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Abstract: Background: RCC is a malignant tumor that originates from renal tubular epithelial cells, accounting for 
nearly 90% of renal malignancies and 3% of adult malignancies. It was reported that more than 30-40% of patients 
with early localized RCC still have recurrence and metastasis after receiving radical surgery. miRNAs are an endog-
enous non-coding small RNAs that play an important role in the regulation of tumor cell proliferation, differentiation 
and apoptosis. Methods: In our study, RT-qPCR, CCK-8 assay, wound scratch assay, transwell assay and flow cytom-
etry assay were designed to identify the expression and functions of miR-18a-5p in RCC. Moreover, we collected the 
survival data from The Cancer Genome Atlas to predict and clarify the prognostic functions of miR-18a-5p in RCC. 
The correlation between miR-18a-5p expression and clinicopathological variables or overall survival was analyzed 
by 42 formalin-fixed paraffin-embedded (FFPE) renal cancer samples. Results: The expression of miR-18a-5p in RCC 
tissues and cell lines was elevated. Further researches suggested that upregulation of miR-18a-5p had a positive 
effect on RCC cell proliferation, migration, invasion and inhibition of apoptosis, while down-regulation of miR-18a-5p 
neutralized the effect. In addition, Data of TCGA and prognostic analysis of FFPE RCC samples revealed that high 
miR-18a-5p expression patients had significantly poorer survival. Conclusions: These results demonstrated that 
miR-18a-5p functioned as an oncogene and prognostic biomarker in RCC.
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Introduction

Renal cell carcinoma (RCC) is a malignant 
tumor that originates from renal tubular epithe-
lial cells, accounting for nearly 90% of renal 
malignancies and 3% of adult malignancies [1]. 
Renal clear cell carcinoma (ccRCC), associated 
with inactivation of the VHL gene, is the most 
common subtype of RCC [2]. Early RCC is clini-
cally asymptomatic and frequently incidentally 
found by imaging. 20% to 30% of patients are 
already experiencing advanced disease or 
metastasis when they are diagnosed with RCC 
[3]. At present, the main treatment for RCC is 
radical resection. However, it was reported that 
more than 30-40% of patients with early local-
ized RCC still had recurrence and metastasis 

after receiving radical surgery [4]. Therefore, it’s 
of great significance to study the molecular 
mechanism of the occurrence and develop-
ment of RCC so as to lay the foundation for find-
ing the early diagnosis and prognosis markers 
of RCC.

MicroRNAs (miRNAs) are an endogenous non-
coding small RNAs widely distributed in animal 
and plant cells. A large number of studies have 
found that miRNAs play an important role in the 
occurrence and development of malignant 
tumors, including the regulation of tumor cell 
proliferation, differentiation and apoptosis [5, 
6]. In addition, miRNAs may be tumor markers 
and targets that have an impact on tumor diag-
nosis and prognosis. 

http://www.ajtr.org
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Recent studies had reported that miR-18a-5p 
was highly expressed in esophageal cancer, 
colon cancer, pancreatic cancer and liver can-
cer tissues [7-10], and played an important role 
in the proliferation of hepatocellular carcinoma 
[11]. In addition, it was reported that the high 
expression of miR-18a-5p in NPC was closely 
related to the clinicopathological progress of 
patients [12]. However, the research of miR-
18a-5p in RCC had not been reported yet. 
Therefore, the purpose of this study is to detect 
the expression of miR-18a-5p in RCC tissues 
and cells and the effects of miR-18a-5p on the 
proliferation, migration, invasion and apoptosis 
of RCC cells. More, the relationship between 
miR-18a-5p expression and clinical pathologi-
cal variables or overall survival was determined 
by TCGA data and further experiments. 

