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Tumor suppressive microRNA-200a inhibits renal cell carcinoma
development by directly targeting TGFB2
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Abstract A large body of evidence indicates that microRNAs
play a critical role in tumor initiation and progression by neg-
atively regulating oncogenes or tumor suppressor genes. Here,
we report that the expression of miR-200a was notably down-
regulated in 45 renal cell carcinoma (RCC) samples. Restora-
tion of miR-200a suppressed cell proliferation, migration, and
invasion in two RCC cell lines. Furthermore, we used an
epithelial-to-mesenchymal transition PCR array to explore
the putative target genes of miR-200a. By performing quanti-
tative real-time PCR, ELISA, and luciferase reporter assays,
transforming growth factor beta2 (TGFB2) was validated as a
direct target gene of miR-200a. Moreover, siRNA-mediated
knockdown of TGFB2 partially phenocopied the effect of
miR-200a overexpression. These results suggest that miR-
200a suppresses RCC development via directly targeting
TGFB2, indicating that miR-200a may present a novel target
for diagnostic and therapeutic strategies in RCC.

Keywords miR-200a . Tumor suppressor . TGFB2 . Renal
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Introduction

Renal cell carcinoma (RCC) originates from renal tu-
bules. It contributes to about 3 % of adult malignancies
and results in over 100,000 deaths per year [1]. It has
been described as the most lethal malignancy of all the
urological cancers. Although surgery is curative for the
localized RCC, a remarkable proportion of patients will
relapse or metastasize. Nearly 60 % of the RCC patients
develop metastases, and the 5-year survival rate of met-
astatic RCC patients is approximately 10 % [2, 3].
Despite a series of new therapeutic drugs has been de-
veloped, it is still difficult to treat patients with meta-
static RCC and the prognostic improvement cannot be
accomplished. Therefore, new sensitive tumor markers
and effective therapeutic methods are urgently needed
to prolong a patient’s survival.

Emerging evidence suggests that microRNAs (miRNAs)
are aberrantly expressed in human cancers, and they are in-
volved in the cancer initiation, development, and metastasis
[4]. MiRNAs are small (∼22 nucleotides) noncoding regula-
tory RNA molecules that function as negative gene regulators
by repressing translation or cleaving RNA transcripts in a
sequence-specific manner [5]. They can regulate a wide vari-
ety of developmental and physiological processes and func-
tion as oncogenes or tumor suppressors depending on their
downstream target genes [6].

On the basis of recent studies describing miRNA signa-
tures, dysregulation of several miRNAs has been reported in
RCC [7–9]. In our previous study, we have identified numer-
ous miRNAs which were abnormally expressed in RCC by
digital gene expression sequencing, and miR-200a was one of
the most downregulated miRNAs [10]. MiR-200a belongs to
the miR-200 family, which plays an important role in the
epithelial-to-mesenchymal transition (EMT) in human cancers
[11]. Several studies show that miR-200a inhibited the meta-
static potential and proliferation of cancer cells, indicating that
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miR-200a may function as a tumor suppressor in human can-
cers [12–15]. Furthermore, a previous study showed that miR-
200a was downregulated in clinical RCC specimens com-
pared with normal kidney tissues [16]. In this study, we per-
formed quantitative real-time PCR in 45 pairs of RCC samples
and the matched normal tissues to validate the aberrant ex-
pression of miR-200a in RCC. The tumor suppressive role of
miR-200a in RCC was demonstrated by several functional
experiments. To search for the putative target genes, an
EMT PCR array was carried out and transforming growth
factor beta2 (TGFB2) was subsequently validated as the direct
target of miR-200a. Tumor suppressive miR-200a and
its novel molecular target, TGFB2, may provide new
insights into the potential mechanisms of RCC, and
miR-200a may serve as a promising target for further
therapeutic approaches.

Materials and methods

Ethics statement

The collection and use of the patient samples were approved
by Institutional Review Board of Peking University Shenzhen
Hospital. Written consent was obtained from all patients in the
study.

