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Abstract: Background: Renal cell carcinoma (RCC) is a renal parenchyma neoplasm with a 30% recurrence rate even 
when treated properly. MicroRNAs are noncoding small RNAs that are involved in cellular communication and may 
participate in cancer development. This study aimed to explore the relationship between miR-33b-5p expression 
and RCC progression and prognosis. Method: RT-qPCR, CCK-8 assay, wound scratch assay, transwell assay and flow 
cytometry assay were used to evaluate the expression and function of miR-33b-5p in RCC. Additionally, RCC samples 
and survival data from The Cancer Genome Atlas were used to analyze the prognostic functions of miR-33b-5p. 
Results: miR-33b-5p expression in RCC tissues and cell lines (786-O, ACHN) were found to be significantly down-
regulated, compared with normal tissues and cell lines (P<0.001). The miR-33b-5p mimic transfected cells showed 
a slower proliferation rate (P<0.01), while its invasion ability decreased by 38.16% (786-O, P<0.001) and 49.19% 
(ACHN, P<0.05), compared with the negative control (NC). The migration ability of both RCC lines were found to be 
as follows: miR-33b-5p inhibitor > NC or NC inhibitor > miR-33b-5p mimic. Additionally, TCGA and RCC samples 
reveal that low miR-33b-5p expression is related to poor survival outcomes (univariate analysis, P=0.029; multivari-
ate analysis, P=0.024; Kaplan-Meier survival curves, P=0.014). Target genes prediction suggests that miR-33b-5p 
performs its tumor-suppressive effects and prognostic role through targeting TBX15, SLC12A5, and PTGFRN. Con-
clusions: miR-33b-5p may function as a tumor-suppressive regulator and prognostic biomarker in RCC.
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Introduction 

Renal cell carcinoma (RCC) is a renal parenchy-
ma neoplasm derived from the malignant tr- 
ansformation of proximal renal tubular epithe-
lial cells [1]. An estimated 73,820 new cases 
and 14,770 deaths from kidney cancer (primar-
ily renal cell carcinomas) were estimated to 
have occurred in the US in 2019 [2]. Patients 
may be diagnosed through imaging conducted 
for non-related purposes, because symptoms 
are not shown until advanced stages [3]. The 
classical triad (flank pain, hematuria, and a  
palpable abdominal mass) is seen in 5-10% of 
symptomatic patients, while hematuria (50-
60%) or flank pain (35-40%) is the most com-
mon complain [4]. Surgical excision of the pri-
mary neoplasm is the main treatment method 

for RCC and is recommended for most pati0 
ents who can tolerate it. However, the progno-
sis of surgical treatment depends on histology 
classification [5] and TNM stage at diagnosis 
[4, 5]. The 5-year survival rate drops from 95% 
at stage I to less than 60% at stage III, and fur-
ther decreasing to 5-20% at stage IV [4]. Ad- 
ditionally, relapse with metastases occurs in 
about 30% of patients with localized disease 
after proper treatment [6]. Thus, it is important 
to identify potential markers for the early detec-
tion and better prognosis of RCC. 

MicroRNAs (miRNAs) are endogenous noncod-
ing small RNAs that are involved in cellular com-
munication by decreasing the expression of 
messenger RNAs [7]. The levels of expression 
of MicroRNAs vary between different tissues 
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and health states. miRNAs participate in the 
development of many types of malignant tu- 
mors, which allow miRNAs to function as diag-
nostic biomarkers [8]. Decreased expression of 
miR-33b has been reported in multiple myelo-
ma, hepatocellular carcinoma, colorectal can-
cer and breast cancer cells [9-12]. However, no 
studies on miR-33b in RCC have been reported 
as yet. Therefore, the purpose of this study is to 
detect the expression of miR-33b-5p in RCC tis-
sues and cells and identify the effect of miR-
33b-5p on the development of RCC, and also 
identify the relationship between miR-33b-5p 
expression and clinical pathological variables 
and overall survival, as determined using TCGA 
data and further experiments.

Materials and methods

Collection of human tissue sample 

This study was reviewed and approved by the 
Ethics Committee of Shenzhen Hospital, Peking 
University. Each participating patient fully un- 
derstood and signed an informed consent form. 
We collected 38 specimens of RCC and adja-
cent normal tissues from January 2015 to May 
2016 at Shenzhen Hospital, Peking University 
(Shenzhen, China). The tissues obtained were 
processed in RNAlater (Qiagen GmbH, Hilden, 
Germany) for 30 minutes and stored in a re- 
frigerator at -80°C until RNA isolation was con-
ducted. The WHO classification of RCC and the 
American Cancer Federation staging system 
were used to determine the clinical stages of 
these samples. The clinical and pathological 
features of the patients are shown in Table 1.

Formalin-fixed paraffin-embedded (FFPE) tis-
sue specimens 

FFPE samples of RCC were obtained from pa- 
tients who underwent a kidney operation at 
Shenzhen Hospital, Peking University between 
2010 and 2013. The clinicopathological fea-
tures of each patient was determined based  
on the 2010 American Joint Committee on 
Cancer staging system (Table 3). Total miRNA 
of the FFPE samples were extracted using a 
miRNeasy FFPE Kit (Qiagen).

Cell culture and cell transfection

In this study, one human embryonic kidney cell 
line (HK-2) and three human renal carcinoma 
cell lines (7860, ACHN and Caki-1) were cul-
tured in Dulbecco’s modified Eagle’s medium 
(DMEM; Invitrogen Life Technologies, Inc., Carl- 
sbad, CA, USA), combined with 10% fetal bo- 
vine serum (FBS; Invitrogen Life Technologies, 
Inc), 1% antibiotics (100 U/ml penicillin and 
100 mg/ml streptomycin; Gibco, Thermo Fi- 
sher Scientific) and 1% glutamine. These cells 
were cultivated in a humidified incubator con-
taining 5% carbon dioxide at 37°C. Mixed li- 
quors made up of 200 ul of Opti-MEM medi- 
um (Gibco; Thermo Fisher Scientific, Inc.), 200 
pmol of a synthetic miR-33b-5p mimic (Gene 
Pharma, Suzhou, China), inhibitor, negative 
control (NC) or inhibitor negative control (NC 
inhibitor) and 5 ul of Lipofectamine 2000 (Invi- 
trogen; Thermo Fisher Scientific, Inc.). Corres- 
ponding experimental tests were subsequent- 
ly performed. The sequences used are listed in 
Table 2.

RNA extraction, cDNA synthesis and RT-qPCR

TRIzol reagent was used to extract total RNA 
from the samples and RNA concentrations 
were determined using a NanoDrop 2000c sys-
tem (Thermo Scientific, USA). Total RNA was 
purified using a RNeasy Maxi kit (Qiagen Gm- 
bH). According to the manufacturer’s instruc-
tions, 1 μg of total RNA and a miRNA Reverse 
Transcription Kit (Qiagen, Germany) were added 
to the reaction system for reverse transcripti- 
on, using a general PCR machine (BIO-RAD, 
USA). Then, reverse transcription quantitative 
real-time polymerase chain reaction (RT-qPCR) 
was performed to detect the expression level  
of miR-33b-5p using a miScript SYBR®Green 

Table 1. Clinicopathological features in RCC 
patients
Characteristics Number of cases
Mean age range (years) 50 (25-82)
Sexual distinction
    Male/Female 24/14
Tumor stage
    T1/T2/T3+T4 20/14/4
Fuhrman grade
    I/II/III/IV 16/14/4/4
AJCC clinical stages
    I/II/III+IV 18/13/7
pT, primary tumor; AJCC, American Joint Committee on 
Cancer.
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PCR kit (Qiagen GmbH) on a Roche Lightcycler 
480 Real-Time PCR system (Roche Diagnos- 
tics, Basel, Switzerland). U6 snRNA was used 
as an internal reference gene. The 2-ΔΔCq meth-
od was used to analyze miR-33b-5p expression 
levels.

Cell counting kit-8 (CCK-8) assay

Proliferation of 786-O cells and ACHN cells 
were assessed using a CCK-8 assay. Each 
96-well plate was divided into four groups, ba- 
sed on experimental requirements, with 5000 
transfected cells in each well. At 0, 24, 48 and 
72 hours post-transfection, 10 μl of the Cell 
Counting Kit-8 (Everbright Inc., USA) was added 

The wound scratch assay was designed to  
evaluate the mobility of 786-O and ACHN cells. 
Images of the cells were captured using a  
digital camera system (Olympus Corporation, 
Tokyo, Japan) at 0 h and 24 h.

Transwell assay

The transwell assay was designed to evaluate 
the migration and invasion abilities of 786-O 
and ACHN cells. Transwell chamber inserts (BD 
Biosciences, Franklin Lakes, NJ, USA) with (for 
invasion) or without Matrigel (BD Biosciences) 
were used in the transwell assay, according to 
the manufacturer’s instructions. 3 × 104 trans-
fected cells were diluted in 200 ul of serum-
free DMEM. The different groups of cells were 
inoculated in the upper chamber and DMEM 
containing 10% FBS medium was added to the 
lower chamber. The 786-O cell culture under-
went 36 hours of migration and 48 hours of 
invasion, while the ACHN cell culture underwent 
36 hours of migration and 60 hours of inva- 
sion. After staining with crystal violet, the cells 
were observed under a microscope and cell 
numbers in five different fields of view were 
counted.

Flow cytometry assay

The apoptosis rate of 786-O cells and ACHN 
cells were evaluated using flow cytometry. 3 × 
105 cells were seeded into each well of a 6-well 
plate. Each experimental group of cells was 
transfected with 200 pmol of a miR-33b-5p 
mimic, inhibitor, negative control (NC) or inhibi-
tor negative control (NC inhibitor). After the 
cells were transfected for 48 hours, the cells 

Table 2. Sequences of primers and microRNAs
Primer/microRNA Sequence
miR-33b-5p Forward: 5’-GTGCATTGCTGTTGCATTGC-3’

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

Reverse: 5’-ACGCTTCACGAATTTGCGT-3’
miR-33b-5p mimic Forward: 5’-GUGCAUUGCUGUUGCAUUGC-3’

Reverse: 5’-AAUGCAACAGCAAUGCACUU-3’
miR-33b-5p inhibitor 5’-GCAAUGCAACAGCAAUGCAC-3’
NC Forward: 5’-UUCUCCGAACGUGUCACGUTT-3’

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

Table 3. Association between miR-33b-5p expres-
sion level1 and Clinical information in FFPE renal 
cancer samples

Variable Total
No. of patients (%)

P-value2

High Low
Gender
    Male 26 10 16 0.111
    Female 16 11 5
Age (Years)
    ≤ 60 33 16 17 1.000
    > 60 9 5 4
Tumor size (cm)
    ≤ 4.0 17 7 10 0.530
    > 4.0 25 14 11
Tumor stage
    I+II 27 14 13 1.000
    III+IV 15 7 8
1cut-off point: median. 2calculated using Fisher’s Exact test or 
Pearson Chi-square test.

to the wells and the ce- 
lls were incubated in the 
dark at 37°C for 30 min-
utes in a humidified incu-
bator containing 5% CO2. 
Then, an ELISA micro-
plate reader (Bio-Rad La- 
boratories Inc., Hercules, 
CA, USA) was used to de- 
termine the OD of each 
well of different cell gr- 
oups at an absorbance 
of 490 nm.

Wound scratch assay
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collected were washed with PBS two times and 
were blended with 100 μl of a 1 × binding buf-
fer. 5 µl of Annexin V-fluorescein isothiocyanate 
(Invitrogen; Thermo Fisher Scientific, Inc.) and  
5 µl of propidium iodide (Invitrogen; Thermo 
Fisher Scientific, Inc.) were added to the cell 
resuspension. After staining for 15 minutes at 
room temperature, 400 μl of a 1 × binding buf-
fer was added into each tube. The apoptosis 
rate was analyzed using a flow cytometer (EPI- 
CS XL 4; Beckman Coulter, Inc., Brea, CA, USA).

Survival analyses using TCGA database

In order to explore the prognostic functions of 
miR-33b-5p in RCC, survival data was obtained 
from The Cancer Genome Atlas (TCGA https://
cancergenome.nih.gov/). miR-33b-5p data was 
entered onto OncoLnc (http://www. oncolnc.
org/) for survival analyses. 506 RCC patients 
from TCGA were enrolled in our study. The pat-
ents were divided into two groups (50%, high 
expression; 50%, low expression) and were 
evaluated using Kaplan-Meier analysis.

TCGA database analysis and targets prediction 
of miR-33b-5p

The clinical manifestations and sequencing 
data of RCC samples and paired normal sam-
ples were obtained from the TCGA database. 
With LIMMA deferential methods, the differen-
tial expressed genes (DEGs) of RCC were de- 
fined by |Log2 Fold Change| > 1, adjusted p- 
value <0.01. Target genes of miR-33b-5p were 
predicted by TargetScan (v7.0; targetscan.org) 
[13]. The predicted target genes of miR-33b-5p 
were matched with the up-regulated DEGs of 
RCC. Additionally, the TCGA database was us- 
ed for expression analysis and survival analys- 
is of the matched DEGs by GEPIA (http://gepia.
cancer-pku.cn/index.html). 

Statistical analysis

All data are expressed as mean ± standard 
error and data processing was conducted using 
SPSS 19.0 (SPSS, Armonk, NY, USA) software. 
Paired t-tests were used to compare differenc-
es in miR-33b-5p expression between renal 
cell carcinoma tissues and paracancerous tis-
sues. Student’s t-test, Fisher’s exact test or 
Pearson chi-square test were used to analyze 
the relationship between miR-33b-5p expres-
sion and clinicopathological parameters. Stu- 

dent’s t-test was also used to analyze cell phe-
notypes. Additionally, Cox proportional hazards 
regression analysis was used to determine uni-
variate and multivariate levels of miR-33b-5p 
expression and clinical pathological variables 
or survival. Survival curves were drawn using 
Kaplan-Meier curves and differences between 
these curves were assessed using the log-rank 
test. A P value of <0.05 was considered statisti-
cally significant.

Results

miR-33b-5p was downregulated in RCC tissues 
and cell lines

We collected RCC tissues and adjacent nor- 
mal tissues from 38 cases to detect the expr- 
ession level of miR-33b-5 (Figure 1A). The re- 
sults show that the expression of miR-33b-5p 
in RCC tissues is significantly downregulated, 
compared with adjacent normal tissues (P< 
0.001, Figure 1B). Similarly, the results of RCC 
cell lines show that relative miR-33b-5p expr- 
ession levels are significantly downregulated in 
786-O (P<0.001), ACHN (P<0.001) and Caki-1 
(P<0.001) cells, compared with that of HK-2 
cells (Figure 1C). In brief, the expression of miR-
33b-5p in RCC tissues and RCC cell lines (786-
O, ACHN and Caki-1 cell) is significantly down-
regulated, compared with adjacent normal tis- 
sues and normal cell lines (HK-2 cells). 

Validation of cell transfection efficiency

RT-qPCR was used to confirm the transfection 
efficiency of the miR-33b-5p mimic and miR-
33b-5p inhibitor. miR-33b-5p expression levels 
of transfected cells were compared with their 
respective NC in the 786-O and ACHN cell lines 
(Figure 1D). As expected, miR-33b-5p relative 
expression levels were as follows: miR-33b-5p 
mimic > NC and NC inhibitor > miR-33b-5p 
inhibitor, in both 786-O and ACHN cell lines. 
These cell lines were used to explore the func-
tions of miR-33b-5p in cell proliferation, migra-
tion, invasion and apoptosis. 

miR-33b-5p inhibits cell proliferation

Cell proliferation is reflected by optical density 
(OD) values detected in a CCK-8 assay. Higher 
OD values indicate faster proliferation. Our 
experiment was designed to explore the rela-
tionship between miR-33b-5p expression lev-
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els and the cell proliferation rate. Results from 
786-O cells show that the proliferation rate 
slows down by 15.74% (P<0.01), 18.26% (P< 
0.01) and 16.44% (P<0.05) in the miR-33b-5p 
mimic group (Figure 2A), compared with the  
NC at 24, 48 and 72 hours, respectively, while 
it accelerated by 31.44% (P<0.01), 41.65% 
(P<0.01) and 21.57% (P<0.01) in the miR-33b-
5p inhibitor group (Figure 2B), compared with 
NC inhibitor at 24, 48 and 72 hours, respec-
tively. A similar result was obtained using AC- 
HN cells, with a higher expression level of miR-
33b-5p found to be corelated with a lower cell 
proliferation rate. Results obtained using ACHN 
cells show that the proliferation rate slowed 
down by 18.00% (P<0.05), 16.92% (P<0.01), 
27.96% (P<0.001) in miR-33b-5p mimic group 
(Figure 2C), compared with NC at 24, 48 and 
72 hours, respectively, while it accelerated by 

14.67% (P<0.05), 22.62% (P<0.01) and 24.41% 
(P<0.01) in miR-33b-5p inhibitor group (Figure 
2D) compared with NC inhibitor at 24, 48 and 
72 hours, respectively. All these results indi-
cate that the overexpression miR-33b-5p sup-
presses RCC proliferation.

miR-33b-5p inhibits cell mobility

We used wound scratch assay and transwell 
assay to measure cell mobility. Specifically, 
wound scratch assay was used to detect cell 
migration ability (Figure 3), while transwell as- 
say was used to assess both migration and 
invasion abilities (Figure 4). As shown in Figures 
3 and 4, the migration ability of both 786-O and 
ACHN cell lines were found to be as follows: 
miR-33b-5p inhibitor > NC and NC inhibitor > 
miR-33b-5p mimic, which is opposite to the 

Figure 1. The relative expression level of miR-33b-5p in different tissues and cell lines. A. Logarithmic ratio of miR-
33b-5p expression in 38 paired RCC tissues (T) with normal kidney tissues (N) [log2 (T/N)]. B. The mean expression 
of miR-33b-5p in RCC tissues is significantly down-regulated than adjacent normal tissues. C. The relative expres-
sion levels of miR-33b-5p in HK-2 cell is significantly higher than that in 786-O cell, ACHN cell, or Caki-1 cell. D. The 
relative expression levels of miR-33b-5p in 786-O and ACHN cell lines after transfection with miR-33b-5p mimic, 
inhibitor, NC and NC inhibitor. ***P<0.001; NC, negative control.
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trend detected for miR-33b-5p expression le- 
vel. In 786-O and ACHN cell lines, the migrati- 
on distance of miR-33b-5p mimic transfected 
cells was significantly 55.61% and 40.45% 
shorter than that of NC cells (786-O cell line, 
P<0.01; ACHN cell line, P<0.001), while the mi- 
gration distance of miR-33b-5p inhibitor trans-
fected cells was 87.56% and 55.96% longer 
than that of NCin cells (786-O cell line, P<0.01; 
ACHN cell line, P<0.01). Similar results were 
obtained from the transwell assay (Figure 4A 
and 4C). For the 786-O and ACHN cell lines, the 
migration ability of miR-33b-5p mimic trans-
fected cells was found to have significantly 
decreased by 45.25% and 50.58%, compared 
with that of NC cells (786-O cell line, P<0.01; 
ACHN cell line, P<0.001), while the migration 
ability of miR-33b-5p inhibitor transfected ce- 
lls was found to have significantly increased  
by 80.08% and 72.55%, compared with that of 
NC in cells (786-O cell line, P<0.01; ACHN cell 

line, P<0.01). These results suggest that the 
upregulation of miR-33b-5p inhibits RCC cell 
migration. In addition, the invasion ability of 
miR-33b-5p mimic transfected cells was found 
to decreased by 38.16% (786-O, P<0.001) and 
49.19% (ACHN, P<0.05), compared with NC 
cells, while the invasion ability of miR-33b-5p 
inhibitor transfected cells was found to increa- 
se by 80.47% (786-O, P<0.01) and 100.9% 
(ACHN, P<0.001), compared with inhibitor NC 
cells (Figure 4B and 4D). These results suggest 
that the upregulation of miR-33b-5p inhibits 
the invasive ability of RCC cells. Altogether, our 
results suggest that the overexpression of miR-
33b-5p inhibits RCC cell migration and inva- 
sion.

miR-33b-5p induces cell apoptosis

As shown in Figure 5, the apoptosis rate of miR-
33b-5p mimic transfected cells increased by 

Figure 2. Cell proliferation was measured by CCK-8 assay at different time intervals. OD values of 786-O cells and 
ACHN cells in different time intervals after transfection with miR-33b-5p mimic or miR-33b-5p inhibitor. A, C. OD val-
ues of 786-O cells and ACHN cells are significantly up-regulated after transfection with miR-33b-5p mimic. B, D. OD 
values of 786-O cells and ACHN cells are significantly down-regulated after transfection with miR-33b-5p inhibitor. 
*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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93.77% in the 786-O cell line (Figure 5A, 
P<0.01) and 76.72% in the ACHN cell line (Fi- 
gure 6A, P<0.01), compared to the NC. In  
contrast, the apoptosis rate of miR-33b-5p 
inhibitor transfected cells declined by 60.06% 
in the 786-O cell line (Figure 5B, P<0.01) and 
48.52% in the ACHN cell line (Figure 6B, P< 
0.01), compared with the inhibitor NC. In other 
words, upregulation of miR-33b-5p correspon- 

ded with the increase of the rate of RCC cell 
apoptosis.

miR-33b-5p improves the survival probability 
of RCC patients, indicating that it may be a po-
tential independent prognostic marker for RCC

The results of the FFPE RCC sample analysis is 
shown in Table 3. No significant correlation was 

Figure 3. The wound healing assay was designed to measure cell migration ability. (A) The wound healing images in 
786-O and ACHN cells. The relative migratory distance of miR-33b-5p mimic transfected cell is decreased, while the 
relative migratory distance of miR-33b-5p inhibitor transfected cell is increased both in (B) 786-O cell and (C) ACHN 
cell. *P<0.05, **P<0.01, ***P<0.001. NC, negative control.
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found between the expression of miR-33b-5p 
and other clinicopathologic variables, such as 
sex, age, tumor size and tumor stage. We used 
univariate analysis, multivariate analysis and 
Kaplan-Meier survival curve analysis to assess 
the relationship between miR-33b-5p expres-
sion levels and the survival situation of the RCC 
patients. The results of the Cox proportional 
hazards regression analysis are presented in 
Table 4. As shown in Figure 7A, the overall sur-
vival of high miR-33b-5p expression patients 
was found to be significantly higher than that of 
low miR-33b-5p expression patients in the  
univariate analysis (HR=5.693, 95% CI=1.197-
27.067, P=0.029, Table 4). Additionally, as sh-
own in Figure 7B, patients with high miR-33b-
5p expression also had significantly better sur-
vival rates than patients with low miR-33b-5p 
expression in the multivariate analysis (HR= 
10.433, 95% CI=1.359-80.089, P=0.024, Ta- 
ble 4). All these results indicate that the over- 

expression of miR-33b-5p is related to a high- 
er survival probability (univariate analysis, P= 
0.029; multivariate analysis, P=0.024; and Ka- 
plan-Meier survival curves, P=0.014; Figure 
7A-C, respectively). 

Prediction of miR-33b-5p target genes associ-
ated with RCC

2957 DEGs of RCC are obtained by TCGA data-
base analysis. Additionally, 545 target genes of 
miR-33b-5p are predicted by TargetScan. After 
matching with up-regulated DEGs, 21 genes 
are predicted (Table 5). Further survival analy-
sis reveals that the up regulation of TBX15, 
SLC12A5, and PTGFRN are closely related to 
the poor overall survival of RCC patients (Fi0 
gure 8). Thus, we speculate that miR-33b-5p 
performs its tumor-suppressive effects and 
prognostic role through targeting TBX15, SLC- 
12A5, and PTGFRN. 

Figure 4. Result of the transwell assay. The migratory and invasive images in 786-O and ACHN cells. The relative 
number of the migratory and invasive cells are significantly decreased in miR-33b-5p mimic transfected cells. Ad-
ditionally, the relative number of the migratory and invasive cells are significantly increased in miR-33b-5p inhibitor 
transfected cells. *P<0.05, **P<0.01, ***P<0.001. NC, negative control.

Figure 5. The apoptosis rate was measured by flow cytometry assay. Cell distribution of 786-O: survival cells distrib-
uted in Q4 while dead cells distributed in Q3. The relative apoptotic rate of 786-O cell is significantly increased after 
transfection with miR-33b-5p mimic. While the relative apoptotic rate of 786-O cell is significantly decreased after 
transfection with miR-33b-5p inhibitor. *P<0.05, **P<0.01, ***P<0.001. NC, negative control.
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Discussion

Over the past decade, increasing evidence has 
shown that miRNAs are closely related to the 
pathogenesis of cancer and survival outcomes 
of patients [14]. Increased expression of onco-
genic miRNAs or a decrease in the expression 
of antioncogenic miRNAs can contribute to the 
progression of tumors [15], while some miRNAs 
have an impact on the effectiveness treatment 
[16]. A study by Fan et al. suggest that miR-17-
92 expression is associated with advanced 
gastric cancer progression and oxaliplatin/ca- 
pecitabine chemotherapy effectiveness [17]. 
Hagstrom et al. demonstrated that breast can-

cer survivors with a high response to resistan- 
ce training exhibited higher miR-133a-3p ex- 
pression and a borderline statistically signifi-
cant increase in the expression of miR-370-3p 
[18]. Furthermore, Noorolyai et al. concluded 
that several microRNAs (including miR-21,  
miR-17-5p, miR-106a and miR-1) participate in 
the PI3-kinase signaling pathway in colorectal 
cancer [19].

RCC is the most common renal neoplasia with 
early metastasis and poor prognosis, which 
makes research on RCC crucial. Many recent 
studies have shown that abnormally expressed 
miRNAs can be used as early diagnosis and 

Figure 6. The apoptosis rate was measured by flow cytometry assay. Cell distribution of ACHN: survival cells distrib-
uted in Q4 while dead cells distributed in Q3. The relative apoptotic rate of ACHN cell is significantly increased after 
transfection with miR-33b-5p mimic. While the relative apoptotic rate of ACHN cell is significantly decreased after 
transfection with miR-33b-5p inhibitor. *P<0.05, **P<0.01, ***P<0.001. NC, negative control. 

Table 4. miR-33b-5p expression and patients’ survival

Variable
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Gender (Female vs Male) 0.352 (0.075-1.662) 0.187 0.240 (0.039-1.477) 0.124
Age (≤ 60 y vs > 60 y) 0.304 (0.085-1.081) 0.066 0.126 (0.019-0.832) 0.031
Tumor size ( 4.0 cm vs > 4.0) 1.685 (0.486-5.836) 0.411 1.421 (0.323-6.256) 0.642
Tumor stage (I+II vs III+IV) 0.193 (0.050-0.749) 0.017 0.239 (0.049-1.163) 0.076
miR-33b-5p (low vs high) 5.693 (1.197-27.067) 0.029 10.433 (1.359-80.089) 0.024
HR, Hazard ratio; 95% CI, 95% Confidence interval.
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prognostic markers of RCC. For example, 
Iwamoto et al. have revealed that serum miR-
210 may be upregulated during the early stage 

lung adenocarcinoma cells, while miR-33b res-
toration was found to suppress lung adenocar-
cinoma cell proliferation, invasion and migra-

Figure 7. Result of survival analysis by FFPE RCC samples. miR-33b-5p ex-
pression level is significantly related to patients’ survival rate both in (A) the 
univariate and (B) the multivariate analysis. (C) Patients with high miR-33b-
5p expression levels tend to have a higher survival rate in the Kaplan-Meier 
survival curves. *P<0.05, **P<0.01, ***P<0.001. NC, negative control.

of clear cell renal carcinoma 
and can be useful for early 
diagnosis [20]. In addition, 
upregulation of certain miR-
NAs, including miR-21, miR-
210 and miR-630, or the do- 
wnregulation of certain miR-
NAs, including miR-126, miR-
106b, miR-99a and miR-27b 
have been reported to be cl- 
osely related with a poor pr- 
ognosis of RCC [21]. Throu- 
gh analyzing miRNAs in tis-
sues obtained from 203 clear 
cell RCC patients, Shu et al. 
found that decreased levels 
of miR-204-5p or miR-139-5p 
are associated with a nearly 
three-fold increase in the risk 
of recurrence (P<0.01) [22]. 
In other words, these studies 
suggested that miRNAs play 
important roles in the devel-
opment and progression of 
RCC, which allows miRNAs  
to function as potential bio-
markers of diagnosis and pro- 
gnosis. 

Our research focus, miR-33b, 
is found in introns of the 
genes that encode SREBP-1 
transcription factors. It per-
forms the same function as 
miR-33a in cholesterol meta- 
bolism, but it exhibits a more 
prominent regulatory impact 
in mitochondrial energy ho- 
meostasis and glucose con-
trol [23]. Recently, miR-33b 
has been reported to partici-
pate in the disease progres-
sion of many types of neo-
plasms. In osteosarcoma, for 
instance, miR-33b suppress-
es glycolysis by targeting La- 
ctate Dehydrogenase A (LD- 
HA), which can inhibit tumor 
cell proliferation [24]. Addi- 
tionally, low miR-33b expres-
sion has been revealed in 
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tion. These effects may be achieved through 
miR-33b upregulation, which significantly redu- 
ces ZEB1 and β-catenin expression in lung epi-
thelium cells [25]. Results from Lin et al. reveal 
lower miR-33b expression in breast tumor  
samples than adjacent non-tumor tissues. Non- 
cancerous mammary epithelial cells show an 
increased ability of self-renewal, migration and 
invasion after miR-33b knockdown. Additional- 
ly, levels of miR-33b expression were found to 
be inversely correlated with lymph node metas-
tasis, which may be closely related with patient 
prognosis [12]. In hepatocellular carcinoma, 
downregulation of miR-33b has been shown in 
HCC tissues, while overexpression of miR-33b 
was found to suppress tumor cells proliferation 
[10]. Zhai et al. have revealed that miR-33b is 
downregulated in non-small cell lung cancer, 
while miR-33b mimic transfection suppresses 
its proliferation and induces apoptosis by tar-
geting Lactate Dehydrogenase A (LDHA) [26], 
which is probably the same mechanism shown 
in osteosarcoma [24]. In brief, all these studi- 
es reveal the tumor-suppressive effects of 
miR-33b. 

