, 
E-cadherin, N-cadherin, and vimentin in isolated tumor tissues from miR-488 and miR-NC nude mice groups were determined by Western blot. GAPDH was used as the 
internal control. All data are shown as mean±SD. *P,0.05; **P,0.01 vs miR-NC.
Abbreviations: miR-NC, miR-488 negative control; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; HMGN5, high-mobility group nucleosome binding domain 5; 
qRT-PCR, quantitative real-time polymerase chain reaction; RCC, renal cell carcinoma.
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in the development and progression of RCC, indicating that 

investigation and measurement of these kinds of small nucle-

otides might provide available insight into the diagnostic 

and therapeutic improvement of RCC.28,29 For example, Cui 

et al have suggested that miR-99a functions as a tumor sup-

pressor by inducing G1 phase cell cycle arrest and inhibiting 

tumorigenicity in RCC.30 Li et al have showed that miR-21 

acts as an oncogene in RCC by promoting cancer cell 

hyperplasia and contributes to tumor cell transformation and 

metastasis.31 Machackova et al have proved the oncogene role 

of miR-429 on the metastasis and poor overall survival of 

RCC patients.32 To our knowledge, this is the first study that 

demonstrated that miR-488 played a tumor suppressor role 

in RCC by inhibiting RCC growth both in vitro and in vivo 

by targeting HMGN5.

The dysregulation of miR-488 has been reported to be 

involved in the tumorigenesis and progression in several 

human tumors.14 In the current study, we observed that the 

expression levels of miR-488 were significantly down-

regulated in clinic RCC tissue samples and cell lines when 

compared with adjacent normal tissues and cell line. 

Overexpression of miR-488 in RCC cells suppressed cell 

proliferation due to the reduced cell viability and colony 

formation capacity, as well as promoted apoptosis in vitro. 

Furthermore, xenografted tumor experiment also confirmed 

the inhibitory role of miR-488 on RCC tumorigenesis in vivo. 

In addition, forced expression of miR-488 was identified to 

contribute to the inhibition of invasive and migratory abilities 

of RCC cells by abrogating EMT (as indicated by upregula-

tion of E-cadherin and downregulation of N-cadherin and 

vimentin). Accordingly, these data suggested that miR-488 

might function as a tumor suppressor in the develop-

ment and progression of RCC.

Since miRNAs exert their biological functions through 

binding to the 3′-UTR of their target genes, the underlying 

mechanism by which miR-488 regulated RCC progression 

was further explored in this study. The bioinformatics data-

bases (TargetScan, PicTar, and miRanda) were used to help 

find the putative targets for miR-488. Among these theo-

retical targets, HMGN5 was selected as one of the possible 

target gene due to its oncogenic characteristics. HMGN5 

has been demonstrated to be overexpressed in a variety of 

human cancers and acted as an oncogene in carcinogenesis.33 

For instance, Gan et al showed that knockdown of HMGN5 

inhibited the growth and invasion of 5,637 human urothelial 

bladder cancer cells both in vitro and in vivo.34 Weng et al 

found that HMGN5 was upregulated in breast cancer and 

played an oncogenic role by promoting cell proliferation 

and invasion, and activating apoptosis.35 Ji et al also revealed 

that knockdown of HMNG1 suppressed the proliferation 

and invasion of clear cell RCC cells in vitro and in vivo.21 

Furthermore, recent researchers have reported that HMGN5 

is a direct target of several miRNAs that contribute to cell 

proliferation, invasion, and apoptosis during various cancer 

progressions. Yao et al showed that miR-186 suppressed 

the growth and metastasis of bladder cancer by targeting 

HMGN5.36 Wei et al illustrated that miR-340 inhibited 

tumorigenic potential of prostate cancer cells by targeting 

HMGN5.37 Li et al suggested that suppression of HMGN5 

by miR-326 impeded cell proliferation and invasion in non-

small-cell lung cancer cells.38 Meng et al elucidated that miR-

140-5p promoted autophagy and regulated chemoresistance 

mediated by HMGN5 in osteosarcoma.20

Accordingly, it prompted us to demonstrate that miR-488 

regulates RCC progression may be partially via targeting 

HMGN5. In the current study, our results confirmed that 

miR-488 directly binds to the 3′-UTR of HMGN5, as its over-

expression was correlated with the inhibition of luciferase 

activity in dual-luciferase reporter system driven by the 

3′-UTR of HMGN5. qRT-PCR and Western blot further 

verified that overexpression of miR-488 resulted in reduced 

expressions of HMGN5 at both mRNA and protein levels 

in RCC cells. Furthermore, Spearman’s correlation analysis 

identified the negative association between miR-488 and 

HMGN5 in RCC tissue samples. Importantly, rescue experi-

ments and functional assays demonstrated that restoration of 

HMGN5 partially abolished the inhibitory effect of miR-488 

on proliferation and metastasis of RCC cells. Taken together, 

these findings implicated that posttranscriptional modula-

tion of HMGN5 by miR-488 might be a pivotal molecular 

mechanism underlying RCC cancer progression.

The downstream molecular signalings involved in the 

regulation of miR-488/HMGN5 axis on RCC development 

still remains largely unknown. Accumulating evidence has 

demonstrated that P13K/AKT/mTOR signaling pathway 

is closely associated with the tumorigenesis in multiple 

malignancies.39 The activation of P13K/AKT/mTOR path-

way could stimulate various oncogenic systems including 

EMT and metastasis by transmitting signals from the cell 

membrane into the nucleus.40 During EMT program, epi-

thelial cells obtain migratory and invasive features through 

transferring epithelial characteristics into mesenchymal 

phenotype.41 A recent study has reported that HMGN5 

promotes tumor proliferation and invasion in osteosarcoma 

through the P13K/AKT signaling pathway.42 Consistently, 

our study also demonstrated that overexpression of miR-488 
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inhibited the proliferative and metastatic abilities of RCC 

cells in vivo through suppressing the activation of P13K/

AKT/mTOR pathway and EMT, indicating that P13K/AKT/

mTOR pathway might be involved in the regulation of miR-

488/HMGN5 axis during tumor proliferation and metastasis 

in RCC progression.

In conclusion, this study implicated the downregulation 

of miR-488 expression in human RCC tissues and cell lines, 

and that forced expression of miR-488 could remarkably 

inhibit cell proliferation, invasion, migration, EMT, and 

promote apoptosis in vitro and in vivo by targeting HMGN5. 

Furthermore, miR-488 suppressed the activation of P13K/

AKT/mTOR signaling pathway in RCC cells. Therefore, 

these data suggested that miR-488 functioned as a novel 

tumor suppressor that regulated RCC progression through 

P13K/AKT/mTOR signaling pathway by targeting HMGN5, 

which might provide valuable evidence for therapeutic target 

development for RCC.
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