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Purpose: Renal cell cancer (RCC) is one of the primary causes of malignancy deaths all over

the world. The most important cause of RCC-related mortality is metastasis. Epithelial-

mesenchymal transition (EMT) plays an important role in metastasis of malignant tumors

including RCC. miR-1-3p is confirmed to be decreased in many types of cancer. Nevertheless,

the function of miR-1-3p in RCC metastasis and EMT process was still unclear.

Materials and methods: In this study, information from clinical investigation, in vitro

study, and in vivo study discovered miR-1-3p expression character and its status in RCC. The

character of miR-1-3p in invasive and metastatic properties in vitro and in vivo was also

inspected in RCC cells and xenograft tumor model, and expression levels of EMT markers

were evaluated in RCC cells and tissues.

Results: miR-1-3p was proved to be decreased in RCC cell lines and tissues compared with

normal renal cells and tissues. miR-1-3p expression level in RCC tissues was closely related

with capsulation, lymph node metastasis, and vascular invasion. miR-1-3p was found to be

able to block the EMT process in A498 and CAKI-1 RCC cells and tumors. Luciferase reporter

assay and expression level rescue assays were employed to reveal that miR-1-3p inhibited the

invasion and migration property of RCC cells by directly targeting Fibronectin 1. Upregulation

of Fibronectin 1 partially reversed the suppressive effect of miR-1-3p on EMT process.

Conclusion: In brief, this study has verified that miR-1-3p blocked the EMT process of

RCC cells by reducing Fibronectin 1 expression. miR-1-3p/Fibronectin 1 axis may be

considered as a new target for drug development of RCC.

Keywords: renal cell carcinoma, microRNA-1-3p, Fibronectin 1, epithelial-to-mesenchymal

transition, migration, invasion

Introduction
Renal cell cancer (RCC) is the most common type of human malignancies of the

urological system.1 RCC treatment will fail if recurrence and metastasis occur after

surgery or chemotherapy.2 Despite improvements in diagnosis and treatment stra-

tegies, the 5-year survival rate of patients with advanced renal cell carcinoma

remains low. Therefore, the specific mechanism of recurrence and metastasis of

renal cell carcinoma needs to be fully elucidated.3 The epithelial-to-mesenchymal

transition process (EMT) is considered a pivotal procedure that occurs during

metastasis process in various cancer includes RCC.4 EMT offers cancer cells with

increased invasive and migratory capacity, and further empowering dissemination

and metastasis.5 The EMT process of RCC cells is characterized by a series of
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phenotypic changes; including reprogramming process of

polarized epithelial cells into spindle-shaped migratory

cells similar to mesenchymal/myofibroblast cell, and

breakdown of cell-to-cell or cell-to-extracellular matrix

adherence.6 EMT is associated with complex gene repro-

gramming coordinated by EMT transcription factors such

as SLUG. EMT is associated with complex gene repro-

gramming coordinated by EMT transcription factors such

as Slug.7 These gene reprogramming are usually charac-

terized by the downregulation of epithelial marker genes

and the upregulation of mesenchymal marker genes.8

Actually, Slug is a member of the SNAIL family of tran-

scriptional repressors, is known to play a critical role in

the EMT process.9 E-cadherin, an important epithelial

marker, is a transmembrane protein which connects epithe-

lial cells together at adherens junctions. The dysfunction

of E-cadherin is a remarkable sign of the beginning of

EMT.10 Slug upregulation or E-cadherin dysfunction has

commonly been associated with poor prognosis and short

survival in RCC patients.11 However, there is a limited

understanding of the inducing factors of EMT in RCC.

MicroRNAs (miRNA/miR) are small noncoding RNA

fragments that can regulate the expression of various pro-

teins by binding to the 3ʹ-untranslated regions (3ʹ-UTR) of

objective target mRNA.12 Moreover, miRNAs have been

presented to play an essential role in migration property of

various cancer cells,13 as either EMT process regulators.

microRNA-1-3p (miR-1-3p) was found as a novel marker

and plays as a tumor growth and migration suppressor in

urinary system tumors such as bladder cancer14 and pros-

tate cancer.15 Previous preliminary reports showed that

miR-1, a homologous analog of mir-1-3p, may reflect

RCC heterogeneity.16 Kawakami et al,17 speculated

through preliminary in vitro experiments that mirR-1

might be related to apoptosis and cycle arrest of RCC.

But whether miR-1-3p can take effect in the invasion and

migration of RCC has not been illustrated comprehen-

sively to date. Moreover, the mechanism of how miR-

1-3p affects RCC has not been investigated up to now

in vitro or in vivo. As a result, in the current study, it

was proved that the expression level of miR-1-3p in sev-

eral RCC cell lines and clinical tissues was considerably

lower than that in normal renal cell lines and tissues.

