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MicroRNA-21 functions as an oncogene
and promotes cell proliferation and invasion
via TIMP3 in renal cancer
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Abstract. - OBJECTIVE: Renal cell carcino-
ma (RCC) displays an increasing incidence and
mortality rate worldwide in recent years. More
and more evidence identified microRNAs func-
tion as positive or negative regulatory factors in
many cancers, but the role of miR-21 in RCC re-
mains unclear.

PATIENTS AND METHODS: Relative expres-
sion levels of miR-21 in human RCC tissue sam-
ples and RCC-derived cell lines were measured
using quantitative real-time Polymerase Chain
Reaction (PCR). Clinical features were collect-
ed to further study the relationship between the
miR-21 level and clinicopathologic variables.
Loss- and gain- of miR-21 experiments were em-
ployed to measure the influence of miR-21 in cell
proliferation, apoptosis, invasion and migration.
Downstream target gene was confirmed by us-
ing luciferase and Western blotting assays.

RESULTS: MiR-21 significantly over-expressed
in RCC tissues and cell lines than normal groups.
Higher miR-21 expression level indicated larg-
er tumor sizes, more lymph metastasis and ad-
vanced tumor node metastasis (TNM) stage.
Knocking down miR-21 inhibited the cell growth,
invasion and migration abilities but promoted the
cell apoptosis, while over-expressing miR-21 pro-
moted cell growth and metastasis. Furthermore,
TIMP3 was confirmed as a direct target of moR-
21 and inhibition of TIMP3 reserved the effect of
down-regulating miR-21 in RCC cells.

CONCLUSIONS: Our study demonstrated miR-
21 was significantly over-expressed and func-
tioned as a tumor oncogene via TIMP3 in RCC,
which could provide a potential target for RCC
diagnosis and therapy.
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Introduction

In recent years, renal cell carcinoma (RCC)
continues to be the most common type of kidney
tumor along with the highest mortality in uro-
logical tumors'. Because of lacking early stage
symptoms and clinical evidence, RCC patients
often develop an advanced Tumor Node Meta-
stasis (TNM) stage when found incidentally?.
Also, the prognosis of patients after surgery
still has room for improvement®. Therefore,
more studies are required to explain the under-
lying mechanism of RCC, which may provide
specific targets for early stage diagnosis and
treatment as well as for prognosis prediction®.

MicroRNA (miRNA) is a class of non-coding
single-stranded RNA molecules consisting of
20-24 nucleotides. They are widely present in
eukaryotic cells and are highly conserved in
evolution®. They are one of the most popular
biomolecules in recent years. They play a nega-
tive regulator of gene expression at post-tran-
scriptional levels, affecting cell growth, proli-
feration, differentiation and apoptosis®. Several
studies have revealed that miRNAs were in-
volved in the tumorigenesis and progression
of many cancers’. In addition, some miRNAs
were reported having the potential to predict
tumorigenesis and prognosis and be a target
for therapy®. For instance, in RCC, miR-141
regulated cell proliferation and metastasis by
controlling EphA2 expression’; Let-7d sup-
pressed cell proliferation, invasion, and tumor
macrophage infiltration via regulating CCL7
and COL3A1'%; microRNA-34a could suppress
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malignant transformation of RCC by targeting
c-Myec transcriptional complexes!!. In addition,
miR-221/222 could enhance the sensitive of su-
nitinib treatment in metastatic RCC'2.

MiRNA-21 located at 17q23.1 has been re-
ported to regulate many carcinoma progres-
sions. MiR-21 could specifically target clusterin
in head and neck squamous carcinoma and had
proto-oncogenic properities". In breast cancer,
miR-21 could promote cell proliferation and
invasion activities via phosphatase and tensin
homolog deleted on chromosome ten (PTEN),
which indicated a poor prognosis'*. In addition,
micro-RNA-21 regulated cancer-associated fi-
broblast-mediated frug resistance in pancreatic
cancer, which increased the difficulty of treat-
ment". In laryngeal carcinoma, oral cancer, and
colorectal cancer, miR-21 also acted as an on-
cogene and promoted the tumor progression'®-'*.
In RCC, miR-21 up-regulation was reported to
be related with lower kidney tumor survival'’;
however, the specific relationship between
miR-21 and RCC and underlying specific me-
chanism still remains unclear.