Materials and methods

Human tissue samples collection 

From January 2015 to May 2016, 42 speci-
mens of RCC and adjacent normal tissues 
(about 3.0 cm outside the visible RCC lesions) 
from Peking University Shenzhen Hospital 
(Shenzhen, China) were collected. This study 
was reviewed and approved by the Ethics 
Committee of Peking University Shenzhen 
Hospital. Informed consent was signed by all 
participating patients. Surgical excised speci-
mens of RCC tissue and para-cancerous tissue 
were submerged in RNAlater (Qiagen GmbH, 
Hilden, Germany) for 30 minutes and stored in 
a refrigerator at -80°C for protection against 

RNA degradation. Clinical staging was in accor-
dance with the WHO classification of RCC and 
the American Cancer Federation staging sys-
tem. The clinical and pathological features of 
the patients are shown in Table 1.

Formalin-fixed paraffin-embedded tissue speci-
mens 

The formalin-fixed paraffin-embedded (FFPE) 
samples of RCC were collected from Peking 
University Shenzhen Hospital. The FFPE RCC 
samples were from the patients who under-
went an operation at Peking University Shen- 
zhen Hospital between 2010 and 2013. The 
clinicopathological features of each patients 
was analyzed accordance with the 2010 
American Joint Committee on Cancer sta- 
ging system (Table 4). The miRNeasy FFPE Kit 
(Qiagen) was used to extract total RNA of the 
FFPE samples.

Cell culture and cell transfection 

One human embryonic kidney cell line (293-T) 
and three human renal carcinoma cell lines 
(7860, ACHN and Caki-1) were used in this 
study. Cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM; Invitrogen Life 
Technologies, Inc., Carlsbad, CA, USA), 10% 
fetal bovine serum (FBS; Invitrogen Life Tech- 
nologies, Inc), 1% antibiotics (100 U/ml penicil-
lin and 100 mg/ml streptomycin; Gibco, Thermo 
Fisher Scientific) and 1% glutamine. The cells 
were placed in a humidified incubator contain-
ing 5% carbon dioxide at 37°C for cultivation. 
For cell transfection, mixed liquor was made up 
of 200 ul Opti-MEM media (Gibco; Thermo 
Fisher Scientific, Inc.), 200 pmol synthetic miR-
18a-5p mimic(GenePharma, Suzhou, China), 
inhibitor, negative control (NC) or inhibitor nega-
tive control (NC inhibitor) and 5 ul Lipofectamine 
2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Followed by the corresponding experimen-
tal tests were performed. The sequences are 
listed in Table 2.

RNA extraction, cDNA synthesis and RT-qPCR 

According to the instructions, Trizol was used to 
extract total RNA from the samples and RNA 
concentrations were determined (NanoDrop 
2000c, Thermo Scientific, USA). Total RNA was 
purified using the RNeasy Maxi kit (Qiagen 
GmbH). According to the manufacturer’s proto-
col, 1 μg of total RNA and the miRNA Reverse 

Table 1. Clinicopathological features in RCC 
patients
Characteristics Number of cases
Mean age range (years) 52 (27-78)
Sexual distinction
    Male/Female 34/8
Histological type
    Clear cell/papillary 36/6
Tumor stage
    T1/T2/T3+T4 26/14/2
Fuhrman grade
    I/II/III/IV 26/13/2/1
AJCC clinical stages
    I/II/III+IV 28/13/1
pT, primary tumor; AJCC, American Joint Committee on 
Cancer.
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Transcription Kit (Qiagen, Germany) was added 
to the reaction system for reverse transcription 
on a general PCR machine (BIO-RAD, USA). 
After that, reverse transcription quantitative 
real-time polymerase chain reaction (RT-qPCR) 
was performed to detect the expression level of 
miR-18a-5p with miScript SYBR®Green PCR kit 
(Qiagen GmbH) on the Roche Lightcycler 480 
Real-Time PCR system (Roche Diagnostics, 
Basel, Switzerland). The condition for RT-qPCR 
was set as followed: 95°C for 2 minutes, 40 
cycles, 95°C for 10 seconds, 55°C for 30 sec-
onds, 72°C for 30 seconds. U6 snRNA was 
used as an internal reference gene. miR-18a-
5p expression levels were analyzed using the 
2-ΔΔCq method [13].

