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miR-205 suppresses cell proliferation, invasion, and metastasis
via regulation of the PTEN/AKT pathway in renal cell carcinoma
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Abstract. The present study aimed to determine the impor-
tance of microRNA-205 (miR-205) in the proliferation,
apoptosis, invasion and metastasis of renal cell carcinoma
(RCC) cells and the underlying molecular mechanisms.
Reverse transcription-polymerase chain reaction was used
to quantify the expression levels of miR-205 in RCC tissue,
normal tissue adjacent to carcinoma, RCC cells and normal
renal cells. It was determined that the expression levels of
miR-205 in RCC tissue and cells were reduced compared with
those in normal tissue and renal cells. miR-205 mimics and
the negative control were prepared and transfected into RCC
cells. Cell viability and apoptosis were investigated using
methyl thiazolyl tetrazolium assay and Annexin V-fluorescein
isothiocyanate/propidium iodide staining, respectively. Cell
migration and invasion were evaluated with Transwell assays.
The protein expression levels of E2F transcription factor 1
(E2F1), B-cell lymphoma-2 (Bcl-2), E-cadherin, vimentin,
phosphatase and tensin homolog (PTEN) and phosphorylated
AKT serine/threonine kinase 1 (p-AKT) were determined with
western blot analysis. It was revealed that miR-205 promoted
the apoptosis of RCC cells and suppressed their proliferation,
metastasis and invasion compared with the negative control.
The expression levels of E2F1, Bcl-2, vimentin and p-AKT
were downregulated compared with the negative control. The
expression levels of E-cadherin and PTEN were upregulated
in the cells transfected with miR-205 mimics compared
with the negative control group. Therefore, it was concluded
that miR-205 suppressed cell proliferation, invasion, and
metastasis in RCC cells via regulation of the PTEN/AKT
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signaling pathway. The present study may contribute to future
miRNA-based RCC therapy.

Introduction

Renal cell carcinoma (RCC) is a type of malignant tumor,
which originates from renal tubular epithelial cells. It poses
a serious threat to human health, as its morbidity rate is high
among tumors of the urinary system (1,2). In recent years,
the morbidity and mortality rates of patients with RCC have
increased in China (3). Radical nephrectomy is currently the
most effective treatment for RCC. The 5-year survival rate of
patients following surgery is currently <10%, despite efforts to
improve it (2). Therefore, the development of novel effective
treatment would be of great significance for patients with RCC.
Notably, multiple microRNAs (miRNAs) have been identified
to be closely associated with the genesis and development of
RCC, including effects on proliferation, apoptosis, invasion
and metastasis, which may provide an alternative strategy for
the early diagnosis and prognosis of RCC.

Endogenous non-coding miRNAs have highly conserved
sequences; therefore, they are able to inhibit the expression
of a target gene by binding to the 3'-untranslated region of
the mRNA and, subsequently, inhibiting its translation. Over
700 human miRNAs have been identified to participate in
~1/3 of human gene expression. Additionally, the abnormal
expression of certain miRNAs in RCC had been confirmed by
previous studies (4-6). Gottardo ef al (4) identified 10 miRNAs,
including miR-223, miR-26b, miR-221, miR-103-1, miR-185,
miR-23b, miR-203, miR-17-5p, miR-23a and miR-205, that
were highly expressed in RCC when compared with normal
nephridial tissue (4). Chow et al (5) also determined that
the expression levels of 21 miRNAs were upregulated, and
12 miRNAs were downregulated, in RCC (5). Similarly, the
abnormal expression of 86 miRNAs in RCC was investigated
by Yi et al (6) using gene chip technology, where 48 miRNAs
were highly expressed and 38 exhibited low expression
levels (6). Therefore, specific regulation of the target gene by
diverse miRNAs may contribute to the improvement of RCC
treatment.

miRNA-205 (miR-205) sequence was first calculated
from homogenous sequences of mice and Takifugu rubripes
using miRNA software (7). In humans, miR-205 is located
on the second intron of the long arm of chromosome 1 and
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is not located near to other miRNAs. miR-205 has been
determined to be abnormally expressed in various types of
tumor. miR-205 is capable of acting as an oncogene and tumor
suppressor. As a tumor suppressor, it may regulate the malig-
nant biological behaviors of various types of tumor, including
prostatic carcinoma, squamous cell carcinoma of the head
and neck and breast carcinoma, via targeting the expression
of various genes (8,9). Previous studies have reported low
expression levels of miR-205 in RCC (10,11), with miR-205
levels important for the regulation of RCC (11). However, the
detailed molecular mechanisms involved remain to be eluci-
dated. Therefore, the present study aimed to validate the low
expression levels of miR-205 in the tissue and cells of RCC,
investigate the effect of miR-205 on the malignant biological
behaviors of RCC, including cell proliferation, invasion and
metastasis, and determine the underlying molecular mecha-
nisms.