In our study, we first analyzed the expres-
sion level of miR-21 in 104 pairs of RCC and
adjacent normal tissues as well as in cancer
cell lines. Then, the relationship between the
miR-21 and clinical pathological variables was
studied. Furthermore, we conducted the model
of over-expressing and knocking down miR-21
cells in vitro. Several functional experiments
confirmed that over-expressing miR-21 promo-
ted cell growth, invasion, migration and inhi-
bited cell apoptosis abilities of RCC though
down-regulating TIMP3. These findings might
indicate a novel target for biological treatment
for RCC.

Patients and Methods

Patients

A total of 104 pairs human RCC and adjacent
normal tissues were collected from Tongde Ho-
spital of Zhejiang Province. Before the surgery,
none of patients accepted any chemotherapy or
radiotherapy strategies. The tissues were stored
in liquid nitrogen immediately after surgical re-
section. The clinical pathological features were
collected based on AJCC standard. All patients
had signed the written consent of their informa-
tion and the study got approval of the Ethics Com-
mittee of Tongde Hospital of Zhejiang Province.

Cell Lines and Culture

Five renal cell cancer cell lines ACHN, A498,
Caki-1, Caki-2 and 786-O and human embryonic
kidney 293T cell using as normal control were
bought from the Cell Bank of Type Culture Col-
lection of Chinese Academy of Sciences (Shan-
ghai, China). The six cell lines were maintained
in Dulbecco’s Modified Eagle Medium (DMEM)
(Gibco, Grand Island, NY, USA) containing 10%
fetal bovine serum (FBS) (Gibco, Grand Island,
NY, USA), 100 U/mL penicillin and 50 ug/mL
streptomycin (Corning, Corning, NY, USA). All
the cells were incubated at 37°C in humidified at-
mosphere containing 5% CO,.

Cell Transfection

ACN or 786-0 cells were seeded in six-well pla-
tes and maintained in normal medium to a density
of 60%. Using Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA), cells were co-cultured with
appropriate amount miR-21 mimics, miR-21 inhi-
bitors or relatively negative controls according to
manufactory instructions. Also, siRNA-TIMP3
was co-transfected into 786-O cells with miR-21
inhibitors using Lipofectamine 3000. All the se-
quences were synthesized by GenePhama (Shan-
ghai, China). Using qRT-PCR, the efficiency of
miR-21 expressing regulation was confirmed.

RNA Isolation and gRT-PCR

Total RNAs of cells were extracted by using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA).
For miR-21 detection, Tagman assays were em-
ployed, and U6 was using as internal control. For
mRNA analysis, total RNAs were reverse tran-
scribed into cDNAs by using TaKaRa Reverse
Transcription Kit (TaKaRa, Shiga, Otsu, Japan).
Then, SYBR Green Premix Kit was used to per-
form the qRT-PCR and GAPDH using as the con-
trol. All the relative expression RNA levels were
calculated using the 22T method.

CCK8 Assay

CCKS8 (Dojindo, Kumamoto, Japan) assay was
applied to study the cell proliferation. The cells
were planted in a density of 1X10° cells with 100
ul medium, and then were cultured for 24, 48, 72,
96 h after transfection. CCKS8 reagent (10 uL per
well) was added into the wells and absorbance of
450 nm was measured.

Cell Apoptosis Detection

Flow cytometry was obtained to measu-
re the cell apoptotic rate with using a fluore-
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scein isothiocyanate (FITC) and propidium io-
dide (PI) kit (Vazyme, Nanjing, China). Cells
were harvested after miR-21 mimics or inhi-
bitors treatment and washed with pre-cooling
phosphate-buffered saline (PBS). Then cells
were resuspended in 1000 pL of binding buf-
fer mixing 10 pL of FITC and PI, respectively.
Then ,cell apoptotic rate was measured by flow
cytometry (FACS, Partec AG, Arlesheim, Swi-
tzerland), and the percentage of apoptotic cells
was counted. Each measurement was repeated
three times.

Transwell and Matrigel Assay

8 um transwell inserts (Millipore, Billerica,
MA, USA) was used to measure the cell inva-
sion and migration ability. For invasion assay, a
total of 4x10* treated cells in 10% FBS medium
were seeded into the top chamber of the insert,
which had plated Matrigel (BD Biosciences,
Franklin Lakes, NJ, USA). The lower cham-
ber was added with 500 uL. FBS-free medium.
After 36 h incubation, the membranes contai-
ning cells on its lower surface were fixed with
methanol and stained with 0.5% crystal violet.
Then, the cells stained were calculated after pi-
ctures taken using a microscope in five random
visions. For migration assay, the top chamber
of the insert plated nothing before cell seeding.
The other steps were the same as the invasion
assay.

