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Introduction

MicroRNA (miRNA) is a kind of non-coding 
small-molecule RNA with a length of 19-25 nu-
cleotides1. The primary product pri-miRNA is first 
transcribed from the coding gene, which is clea-
ved by Drosha into pre-miRNA with a length of 
about 80bp and then transported to the cytoplasm 
by Exportin-5 and processed by Dicer into dou-
ble-stranded RNA with a length of about 22bp2. 
Mature miRNAs combine with RNA-induced si-
lencing complex (RISC) to form functional units, 
exerting effects. MiRNAs, through regulating the 
expressions of relevant target genes, are involved 
not only in the normal growth and development 
processes of organism, but also in the occurrence 
of disease, including the occurrence, development, 
metastasis and drug resistance of tumors3-5. There-
fore, it is helpful to elucidate the role of miRNA 
in the occurrence and development of tumor for 
deeply understanding the tumor and providing a 
theoretical basis for the treatment of tumor.

Renal cancer is a kind of common renal mali-
gnant tumor derived from renal tubular epithelial 
cells, accounting for 2-3% in all malignant tumors 
in adults and 85-90% in primary renal malignant 
tumors, 80-90% of which is the clear cell carci-
noma. Besides, its incidence rate shows an incre-
asing trend year by year6-8. At present, the surgical 
treatment is still the preferred treatment method, 
because the therapeutic effects of chemotherapy, 
radiotherapy and hormone therapy are poor8. It has 
been found that miRNAs play important roles in the 
occurrence and development of renal cancer, and 
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many kinds of miRNAs are abnormally expressed 
in renal cancer, affecting its growth, invasion and 
metastasis through regulating the downstream tar-
get genes9-11. Looking for miRNA molecules asso-
ciated with the renal clear cell carcinoma and elu-
cidating the mechanism of action may enrich the 
etiology and molecular pathology of renal clear cell 
carcinoma. Moreover, the study on renal clear cell 
carcinoma-associated miRNAs can provide impor-
tant theoretical support for the early diagnosis and 
prognosis evaluation of renal cancer, and develop-
ment of new anti-cancer drugs.

In this study, the expression difference of miR-
NAs in renal clear cell carcinoma tissues and nor-
mal para-carcinoma tissues was mainly investiga-
ted; whether the expression of miR-645 in renal 
clear cell carcinoma tissues was correlated with 
the clinicopathological parameters of renal can-
cer, it was analyzed, Also, the role of miR-645 in 
the occurrence and development of renal cancer 
was explored, including the cell invasion, migra-
tion, proliferation, apoptosis and cycle, etc. Fur-
thermore, the relevant target genes were predicted 
using the bioinformatics, and their regulatory ef-
fects and mechanisms involved in the pathogene-
sis of renal cancer were studied, so as to provide 
a theoretical basis for the in-depth exploration of 
pathogenesis and new treatment methods of renal 
clear cell carcinoma.

Patients and Methods

Patients 
A total of 32 cases of renal clear cell carcino-

ma tissue samples and corresponding para-car-
cinoma tissue samples were taken from patients 
receiving radical nephrectomy in Tongde Hospital 
of Zhejiang Province from February 2016 to Ja-
nuary 2017, and the tissue samples were collected 
after the approval of Ethics Committee of Tongde 
Hospital of Zhejiang Province and the patients si-
gned the informed consent. 

Methods
The tumor samples were cut from the kidney 

within l0 min in vitro, while the para-carcinoma 
kidney was cut at more than 3 cm away from the 
distal tumor. All in vitro tissue samples were rin-
sed with RNase-free isotonic saline to remove the 
dirt or bloodstain, placed into the cryopreserved 
tube, immediately frozen into liquid nitrogen and 
stored in the ultra-low temperature refrigerator at 
-80°C for a long time used to extract RNA.

Cell Culture
The RCC cell lines 786-O, A498, Caki-1and 

normal human renal cell line, HK-2, were purcha-
sed from Shanghai Model Cell Bank (Shanghai, 
China). Cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented with 
10% fetal bovine serum (FBS), 100 U/mL peni-
cillin and 100 µg/mL streptomycin. All cells were 
cultured in an incubator at 37°C with 5% CO2.