Materials and methods

Specimen collection. Ethical approval and written informed
consent was obtained from the Drug Clinical Trials Ethics
Committee, First Affliated Hospital of Xiamen University
(Fujian, China), and 20 RCC and 20 normal tissues adjacent to
carcinoma were collected from patients that underwent lapa-
roscopic radical nephrectomy in the Department of Urology,
First Afflicted Hospital of Xiamen University (Xiamen,
China), between May 2014 and May 2015. Patients did not
receive chemotherapy or radiotherapy prior to the operation
and pathological diagnosis was performed.

Materials and cell culture. The Annexin V-fluorescein isothio-
cyanate (FITC)/propidium iodide (PI) apoptosis detection kit
was obtained from Keygen Biotech Co., Ltd. (Nanjing, China).
Bicinchoninic acid assay (BCA) kit was from Beyotime Insti-
tute of Biotechnology (Nanjing, China). Lipofectamine 2000,
TRIzol reagent and one-step reverse transcription-polymerase
chain reaction (RT-PCR) kit were purchased from Invit-
rogen; Thermo Fisher Scientific, Inc. (Waltham, MA, USA).
Methyl thiazolyl tetrazolium (MTT) was purchased from
Gibco (Thermo Fisher Scientific, Inc.). Rabbit anti-E2F
transcription factor 1 (E2F1; cat. no. 8120-1), anti-B-cell
lymphoma-2 (Bcl-2 ; cat. no. 1017-1), anti-E-cadherin
(cat. no. 5409-1), anti-vimentin (cat. no. 2707-1) and
GAPDH (cat. no. 5632-1) monoclonal antibodies were
obtained from Epitomics (Burlingame, CA, USA). Rabbit
anti-phosphatase and tensin homolog (PTEN; cat. no. 9552),
anti-AKT serine/threonine kinase 1 (AKT; cat. no. 9272)
and anti-phosphorylated AKT (p-AKT; cat. no. 4060) anti-
bodies were purchased from Cell Signaling Technology, Inc.
(Danvers, MA, USA). Horseradish peroxidase-conjugated goat
anti-rabbit antibody (cat. no. A0208) was obtained from Beyo-
time Institute of Biotechnology, Inc. Transwell inserts were
obtained from Corning Incorporated (Corning, NY, USA).
Human RCC cell lines, ACHN, 769-p, and Caki-1, were
purchased from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China; cat. nos. TCHu199,
TCHu215 and TCHul35, respectively). Normal human renal
tubular epithelial cell line HK-2 was purchased from American
Type Culture Collection (Manassas, VA, USA). Cells were
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cultured in Dulbecco's modified Eagle's medium (DMEM,;
GE Healthcare Life Sciences, Logan, UT, USA) supplemented
with 10% (v/v) fetal bovine serum (FBS; GE Healthcare Life
Sciences).

Preparation of miRNA. miR-205 mimics and the nega-
tive control were synthesized by GenePharma Co., Ltd.,
(Shanghai, China). The sequences were as follows: miR-205
mimics, forward 5-UCCUUCAUUCCACCGGAGUCUG-3',
reverse 5'-GACUCCGGUGGAAUGAAGGAUU-3'; and nega-
tive control, forward 5-UUCUCCGAACGUGUCACGUTT-3',
reverse 5-ACGUGACACGUUCGGAGAATT-3". The mix ratio
of the miRNA and Lipofectamine 2000 reagent for gene trans-
fection was defined according to the manufacturer's protocol.

miR-205 expression level in RCC tissues and cells. Total RNA
of RCC tissues and cells was extracted using TRIzol reagent
in an RNase-free environment following to the manufacturer's
protocol. The reverse transcription from RNA to cDNA and
PCR amplification were performed using the one-step
RT-PCR kit. The primers used are presented in Table I and
were added to 25 pl PCR reaction system. The thermocycling
parameters were defined as follows: Denaturation for 45 sec
at 94°C, annealing for 45 sec at 59°C, elongation for 60 sec
at 72°C for 35 cycles. The amplification products (5 pl) were
loaded on a 2% (w/v) agarose gel for separation by gel elec-
trophoresis. A ChemiDoc XRS gel imaging system (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) using Goldview dye
for visualization and analysis of electrophoresis strips. Image
Pro Plus version 6.0 (Media Cybernetics, Inc., Rockville, MD,
USA) was used for quantification.