Dual-luciferase Assay

The Dual-Luciferase reporter system (Prome-
ga, Madison, WI, USA) was recruited to study the
activity of luciferase. The TIMP3 3’-UTR cDNA
sequences including the mutant or wild type miR-
21 binding region was amplified and cloned into
pGL3 luciferase vector (Promega, Madison, WI,
USA). Next, ACHN cells were co-treated with the
established pGL3 vector and miR-2Imimics or
NC using lipofectamine 3000. Then, the activity
of luciferase was determined using luminometer
(Promega, Madison, WI, USA) and measured ba-
sed on the basic pGL3 vector.

Western Blotting

To investigate the expression of TIMP3, pro-
tein of conducted cells was isolated using RIPA
reagent (Beyotime, Shanghai, China) containing
protease inhibitor. Proteins mixed with loading
buffer (Beyotime, Shanghai, China) were se-
parated using 8-10% sodium dodecyl sulpha-
te-polyacrylamide gel electrophoresis (SDS-PA-
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GE), and then transferred to polyvinylidene
fluoride (PVDF) membranes (Millipore, Billeri-
ca, MA, USA). The membranes were immersed
in 5% fat-free milk to block non-specific protein
interactions in Tris-buffered saline and Tween
20 (TBST) buffer at 4 °C for one hour. Then, the
membranes loaded with proteins were maintai-
ned in 5% fat-free milk with the primary anti-
body against TIMP3 or GAPDH (CST, Danvers,
MA, USA). The membranes were then incubated
at room temperature with secondary antibody
conjugated with horseradish peroxide (HRP) for
one hour after washing with TBST buffer 10 min
x 3 times. Then, we detected the membranes
using ECL Kit (Millipore, Billerica, MA, USA).

Statistical Analysis

All the statistical analysis was handled by
using SPSS 19.0 software (SPSS Inc., Armonk,
NY, USA). All quantitative results were displayed
as mean+ SD. One-way ANOVA test was used to
measure the comparison between groups followed
by least significant difference (LSD). p<0.05 indi-
cated significant difference.

Results

MiR-21 was Over-Expressed in RCC
Tissues and Cell Lines

To examine the expression level of miR-21 in
human renal carcinoma, we examined miR-21
expression level in 104 RCC tissue samples and
adjacent normal samples. As clearly shown in Fi-
gure 1A, miR-21 expression levels in RCC group
were significantly higher than that in normal
group. Next, we divided 104 samples into high
miR-21 level group and low miR-21 level group
according the median expression to further eva-
luate the relationship between miR-21 and RCC
clinical pathological features. Table 1 showed
that higher miR-21 level signified larger tumor
size, more lymph node metastasis and advanced
TNM stage, but not related with age, gender, or
laterality. Also, in RCC-derived cell lines miR-21
expressed higher level than HEK-293T cells (Fi-
gure 1B). These data showed miR-21 might act as
a tumor oncogene in RCC.

To further characterize the miR-21 function,
ACHN cells were treated with miR-21 to over-
express miR-21 while 786-O cells were tran-
sfected with miR-21 inhibitors to knockdown
miR-21 expression. The efficiency of treatments
was measured by qRT-PCR (Figure 1C-D).
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Table I. Correlation between miR-21 level and clinicopathological features in RCC.

miR-21 expression

Characteristics Total Low High p-value
Age
<60 years 57 31 26 0.431
>60 years 47 21 26
Gender
Male 58 28 30 0.841
Female 46 24 22
Laterality
Left
Right 41 17 24

63 35 28 0.229
Tumor size
<3 cm 66 41 25 0.002"
>3 cm 38 11 27
Lymph node metastasis
Yes 19 3 16 0.002
No 85 49 36
TNM stage
I 15 13 2 0.0008"
I 49 27 22
I 31 11 20
v 9 1 8

The expression level of miR-21 was cut off by median expression level and *indicated p<0.05.

Ectopic miR-21 Expression Effected the
Cell Proliferation and Apoptosis in RCC

To evaluate the cell proliferation abili-
ty, CCK8 assay was employed. ACHN cells
over-expressing miR-21 performed increased
cell growth activity (Figure 2A), while 786-O
cells knocking down miR-21 showed reduced
cell growth rate (Figure 2B). Next, we detect
the effects of miR-21 in cell apoptosis using
Flow Cytometer. Up-regulation of miR-21 using
mimics reduced cell apoptotic rate of ACHN
cells (Figure 2C), however, down-regulation
of miR-21 using inhibitors accelerated 786-O
cells apoptosis (Figure 2D) comparing to relati-
ve control groups. These findings indicated that
miR-21 accelerated RCC cell proliferation and
inhibited cell apoptosis.

Down-Regulation of miR-21 Reduced Cell
Invasion and Migration of RCC.

Next, we probed whether miR-21 influenced
cell metastasis of RCC using transwell assays.
We observed that over-expressing miR-21 in
ACHN cells increased the cell invasion ability

obviously (Figure 3A), on contrast, down-regu-
lating miR-21 in 786-O cells markedly impai-
red cell invasion activity when comparing with
negative control group (Figure 3B). Consistent
with this result, migration ability of ACHN
cells was enhanced by miR-21 over-expressing
(Figure 3C) while 786-0 cells reduced by miR-
21 silencing (Figure 3D). All these data sugge-
sted miR-21 could promote cell invasion and
migration in RCC.

TIMP3 was a Direct Target of miR-21
According to microRNA target analysis of se-
veral database (targetscan, miRanda, PicTar), we
speculated TIMP3 as a candidate target for miR-
21. The biding site of miR-21 with TIMP3 3’-UTR
was shown in Figure 4A. To further verify our
assumption, we performed dual-luciferase assay.
Using conducted wild type or mutant TIMP3 3’-
UTR vector, we found that luciferase activity si-
gnificantly decreased in wild type group but no
difference in mutant group (Figure 4B). In ad-
dition, we next measured the TIMP3 protein le-
vel of established cell lines by Western blotting.
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Figure 1. MiR-21 was over-expressed in RCC tissues and cell lines. 4, Expression level of miR-21 in 104 pairs RCC tumor
and adjacent normal tissues. B, miR-21 expression level in RCC cell lines (ACHN, A498, Caki-1, Caki-2, 786-0) and human
embryonic kidney 293T cell (HEK-293T). C, Expression of miR-21 in miR-21 mimics treated ACHN cells. D: Level of miR-21
in miR-21 inhibitors treated 786-0 cells. U6 was used as an internal control. p< 0.05, “*p< 0.01.

Clearly, up-regulating miR-21 increased TIMP3
expression in ACHN cells (Figure 4C, 4D) and
down-regulating miR-21 decreased TIMP3 level
(Figure 4C, 4E) compared to each control group.
These findings suggested miR-21 could inhibit
TIMP3 expression.

MiR-21 Regulated RCC cell Proliferation
and Metastasis via TIMP3

To further investigate the mechanism of miR-
21 in RCC, we next conducted siRNA for TIMP3
to inhibit TIMP3 expressing. After co-treating
786-O cells with miR-21 inhibitors and siR-
NA-TIMP3, we analyzed the TIMP3 expression
level, and showed decrease in treated cells (Fi-
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gure 5A, 5B). CCKS assay, apoptosis assay and
invasion assay revealed that silence of TIMP3
remarkably rescued the effect of knocking down
miR-21 in 786-0 cells on cell proliferation, apop-
tosis, and invasion (Figure 5C-F). These data
indicated that inhibition of TIMP3 reversed the
effect of miR-21 silence.

Discussion

Though RCC patients who underwent surgi-
cal treatment have a relative optimistic progno-
sis, the metastasis still limits the improvement
of 5-year-survival rate due to lack of early fo-
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Figure 2. MiR-21 effected the proliferation and apoptosis of RCC cells. A-B, CCK8 assay was employed to show proli-
feration of ACHN (A) or 786-0 (B) cells treating with miR-21 mimics or inhibitors compared to relative negative control. C,
D, Apoptosis assay performed by Flow cytometry to determine the apoptotic rate of ACHN (C) or 786-0 (D) cells transfected
with mimics or inhibitors, respectively. Q4: early apoptosis cells, Q2: late apoptosis cells. ‘p< 0.05, “*p< 0.01.

recasting means?’. Many studies in recent deca-
des have proved some biomarkers such as miR-
NAs, which could act as predicting factors of
renal cancer in aspects of cancer development
and progression®?!,

Our study first displayed the expression of
miR-21 in RCC tissues were significantly hi-
gher than in the adjacent normal samples. And
the expression level of miR-21 in RCC-derived
cell lines also over-expressed in normal HEK-
293T cells. More importantly, we next identi-

fied miR-21 correlated with advanced tumor
progression in RCC patients including larger
tumor volume, more metastatic lymph nodes,
and severer TNM stage. These results perfor-
med over-expression of miR-21 could promote
renal cancer progression.