Plasmid and Transfection
For downregulation of miR-645 in RCCC cel-

ls, miR-645inhibitor and corresponding negative 
control (inhibitor-NC) were obtained from the 
RiboBio (Guangzhou, China). Transfections were 
performed using Lipofectamine 2000 Reagent 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s protocols.

For knockdown of GK5 for silencing, siRNA sequen-
ces that targeting for GK5 were designed as follows: 
siRNA-1: 5’- CCAATGGGTGTAATTTCATAGGA-
AA -3’; siRNA-2: 5’- CCTGTTCAATCTATCTTA-
AAGTGCT -3’; siRNA-3: 5’- CAATTAGTGACA-
GAGGGTTCTTTAA -3’and the siRNA-NC were 
purchased from Genechem (Shanghai, China).

RNA Extraction and qRT-PCR
Total RNA in tissues and RCCC cells were ex-

tracted via TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA). The relative expression level of miR-
645 was determined using the mirVana™ qRT-
PCR microRNA Detection kit (Ambion, Austin, 
TX, USA) according to the manufacturer’s pro-
tocols. U6 was used for normalization. Then, we 
performed PCR reactions using the following pri-
mers: for miR-645, forward, 5’- AGA CAG TGG 
CAA TAC TGC UCA -3’ and reverse, 5’- GGT 
CCG GTG CAG AGG T -3’; and for U6, forward, 
5’- GCA CCT TAG GCT GAA CA-3’ and rever-
se, 5’-AGC TTA TGC CGA GCT CTT GT-3’. 

PrimeScript RT reagent kit and SYBR Premix Ex 
Taq (TaKaRa, Dalian, China) was used for qRT-PCR 
using the following primers: for GK5, forwards, 5’- 
TTTTGGGAAGGGGACCATTGA -3’ and reverse, 
5’- TTCGCCCCATCACTGTGTTTT -3’; and for 
GAPDH, forward, 5’-GAAGGTGAAGGTCGGA-
GTC-3’ and reverse, 5’-GAAGATGGTGATGG-
GATTTC-3’. QRT-PCR was carried out by using 
the ABI 7500 Fast Real-time PCR system (Applied 
Biosystems, Foster City, CA, USA).

Wound Healing Assay
Transfected cells were cultured in the 6-well 

plates marked by a horizontal line on the back. 
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Cells were scratched by a pipette tip across the 
confluent cell layer. Next, cells were washed 
gently and continued to be cultured with the se-
rum-free medium for 24-48 h. Wound closure was 
captured using a light microscope (DFC500, Sol-
ms Germany).

Transwell Assay
Cells were cultured in the upper invasion cham-

ber (BD, Franklin Lakes, NJ, USA) coated with 
Matrigel. Serum-free medium was added into the 
upper chamber, whereas 10% FBS medium supple-
mented was then added into the lower. After 48 h, 
the cells cultured on the upside of the filter, which 
did not invade through the chamber, were removed. 
Then the chamber was suspended by 100% precoo-
ling methanol, stained with 0.05% crystal violet and 
inspected with the microscope (Olympus, Tokyo, 
Japan). The values for the invasion cells were mea-
sured by counting five fields per membrane.

Cell Counting kit-8 Assay
Cell viability was assessed by cell counting kit-8 

(CCK8) assay (Promega, Madison, WI, USA) after 
the transfection according to the manufacturer’s pro-
tocols. The transfected cells were grown in 96-well 
plates (2000 cells/well), and 10 μL CCK8 solution 
was added into 90 μL DMEM and incubated for 3 h. 
Then, the absorbance was measured at 490 nm.

Cell Apoptosis Analysis
The cells were cultured in 6-well plates and tre-

ated with 0.25% trypsin and fixed in 70% ice-cold 
ethanol. These cells were double stained with 1 
μL propidium iodide (PI, 50 μg/mL) and 5 μL An-
nexin V-FITC. The apoptosis rate was analyzed 
using a flow cytometer equipped with CellQuest 
Pro 5.1 software.