Cell counting kit-8 (CCK-8) assay 

CCK-8 assay was designed to evaluate the pro-
liferation of 786-O cells and ACHN cells. Each 
96-well plate was divided into four groups 
according to the experimental requirements 
and added with 5000 transfected cells/per 
well. At 0, 24, 48 and 72 hours post-transfec-
tion, 10 μl of Cell Counting Kit-8 (US Everbright 
lnc) was added to the wells and the cells were 
incubated in the dark at 37°C for 30 minutes in 
a humidified incubator containing 5% CO2. 
Subsequently, the OD of each well in different 
cell groups at an absorbance of 490 nm was 
determined by using an ELISA microplate read-
er (Bio-Rad Laboratories, Inc., Hercules, CA, 
USA).

Wound scratch assay 

Wound scratch assay was designed to evaluate 
the mobility of 786-O and ACHN cells. Appro- 

rded with a digital camera system (Olympus 
Corporation, Tokyo, Japan) at 0 h and 24 h.

Transwell assay 

Transwell assay was designed to evaluate the 
cell migration and invasion ability of 786-O and 
ACHN cells. Transwell chamber inserts (BD 
Biosciences, Franklin Lakes, NJ, USA) contain-
ing (for invasion) or without Matrigel (BD Bio- 
sciences) were used in the transwel assay 
according to the manufacturer’s protocol. A 
number of 3 × 104 transfected cells were dilut-
ed in 200 ul serum-free DMEM. Different 
groups of cells were inoculated in the upper 
chamber and the lower chamber was added 
DMEM containing 10% FBS medium. Sub- 
sequently, 786-O cell culture (36 hours of 
migration, 48 hours of invasion) and ACHN cell 
culture (36 hours of migration, 60 hours of 
invasion) were performed. Cells were observed 
under a microscope after staining with crystal 
violet and the number of cells in five different 
field of view was counted.

Flow cytometry assay 

Flow cytometry was designed to evaluate the 
apoptosis rate of 786-O cells and ACHN cells. A 
number of 3 × 105 cells were seeded into each 
well of a 6-well plate. Each experimental group 
of cells was transfected with 200 pmol of miR-
18a-5p mimic, inhibitor, negative control (NC), 
inhibitor negative control (NC inhibitor). After 
the cells were transfected for 48 hours, the col-
lected cells were washeds with PBS two time 
and were blended with 100 μl 1X Binding 
Buffer. 5 µl of Annexin V-fluorescein isothiocya-
nate (Invitrogen; Thermo Fisher Scientific, Inc.) 

Table 2. Sequences of primers and microRNAs
Primer/microRNA Sequence
miR-18a-5p Forward: 5’-TAAGGTGCATCTAGTGCAGATAG-3’

Reverse: Universal primers (miScript SYBR Green PCR kit)
U6 Forward: 5’-CTCGCTTCGGCAGCACA-3’

Reverse: 5’-ACGCTTCACGAATTTGCGT-3’
miR-18a-5p mimic Forward: 5’-UAAGGUGCAUCUAGUGCAGAUAG-3’

Reverse: 5’-AUCUGCACUAGAUGCACCUUAUU-3’
miR-18a-5p inhibitor 5’-CUAUCUGACUAGAUGCACCUUA-3’
NC Forward: 5’-UUCUCCGAACGUGUCACGUTT-3’

Reverse: 5’-ACGUGACACGUUCGGAGAATT-3’
NC inhibitor 5’-CAGUACUUUUGUGUAGUACAA-3’
miR, microRNA; NC, negative control; PCR, polymerase chain reaction.