Furthermore, it was confirmed that the lower expression

level of miR-1-3p was significantly associated with

numerous migration property of RCC. Additionally, upre-

gulation of miR-1-3p expression in RCC cell lines may

prevent cell migration and invasion via the EMT process.

Previous studies in various tumors have revealed that miR-

1 may play a role in the suppressive effects by directly

inhibiting some targeted proteins, such as CCND1,18

CCND2,19,20 CDK4,21 CDK6,22 CXCR4,23 Caprin1,24

CDK9,25–27 and so on. In this study, we further explored

the target of miR-1-3p in RCC. A further mechanistic

study exposed that Fibronectin 1 was the direct target

gene of miR-1-3p to influence EMT process of RCC

cells in vitro and in vivo. Accordingly, miR-1-3p may

suppress the migration property of RCC cells through

Fibronectin 1-mediated EMT.

Materials and methods
Clinical samples
The current retrospective study enrolled 58 patients diag-

nosed with primary RCC who underwent surgical resec-

tion in the First Affiliated Hospital of Sun Yat-Sen

University from March 2011 to March 2014. The mean

patient age was 43.22±6.25 years (range 22–68 years).

None of the patients had received any radiotherapy or

chemotherapy. All patients were followed up every 2

months in the first 12 months after the operation, and

every 6 months thereafter. Routine blood tests, recurrent

lesions were confirmed by CT or/and MRI, or by biopsy. If

there was RCC recurrence, patients were evaluated in the

First Affiliated Hospital of Sun Yat-Sen University for

treatment guidance based on the status of tumor and gen-

eral condition of the patient. All clinical investigations

were conducted according to the principles expressed in

the Declaration of Helsinki. All paraffin-embedded and

fresh tissues were obtained for research purposes with

the consent of each patient. Written informed consent

was obtained from all patients, and research protocols

were approved by the Clinical Research Ethics

Committees of the First Affiliated Hospital of Sun Yat-

Sen University. The Clinical Research Ethics Committees

of the First Affiliated Hospital of Sun Yat-Sen University

approved the protocol.

RT-PCR assay and Western blot assay
RT-PCR assay and Western blot assay were carried out with

the methods reported in the literature.28 Total RNA was

extracted using either an miRNeasy kit (Qiagen, Inc.,

Valencia, CA, USA) or TriReagent (Sigma-Aldrich; Merck

KGaA, Darmstadt, Germany) at room temperature for 10

mins, according to the manufacturer’s protocols, from tissue

lysates or cell samples, followed by reverse transcription to
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cDNA with TaqMan® miRNA Reverse Transcription kit

(Applied Biosystems; Thermo Fisher Scientific, Inc.) or

tranScript first-strand cDNA Synthesis SuperMix kit

(Qiagen, Inc.). Relative expression levels of miR-1-3p

were determined using the TaqMan® microRNA Assay

(Applied Biosystems; Thermo Fisher Scientific, Inc.) proto-

col specific for miR-1-3p, and were normalized to that of

internal control U6 by using the 2−ΔΔCq method. Relative

expression levels of Fibronectin 1 were determined using

the Premix Ex Taq™ kit (Qiagen GmbH, Hilden, Germany)

with the following primers: Fibronectin 1 forward, 5ʹ-

CTGGGCATGCACCCGCCTCA-3ʹ and reverse, 5ʹ-GTAT-

CTGACATGGTACACAATTT-3ʹ. The relative amount of

mRNA was normalized by using β-actin. Experiments

were repeated three times.

The protein contents of tissues or cell lysates were mea-

sured. A suitable amount of total protein of each sample was

then separated by 10% SDS-PAGE. Following vertical elec-

trophoretic separation, proteins were transferred to polyviny-

lidene fluoride membranes by wet transfer. Subsequently,

PVDF membranes were blocked with 5% fat-free milk for

60 mins at room temperature, and then incubated with rabbit

anti-Fibronectin 1 antibodies, rabbit anti-E-cadherin antibo-

dies, rabbit anti-Slug antibodies, and rabbit anti-β-actin anti-
body (all from Abcam, USA) at 4°C overnight. Membranes

were washed three times in tris-buffered saline with Tween-

20 (TBST), and were then incubated with HRP-conjugated

secondary antibody (Bio-Rad, Hercules, CA, USA) at room

temperature for 60 mins. After washing again three times

with TBST, exposure and development were performed and

densities were measured. All experiments were performed in

triplicate.