Cell Cycle Analysis
Transfected cells suspension were prepared 

and stained with propidium iodide using the BD 
Cycletest Plus DNA Reagent Kit (BD Bioscien-
ces, San Jose, CA, USA). The relative ratio of cel-
ls in G0/G1, S, or G2/M phase was analyzed by 
FACSCalibur flow cytometer.

Bioinformatics Analysis
TargetScan (http://www.targetscan.org/vert_71/) 

and miRecords (http://c1.accurascience.com/mi-
Records/index.php) were utilized to forecast the 
target genes. As shown in the database, GK5 was 
the candidate gene we chose. The result of bioin-
formatics software indicated that 3’-UTR of GK5 

binds to miR-645. Then qRT-PCR was performed 
to detect whether GK5 was really inversely corre-
lated to miR-645 expression in RCCC cells.

Luciferase Reporter Assay
The activity of luciferase was tested using the 

Dual-Luciferase reporter system (Promega, Madi-
son, WI, USA). The GK5 3’-UTR region contai-
ning the wild type or mutant miR-645 binding site 
was amplified and cloned into pGL3 luciferase 
vector (Promega, Madison, WI, USA). Next, trea-
ted cells were co-transfected with the established 
vector and miR-645 mimics or scrambled using 
lipofectamine 2000. Then, the activity of luci-
ferase was determined using luminometer (Pro-
mega, Madison, WI, USA) and measured as the 
fold-change to the basic pGL3 vector relatively.

Western Blot Analysis
A protein assay (Bio-Rad, Beijing, China) was 

conducted for measuring the total protein concen-
tration. The target proteins were replaced to the 
polyvinylidene difluoride (PVDF) membrane, 
which was then blocked in 5% dry milk at 37°C for 
1 hour after fractionated by sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS- 
PAGE). Then membrane was immune-stained 
with antibodies (Cell Signaling Technology, CST, 
Danvers, MA, USA) overnight at 4°C: 1:1000 
rabbit anti-GK5, and 1:5000 rabbit anti-GAPDH. 
Subsequently, 1:1000 goat anti-rabbit secondary 
antibody was used for cultivation. The bands were 
measured using ChemiDoc XRS imaging system 
and ImageJ software.

Statistical Analysis
Quantitative data was presented as mean ± SD. 

Data analysis software included SPSS.17.0 (SPSS 
Inc., Chicago, IL, USA). Chi-squared test was per-
formed to evaluate the association between miR-
645 levels and clinicopathological parameters. The 
method of 2-ΔΔCT was used to measure the relative 
expression of mRNA. Statistical significance was 
calculated by the log-rank test. Independent sam-
ples t-test was chosen as the method. Only p<0.05 
was identified to be statistically significant.

Results

MiR-645 Expression was Elevated 
in RCCC Tissues and Cell Lines

Expression of miR-645 was detected in 32 
pairs of RCCC tissues and para-carcinoma tissues 
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by qRT-PCR. The results indicated that miR-645 
expression was remarkably increased in RCCC 
tissues compared with the matched para-carcino-
ma tissues on mRNA level (Figure 1A). This evi-
dence implied that miR-645 might participate in 
RCCC tumorigenesis. In addition, the relationship 
between the expression level of miR-645 and the 
clinical parameters of patients was analyzed, and 
patients were grouped according to the median of 
miR-645 expression level. After the statistics with 
the mean value of tumor size as the critical value, 
it was found that miR-645 was correlated with the 
TNM staging of renal cancer tissues, tumor size 
and Fuhrman grades, but had no relationship with 
the gender, age, etc. (Table I).

Besides, we investigated expression of miR-
645 in several BC cell lines and normal breast cell 
line with qRT-RCR. It showed that, compared with 
HK-2 cell line, all these RCCC cell lines expressed 
a relatively higher level of miR-645, in whichA498 
expressed the relatively highest (Figure 1B).To 
identify the mode of action of miR-645 in RCCC 
tumorigenesis in vitro, A498cell line was tran-
sfected with miR-645inhibitor and inhibitor-NC 
for knockdown of miR-645 (Figure 1C).