ximately 6 × 105 the cells 
seeded in each well of a 
6-well plate and cultured 
for a further 24 hours. 
After transfected for 6 h, 
the cells were scratch 
perpendicularly with a 
sterile 200 μl pipette tip 
so as to draw a straight 
wound. Afterwards, PBS 
was used to wash off the 
removed cells and the 
left cells was cultured for 
another 24 hours. The 
size of the scratch was 
photographed and reco- 
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and 5 µl of propidium iodide (Invitrogen; Thermo 
Fisher Scientific, Inc.) were respectively added 
to the cell resuspending. After staining for 15 
minutes at room temperature, 400 μl 1X bind-
ing buffer was added to each tubes. The apop-
tosis rate was analyzed using flow cytometry 
(EPICS XL 4; Beckman Coulter, Inc., Brea, CA, 
USA).

Survival analyses with TCGA data 

To predict and clarify the prognostic functions 
of miR-18a-5p in RCC, we collected the survival 
data from The Cancer Genome Atlas (TCGA 
https://cancergenome.nih.gov/). miR-18a-5p 
was subjected to the OncoLnc (http://www.
oncolnc.org/) for survival analyses [14]. A num-
ber of 506 RCC patients of TCGA were enrolled 
into our study. The patents were divided into 
two parts (50%, high expression; 50%, low 
expression). After that, a Kaplan-Meier analysis 
was performed.

Statistical analysis 

All data are expressed as mean ± standard 
error. Data is processed using SPSS 19.0 
(SPSS, Armonk, NY, USA) software. Paired 
t-tests were used to compare the significance 
of miR-18a-5p expression in renal cell carcino-
ma and paracancerous tissues. Student’s t-test 
was used to analyze the cell phenotypes. The 
correlation between miR-18a-5p expression 
and clinicopathological parameters was ana-
lyzed by Student’s t-test, Fisher’s exact test or 
Pearson chi-square test. Cox proportional haz-
ards regression analysis was used to determine 
univariate and multivariate levels of miR-18a-
5p expression and clinical pathological vari-
ables or survival. Survival curves were drawn by 
using Kaplan-Meier curves and the differences 
between these curves were assessed by log-
rank test. P < 0.05 was considered statistically 
significant.

Figure 1. The relative expression of miR-18a-5p in 42 paired tissues [log2(T/N)] (A). The mean expression of miR-
18a-5p in RCC tissues and adjacent normal tissues (B). The relative expression levels of miR-18a-5p in 786-O, 
ACHN, Caki-1 and 293T cell (C). The relative expression levels of miR-18a-5p after transfection with miR-18a-5p 
mimic, inhibitor, NC and NC inhibitor in 786-O and ACHN cell lines (D). *P < 0.05, **P < 0.01, ***P < 0.001; NC, 
negative control.
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Results

miR-18a-5p was upregulated in RCC tissues 
and cell lines 

To further verify the expression level of miR-
18a-5p in RCC, we collected 42 cases of RCC 
tissues and corresponding normal tissues from 
Peking University Shenzhen Hospital. The 
results showed that the expression of miR-18a-
5p in RCC tissues was significantly up-regulat-
ed compared with the normal tissues (P < 
0.001, Figure 1B). Similarly, the results of RCC 
cell lines showed that miR-18a-5p expression 
levels were significantly up-regulated in 786-O 
(P < 0.01), ACHN (P < 0.001) and Caki-1 (P < 
0.05) cells compared to that in HEK-293T cell 
(Figure 1C). The significant up-regulation of 
miR-18a-5p expression in RCC tissues and cell 
lines suggested that miR-18a-5p may acted as 
an oncogene in RCC. 