Patient specimens

A total of 45 pairs of RCC and adjacent noncancerous tissue
(36 clear cell RCC, 5 papillary RCC, and 4 chromophobe
RCC) were obtained from the Sun Yat-sen University Cancer
Center and The First Affiliated Hospital of Anhui Medical
University. Histopathological diagnoses were performed ac-
cording to the WHO classification system, and nuclear grade
was scored according to the Fuhrman classification system
[17]. The clinicopathological information of the patients was
shown in previous study [18].

Cell culture

Two human RCC cell lines ACHN and 786-O were obtained
from American Type Culture Collection (ATCC, Manassas,
VA, USA). Cells were incubated in Dulbecco’s modified Ea-
gle’s medium (DMEM) supplemented with 10 % fetal bovine
serum and 1% antibiotics (100U/ml penicillin and 100mg/ml
streptomycin sulfates). Cells were maintained in humidified
incubators (5 % CO2) at 37 °C.

Quantitative real-time PCR (qRT-PCR)

Total RNAwas extracted from tissue samples or the RCC cells
using the miRNeasy Mini Kit (QIAGEN, Valencia, CA,

USA). All isolated RNAwas quantified by NanoDrop® spec-
trophotometer. Only those RNA samples with 260/280 ratios
of 1.8–2.0 were used for further investigation. cDNA was
generated from 1 μg total RNA using the miScript II RT Kit
(QIAGEN) and the RevertAid First Strand cDNA Synthesis
Kit (Fermentas, Vilnius, Lithuania). The analysis of qRT-PCR
was performed using the miScript SYBR® Green PCR Kit
(QIAGEN Co. Ltd.) and the SYBR Premix Ex Taq™ (Takara
Bio Inc.) on the Roche LightCycler 480 Real-Time PCR Sys-
tem. The expression of miR-200a was normalized to U6 small
nuclear RNA (RNU6B). GAPDH was selected as the endog-
enous control for TGFB2. The following primers were used:
miR-200a forward primer, 5′-TAA CAC TGT CTG GTA
ACG ATG T-3′; RNU6B forward primer, 5′-ACG CAA
ATT CGTGAAGCG TT-3′ (both of the reverse primers were
provided by the miScript SYBR® Green PCR Kit); TGFB2
forward, 5′-TTA GAA ATG TGC AGG ATA ATT GCT-3′,
reverse, 5′-CAGAAGTTGGCATTGTACCCT-3′;GAPDH
forward, 5′-ATGGGGAAGGTGAAGGTCGG-3′, reverse,
5′-GAC GGT GCC ATG GAA TTT GC-3′. Amplification
reactions were performed in a 20-μl final volume and were
done for 40 cycles (15 s at 95 °C, 20 s at 55 °C, and 30 s at
70 °C). The mRNA and miRNA expression levels were de-
termined using the delta–delta Ct method.

Mature miRNA and siRNA transfection

ACHN and 786-O cells were transfected with 50 nM miR-
200a mimics or the negative control (RiboBio, Guangzhou,
China) using Lipofectamine 2000 (Invitrogen, CA, USA) and
Opti-MEM™ (Invitrogen). For knockdown of TGFB2,
ACHN and 786-O cells were transfected with TGFB2 siRNA
(si-TGFB2, GenePharma, Shanghai, China) or the negative
control siRNA (si-NC) according to the manufacturer’s
instructions.

Cell proliferation assay

Proliferation of ACHN and 786-O cells was measured by the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide assay (MTT, SigmaAldrich, St. Louis, MO, USA). Cells
(approximately 6×103 cells) were seeded into a 96-well cul-
ture plate 24 h prior to transfection. The blank control was set
up with a medium only. At 0, 24, 48, or 72 h post-transfection,
20 μl of MTT (5 mg/ml) was added to each well, and plates
were incubated for 4 h at 37 °C. The precipitate was solubi-
lized in 150 μl of dimethyl sulfoxide (DMSO), and absor-
bance was measured at a wavelength of 490 nm (with
630 nm as the reference wavelength) using an ELISA micro-
plate reader (Bio-Rad, Hercules, CA, USA). Experiments
were repeated at least three times.
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Cell migration assay