Cell viability. ACHN cells were seeded at a density of
2.0x10* cells/well in 96-well plates. When cell confluence
reached 50%, miR-205 mimics and the negative control were
transfected into cells using Lipofectamine 2000. After 48 h,
20 ul MTT (5 mg/ml) was added into each well and cells were
cultured for a further 4 h. Culture media was discarded and
150 pl dimethyl sulfoxide was added into each well. When
the crystal was fully dissolved, absorbance was determined at
560 and 630 nm (reference wavelengths) using a microplate
reader (Infinite F200/M200; Tecan, Madnnedorf, Switzerland).
The relative cell viability was calculated. Cells without any
treatment served as control.

Cell apoptosis. ACHN cells were seeded at a density of
1.0x10* cells/well in 6-well plates. When cell confluence
reached 50%, miR-205 mimics and the negative control
were transfected into cells using Lipofectamine 2000. The
Annexin V-FITC/PI apoptosis detection kit was used to
determine the cell apoptosis according to the manufacturer's
protocol. Briefly, following 24 h of incubation, the cells were
digested with 0.25% (w/v) trypsin, washed with phosphate-buff-
ered saline and collected with a centrifugation at 800 x g for
5 min. Cells were then resuspended in 500 ul binding buffer.
Cell suspension was mixed with 5 ul Annexin V-FITC and
subsequently with 5 ul PI. After 15 min incubation at room
temperature in the dark, cell apoptosis was determined using
a flow cytometer and CellQuest Pro version 6.0 software
(FACScan; BD Biosciences, Franklin Lakes, NJ, USA).
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Table I. Primers for reverse transcription-polymerase chain
reaction.

Gene Primer (5'-3") bp

miR-205 F ACACTCCAGCTGGGTCCTT 72
R CTCAACTGGTGTCGTGGA

GADPH F AGCCACATCGCTCAGACA 314
R TGGACTCCACGACGTACT

F, forward; R, reverse; bp, base pairs. miR, microRNA.

Cell migration. ACHN cells were seeded at a density of
1.0x10* cells/well in 6-well plates. When cell confluence
reached 50%, miR-205 mimics and the negative control were
transfected into cells with Lipofectamine 2000. Next, cells
were digested and transferred into the upper chamber of Tran-
swell insert without Matrigel. DMEM supplemented with 5%
(v/v) FBS was added into the lower chamber of the Transwell
insert. Cells were incubated for 24 h. The Transwell insert was
removed, washed, fixed in paraformaldehyde, and stained with
crystal violet. The number of cells in the lower chamber of
5 visual fields was counted with a light microscope (Eclipse
TS100; Nikon Corporation, Tokyo, Japan). The average
number of cells in every visual field represented the migration
capacity of cells.

Cell invasion. ACHN cells (1.0x10* cells/well) were trans-
fected with miR-205 mimics and the negative control.
Matrigel was uniformly distributed onto the membrane of the
Transwell insert (5 ym) prior to addition of the cells. Then
Transwell assay was performed in a similar manner to the
aforementioned cell migration assay. The average number of
cells in every visual field in the lower chamber represented the
invasion capacity of cells.