Validation of cell transfection efficiency 

We compared the transfection efficiency of the 
miR-18a-5p mimic or inhibitor with respective 

NC in the 786-O and ACHN cell lines by per-
forming RT-qPCR. The results (Figure 1D) sh- 
owed that miR-18a-5p expression in the cell 
with miR-18a-5p mimic or inhibitor transfection 
was 42.22 (786-O cells, P < 0.05), 79.71 (ACHN 
cells, P < 0.01) OR 0.24 (786-O cells, P < 0.01), 
0.35 (ACHN cells, P < 0.01) times than that in 
corresponding NC transfection cell.

miR-18a-5p promoted cell proliferation 

CCK-8 assay was designed to evaluate the pro-
liferation of 786-O cells and ACHN cells. The 
results of ACHN cells showed that the prolifera-
tion of miR-18a-5p mimic group (Figure 2A) 
speeded up by 34.41% (P < 0.001), 45.00% (P 
< 0.001), 41.56% (P < 0.001) compared with 
NC at 24, 48 and 72 hours, while the prolifera-
tion of miR-18a-5p inhibitor group (Figure 2B) 
slowed down by 16.55% (P < 0.01), 23.55% (P 
< 0.001) and 24.95% (P < 0.01) compared with 
inhibitor NC at 24, 48 and 72 hours. The same 
results were obtained in786-O cells, which 
revealed that the proliferation of miR-18a-5p 
mimic group (Figure 2C) speeded up by 20.65% 

Figure 2. Result of CCK-8 assay. 786-O cells after transfection with miR-18a-5p mimic or NC (A) and miR-18a-5p 
inhibitor or NC inhibitor (B). ACHN cells after transfection with miR-18a-5p or NC (C) and miR-18a-5p inhibitor or NC 
inhibitor (D). *P < 0.05, **P < 0.01, ***P < 0.001. NC, negative control; OD, optical density; CCK-8, Cell Counting 
Kit 8.
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(P < 0.01), 19.75% (P < 0.001), 24.46% (P < 
0.001) compared with NC at 24, 48 and 72 
hours, while the proliferation of miR-18a-5p 
inhibitor group (Figure 2D) slowed down by 
10.16% (P < 0.01), 16.09% (P < 0.001), 19.67% 
(P < 0.01) compared with inhibitor NC at 24, 48 
and 72 hours. This experiment showed that the 
upregulation of miR-18a-5p promoted cell pro-

liferation, while the down-regulation of miR-
18a-5p inhibited cell proliferation.

miR-18a-5p promoted cell mobility 

Wound scratch assay and transwell assay were 
designed to evaluate the mobility of 786-O 
cells and ACHN cells. The results of wound 
scratch assay were shown in Figure 3A. As we 

Figure 3. Result of wound healing assay. The wound healing images in 786-O and ACHN cell (A). The relative migra-
tory distances of 786-O (B) and ACHN (C) cells. *P < 0.05, **P < 0.01, ***P < 0.001. NC, negative control.
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can see, the migration ability of miR-18a-5p 
mimic transfected cells increased by 36.83% 

(Figure 3B, 786-O, P < 0.05), 44.37% (Figure 
3C, ACHN, P < 0.01) compared with NC, while 

Figure 4. Result of transwell assay. The migratory and invasive images in 786-O and ACHN cell (A). The relative num-
ber of the migratory (B) and invasive (C) 786-O cell. The relative number of the migratory (D) and invasive (E) ACHN 
cell. *P < 0.05, **P < 0.01, ***P < 0.001. NC, negative control.
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the migration ability of miR-18a-5p inhibitor 
transfected cells slowed down by 23.74% 
(Figure 3B, 786-O, P < 0.01), 34.49% (Figure 
3C, ACHN, P < 0.01) compared with inhibitor 
NC. We came to the same conclusion in tran-
swell assay (Figure 4B and 4D), suggesting that 

up-regulation of miR-18a-5p promotes RCC cell 
migration. The results of transwell assay were 
shown in Figure 4A. As we can see, the invision 
ability of miR-18a-5p mimic transfected cells 
increased by 60.76% (Figure 4C, 786-O, P < 
0.01), 70.55% (Figure 4E, ACHN, P < 0.01) com-