Cell migration was examined by scratch assay according to
the methods previously described [19]. Briefly, ACHN and
786-O cells were seeded to 6-well plates. At 24 h after trans-
fection, an artificial homogenous wound was created onto the
monolayer with a sterile 200-μl tip. After scratching, the cells
were washed with phosphate buffer saline (PBS) medium
three times and incubated at 37 °C. Images of cell migration
were captured at time points of 0, 6, 12, 18, and 24 h by digital
camera system. The software program MIAS-2000 was used
to determine the migration distance. Experiments were run in
three independent repeats in triplicate and analyzed in a
double-blind fashion by at least two observers.

Cell invasion assay

Matrigel (1:4, 60 μl/well, BD Biosciences, Heidelberg, Ger-
many) was added to Transwell chambers (8.0-μm pore size,
Corning, Cambridge, MA) in a 24-well plate. At 24 h after
transfection, ACHN and 786-O cells were harvested and re-
suspended in a serum-free DMEM medium. Aliquots (2×104

cells) of the prepared cell suspension were added into the
upper chamber, and the lower chamber was filled with 1 ml
DMEM supplemented with 10 % FBS. After 48 h incubation
at 37 °C with 5 % CO2, non-invading cells in the upper cham-
ber were removed with a cotton swab and washed three times
with PBS. Then, the invasive cells were fixed in 100 % etha-
nol and stained with 0.1 % crystal violet. Invading cells were
counted by taking photomicrographs in three fields. Experi-
ments were performed in triplicate.

Epithelial-to-mesenchymal transition (EMT) PCR array

The RT2 Profiler PCR array for human EMT (QIAGEN/
SABiosciences, which consists of 84 EMT-related genes,
was used for the identification of the EMT-related genes. Total
RNA isolated from the ACHN and 786-O cells which
transfected with miR-200a or the negative control was used
for screening by real-time PCR according to the manufac-
turer’s instructions.

Luciferase reporter assay

The 3′UTR of the TGFB2 was PCR amplified and inserted
between the XhoI–NotI restriction sites in the 3′UTR of the
hRluc gene in the psiCHECK™-2 luciferase vector (Promega,
Madison, WI, USA). Primer sequences for the 3′UTR of
TGFB2 mRNA (forward primer 5′-CCG CTC GAG GAT
GAC GAC GAC AAC GAT GAT GC-3′ and reverse primer
5′-ATT TGC GGC CGC GGG GCT TTA CTC AAA AGT
ACT GG-3′) were designed. In order to verify the binding
sites of the miR-200a, we synthesized two short fragments

of TGFB2 3′UTR which contains the potential binding sites.
Then, we manually mutated the potential binding sites by
exchanging the G and T, A and C. The sequences of the short
fragments were shown in Fig. 4e. All the fragments
were cloned into psiCHECKTM-2 luciferase vector,
and all the constructs were verified by sequencing. Then,
the luciferase reporter constructs, together with miR-200a
mimics or the negative control, were transfected into
ACHN cells. At 48 h after transfection, dual luciferase assay
system (Promega, Madison, WI, USA) was used to detect the
luciferase activity. Normalized data were calculated as the
quotient of Renilla/firefly luciferase activities. The

Fig. 1 miR-200a was downregulated in RCC and inhibited RCC cell
proliferation. a Quantitative RT-PCR of miR-200a expression relative to
U6 expression in RCC tumor samples and adjacent normal kidney tissue
of 45 renal cancer patients. The 2−ΔΔCT method was used to analyze the
data, and the data were shown in log2 (cancer/normal). b, c miR-200a
inhibited cell proliferation in ACHN cells and 786-O cells. Cell growth
was measured by MTT assay at different time intervals. ANOVA was
used for the comparison of cell growth curves
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experiments were performed in duplicate and repeated at least
three times.

ELISA

After 24 h, a serum-free medium was cultured, the conditioned
medium of the transfected ACHN and 786-O cells was collect-
ed. Then, ELISAwas performed to measure the concentration
of TGFB2 in the cells culture supernatants using the human
transforming growth factor beta 2 ELISA Kit (Yifeng, Shang-
hai, China) according to the manufacturer’s instructions.