Knockdown of miR-645 Inhibited RCCC 
Cell Metastasis in vitro

We next evaluated the functional role of miR-
645 in RCCC cell metastasis in vitro. As shown 
in wound-healing assay, downregulatedmiR-645 
could suppress RCCC cell migration when com-
pared with inhibitor-NC (Figure 2A). Meanwhi-
le, influence of downregulated miR-645 on cell 

invasion measured by using transwell assay was 
the same as the former (Figure 2B). The results 
demonstrated that downregulated miR-645 could 
inhibit cell metastasis of RCCC.

Knockdown of miR-645 Inhibited RCCC 
Cell Proliferation in vitro

As shown in CCK8 assay, the viability of RCCC 
cells was significantly inhibited after transfected 
with miR-645inhibitor compared with inhibi-
tor-NC, in a time-dependent manner (Figure 2C).

To better illustrate how miR-645 inhibited cell 
proliferation, we analyzed whether cell apoptosis 
and cell cycle were also affected by miR-645. As 
shown in flow cytometric analysis, the apoptotic 
rate of RCCC cells transfected with miR-645 inhi-
bitor increased remarkably compared with inhibi-
tor-NC (Figure 2D). Moreover, the percentage of 
RCCC cells transfected with miR-645inhibitor in-
creased in G0/G1 phase while decreased in S pha-
se obviously compared with inhibitor-NC (Figure 
2E). These results indicated that miR-645 impai-
red RCCC cell proliferation capacity by promo-
ting cell apoptosis and inducing cell cycle arrest 
at G0/G1 phase.

GK5 is Directly Targeted by miR-645
To better understand the mechanism about how 

miR-645 participated in these biological proces-
ses, we selected GK5 as the potential downstream 
of miR-645 via using TargetScan and miRecords 
database (Figure 3A). According to the conse-
quence of prediction, miR-645 was transfected 
with GK5 3’UTR luciferase reporter gene into 

Figure 1. MiR-645 expression was elevated in RCCC tissues and cell lines. A, Analysis of miR-645 expression in paracar-
cinoma tissues (P) and tumor tissues (T); B, Analysis of miR-645 expression in several RCCC cell lines and normal cell line; C, 
Analysis of transfection efficiency in A498 cells transfected with miR-645inhibitor and inhibitor-NC. Total RNA was detected by 
qRT-PCR and GAPDH was used as an internal control. Data are presented as the mean ± SD of three independent experiments. 
**p<0.01; ***p<0.001.



miR-645 acts as an oncogene in RCCC

4561

A498 cell. The result of dual-luciferase assay di-
splayed a significant activity decrease in the WT 
group but no difference in mutant group (Figure 
3B), indicating that GK5 was a target of miR-645.

Meanwhile, we further detected expression le-
vel of GK5 in transfected RCCC cells. The results 
indicated that GK5 was upregulated in A498 cells 
transfected with miR-645inhibitor on mRNA le-
vel and protein level when compared with inhibi-
tor-NC (Figure 3C&D). All these results indicated 
that GK5 was directly targeted by miR-645.

Silencing of GK5 Rescued Tumor 
Suppression of Downregulated miR-645

To future identify the interaction relationship 
of miR-645 and GK5, we firstly measured the 
expression of GK5 in RCCC tissues. The results 
indicated that GK5 was obviously downregulated 
in RCCC tissues compared with the para-carcino-
ma tissues on the mRNA level (Figure 4A), and 
the expression of GK5 was negatively correlated 
with the expression of miR-645 in RCCC tissues 
(Figure 4B). 

Secondly, we explored whether GK5 is re-
sponsible for the functional effects of miR-645 
in RCCC tumorigenesis. We found that siRNA-3 
had the strongest ability to knock out GK5 (Fi-
gure 4C), thus we silenced GK5 expression by 
transfected with siRNA-3 in miR-645-decreased 
A498 cells (Figure 4D). GK5 silencing not only 
increased cell migration and invasion compared 
with miR-645 inhibitor (Figure 4E&F), but also 
increased the proliferation capacity (Figure 4G), 
attenuated cell apoptosis and cell cycle distribu-
tion at G0/G1 phase (Figure 4H&I). These results 
implied that miR-645 promoted RCCC tumorige-
nesis by repressing GK5 expression partially.