Figure 5. Result of flow cytometry 
assay. The distribution of 786-O and 
ACHN cells (A). The relative apop-
totic rate of 786-O cell after trans-
fection with miR-18a-5p mimic, in-
hibitor, NC, or NC inhibitor (B). The 
relative apoptotic rate of ACHN cell 
after transfection with miR-18a-5p 
mimic, inhibitor, NC, or NC inhibitor 
(C). *P < 0.05, **P < 0.01, ***P < 
0.001. NC, negative control.
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pared with NC, while the invasion ability of miR-
18a-5p inhibitor transfected cells slowed down 
by 38.55% (Figure 4C, 786-O, P < 0.01), 
43.07% (Figure 4E, ACHN, P < 0.01) compared 
with inhibitor NC, which demonstrated that up-
regulation of miR-18a-5p promotes RCC cell 
invasion.

(Figure 5C, ACHN, P < 0.05) compared with 
inhibitor NC. Experiments showed that upregu-
lation of miR-18a-5p inhibits RCC cell apopto- 
sis.

miR-18a-5p served as a potential independent 
prognostic marker for RCC 

Data of TCGA showed that the RCC patients 
with high-expression of miR-18a-5p had less 
survival time with a mean of 1199 days while 
the RCC patients with low-expression of miR-
18a-5p survived longer with a mean of 1502 
days (Table 3). Kaplan-Meier survival curves 
showed that patients with the high-expression 
of miR-18a-5p had significantly poorer survival 
(Figure 6, Logrank p-value =8.51e-07), sug-
gesting that mR-18a-5p was likely to be a 
potential prognostic marker for RCC. The 
results of FFPE RCC samples are shown in 
Table 4, no significant correlation was found 
between the expression of miR-18a-5p with 
other clinicopathologic variables, including sex, 
age, tumor size and tumor stage. The survival 
curves of Cox proportional hazards regression 
analysis are presented in Table 5. As shown in 
Figure 7A, the overall survival of high miR-18a-
5p expression patients was significantly lower 
than that of low miR-18a-5p expression 
patients in univariate analysis (HR=0.195, 95% 
CI=0.041-0.921, P=0.039, Table 5). As shown 
in Figure 7B, after controlling for sex, age, 
tumor size, and tumor stage, we found that 
patients with low miR-18a-5p expression still 
had significantly better survival than patients 
with high miR-18a-5p expression in multivari-
ate analysis that (HR=0.175, 95% CI=0.032-
0.953, P=0.044, Table 5). Kaplan-Meier sur-
vival curves revealed that high miR-18a-5p 

Table 3. The mean expression of miR-18a-5p 
and mean survival day of the RCC patients 

Group Mean  
expression

Mean  
survival day

Low expression (n=253) 3.34 1502
High expression (n=253) 10.57 1199
The data was extracted from OncoLnc.

Figure 6. The relationship between the expression of miR-18a-5p and 
survival. The data was extracted from OncoLnc. 

miR-18a-5p inhibited cell apop-
tosis 

Flow cytometry assay was de- 
signed to evaluate the apoptosis 
of 786-O cells and ACHN cells. The 
results of 786-O and ACHN cells 
are shown in Figure 6. The apopto-
sis rate of miR-18a-5p mimic 
transfected cells declined by 
8.21% (Figure 5B, 786-O, P < 
0.05) and 7.36% (Figure 5C, 
ACHN, P < 0.05) compared with 
NC. On the contrary, The apoptosis 
rate of miR-18a-5p inhibitor trans-
fected cells rose by 6.37% (Figure 
5B, 786-O, P<0.05) and 6.34% 

Table 4. Association between miR-18a-5p 
expression level1 and Clinical information in 
FFPE renal cancer samples

Variable Total
No. of patients (%)

P-value2

High Low
Gender
    Male 26 14 12 0.751
    Female 16 7 9
Age (Years)
    ≤ 60 33 16 17 1.000
    > 60 9 5 4
Tumor size (cm)
    ≤ 4.0 17 8 9 1.000
    > 4.0 25 13 12
Tumor stage
    I+II 27 12 15 0.520
    III+IV 15 9 6
1cut-off point: median; 2calculated using Fisher’s Exact 
test or Pearson Chi-square test.
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expression patients had signifi-
cantly poor survival than the pa- 
tient with low miR-18a-5p expres-
sion (Figure 7C, P=0.021). These 
results demonstrated that miR-
18a-5p may served as a potential 
independent prognostic marker for 
RCC.