Results

miR-200a is downregulated in RCC

In order to investigate the expression profile of miR-
200a in RCC, we performed qRT-PCR in 45 pairs of
RCC specimens and their adjacent normal kidney tis-
sues. As shown in Fig. 1a, the expression of miR-
200a was downregulated in 38 samples (84.4 %), with
an average of 3.42-fold downregulation (p<0.01), sug-
gesting that miR-200a may function as a tumor suppres-
sor in RCC.

Fig. 2 miR-200a inhibited cell migration and invasion. a miR-200a
inhibited cell migration in ACHN cells. b miR-200a inhibited cell
migration in 786-O cells. c miR-200a inhibited cell invasion in ACHN

and 786-O cells. All experiments were performed three times, and a
representative picture was shown. *p<0.05, **p<0.01
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miR-200a inhibits cell proliferation

To investigate the functional significance of miR-200a in
RCC, we performed gain-of-function studies using transient
transfection with mature miR-200a mimics. The MTT assay
demonstrated that the cell proliferation in miR-200a
transfectants was significantly decreased by 19.3 % (24 h),
18.1 % (48 h), and 15.9 % (72 h) in ACHN cells (p<0.05,
Fig. 1b) and was decreased by 17.3 % (24 h), 17.4 % (48 h),
and 13.6% (72 h) in 786-O cells (p<0.05, Fig. 1c). These data
provided evidence showing that overexpression of miR-200a
inhibited RCC cell proliferation.

miR-200a inhibits cell migration and invasion

To investigate the role of miR-200a in tumor metastasis, we
performed cell migration and invasion assay in RCC cell lines
ACHN and 786-O. As shown in Fig. 2a, b, cell migration was

significantly decreased in miR-200a transfectants compared
with negative control. The inhibition rates of migration were
25.4 % for ACHN cells (p<0.01) and 41.5 % for 786-O cells
(p<0.01), respectively. We then performed cell invasion as-
says in ACHN and 786-O cells. The number of invading cells
was significantly decreased by 46.9% in ACHN (p<0.01) and
by 31.9 % in 786-O cells (p<0.05) in the miR-200a
transfectants compared with the negative control (Fig. 2c),
suggesting that miR-200a inhibited RCC cell migration and
invasion.

miR-200a regulates TGFB2 expression in RCC cells

The miR-200 family has been shown to inhibit the initiation
step of metastasis, EMT, by maintaining the epithelial pheno-
type in cancer cells [11, 20]. Since miR-200a significantly
decreased cellular migration and invasion in RCC cells, we
searched for the downstream EMT-related genes that might be

Fig. 3 miR-200a transfections in ACHN and 786-O cells led to differ-
ential expressions of EMT-related genes. a Overexpression of miR-200a
in ACHN cells led to differential expressions of genes represented on an
EMT PCR array. b Overexpression of miR-200a in 786-O cells led to
differential expressions of genes represented on an EMT PCR array. Gene
expressions were represented in a scatter plot with a 3-fold cutoff

displaying fold changes between miR-200a and negative control
transfected cells. Genes represented as down- or upregulated in the plot
were listed with fold-change. Heat maps of the EMT PCR array were
shown in the lower panels: green square (downregulated), red square
(upregulated), black square (not changed), gray square (undetermined)
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regulated by miR-200a using the EMT PCR array. Of the 84
genes tested, 18 genes and 14 genes were downregulated after
miR-200a treatment (>3-fold) in ACHN and 786-O cells re-
spectively, including ZEB1 and ZEB2 which were validated
as the direct target genes of miR-200a in previous studies [21,
22]. Conversely, only two genes and three genes were

upregulated in miR-200a transfectants in ACHN and 786-O
cells, respectively (Fig. 3).