Discussion

At present, more than 1500 miRNAs have been 
found in the human genome, and it is estimated 
that about 30% protein-coding genes are regula-
ted by miRNAs12. A large number of studies have 
shown that miRNAs may participate not only in 

Figure 2. Knockdown of miR-645 inhibited RCCC cell metastasis and proliferation in vitro. A, Wound-healing assay was 
performed to determine the migration of transfected A498 cells; B, Transwell assay was performed to determine the invasion of 
transfected A498 cells. C, CCK8 assay was performed to determine the viability of transfected A498 cells; D, Flow cytometric 
analysis was performed to detect the apoptotic rates of transfected A498 cells; E, Flow cytometric analysis was performed to 
detect cell cycle progression of transfected A498 cells. *p<0.05; **p<0.01.
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a variety of normal biological processes of or-
ganism, but also the occurrence of diseases, and 
its abnormal expression plays an important role 
in occurrence and development of tumors13,14. In 
recent years, the incidence rate of renal cancer 
has been increasing year by year, and it has beco-
me one of the top ten malignant tumors in China 

according to the latest statistics in 201215,16. The 
incidence rate of renal cancer is 4-5/0.1 million 
in males and 3-4/0.1 million in females. Besides, 
renal cancer is the second major tumor of urinary 
system only to the bladder tumor17. The incidence 
rate of renal cancer increases by about 2.5% per 
year, so the rapid growth rate should attract enou-

Figure 3. GK5 is directly targeted by miR-645. A, GK5 was selected as the potential downstream of miR-645 via using bioin-
formatics analysis; B, Luciferase activities of A498 cells transfected with the wild-type or the mutated GK5 3′UTR; C, Analysis 
of GK5 mRNA expression level of A498 cells transfected with miR-645inhibitor or inhibitor-NC; D, Analysis of GK5 protein 
expression level of A498 cells transfected with miR-645inhibitor or inhibitor-NC. Data are presented as the mean ± SD of three 
independent experiments. **p< 0.01.
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gh attention. Radical nephrectomy is still the pre-
ferred treatment method of renal cancer, but the 
effects of radiotherapy, chemotherapy and other 
conventional treatment means on advanced renal 
cancer with the opportunity of surgical therapy 
lost are not satisfactory. Besides, immunothe-
rapy has a certain curative effect on advanced 
renal cancer, but the effective rate is only about 

15% and the survival benefit is limited18. In 2006, 
sunitinib was officially approved by Food and 
Drug Administration (FDA) as a kind of thera-
peutic drug of advanced renal cancer, opening a 
new chapter for the treatment of advanced renal 
cancer and marking the entry of renal cancer tre-
atment into a new era of targeted therapy19. It is 
hoped that the research on miRNAs can provide 

Figure 4. Silencing of GK5 rescued tumor suppression of downregulated miR-645. A, Analysis of GK5 expression level 
in RCCC tissues (T) and matched paracarcinoma tissues (N), n=32; B, Correlation between miR-645 and GK5 expression in 
BC tissues (n=32); C, Analysis of transfection efficiency in A498 cells transfected with siRNAs; D, Analysis of transfection 
efficiency in A498 cells transfected with miR-645inhibitor-NC, inhibitor and/or siRNA-GK5; E: Downregulated GK5 increased 
cell migration of miR-645-transfected cells; F, DownregulatedGK5 increased cell invasion of miR-645-transfected cells; G, 
DownregulatedGK5 promoted cell proliferation of miR-645-transfected cells; H, DownregulatedGK5 attenuated cell apoptosis 
of miR-645-transfected cells; I, DownregulatedGK5 attenuated cell cycle distribution of miR-645-transfected cells. Data are 
presented as the mean ± SD of three independent experiments. *p< 0.05, **p< 0.01, ***p< 0.001.
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new targets for the targeted therapy of renal can-
cer in the future.