Discussion

RCC is one of the most common 
urological tumors with increasing 
morbidity and mortality year by 
year [15]. The treatment of 
advanced RCC is limited, and its 
curative effect is not good [16]. 
The main reasons are that not very 
sensitive to the adjuvant therapy 
such as radiotherapy, chemothera-
py, immune and endocrine thera-
py, and targeted therapy is effec-
tive for individual patients [17, 18]. 
At present, the majority of RCC 
patients are advanced patients, 
most of which relapse and are pre-
sented with metastasis after oper-
ation [19]. Therefore, it is of great 
importance to study the mecha-
nism of RCC carcinogenesis and 
development so as to seek reliable 
and effective molecular targets 

Table 5. miR-18a-5p expression and patients’ survival

Variable
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Gender (Female vs Male) 0.713 (0.184-2.762) 0.624 1.091 (0.253-4.698) 0.907
Age (≤ 60 y vs > 60 y) 3.409 (0.956-12.158) 0.059 0.614 (0.153-2.467) 0.492
Tumor size (≤ 4.0 cm vs > 4.0) 0.629 (0.181-2.188) 0.466 3.536 (0.856-14.605) 0.081
Tumor stage (I+II vs III+IV) 9.167 (1.940-43.313) 0.055 0.097 (0.017-0.551) 0.068
miR-18a-5p (low vs high) 0.195 (0.041-0.921) 0.039 0.175 (0.032-0.953) 0.044
HR, Hazard ratio; 95% CI, 95% Confidence interval.

Figure 7. Result of prognostic analysis 
by FFPE RCC samples. The relation-
ship between the expression of miR-
18a-5p and survival in the univariate 
(A) and multivariate (B) analysis. The 
relationship between the expression of 
miR-18a-5p and survival in the Kaplan-
Meier survival curves (C). *P<0.05, 
**P<0.01, ***P<0.001. NC, negative 
control.
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and biomarkers for the early diagnosis, clinical 
treatment and prognosis of RCC.

miRNAs are endogenous non-coding RNAs with 
the average length of about 22 nucleotides 
that regulate gene expression at post-transcrip-
tional level and are widely found in nematodes, 
fruit flies, plants and mammals [20-22]. miR-
NAs, highly evolutionarily conserved, are com-
pletely or incompletely paired with the 3’UTR of 
the target gene mRNA so as to inhibit their 
translation and consequently regulate cell pro-
liferation and differentiation, individual devel-
opment and the body’s physiological functions 
[23-25]. miRNAs play an essential role in gene-
sis and development of cancers.

In recent years, more and more microRNAs had 
been found to be abnormally expressed in RCC 
tissues and cells. They function as oncogenes 
or tumor suppressor genes and regulate the 
proliferative activity, apoptosis and distant 
metastasis [26]. Juan et al [27] found that 9 
miRNAs were up-regulated and 26 miRNAs 
were down-regulated in 28 RCC cases tissues 
by using RT-qPCR. Results of Yi et al [28] 
revealed that 38 miRNAs were upregulated and 
48 miRNAs were downregulated in 30 cases of 
RCC. Another study revealed that miR-141/ 
200c was most significantly down-regulated in 
RCC [29]. Similar results were observed in Jung 
et al [30] study, which suggested that miR-155 
was up-regulated and miR-141 was down-regu-
lated in RCC, and combination of them can 
accurately diagnose RCC. These studies sug-
gest that miRNAs may have an important con-
nection with the occurrence and development 
of RCC. 