Among the most downregulated genes, TGFB2 was found
to have the putative binding site of miR-200a. Therefore, we
performed qRT-PCR to verify the result of EMT array. As
shown in Fig. 4a, the mRNA levels of TGFB2 were signifi-
cantly downregulated in miR-200a transfectants compared
with the negative control. Moreover, as detected by ELISA,
the protein levels of TGFB2 in the conditioned media from
miR-200a transfected cells were significantly decreased com-
pared with the negative control (Fig. 4b). These data clearly
demonstrate that miR-200a represses TGFB2 expression at
both mRNA and protein levels in RCC cells.

TGFB2 is a direct target of miR-200a

As illustrated in the Fig. 4c, TGFB2 showed the putative target
site of miR-200a at 95–116 bp of 3′UTR with an exact match
in the seed region at 109–115 bp. The target site is located in
conserved regions of the TGFB2 3′UTR among several spe-
cies (Fig. 4c). To investigate whether TGFB2 is a direct target
of miR-200a, we generated a reporter construct containing the
3′UTR of TGFB2 downstream of the luciferase gene. The
luciferase reporter assay indicated that miR-200a significantly
inhibited the luciferase activity (Fig. 4d). To further verify the
site of interaction, we generated two luciferase reporter
constructs containing the wild-type or mutated-type tar-
get sites of TGFB2 3′UTR. As shown in Fig. 4e, the
luciferase activity was significantly suppressed by miR-
200a in wild-type constructs, whereas the inhibitory ef-
fect of miR-200a was abolished in the mutated-type
constructs. These results confirmed TGFB2 as a direct target
of miR-200a and identified the binding site in the 3′UTR of
TGFB2 mRNA.

�Fig. 4 TGFB2 was a direct target gene of miR-200a. a miR-200a
downregulated TGFB2 mRNA. qRT-PCR was used to measure the
expression level of TGFB2 mRNA. b miR-200a downregulated TGFB2
protein. The supernatants of ACHN and 786-O cells were collected, and
ELISA was used to measure the concentration of TGFB2. c Putative
duplex formation between miR-200a and the TGFB2 3′UTR. The
binding site of TGFB2 3′UTR was highly conserved among several
mammalian species. The seed-recognizing sites were marked in bold
type and underlined. d The luciferase reporter constructs which
contained 3′UTR of TGFB2, together with miR-200a mimics or the
negative control were transfected into ACHN cells. A total of 48 h after
transfection, luciferase activity was detected. Normalized data were
calculated as the quotient of Renilla/firefly luciferase activities. e We
synthesized a 23-nucleotide-long fragments of TGFB2 3′UTR which
contained the wild-type (WT) potential binding sites. And then, the
mutated (MU) fragments were generated by exchanging the G and T, A
and C on the putative binding sites. Samples were assayed as in d. The
experiments were performed in duplicate and repeated three times.
*p<0.05, **p<0.01
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TGFB2 knockdown inhibits cell proliferation

To analyze whether TGFB2 affects cell proliferation and in-
vasion of RCC, TGFB2 siRNA (si-TGFB2) and control
siRNA (si-NC) were transfected into ACHN and 786-O cells.
The expression of TGFB2mRNAwas significantly downreg-
ulated in si-TGFB2 transfected cells (Fig. 5a). Furthermore,
ELISA showed that the protein level of TGFB2 in the condi-
tionedmedia from si-TGFB2 transfected cells was significant-
ly decreased compared with the si-NC transfectants (Fig. 5b).
To determine the effect of TGFB2 knockdown on cell prolif-
eration, ACHN and 786-O cells were transfected with si-
TGFB2 or si-NC. The MTT assay demonstrated that cell pro-
liferation was decreased by 13.0 % (24 h), 24.4 % (48 h), and
17.8 % (72 h) in ACHN cells (p<0.05, Fig. 5c) and was
decreased by 18.8 % (24 h), 19.4 % (48 h), and 13.8 %
(72 h) in 786-O cells (p<0.05, Fig. 5d). The results demon-
strated that knockdown of TGFB2 inhibited RCC cell
proliferation.