Many studies have revealed that more than 50% 
annotated miRNAs are located in the genomic re-
gions or fragile sites associated with tumorigenesis 
and play a function similar to the anti-oncogene or 
proto-oncogene, which is closely related to the oc-
currence and development of a variety of tumors. 
For example, Ma et al20 found that miR-l0b can inhi-
bit the expression of HOXD10 and indirectly acti-
vate RHOC by direct targeting effect, significantly 
enhancing the invasion and metastasis capacities of 
breast cancer cells. Meng et al21 found that the miR-
21 expression is significantly increased in human 
liver cancer tissues, and the proliferation, invasion, 
and metastasis of liver cancer cells can be promoted 
via down-regulating the expression of PTEN. Al-
though more and more relationships between miR-
NAs and tumor have been elucidated, there are few 
studies on the miRNAs and renal cancer. This work 
aimed to study the relationship between miRNAs 
and the occurrence and development of renal cancer. 
We demonstrated that miR-645 was upregulated in 
RCCC tissues compared with para-carcinoma tis-
sues, implying that miR-645 might play a potential 

and vital role in the development and progression of 
RCCC. Besides, downregulated miR-645 inhibited 
RCCC cell invasion and migration capacities, as 
well as attenuated cell proliferation, promoted cell 
apoptosis, and induced cell cycle arrest at G0/G1 
phase. All these findings suggested that downregu-
lated miR-645 exerted its suppressive effect on cell 
metastasis and proliferation of RCCC.

To further identify the underlying mechani-
sm of how downregulated miR-645 suppressed 
RCCC cell tumorigenesis and metastasis, we 
predicted and selected glycerol kinase 5 (GK5) 
as the novel target gene of miR-645 by bioinfor-
matics analysis. GK5 is located on chromosome 
3q23, and it is a member of glycerol kinase, as 
well as a kind of phosphotransferase involved in 
the synthesis of triglycerides and glyceropho-
spholipids22. In addition, studies have found 
that GK5 is also closely related to the occurren-
ce and development of tumors. Yu et al23 found 
that GK5 can regulate the malignant progression 
of gliomas via its interaction with miR-135b. 
However, the underlying upstream mechanism 
of GK5 in RCCC has not been well identified 
and reported yet. In our present study, we ini-

Table I. Correlation between miR-645 level and clinicopathological features.

	 miR-645 expression

Variables	 Total	 Low	 High	 p-value

Age				    0.288
 <50 years	 17	 7	 10	
 >50 years	 15	 9	 6	
Gender				    0.719
 Male	 19	 10	 9	
 Female	 13	 6	 7	
Tumor size				    0.022*
 <3 cm	 10	 8	 2	
 >3 cm	 22	 8	 14	
Lymph node metastasis				    0.003*
 Yes	 12	 2	 10	
 No	 20	 14	 6	
T stage				    0.033*
 T1	 14	 10	 4	
 T2-4	 18	 6	 12	
Distance metastasis				    0.003*
 Yes	 7	 0	 7	
 No	 25	 16	 9	
TNM stage				    0.004*
 I-II	 18	 13	 5	
 III-IV	 14	 3	 11	
Fuhrman grades				    <0.001*
 1-2	 22	 16	 6	
 3-4	 10	 0	 10	

The expression level of miR-645 was cut off by median expression level and * indicated p<0.05.
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tially revealed that GK5 was directly targeted by 
miR-645, and GK5 expression was negatively 
correlated with miR-645 in RCCC tissues and 
cell lines. Moreover, silencing of GK5 could re-
scue tumor suppression role by downregulated 
miR-645 on RCCC cell metastasis and prolifera-
tion. The evidence indicated that miR-645 might 
be the upstream of GK5 involved in RCCC tu-
morigenesis and metastasis.

Conclusions

We demonstrated that downregulated miR-645 
had tumor-suppressive effect on RCCC metasta-
sis and proliferation via targeting GK5 in vitro. 
Our findings may help to elucidating molecular 
mechanisms underlying RCCC progression and 
provide miR-645 as an innovative and candidate 
target for diagnose and treatment of RCCC.
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