Cell lines, cell culture, and cell

transfection
The immortalized human renal cell line HK-229,30 and the

RCC cell lines, OS-RC-2,31,32 CAKI-1,33 ACHN,34 769-P,35

A49836, and 786-O37 were purchased from theAmerican Type

Culture Collection (Manassas, VA, USA). Cells were all main-

tained at 37°C and 5% CO2 in 1,640 medium with 10% fetal

bovine serum (FBS) (Life Technologies, Grand Island, NY,

USA). Transfection was generally performed on cells grown

to about 65% density. To increase intracellular expression of

miR-1-3p or Fibronectin 1, oligonucleotides were designed

and cloned into the plasmid vector. Cells were transiently

transfected with the miR-1-3p plasmid or Mock Control miR

plasmid (Ambion, Austin, TX, USA) according to the

manufacturer’s instructions. Cells stably overexpressing

miR-1-3p were generated by lentiviral transfection with

a vector expressing miR-1-3p or a miR-Mock Control (MC)

vector according to the manufacturer’s protocol (Lenti-miR™

microRNA precursor clones, SBI System Biosciences, Palo

Alto, CA, USA). Successfully transfected cells were selected

for 12 days with 0.5 μg/mL neomycin at 72 hrs after infection,

and transfection was confirmed by the expression of green

fluorescence protein.38 All constructs were verified by

sequencing.

Cell counting kit-8 (CCK-8) assay
The proliferation ability of A498 or CAKI-1 cells was

measured using a CCK-8 kit (Dojindo, Japan)39 according

to the manufacturer’s instructions. Briefly, A498 or CAKI-1

cells were seeded into 96-well plates at a density of 1×104

cells/well and incubated for 24, 48, or 72 hrs. Subsequently,

10 µL of CCK-8 reagent was added into the well and

cultured for another 1 hr. Miniature microplate readers

were used to determine the optical density (OD).40 All of

the experiments were performed in triplicate.

Wound healing assay
Wound healing assay was carried out with the methods

reported in the literature.41 A498 (1×106) or CAKI-1

(1×106) cells were plated into six-well plates and grew to

70% confluence. A constant wide wound was created using

a sterile pipette tip on a monolayer cultured with A498 or

CAKI-1 cells. At 48 hrs after migration of A498 or CAKI-1

cells, the average migrating distance to the scraped area was

measured under an inverted microscope and photographed.42

Migration analyses were performed in triplicate.

Matrigel-coated transwell assay
Invasion ability was evaluated by Transwell assay using 12-

well Matrigel-coated Transwell chambers (BD Biosciences,

MA, USA).43 Briefly, upper chambers coated with Matrigel

were loaded with A498 or CAKI-1 cells suspended in serum-

free 1640 medium, while lower chambers were loaded with

mediumwith 10% FBS. A498 or CAKI-1 cells were allowed

to invade through the filter for 48 hrs, and cells on the upper

sides were carefully removed. Cells that invaded to the lower

side were stained with 0.5% crystal violet and 4% parafor-

maldehyde at room temperature and the number of penetrat-

ing cells was calculated in three random fields per membrane

under an inverted microscopy at 200× magnification.44

Invasion assays were performed in triplicate.
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Target prediction and luciferase reporter

assays
The miRNA-targeted proteins were predicted using the

miRanda,45 TargetScan46–48, and PicTar49,50 databases.

A site-directed mutagenesis kit (Stratagene; Agilent

Technologies, Inc., Santa Clara, CA, USA) was used to

produce a mutant Fibronectin 1 3ʹUTR luciferase reporter

vector (MUT-Fibronectin 1-3ʹUTR), according to the manu-

facturer’s protocol. The luciferase reporter was composed

containing regions of the Fibronectin 1 3ʹ-UTR with the

indicated miR-1-3p target sites or mutant sites to determine

whether Fibronectin 1 was a direct target of miR-1-3p. Cells

were seeded in triplicate in six-well plates and allowed to

settle for 12 hrs. Indicated plasmids and equal amounts of

miR-1-3p or MC RNA were transfected into the cells (Life

Technologies). At 24 hrs after transfection, luciferase activity

was measured using a Dual-Luciferase Reporter Assay sys-

tem (Promega Corporation).