TGFB2 knockdown inhibits cell migration and invasion

Finally, we performed cell migration and invasion assay in
ACHN and 786-O after si-TGFB2 transfection. As shown in
Fig. 6a, b, knockdown of TGFB2 significantly suppressed cell
migration in ACHN and 786-O cells. The inhibition rates of
migration were 47.3 % for ACHN cells (p<0.05) and 37.6 %
for 786-O cells (p<0.05), respectively. Cell invasion assay

showed that the number of invading cells was significantly
decreased by 70.1 % in ACHN (p<0.01) and by 74.8 % in
786-O cells (p<0.01) in the si-TGFB2 transfectants compared
with the negative control (Fig. 6c). Taken together, knock-
down of TGFB2 dramatically decreased RCC cell migration
and invasion.

Discussion

The miR-200 family contains five members (miR-200a, miR-
200b, miR-200c, miR-141, and miR-429) that are found in
two clusters which are located on chromosomes 1 and 12
[11]. There is growing evidence that miR-200 plays a vital
role in tumor suppression by inhibiting EMT process, the
initiating step of metastasis [23, 24]. Downregulation of
miR-200a has been reported in several human cancers, includ-
ing nasopharyngeal carcinoma [12], meningiomas [25], and
breast cancer [26]. Moreover, restoration of miR-200a
inhibited cell proliferation, migration, and invasion of hepato-
cellular carcinoma [13], nasopharyngeal carcinoma [12], pros-
tate cancer [14], and ovarian cancer [15]. Conversely, inhibi-
tion of miR-200a promoted cancer cell development [12],
suggesting that miR-200a may act as a tumor suppressor in
human cancer.

Our previous study has identified plenty of miRNAs which
were abnormally expressed in RCC tissues by digital gene
expression sequencing [10]. Among them, miR-200a was

Fig. 5 TGFB2 knockdown
inhibited cell proliferation. a si-
TGFB2 downregulated TGFB2
mRNA. The expression level of
TGFB2 mRNAwas measured by
qRT-PCR. b si-TGFB2
downregulated TGFB2 protein.
The expression level of TGFB2
protein was measured by ELISA.
c, d TGFB2 knockdown inhibited
cell proliferation in ACHN and
786-O cells. ANOVAwas used
for the comparison of cell growth
curves
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one of the most downregulated miRNAs. To further validate
the sequencing results, we performed qRT-PCR to analyze the
expression of miR-200a in other 45 samples of RCC patients.
Our data showed that the expression of miR-200a was signif-
icantly downregulated in RCC samples compared with that in
the adjacent normal tissues, which were consistent with a pre-
vious study. To further characterize the effect of miR-200a in
RCC cell lines, a series of function assays was performed. Our
results demonstrated that miR-200a inhibited cell prolifera-
tion, migration, and invasion, which provided compelling ev-
idence to support the anticancer effect of miR-200a on RCC.

EMT is the process by which epithelial cells lose their cell
polarity and adhesion and acquire migratory and invasive

properties to become mesenchymal cells. EMT is a critical
step in the initiation of metastasis for cancer progression and
correlates positively with poor prognosis [27, 28]. Cancer
cells in primary tumor lose cell–cell adhesion mediated by
E-cadherin repression, get through the basement membrane
with enhanced invasive properties, and enter the bloodstream
through intravasation [29]. It has been well established that
miR-200a is closely involved in the process of EMT [11, 21,
22]; we therefore performed an EMT PCR array to search the
potential EMT-related pathway that is affected by miR-200a
restoration in RCC cells. The EMT array contains 84 genes
including morphogenesis, extracellular matrix and cell adhe-
sion, cytoskeletal genes, and transcription factor genes that

Fig. 6 TGFB2 knockdown inhibited cell migration and invasion. a
TGFB2 knockdown inhibited cell migration in ACHN cells. b TGFB2
knockdown inhibited cell migration in 786-O cells. c TGFB2 knockdown

inhibited cell invasion in ACHN and 786-O cells. All experiments were
performed three times, and a representative picture was shown. *p<0.05,
**p<0.01
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cause EMT. Our data showed that miR-200a regulates the
expression of a variety of genes involved in EMT, suggesting
that the downregulation of miR-200a in RCC may provide
advantages for tumor metastasis by modulating a set of genes
required for EMT.