A large number of recent studies had shown 
that abnormally expressed miRNAs can be 
used as an early diagnosis and prognostic 
marker of RCC. For example, Zaman et al [31] 
found that the expression of miR-21 was signifi-
cantly up-regulated in 54 RCC cases and the 
patients with increased expression of miR-21 
was associated with poor 5-year survival. More- 
over, combination of miR-378 and miR-210 was 
able to diagnose RCC with 80% sensitivity and 
78% specificity and over-expression of miR-378 
showed positive correlation with disease-free 
survival and clinical stage, demonstrated that 
miR-378 and miR-210 may function as power-
ful diagnostic and prognostic markers for RCC 
[32].

Previous studies have reported that miR-18a-
5p played crucial roles in other types of can-
cers. In hepatocellular carcinoma (HCC), elevat-
ed expression of miR-18a had a positive effect 
on the cell proliferation and migration, while 
reduced expression of miR-18a reversed the 
effect [11]. Another study about miR-18a-5p  
in HCC showed that miR-18a promoted the 
development of HCC by preventing Estrogen 
Receptor-α [10]. What’s more, serum miR-18a 
expression levels in patients with HBV-related 
HCC was significantly higher than that in the 
control group, suggesting that serum miR-18a 
may functioned as a noninvasive marker for 
HBV-related HCC screening [33]. In colorectal 
cancers, miR-18a was found to weaken cellular 
repair of DNA double-strand breaks through 
directly inhibiting ATM, demonstrating that miR-
18a functioned as a crucial enzyme in DNA 
damage repair [7]. Results of Luo et al [12] miR-
18a acted as an oncogene in nasopharyngeal 
carcinoma (NPC) and promoted the growth, 
migration and invasion of NPC cell by targeting 
Dicer, suggesting that miR-18a may be a prom-
ising target for NPC therapy. In addition, plasma 
miR-18a was recommended as a promising bio-
marker for the diagnosis of esophageal squa-
mous cell carcinoma and pancreatic cancer [8, 
9]. Tao et al [34] had reported that miR-18a 
inhibited Dicer expression and cell growth in 
bladder cancer.

At present, there is no report on the effect of 
miR-18a-5p on RCC. Scilicet, our study is the 
first study to explore the expression and the 
functions of miR-18a-5p in RCC. In this study, 
RT-qPCR was used to detect the expression of 
miR-18a-5p in RCC tissues and cell lines. At the 
same time, CCK-8 assay, transwell assay, 
wound healing assay and flow cytometry assay 
were also used to observe the effect of miR-
18a-5p on the functions in RCC cells. The 
results of the study indicated that miR-18a-5p 
expression was increased in RCC tissues and 
ACHN, 786-O and Caki-1 cell as compared to 
paired kidney normal tissues and HEK-293T 
cell. Upregulation of miR-18a-5p had a positive 
effect on RCC cell proliferation, migration, inva-
sion and inhibition of apoptosis, while down-
regulation of miR-18a-5p neutralized the effect. 
In addition, Data of TCGA and prognostic analy-
sis of FFPE RCC samples revealed that high 
miR-18a-5p expression patients had signifi-
cantly poorer survival, suggesting that miR-
18a-5p functioned as a potential prognostic 
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marker for RCC. The limitation of our study is 
that the potential mechanism of miR-18a-5p in 
RCC needs to be further elucidated.

Conclusion

In summary, results of present study revealed 
that the expression of miR-18a-5p in RCC tis-
sues and cell lines was elevated. Further 
researches suggested that upregulation of miR-
18a-5p had a positive effect on RCC cell prolif-
eration, migration, invasion and inhibition of 
apoptosis, while down-regulation of miR-18a-
5p neutralized the effect. In addition, Data of 
TCGA and prognostic analysis of FFPE RCC 
samples revealed that high miR-18a-5p expres-
sion patients had significantly poorer survival. 
These results demonstrated that miR-18a-5p 
functioned as an oncogene and prognostic bio-
marker in RCC.
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