Western blotting. ACHN cells (1.0x10* cells/well) were trans-
fected with miR-205 mimics and the negative control. After
48 h the cells were collected and lysed with radioimmunopre-
cipitation assay lysis buffer. A 30 sec agitation using a vortex
was performed every 10 min. After 40 min, the mixture was
centrifuged for 10 min at 7,000 x g and 4°C. The supernatant
was carefully collected to obtain the total protein. BCA kit
was used to determine the protein content. Protein (30 ng)
was loaded onto a sodium dodecyl sulphate-polyacrylamide
gel in order to perform electrophoresis. Proteins were trans-
ferred to a polyvinylidene difluoride membrane using the wet
transfer method. The membrane was blocked with 5% (w/v)
non-fat dry milk at room temperature for 1 h. The membrane
was immersed in the primary antibodies (dilution, 1:100)
buffer overnight at 4°C. Next, it was rinsed and immersed in
a secondary antibody buffer (dilution, 1:200) for 2 h at room
temperature. The membrane was rinsed again and enhanced
chemiluminescent solution (Beyotime Institute of Biotech-
nology, Inc.) was dropped onto the membrane followed by
exposure on a gel imaging system (ChemiDoc XRS; Bio-Rad
Laboratories, Inc.). QuantityOne version 4.6.2 software
(Bio-Rad Laboratories, Inc.) was used to determine the gray
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Figure 1. miR-205 expression levels in RCC tissue, normal tissue adjacent
to carcinoma, RCC cells (ACHN, 769-p, and Caki-1), and normal renal
cells (HK-2) evaluated by semi-quantitative reverse transcription-poly-
merase chain reaction. “P<0.01, vs normal tissue; “P<0.05, vs HK-2 cells.
miR, microRNA; RCC, renal cell carcinoma.
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Figure 2. Viability of ACHN cells transfected with miR-205 mimics and
the negative control which was determined by methyl thiazolyl tetrazolium
(MTT) assay. “P<0.01, vs negative control. miR, microRNA.

values of proteins. GAPDH was used as a reference gene.
Western blotting analysis was repeated three times.

Statistics analysis. Differences were analyzed using Student's
t-test. All experiments were repeated at least three times and
data were expressed as mean =+ standard deviation. Statistical
analysis was performed by t-test using SPSS 17.0 software
(SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to
indicate a statistically significant difference.

Results

miR-205 level in RCC tissues and cells. miR-205 expression
levels in RCC tissue, normal tissue adjacent to carcinoma,
RCC cells, and HK-2 normal renal cells were evaluated using
RT-PCR and results are presented in Fig. 1. It was determined
that the miR-205 expression level in normal tissue adjacent
to carcinoma was ~2-fold higher than that in RCC tissue
(P=0.0036). The miR-205 expression level in HK-2 normal
renal cells was significantly higher compared with RCC
cells, including ACHN (P=0.01), 769-p (P=0.011) and Caki-1
(P=0.012). The ACHN cells expressed the lowest levels of
miR-205 among the cell lines.
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Figure 3. Apoptosis of ACHN cells transfected with miR-205 mimics and the
negative control which was assessed by Annexin V-fluorescein isothiocya-
nate/PI staining. PI, propidium iodide; miR, microRNA.

miR-205 reduces RCC cell viability. Fig. 2 shows the viability of
ACHN cells transfected with miR-205 mimics and the negative
control, which was determined by MTT assay. When compared
with the negative control, the elevation of intracellular miR-205
expression induced by the miR-205 mimics significantly
reduced the proliferation of ACHN cells (P=0.0059; Fig. 2).

miR-205 increases the apoptotic rate of RCC cells.
Annexin V-FITC/PI staining was used to assess the apoptotic
rate of negative control RCC cells and those transfected with
miR-205 mimics. Fig. 3 presents the apoptosis of ACHN cells
transfected with miR-205 mimics and the negative control.
Following the transfection of miR-205 mimics, the number
of apoptotic ACHN cells was increased compared with the
negative control group, suggesting that the upregulation of
miR-205 expression induced the apoptosis of RCC cells.

miR-205 reduces the migration and invasion ability of RCC
cells. The migration and invasion ability of ACHN cells
transfected with miR-205 mimics and the negative control
were evaluated by Transwell assay (Fig. 4). For cell migra-
tion, the number of cells migrating to the lower chamber
was significantly reduced in cells transfected with miR-205
mimics (86.83+12.39) compared with the negative control
(209.75+36.48; P=0.0032). In the cell invasion assay, the number
of invading cells was significantly reduced in cells transfected
with miR-205 mimics (46.79+5.28) compared with the negative
control cells (103.56+15.43; P=0.0029). These results indicated
that the increased level of intracellular miR-205 may inhibit the
migration and invasion ability of RCC cells.

Effect of miR-205 on the expression levels of E2F1, Bcl-2,
E-cadherin, vimentin and PTEN/AKT in RCC cells. The
expression of these signaling molecules in ACHN cells was
affected by the transfection of miR-205 mimics and was
assessed by western blot analysis (Fig. 5). GADPH was used
as an internal control and similar blots of GADPH were
observed in all groups, validating the reliable determina-
tion protein expression levels. Notably, fainter blots of E2F1
and Bcl-2 were observed in ACHN cells transfected with
miR-205 mimics comparing to their darker blots in cells
transfected with the negative control (Fig. 5A). This qualita-
tive result was verified by the quantification of the protein
levels, indicating that transfection with miR-205 mimics may
significantly reduce the expression levels of E2F1 (P=0.0042)
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Figure 4. Images of ACHN cells transfected with miR-205 mimics and nega-
tive control in the lower chamber of the Transwell assay for the evaluation of
(A) cell migration and (B) invasion. Magnification, x200. (C) Quantification
of cell migration and invasion. “P<0.01 vs. negative control. Cells were
stained with crystal violet. miR, microRNA.

and Bcl-2 (P=0.0047) in RCC cells compared with the nega-
tive control (Fig. 5A).