Xenografted tumor model
BALB/c mice (male, 16–20 g) were obtained fromVital River

Laboratories (Beijing, China). All animal experiments were

carried out according to theNational Institutes ofHealthGuide

for the Care and Use of Laboratory Animals. Experimental

procedures were approved by the Institutional Animal Care

and Use Committee (IACUC) of the First Affiliated Hospital

of SunYat-SenUniversity. Animals were treated humanely for

all experimental procedures. All animals were lawfully

acquired and their retention and use were in compliance with

federal, state, and local laws and regulations, and in accor-

dance with the guidelines of the IACUC guide for care and use

of laboratory animals. Immunodeficient mice were randomly

divided into every group (n=6 per group). Aforementioned

stably transfected cells (1×106) were injected subcutaneously

into the dorsal left flank of nude mice.51 The transfected cells

included A498 or CAKI-1 RCC cells stably expressing miR-

1-3p or Mock Control miR. Tumors were examined once

every week, lengths (L) and widths (W) were measured, and

tumor volumes were calculated using the equation (L ×W2)/2.

On day 28, animals were sacrificed, and tumors were har-

vested and weighed; tissues were used for Fibronectin 1,

E-cadherin, Slug and β-actin protein quantification.

Statistical analysis
Statistical analyses were performed using SPSS 15.0 (SPSS,

Inc., Chicago, IL, USA). The data were presented as the mean

± SD (standard deviation). The two-tailed Student’s t-test and

ANOVA test were implemented to determine differences.

P<0.01 was considered to indicate a statistically significant

difference.

Results
miR-1-3p was downregulated in RCC cell

lines and tissues
RT-PCR assay was performed to evaluate the expression

levels of miR-1-3p in RCC cell lines OS-RC-2, CAKI-1,

ACHN, 769-P, A498, and 786-O. miR-1-3p expression was

found to be significantly reduced in RCC cell lines, com-

pared with the immortalized human renal cell line HK-2

(P<0.01, Figure 1A). The association between miR-1-3p

and the clinicopathological parameters of patients with

RCC was analyzed. Expression levels of miR-1-3p in

RCC tissues and adjacent renal normal tissues (RNT)

were then evaluated. Results shown that miR-1-3p expres-

sion in RCC tissues was significantly lower compared

within the RNT (P<0.01; Figure 1B). Downregulation of

miR-1-3p was significantly associated with capsulation,

lymph node migration and vascular invasion (P<0.01;

Figure 1C). These findings suggest that miR-1-3p may

negatively correlate with migration and invasion of RCC.

miR-1-3p inhibits the invasion and

metastatic property of RCC cells
To define the character of miR-1-3p in RCC invasion and

migration, miR-1-3p or Mock Control (MC) miRNA was

transfected into A498 or CAKI-1 cells to explore the

effects of miR-1-3p upregulation on the invasion and

migration of RCC cell lines, respectively. Non-

Transfected (NT) A498 or CAKI-1 cells were used as

blank control cells. RT-PCR results shown that miR-1-3p

transfection-elevated expression level of miR-1-3p for

nearly 100-fold increase compared with control groups

after 48 hrs transfection (P<0.01; Figure 2A).

The role of miR-1-3p in A498 or CAKI-1 RCC cells was

then assessed by invasion and migration assay on RCC cells

that were transfected with miR-1-3p. Chiefly, we studied the

effects of miR-1-3p on the proliferative property of RCC

cells by means of the CCK-8 assay. Results revealed that

miR-1-3p expression improvement significantly blocked cell

proliferation compared with MC and NT groups (P<0.01;

Figure 2B), demonstrating that miR-1-3p expression level

might be interconnected with the proliferation potential of

RCC cells. Matched with the control groups, the number of

A498 or CAKI-1 cells transfected with miR-1-3p that
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traversed the Matrigel was significantly lesser (P<0.01;

Figure 2C). Also, the wound-healing assay confirmed the

role of miR-1-3p in the migration property of RCC cells.

The wound-healing property of A498 or CAKI-1 cells in the

miR-1-3p group was apparently suppressed compared with

that in control groups (P<0.01; Figure 2D). Therefore, we

verify that miR-1-3p is a key controller in the proliferation,

invasion, and migration potential of RCC cells.

miR-1-3p may inhibit the invasion and

migration of RCC cells by regulating the

EMT process
The invasion and migration of cancer cells are often related

to the changes of EMT process. To evaluate the character of

miR-1-3p in regulating the EMT in RCC, mRNA, and pro-

tein expression levels of the epithelial marker E-cadherin and

the mesenchymal marker and transcription factor Slug in

A498 or CAKI-1 cells were measured by RT-PCR assay

and Western blotting assay. As demonstrated in Figure 3A

and B, RCC cells in the miR-1-3p group resulted in note-

worthy upregulation of the mRNA and protein expression

levels of E-cadherin compared with MC or NT groups

(P<0.01). Besides, the mRNA and protein expression levels

of Slug were significantly declined compared with the con-

trol groups (P<0.01, