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Abstract: Renal cell carcinoma (RCC) has a poor prognosis due to limited diagnosis and treatment. Thus, it is necessary

to find novel prognostic biomarkers and therapeutic targets. The aberrant expression of microRNAs plays an important

role in RCC oncogenesis. Tissue inhibitors of metalloproteinase 3 (TIMP3) acts as a downstream target of miR-181b. The

aim of this study was to understand the role and molecular mechanism of miR-181b in RCC oncogenesis. The results

showed that miR-181b expression was significantly higher in RCC tumour tissues, especially in those with significant

invasion or metastasis. miR-181b overexpression promoted proliferation and migration of the RCC cell line 786-O,

while miR-181b knockdown had the opposite effect. In addition, miR-181b was inversely correlated with TIMP3

expression in RCC tumour tissues. miR-181b overexpression reduced TIMP3 expression in RCC cell line 786-O or

OS-RC-2, while miR-181b knockdown had the inverse effect. Mechanistically, a luciferase reporter assay confirmed

the binding sites of miR-181b on the 3’-UTR of TIMP3, confirming the targeting effect of miR-181b on TIMP3.

Overall, miR-181b promotes the development and progression of RCC by targeting TIMP3 expression, indicating the

potential use of miR-181b in the diagnosis and treatment of RCC.

Introduction

The incidence of renal cell carcinoma (RCC) is highest in
patients with renal malignant tumours, with approximately
338,000 new cases and 143,000 deaths in 2012 worldwide
(Bhatt and Finelli, 2014; Torre et al., 2015). Most early RCC
could be cured by surgery (Ljungberg et al., 2015). However,
approximately 30% of RCCs are diagnosed at advanced stages
with metastasis (Zhai et al., 2017). For these RCC patients in
later stages, there is no effective therapeutic strategies and the
prognosis is still very poor (Baker, 2016). Therefore, it is
urgent to find more novel methods for early diagnosis and
treatment of RCC. It is necessary to reveal the molecular
mechanisms regarding the occurrence and development of
RCC, thereby promoting the identification of effective
prognostic biomarkers and therapeutic targets for RCC.

An increasing number of studies have shown that
abnormal expression of microRNAs (referred to as miRNAs)
plays a key role in the growth and metastasis of RCC

(Chen et al., 2017b; Liu et al., 2017; Xiao et al., 2017; Zhang
et al., 2019a). Therefore, by elucidating the biological function
and relevant mechanism of miRNAs in RCC, we can provide
new viewpoints for the diagnosis and treatment of RCC.

miRNAs are nonprotein-coding RNA molecules that have
a length of 19–25 nt and regulate physiological and pathological
processes in organisms by binding to the 3’-untranslated regions
(3’-UTR) of targeted mRNAs downstream. miRNAs exert a
significant effect on oncogenesis (Piotrowski et al., 2021; Tan
et al., 2021). At present, miRNA expression has been observed
in various tumours and is closely related to tumour growth
(Jiang et al., 2016), metastasis (Wang et al., 2016), angiogenesis
(Lu et al., 2015), and other malignant biological characteristics;
thus, it is considered an indispensable regulator of
tumorigenesis. Therefore, miRNAs detection is beneficial for
early clinical diagnosis; moreover, modulating their expression
in tumours may have potential clinical values.

In the human genome, the miR-181 family consists of four
highly conserved mature miRNA molecules, miR-181a, b, c, and
d. miR-181b is aberrantly expressed in a variety of tumours, with
functions mainly involved in pathophysiological processes
including cell cycle control, cell invasion and metastasis.
Previous research has shown that miR-181b promotes the
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tumorigenesis of colorectal cancer by targeting PDCD4 (Liu et
al., 2016). In addition, the epigenetic silencing of miR-181b
promotes the tumorigenicity of colorectal cancer by targeting
RASSF1A (Zhao et al., 2016). miR-181b promotes the
chemoresistance of breast cancer by regulating the expression
of BIM (Zheng et al., 2016). Similar results were reported in
other investigations (Tian et al., 2016; Zhang et al., 2019b).
However, the role of miR-181b in RCC remains unknown.

Tissue inhibitors of metalloproteinase-3 (TIMP3) is a
member of the TIMP family and maintains cell stability in
cancer by preventing extracellular matrix (ECM) degradation,
thereby inhibiting tumour growth and metastasis. Hence,
TIMP3 functions as a tumour suppressor and has poor
expression in cancerous tissues (Kong et al., 2016; Qi and
Anand-Apte, 2015; Su et al., 2017). A previous study found that
TIMP3 expression is low in RCC tissues (Masson et al., 2010);
furthermore, TIMP3 is closely related to the proliferation and
metastasis of RCC (Chen et al., 2017a). Previous studies
revealed that the 3’-UTR of TIMP3 mRNA has a specific
binding sequence for miR-181b (Heath et al., 2018; Wang et al.,
2010; Zhou et al., 2016). In summary, we hypothesized that
miR-181b promoted tumour development by targeting TIMP3
in RCC cells.

Our study showed that miR-181b expression was
significantly increased in RCC tissues. Based on human
histology and in vitro cytology studies, this work suggested
that miR-181b is not only directly responsible for the
growth and migration of RCC, but also negatively correlated
with the expression of TIMP3. The above data provide
novel clues for the diagnosis and treatment of RCC.

Materials and Methods

Clinical tissue specimens
A total of 46 pairs of RCC tissues and adjacent noncancerous
tissues were obtained with the informed consent via surgical
resection at First Affiliated Hospital of Gannan Medical
University, Gannan, Jiangxi, China, from January 2012 to
May 2017. All the 46 samples were clear cell renal cell
carcinoma. The WHO/ISUP grade distribution was
following: Grade 1, 11 (23.9%); Grade 2, 17 (36.9%); Grade
3, 12 (26.1%); and Grade 4, 6 (13%). The age range of the
patients is 31–77 years, and the median age is 52 years.
There were 29 male patients and 17 female patients. All
tissue specimens were histopathologically examined by three
independent pathologists. Freshly tissue specimens were
frozen in liquid nitrogen and stored at −80°C until use. All
the clinical samples were acquired with informed consent
from the participants. The Institutional Review Board of
First Affiliated Hospital of Gannan Medical University
reviewed and approved this study. The clinical studies were
conducted according to the principles expressed in the
Helsinki Declaration.

Cell lines and culture
Human normal renal tubular epithelial cell line HK-2 and
RCC cell lines OS-RC-2, 786-O and Caki-1 were obtained
from the American Type Culture Collection (ATCC). The
cell lines have been authenticated using STR profiling. HK-2
was cultured in Dulbecco’s Modified Eagle’s Medium/F12

(DMEM/F12) (Thermo Fisher Scientific, Waltham, MA,
USA) supplemented with 10% heat-inactivated foetal bovine
serum (FBS; Thermo Fisher Scientific). OS-RC-2, 786-O and
Caki-1 were cultured in RPMI-1640 Medium (Thermo
Fisher Scientific) along with 10% FBS. The whole cells were
maintained at 37°C in an atmosphere containing 5% CO2.

Quantitative real-time PCR (qRT-PCR) assays
Total RNA was extracted and purified by the TRIzol method.
SYBR real-time fluorescent quantitative kit was used for real-
time quantitative PCR (qRT-PCR) detection. The reaction was
performed in 25 µL system, and reaction condition was as
following: 50°C for 30 min, 94°C for 1 min, 57°C for 1 min,
and 72°C for 7 min. β-actin were used as an internal reference
gene. The designed primer sequences for qRT-PCR were as
follows: miR-181b, 5’-CCAGCTGGGCTCACTGAACAATGA-
3’ (sense) and 5’- CAACTGGTGTCGTGGAGTCGGC-3’
(anti-sense); TIMP3, 5’-GATCAAAGTGGAAAACCAGCTT -3’
(sense) and 5’-AGATGGAGGTTCTCATGTAAGC-3’ (anti-
sense); β-actin, 5’-GGGAAATCGTGCGTGACATTAAG-3’
(sense) and 5’-TGTGTTGGCGTACAGGTCTTTG-3’ (anti-
sense). Relative expression was calculated using the 2−DDCtmethod.

qRT-PCR was performed using SYBR Premix Ex TaqTM
kit (TakaRa, Tokyo, Japan) and ABI7500 PCR system
(Applied Biosystems, Thermo, MA, USA).

Plasmid construction and transfection
miR-181b full-length sequences were PCR amplified using Phusion
HSII Flash High-Fidelity PCR Master Mix (Thermo Fisher
Scientific, Waltham, MA, USA) according to manufacturer’s
protocol. miR-181b mimics (RiboBio, Guangzhou, Guangdong,
China) and miR-181b inhibitors (anti-miR-181b-5p, RiboBio)
were obtained from GenePharma (Shanghai, China). In
different groups, miR-181b mimics, miR-mimic control, miR-
181b inhibitors and miR-inhibitor control in serum-free
ACCELL medium were transfected into 786-O cells with a
final concentration of 200 nM. Transfection was performed
by using Lipofectamine 3000 (Invitrogen) according to
manufacturer’s protocol. The transfection efficiency of miR-
181b mimics or miR-181b inhibitors was verified by qPCR.

Measurement of cell viability
To assess the cell proliferation, Cell Counting Kit-8 (CCK-8)
assays was performed. For CCK-8 assays, the cells in each
group were plated into 96-well plates with 2,000 cells/well. At
the indicated time, 10 μL of CCK-8 reagent (Dojindo,
Kumamoto, Japan) was added into the treated cells. Following
incubation for 2 h, the optical density at 450 nm (OD450) was
measured using Varioskan Flash reader (Thermo).

Cell migration assay
The migration of HCC cells was measured using the Transwell
assay. For Transwell assay, the treated cells suspended in
serum-free DMEM supplemented with 1 mg/mL mitomycin
C (inhibitor of cell proliferation) were seeded onto the
upper chamber of the Transwell. DMEM containing 20%
FBS was added to lower chamber. After 36 h incubation, the
cells migrating into lower surface of the inserts were fixed,
stained with 1% crystal violet, and photographed. Migration
was measured by counting the number of stained cells.
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Western blotting
Whole-cell lysates of cells with the indicated interventions were
prepared from 6-well plates. Lysates were located onto and
separated on 10% SDS-PAGE gels, and transferred to
polyvinylidene fluoride membranes, which were incubated
with the antibodies against TIMP3 and β-actin (Cell
Signaling Technology, Danvers, MA, USA). HRP-linked
secondary antibodies were used to visualize immunoreactivity
using a chemiluminescence system (Amersham Image 600,
General Electric, Boston, MA, USA).

Luciferase reporter assay
The sequence 3’-UTR of TIMP3 was cloned into pMIR
expression vectors (Promega, Madison, USA) including
luciferase genes to construct pMIR-TIMP3-WT, pMIR-
TIMP3-MUT or pMIR-3’-UTR control plasmid as described
previously (Heath et al., 2018). The luciferase reporter
plasmid together with TK-Renilla luciferase plasmid (pRL-
TK-Renilla, Promega) was co-transfected into the indicated
786-O cells. After 2 days’ transfection, luciferase activity in
cell lysates was measured in a luminometer (Promega)
according to manufacturer’s protocol.

Animal experiments
A total of 20 male BALB/c nude mice (age: six weeks; weight:
20–22.5 g) were obtained from the Slaccas Experimental
Animal Centre (Shanghai, China). The mice were housed in
a specific pathogen-free facility with barrier in which the
room temperature was 20–30°C and the humidity 60%–80%
and fed a SPF mouse chow and sterile water. miR-181b
inhibitors-transfected and control 786-O cells were
inoculated subcutaneously on the ventral side of the right
rib at the density of 2 × 106 cells per mouse. The health and
tumour volume growth of all mice were monitored daily.
Tumour volumes were calculated using the following
formula: volume (cm3) = length (L; cm) × width (W; cm)2/2.
The largest tumour volume was ~1 cm3. 30 days later, all
tumour-bearing mice were anesthetized with isoflurane (2%,
inhalation anaesthesia), and then sacrificed via cervical
dislocation. All mice were considered dead when their hearts
and breathings stopped. Their tumours were removed and
weighted. These experimental protocols were approved by the
Institutional Animal Care and Use Committee of First
Affiliated Hospital of Gannan Medical University.

Immunohistochemistry (IHC) assessment
The tissue sections were prepared, incubated overnight at 4°C
with human TIMP3 antibody (1:200) (Abcam; Cambridge
Science Park, UK) and then visualized using a biotin–
streptavidin detection system (Dako, Glostrup, Denmark)
according to manufacturer’s protocol. TIMP3 staining was
graded semi-quantitatively. The intensity of TIMP3
reactivity of tumour cells was graded as 0 (no stain), 1
(weak stain), 2 (clear stain), or 3 (strong stain). The
intensity and abundance (fraction) were multiplied to obtain
total immunoreactivity score.

Statistical analysis
All statistical analyses were performed using the GraphPad
Prism Software 6. For comparisons, Wilcoxon signed-rank

test, Wilcoxon rank sum test, Pearson, one-way ANOVA
test or Student’s t-test were performed as indicated.
Bonferroni test was used for post-hoc multiple comparisons
of one-way ANOVA. Pearson correlation analysis and
Pearson chi-square test were performed for correlations.
P < 0.05 was considered as statistically significant.

Results

miR-181b was overexpressed in RCC specimens
miR-181b expression levels in 46 pairs of RCC tissues and
adjacent noncancerous tissues were detected by qRT-PCR. As
shown in Fig. 1A, miR-181b was significantly overexpressed in
RCC tissue specimens compared with adjacent noncancerous
tissues. The analyses of the correlation between miR-181b
levels and clinicopathological characteristics of RCC patients
showed that high miR-181b levels were positively correlated
with larger RCC tumours, advanced pathological T/N stage
and higher WHO/ISUP classification (Table 1). Moreover, 18
RCC specimens with metastasis had higher miR-181b
expression than 28 nonmetastatic RCC specimens (Fig. 1B).
Similarly, compared with 21 RCC specimens with diameters
less than 3 cm, 25 RCC specimens with diameters greater than
3 cm showed higher miR-181b expression (Fig. 1C). In
addition, miR-181b expression levels in the normal renal
tubular epithelial cell line HK-2 and the RCC cell lines OS-
RC-2, 786-O and Caki-1 were detected by qRT-PCR. As
shown in Fig. 1D, miR-181b was also obviously overexpressed
in RCC cell lines.

miR-181b overexpression enhanced the proliferation, invasion,
and migration of RCC cells, whereas miR-181b silencing was
contrary
To explore the roles of miR-181b in RCC, we overexpressed or
silenced miR-181b by transducing miR-181b mimics or miR-
181b inhibitors into 786-O cells. The transfection efficiency of
miR-181b mimics and miR-181b inhibitors was measured by
detecting the mRNA levels (Fig. 2A). CCK-8 assays showed
that miR-181b overexpression enhanced the proliferation of
786-O cells (Fig. 2B). In addition, Transwell assays
demonstrated that miR-181b overexpression increased the
number of migratory cells (Figs. 2C and 2D). In contrast,
miR-181b silencing showed the opposite results in cell
proliferation and migration (Figs. 2A–2D). The
experimental data in OS-RC-2 cells also showed similar
results (Figs. 2E–2H).

miR-181b inhibited the expression of TIMP3
Next, we investigated whether miR-181b could negatively
regulate TIMP3 expression in vivo and in vitro. TIMP3
expression levels in RCC tissues and adjacent noncancerous
tissues were observed. Representative images of surgically
resected RCC tumour and corresponding HE-staining were
presented in Fig. 3A. As shown in Figs. 3B, 3C, and 3E,
protein, and mRNA levels of TIMP3 were downregulated in
RCC tissue specimens compared with adjacent
noncancerous tissues. The correlation analyses between
TIMP3 protein levels and miR-181b levels in RCC tissues
showed that TIMP3 levels were inversely associated with
miR-181b levels in RCC tissues (r = −0.8747, P < 0.0001)
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FIGURE 1. miR-181b is overexpressed
in RCC specimens. (A) miR-181b
expression levels in 46 pairs of RCC
tissues and adjacent noncancerous
tissues. Results are presented as
median with interquartile range. ***P <
0.001 by Wilcoxon signed-rank test.
(B) miR-181b expression levels in 18
RCC specimens with metastasis and 28
nonmetastatic RCC specimens. Results
are presented as median with
interquartile range. ***P < 0.001 by
Wilcoxon rank sum test. (C) miR-181b
expression levels in 25 RCC specimens
with diameter more than 3 cm and 21
RCC specimens with diameter less
than 3 cm. Results are presented as
median with interquartile range. ***P <
0.001 by Wilcoxon rank sum test. (D)
miR-181b expression levels in normal
renal tubular epithelial cell line HK-2
and RCC cell lines OS-RC-2, 786-O
and Caki-1. Results are presented as
mean ± SEM from three independent
experiments. **P < 0.01, ***P < 0.001
by one-way ANOVA test.

TABLE 1

Correlation between miR-181b expression levels and clinicopathological characteristics of renal cell carcinoma (RCC) patients

Characteristics Case miR-181b P-value

Low High

Total 46 23 23

Age 0.7646

≥65 19 10 9

<65 27 13 14

RCC diameter 0.0077*

≥3.0 cm 25 8 17

<3.0 cm 21 15 6

Pathological stage (T) 0.0025*

T2 28 19 9

T3–T4 18 4 14

Pathological stage (N) 0.0046*

N0 31 20 11

N1 15 3 12

WHO/ISUP classification 0.0001*

Grade 1 11 9 2

Grade 2 17 13 4

Grade 3 12 1 11

Grade 4 6 0 6
Note: miR-181b median expression level was used as the cut-off. P-value was acquired by Pearson chi-square test.
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(Fig. 3D), demonstrating the negative regulation of miR-181b
on TIMP3 in vivo. Next, we continued to observe the
regulatory function of miR-181b in TIMP3 in vitro. The
TIMP3 protein levels in miR-181b-overexpressing and
-silencing 786-O or OS-RC-2 cells were investigated by
Western Blotting. As shown in Figs. 3F and 3G, TIMP3
protein levels were decreased in miR-181b-overexpressing
cells and increaseed in miR-181b-silencing cells. Similarly,
TIMP3 mRNA levels were decreased in miR-181b-
overexpressing 786-O cells and increaseed in miR-181b-
silencing 786-O cells (Fig. 3H). Next, we further clarified the
significance of miR-181b in TIMP3 luciferase activity.
Luciferase reporter assays showed that miR-181b
overexpression reduced the luciferase activity of 786-O cells,
which did not occur in the pMIR-3’-UTR control-
transfected cells or pMIR-TIMP3-MUT plasmid-transfected
cells that lacks the effective binding region of TIMP3 (Fig. 3I).

miR-181b silencing suppressed the xenograft tumours of RCC
and enhanced TIMP3 expression in vivo
To explore the role of targeting miR-181b in RCC, we injected
miR-181b-silencing and control 786-O cells subcutaneously
into nude mice. Xenograft volumes were measured daily
after injection. As shown in Figs. 4A–4C, miR-181b
silencing significantly decreased the growth curve and
weights of RCC xenograft tumours, supporting the
inhibitory effect of miR-181b silencing on RCC growth. Of
note, miR-181b silencing significantly enhanced TIMP3
protein expression in xenograft tumours (Figs. 4D–4F).