ACHN cells transfected with miR-205 mimics exhibited
higher expression levels of E-cadherin (P=0.0019) and reduced
expression levels of vimentin (P=0.0022) compared with the
negative control (Fig. 5B). Therefore, miR-205 upregulated the
expression of E-cadherin and downregulated the expression of
vimentin in RCC cells.

No significant difference between the AKT expression
level in ACHN cells transfected with miR-205 mimics and the
negative control was identified (data not shown). However, the
expression level of PTEN was significantly greater (P=0.0085;
Fig. 5C), and that of p-AKT was significantly reduced
(P=0.001; Fig. 5C), in cells transfected with miR-205 mimics
compared with the negative control. Therefore, the transfec-
tion of miR-205 mimics into RCC cells increased the protein
expression of PTEN and reduced the phosphorylation of AKT.

Discussion

The abnormal expression of miR-205, which may be associated
with various types of tumor, is involved in tumorigenesis and



MOLECULAR MEDICINE REPORTS 14: 3343-3349, 2016

tumor progression. The present study demonstrated that the
expression of miR-205 in RCC tissue was reduced compared
with normal tissue adjacent. Previous studies have revealed
that miR-205 expression levels were reduced in ACHN cells
compared with HK-2 normal renal cells (10,11). miR-205 has
also been previously demonstrated to suppress the expres-
sion of SRC proto-oncogene, LYN proto-oncogene and YES
proto-oncogene 1, which subsequently leads to the inhibi-
tion of tumor development (11). The current determined the
expression levels of miR-205 using RT-PCR. As ACHN cells
exhibited the lowest miR-205 expression level they were used
as the model RCC cells in subsequent experiments.

The transfection of miR-205 mimics increased the expres-
sion level of miR-205 in RCC cells. It was determined that
miR-205 inhibited the proliferation of RCC cells by inducing
their apoptosis, and reducing their migration and invasion
ability. The expression levels of certain signaling molecules
that may be involved in these processes were determined using
western blot analysis.

The anabolism of proteins in tumor cells is greater than
their catabolism, leading to continuous cell division in tumors.
The infinite proliferation of the tumor leads to gradual
disease progression. Therefore, reducing cell proliferation and
inducing apoptosis of tumor cells may be an effective way to
inhibit tumor development. As nuclear transcription factors,
the E2F protein family is important for the transcriptional
control of cell cycle. E2F1 facilitates the progression of cells
from GI to S phase and, additionally, blocks cell apoptosis.
A previous study reported that the E2F1 protein expression
level is high in suprarenal epithelioma (12). Cell apoptosis is
also strictly regulated by various genes. The Bcl-2 family has
been extensively investigated. Bcl-2 was initially identified
in patients with leucocythemia as a factor able to promote
the growth and proliferation of tumor cells. Additionally,
it has been established that it may be overexpressed in RCC
tissue, and may contribute to the genesis and development of
RCC (13). Downregulation of the expression levels of E2F1
and Bcl-2 by miR-205 may, therefore, facilitate the apoptosis
of RCC cells. A previous investigation using a luciferase
reporter gene in melanoma cells determined that E2F1 is a
target gene of miR-205 (14). An increase in the miR-205
expression level in the previous study, directly inhibited the
expression of E2F1 and lead to reduced AKT phosphorylation,
a key factor in the phosphatidylinositol 3-kinase (PI3K)/AKT
signaling pathway (14). Therefore, the proliferation and
clone formation of melanoma cells was decreased and the
apoptosis of melanoma cells was increased by miR-205 (14).
In addition, miR-205 was previously demonstrated to inhibit
the proliferation and cell cycle progression of triple negative
breast cancer (15). The present study confirmed that elevation
of intracellular miR-205 level inhibited the proliferation of
RCC cells and promoted their apoptosis, potentially through
downregulating the expression levels of E2F1 and Bcl-2.