Among the dysregulated EMT-related genes, we chose
TGFB2 for further analysis as it has a putative binding site
on the 3′UTR for miR-200a. TGFB is a protein secreted by
most cells that controls cell proliferation, differentiation, mo-
tility, apoptosis, and immune regulation [30]. Dual functions
of TGFB have been reported in human cancer. TGFB is an
important cytostatic regulator in epithelial cells, acting as an
antiproliferative factor in normal epithelial cells and at early
stages of oncogenesis due to its ability to activate the tran-
scription of cell-cycle inhibitors and/or apoptotic regulators
[31–33]. However, the tumor-suppressive arm of the TGFB
pathways is selectively inhibited as a tumor progresses. In the
meanwhile, cancer cells can mutate parts of the TGFB signal-
ing pathway and result in increased EMT, invasion, and me-
tastasis [33, 34]. Moreover, TGFB can cause immunosuppres-
sion and angiogenesis through acting on the surrounding stro-
mal cells, immune cells, endothelial, and smooth muscle cells,
which makes the cancer more invasive [35]. Downregulation
and the pro-oncogenic effect of TGFB2 have been reported in
human cancer [36, 37]. However, little is known whether
TGFB2 is involved in RCC. Our study clearly showed that
miR-200a repressed the expression of TGFB2 in both mRNA
and protein levels in RCC cell lines. Furthermore, luciferase
reporter assay showed that miR-200a directly bind to the
TGFB2 3′UTR and inhibits its luciferase activity. There results
show that TGFB2 is a direct target of miR-200a in RCC,
which is consistent with a previous study that miR-200a reg-
ulates the expression of TGFB2 in a rat kidney tubular epithe-
lial cell [38]. To validate whether miR-200a has a tumor sup-
pressive role through TGFB2, we knocked down TGFB2 in
ACHN and 786-O cells by siRNA technique. TGFB2mRNA
and protein were significantly downregulated after si-TGFB2
transfection. Similar to the results of miR-200a, si-TGFB2
transfection suppressed the proliferation and invasion of
RCC cell.

It has been well established that miR-200a inhibited the
EMT of cancer cells through directly targeting E-cadherin
transcriptional repressors (ZEB1 and ZEB2), and knockdown
of miR-200a induced decreased level of E-cadherin and thus
promoted EMT [39, 40]. By contrast, ZEB1 repressed the
expression of miR-200 through directly binding to the E-box
sites present upstream of miR-200 promoters [41]. ZEB1 si-
lencing in mesenchymal cancer cells induced miR-200 ex-
pression [41, 42], indicating that ZEB and miR-200 were re-
ciprocally linked in a feedback loop. Interestingly, sustained
expression of ZEB requires the autocrine TGFB signaling,
thus, contributing to the maintenance of the mesenchymal
phenotype [43]. Moreover, continuous expression of TGFB

led to reversible DNA methylation of the miR-200 promoters
and subsequently resulted in miR-200 repression [43]. In the-
ory, adding TGFb2 back to the culture medium will definitely
rescue the effect of miR-200a. One possibility is that exoge-
nous TGFb2 really rescued the downregulation of endoge-
nous TGFb2 by miR-200a, while the other possibility is that
TGFb2 itself could affect cell migration and invasion and
reverse the effect of miR-200a. According to these results,
we suppose that there also has a feedback loop between
miR-200 and TGFB. The miR-200/ZEB/TGFB signaling net-
work may play a crucial role in EMT and tumor metastasis.

In conclusion, miR-200a was significantly downregulated
in clinical RCC specimens and functioned as a tumor suppres-
sor in RCC by directly targeting TGFB2. Our study may lead
to a better understanding of miR-200/ZEB/TGFB signaling
network. Recently, preclinical studies have shown the poten-
tial application of anti-TGFB therapies on cancer targeted
treatment [33]. Many of these strategies are currently in clin-
ical trials. We suppose that miR-200a may also serve as a
novel therapeutic strategy for patients with RCC.
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