Although many studies have been conducted to 
explore the effects of miR-33b in several types 
of cancers and diseases, only few studies spe-
cifically targeted miR-33b-5p. Additionally, mo- 
st of these studies are of a single original and 
do not provide strong evidence to illuminate the 
roles of miR-33b-5p. In addition, no studies 
have been conducted on the role of miR-33b-
5p on RCC. Our research is the first study to 
explore the expression and functions of miR-
33b-5p in RCC. The results of our study indi-
cate that miR-33b-5p expression in RCC tis-
sues, ACHN, 786-O and Caki-1 cells are down-
regulated, compared with that of paired kidney 
normal tissues and HEK-293T cells, which sug-
gests that miR-33b-5p is closely related to the 
development of RCC. Additionally, downregula-
tion of miR-33b-5p has a positive effect on  
RCC cell proliferation, migration, invasion and 
inhibition of apoptosis, while upregulation of 
miR-33b-5p neutralizes this effect. This indi-
cates that miR-33b-5p serves as a tumor sup-
pressive regulator in RCC. The anti-oncogenic 
effects of miR-33b-5p are consistent with most 
previous studies. Previous studies on miR-33b 
have also found that it is associated with TNM 
stage and tumor size in colorectal cancer [11]. 
The survival analysis of patients with multiple 
myeloma show that low miR-33b expression 
significantly shortens progression free survival 
time [9].

In our study, results from TCGA and the prog-
nostic analysis of FFPE RCC samples reveal 
that low miR-33b-5p expression patients have 
an obviously poorer survival, while patients 
high miR-33b-5p expression are more likely to 
survive. This suggests that miR-33b-5p expres-
sion level is positively correlated with the sur-
vival probability of RCC patients. Thus, miR-
33b-5p may potentially function as an effective 
prognostic marker for RCC. Target genes pre-
diction and TCGA database analysis suggest 
that TBX15 (T-Box Transcription Factor 15), 
SLC12A5 (Solute Carrier Family 12 Member 5), 
and PTGFRN (Prostaglandin F2 Receptor In- 
hibitor, CD9P-1) are potential targets of miR-
33b-5p in RCC. TBX15 has been found to re- 
duce cancer cell apoptosis by decreasing the 
proapoptotic Bax regulator and increasing the 
antiapoptotic Bcl2 and Bcl-XL regulators [27]. 
Yu. et al. revealed the potential oncogenic ef- 
fect of SLC12A5 in colon cancer [28]. Further- 
more, the expression level of PTGFRN positive- 
ly correlates with the metastatic status of lung 

Table 5. Target genes of miR-33b-5p matched 
with up-regulated DEGs of RCC
Gene Symbol Log2(FC) adjp
GRM8 1.054 <0.001
YWHAH 1.06 <0.001
TBX15 1.069 <0.001
SLC12A5 1.075 <0.001
PTGFRN 1.077 <0.001
SDC3 1.105 <0.001
TMEM200B 1.116 <0.001
S1PR1 1.124 <0.001
TCF4 1.199 <0.001
MAP4K4 1.228 <0.001
ANO4 1.359 <0.001
LINGO1 1.404 <0.001
ABCA1 1.436 <0.001
SH2B3 1.44 <0.001
NLGN1 1.679 <0.001
AXL 1.689 <0.001
SEL1L3 2 <0.001
LDHA 2.056 <0.001
CDH6 2.326 <0.001
VCAN 2.511 <0.001
PNMA2 2.832 <0.001
21 potential target genes are obtained. Log2 (FC): Log2 
(Fold Change); adjp: Adjusted p-value.
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cancer [29]. In this study, the expression le- 
vels of TBX15, SLC12A5, and PTGFRN are hi- 
gher in RCC than NC. And up-regulation of 
TBX15, SLC12A5, and PTGFRN are closely 
related to the poor overall survival of RCC 
patients. Therefore, we conjecture that TBX15, 
SLC12A5, and PTGFRN are potential targets of 
miR-33b-5p to perform its tumor suppressive 
and prognostic effects.

The limitations of this research are that more 
cases should have been involved in the study 
and that the precise mechanism of miR-33b-5p 
in RCC needs to be further illuminated.
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Figure 8. The TCGA dataset analysis of the potential target genes of mir-33b-5p. A. Relative expression levels of 
target genes SLC12A5, TBX15, and PTGFRN in RCC tissues. All these three genes are significantly upregulated in 
RCC tissues. B. Survival analysis of SLC12A5, TBX15, and PTGFRN. RCC patients with high expression levels of 
SLC12A5, TBX15, or PTGFRN tend to have a poor overall survival rate. *P<0.05, **P<0.01, ***P<0.001. RCC, 
renal cell carcinoma; NC, negative control.
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