Discussion

The increasing development in genomic and transcriptomic
have authenticated many genetic and epigenetic aberrations
in the carcinogenesis and progression of RCC (Miao et al.,
2018; Thoma, 2016). The significant role of miRNA in the
carcinogenesis has attracted a lot of attentions. Of note, an
increasing number of miRNAs have been proved to be
related to RCC. The expression of miR-30a-5p decreases in
Clear cell renal cell carcinoma (ccRCC) cells and tissues
(Chen et al., 2017b). In addition, low miR-30a-5p levels are
significantly associated with poor prognosis of ccRCC
patients, and miR-30a-5p can prevent ccRCC proliferation
and invasion (Chen et al., 2017b). miR-218 suppresses RCC
migration and invasion through targeting caveolin-2 involved
in focal adhesion pathway (Zhang et al., 2019a).
Pseudohypoxia induced by inactivation of miR-126 enhances
RCC migration and therapeutic resistance (Liu et al., 2017).
miR-144-3p promotes ccRCC proliferation, metastasis and
sunitinib resistance by downregulating ARID1A (Xiao et al.,
2017). In addition, the effects of miR-372, miR-200b and
miR-106a-5p on the growth and function of RCC were also
reported in relevant studies (Huang et al., 2015; Li et al.,
2019; Pan et al., 2017). These previous studies support the
key roles of miRNAs in the pathogenesis of RCC. In addition
to the reported miRNAs, there may exist other miRNAs
involved in the occurrence and development of RCC.

In this study, we focused on miR-181b, which is widely
reported to be related to the growth and function of

FIGURE 2. miR-181b promotes the proliferation and migration of RCC cells. (A) miR-181b expression in 786-O cells transfected with miR-
mimic control, miR-inhibitor control, miR-181b mimics and miR-181b inhibitors. (B) Cell proliferation of treated 786-O cells was evaluated by
CCK-8 assays. (C–D) The migration of treated 786-O cells was evaluated by Transwell assays. Scale bar: 100 μm. (E–H) Repetition of
operations as described for (A–D) on OS-RC-2. Results are presented as mean ± SEM from three independent experiments. *P < 0.05,
***P < 0.001 by Student’s t-test. Scr, scrambled control; miR-Cont, miRNA mimics control; cont, control group.
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malignant tumours (Liu et al., 2016; Tian et al., 2016; Zhang et
al., 2019b; Zhao et al., 2016; Zheng et al., 2016) and specifically
binds to the 3’-UTR of RCC inhibitors. However, reports
regarding the role of miR-181b in RCC are still absent. As
expected, miR-181b was upregulated in RCC tissues and cell
lines compared with noncancerous tissues and a normal renal
tubular epithelial cell line, respectively. Moreover, with the
growth and metastasis of RCC, miR-181b levels in cancer
tissues were further increased. Correlation analyses between
miR-181b expression and clinicopathological features revealed
that an increase in miR-181b levels indicated poorer overall
survival. Previous studies have shown several miRNAs that
can predict the prognosis of RCC (Chen et al., 2017b; Liu

et al., 2017; Wu et al., 2021; Xie et al., 2018). Therefore, the
above data support the notion that miR-181b may be a
promising prognostic biomarker for RCC.

Functional assays in vitro showed that the upregulation
of miR-181b enhanced the proliferation and migration of
RCC cells. In contrast, miR-181b downregulation inhibited
the proliferation and migration of RCC cells. Nude mouse
xenografts experiments, in vivo, showed that miR-181b
knockdown suppressed RCC growth. Several miRNAs have
been shown to modulate the carcinogenesis of PTC (Chen et
al., 2017b; Liu et al., 2017; Xiao et al., 2017; Zhang et al.,
2019a). These results suggest that miR-181b may be a
potential therapeutic target for RCC.

FIGURE 3. miR-181b suppresses the expression of TIMP3. (A) Representative images of surgically resected RCC tumour and corresponding
HE-staining. (B–C) protein expression levels of TIMP3 in 17 pairs of RCC tissues and adjacent noncancerous tissues. Results are presented as
median with interquartile range. ***P < 0.001 by Wilcoxon signed-rank test. (D) The association between TIMP3 protein levels and miR-181b
levels in RCC tissues was analysed. N = 17, r = −0.8747, P < 0.0001 by Pearson correlation analysis. (E) mRNA expression levels of TIMP3 in 46
pairs of RCC tissues and adjacent noncancerous tissues. Results are presented as median with interquartile range. ***P < 0.001 by Wilcoxon
signed-rank test. (F–G) After transfection with corresponding plasmids for 72 h, protein levels of TIMP3 in miR-181b-overexpressing, miR-
181b-silencing and control 786-O or OS-RC-2 cells was measured by Western Blotting. Data are representative results from 3 independent
assays with unanimous trends. (H) After transfection with corresponding plasmids for 72 h, mRNA levels of TIMP3 in miR-181b-
overexpressing, miR-181b-silencing and control 786-O cells was evaluated by qRT-PCR assays. Results are presented as mean ± SEM from
three independent experiments. ***P < 0.001 by one way ANOVA test. (I) After transfection with pMIR-TIMP3-WT or pMIR-TIMP3-
MUT plasmid (including miR-181b mimics and miR-mimic control) in 786-O cells for 48 h, the luciferase activity of each group was
analysed by Dual-Luciferase Reporter Assays. Results are presented as mean ± SEM from three independent experiments. ***P < 0.001 by
one way ANOVA test. ns, no significance.
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A bioinformatics study revealed that the 3’-UTR of
TIMP3 mRNA has a specific binding sequence for miR-
181b, suggesting that TIMP3 may be a downstream target of
miR-181b. miR-181b expression was inversely associated
with TIMP3 expression in RCC tissues, which indicates
the negative regulatory effect of miR-181b on TIMP3
expression. In addition, cytology assays revealed that the
upregulation of miR-181b inhibited TIMP3 expression
while the downregulation of miR-181b promoted TIMP3
expression. More importantly, a luciferase reporter assay
illustrated that miR-181b can negatively regulate TIMP3
luciferase activity in RCC cells by binding to the 3’-UTR,
which explains the inhibitory effect of miR-181b on TIMP3

expression in RCC cells. Similarly, in vivo experiments
showed that miR-181b downregulation promoted TIMP3
expression levels in nude mouse xenografts. The above data
indicate that the negative regulatory effect on TIMP3 at
least partially accounts for the roles of miR-181b in the
pathogenesis of RCC. The detailed mechanisms underlying
the regulation of TIMP3 by miR-181b need further research.
Our current working model is illustrated in Fig. 5. Here, it is
difficult to co-transfect miR-181b mimics and TIMP3
overexpression vectors. In addition, there is a lack of specific
inhibitors targeting TIMP3. Thus, the related rescue
experiments cannot be effectively displayed in this study. The
above limitations are expected to be addressed in future studies.

FIGURE 4. miR-181b knockdown represses RCC xenograft tumours and enhances TIMP3 expression in vivo. miR-181b-silencing or control
786-O cells was inoculated into nude mice. 1, 2, 3 and 4 weeks later, tumour-bearing mice were killed, and tumours were removed and
weighted. (A) The scatter plot indicates the growth curves of tumour volumes in two groups (N = 8). (B) Representative images of the
removed tumours. (C) The statistical graph indicates the quantitative results of the tumour weights at day 30 (N = 10). Results are
presented as mean ± SEM. ***P < 0.001 by Student’s t-test. (D–E) Protein levels of TIMP3 in tumour tissues from subcutaneous xenograft
tumours were evaluated by immunohistochemistry (IHC) staining (N = 10). (F) miR-181b expression levels of xenograft tumours in two
groups (N = 10). Results are presented as mean ± SEM. ***P < 0.001 by Student’s t-test. Cont, control 786-O cells.

FIGURE 5. The current working
model regarding miR-181b-regulated
RCC oncogenesis.
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The detection of multiple miRNAs is helpful for the early
clinical diagnosis of RCC. Moreover, targeting or mimicking
their expression in RCC tissues may have potential clinical
values. In this study, our study identified miR-181b as a
carcinogenic miRNA in RCC, which is a promising
prognostic biomarker for RCC. More importantly, targeting
miR-181b may be a potential effective strategy in repressing
RCC. Based on these results, the diagnosis and treatment of
RCC may be further improved in future.
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