As important biological characteristics of tumor cells,
migration and invasion are primary causes of disease recur-
rence following surgical intervention, chemotherapy and/or
radiotherapy. Epithelial-mesenchymal transition (EMT) is a
crucial process involved in migration and invasion. During
EMT, tumor cells lose their epithelial phenotype and acquire
the phenotype of mesenchymal cells, resulting in the loss
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Figure 5. Western blotting and the respective quantification for
(A) E2F1/Bcl-2, (B) E-cadherin/vimentin and (C) PTEN/AKT in ACHN
cells transfected with miR-205 mimics and the negative control. “P<0.01 vs.
negative control. miR, microRNA; E2F1, E2F transcription factor 1; Bcl-2,
B-cell lymphoma-2; PTEN, phosphatase and tensin homolog; p-AKT, phos-
phorylated AKT serine/threonine kinase 1.



3348

of the polarity of epithelial cells, reduced contact between
surrounding and matrix cells, decreased intercellular inter-
action and the increased cell migration (16,17). Previous
studies have determined that the downregulated expression of
E-cadherin, as a cell adhesion molecule, and the upregulated
expression of vimentin, a mesenchymal marker, contribute to
the molecular characteristics of EMT (18,19). The decreased
expression level of E-cadherin and increased level of vimentin
reduce intercellular adhesion, and facilitate the invasion
capacity of tumor cells from the primary tumor site leading
to their subsequent infiltration and diffusion. Therefore, the
migration and invasion of tumor cells may be inhibited by
reducing the expression levels of EMT-associated proteins.
In a previous study using 769-p RCC cells, vimentin was
overexpressed and the invasion ability of tumor cells was
increased (20). The elevated expression level of miR-205 in
melanoma cells and esophageal squamous cell carcinoma
cells may upregulate the expression of E-cadherin and down-
regulate the expression of vimentin, subsequently reducing
the migration and invasion of tumor cells (8,21). Therefore, it
was hypothesized that miR-205 may inhibit the migration and
invasion of RCC cells through a reduction in the expression
levels of E-cadherin and vimentin, which was verified in the
present study using a Transwell assay and western blotting
analysis following transfection of RCC cells with miR-205
mimics.

The PI3K/AKT signaling pathway is important for the genesis
and development of various human carcinomas by promoting
cell growth, apoptosis, cell cycle progression, angiogenesis,
cell migration and invasion. Consequently, the inhibition of
the PI3K/AKT signaling pathway may improve cancer therapy.
PTEN dephosphorylates phosphatidylinositol (3,4,5)-trisphos-
phate (PIP3) to produce phosphatidylinositol (4,5)-bisphosphate
(PIP2), thus, negatively regulating the PI3K/AKT signaling
pathway. In RCC, the inactivation of PTEN has been observed
to increase activation of the P3IK/AKT signaling pathway (22).
Zhang et al (23) reported that PTEN is a target gene of miR-205,
and the transfection of miR-205 mimics into endometrial cancer
cells enhanced the expression of PTEN and phosphoryla-
tion of AKT, and inhibited the apoptosis of tumor cells (23).
However, in non-small cell lung carcinoma and nasopharyngeal
carcinoma cells, the downregulated expression of miR-205
was identified to significantly increase the expression level of
PTEN and promote the phosphorylation of AKT (24,25). The
effect of miR-205 on the expression of PTEN, phosphorylation
of AKT and the associated biological behavior is established,
however, the positive or negative regulation exerted by miR-205
on PTEN and p-AKT is contradictory between distinct types of
tumor cells. The present study determined, through the use of a
Transwell assay and western blotting, that miR-205 promoted
the apoptosis of RCC cells and suppressed their proliferation,
migration and invasion. miR-250 also increased the PTEN
expression levels and inhibited the phosphorylation of AKT.

In conclusion, miR-205 is important for the genesis and
development of RCC. The present study demonstrated that
miR-205 was expressed in low levels in RCC tissues and cell
lines; and this may contribute to the aggressive biological
behavior of RCC. Following the transfection of miR-205 mimics
into RCC cells, miR-205 promoted the apoptosis of RCC cells
and suppressed their proliferation, migration and invasion,
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which may be mediated by effects on the PTEN/AKT signaling
pathway. E2F1, Bcl-2 and vimentin were negatively regulated by
miR-205 and E-cadherin was positively regulated. The present
study may provide future guidelines for the development of
miRNA-associated therapeutic agents for the treatment of RCC.
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