MiR-21 has been reported to down-regulate
several genes expression in different tumors,
such as PTEN in breast cancer, Sce23a in colo-
rectal carcinoma'*??, Here, we verified TIMP3, a
member of TIMP gene family, as a direct target
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Figure 3. MiR-21 effected the invasion and migration of RCC cells. A-B, Transwell assay was performed to determine
invasion of ACHN (A) or 786-0 (B) cells treating with miR-21 mimics or inhibitors compared to each negative control. C-D,
Matrigel assay was used to detect the migration ability of miR-21 mimics treated ACHN cells (C) or miR-21 inhibitors treated
786-0 cells (D). Data are presented as the mean + SD of five random vision. "p< 0.05, “p< 0.01.

gene for miR-21 in RCC. The protein encoded
by TIMP3 is inhibitor of the matrix metallo-
proteinases (MMPs)*. TIMP3 could inhibit the
function of MPPs, which could promote cell mi-
gration and invasion. Several studies have pro-
ved TIMP3 function as tumor suppressors in
different carcinomas®*?’. Anania et al®® reported
TIMP3 inhibited cell metastasis and in vivo tu-
morigenicity in thyroid tumor. Das et al® per-
formed in melanoma, TIMP3 expression decre-
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ased and inhibited melanoma cell migration. In
renal cancer, decrease of expression of TIMP3
was identified by Masson et al*®. What is more,
TIMP3 acted as downstream molecule of some
miRNAs to mediate the role of different miR-
NAs in different tumors including miR-221/222
in non-small cell lung cancer®’, miR-17 in prosta-
te cancer®?, and miR-181b in hepatocarcinoma®.
These studies confirmed TIMP3 might be a po-
tential factor for cancer therapy.
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Figure 4. TIMP3 was a direct target of miR-21. 4, The predicted binding region of miR-21 in the 3’-UTR of TIMP3. B,
Dual-luciferase reporter assay showed relative activity change of luciferase in ACHN cells treated by mimics or NC were
transfected with pGL3 construct containing the WT or mutant TIMP3 3’-UTR site. C-E, Levels of TIMP3 and GAPDH pro-
tein measured by Western-blot in miR-21 overexpression ACHN cells (C, D) and miR-21 knockdown 786-0O cells (C, E). The
protein levels were normalized to that of GAPDH. "p< 0.05, *'p< 0.01, ns: not significant.

We performed several functional experimen-
ts and identified over-expressing miR-21 enhan-
ced cell proliferation, invasion and migration of
ACHN while silencing miR-21 in 786-0O impaired
cell growth and metastasis abilities. Furthermore,
we conducted siRNA-TIMP3 and demonstrated
TIMP3 silencing reversed the effects of inhibi-
ting miR-21 in cells, which partly elucidated the
mechanism of miR-21 in RCC.

Taken all together, our study demonstrated
miR-21 was over-expressed in RCC tissues and
cells and promoted cell proliferation, invasion,
migration and inhibited cell apoptosis via TIMP3.
As far as we know, this is the first study to explain
the relationship between miR-21 and RCC meta-
stasis. However, regulation mechanism of miR-
NAs is a large system of network. Further studies
of miR-21 in RCC are still needed for explaining
the complicated mechanism of tumor develop-
ment and progression.

Conclusions

We observed that miR-21 was markedly
up-regulated in renal cell cancer and the in-

creased level of miR-21 was relative to larger
tumor size, more metastatic lymph nodes and
advanced TNM stage in RCC patients. Increa-
sed miR-21 expression could promote cell proli-
feration, invasion, migration and inhibited cell
apoptosis abilities via targeting TIMP3. These
findings indicated miR-21 could be a potential
target for prognostic prediction and therapeutic
strategies.
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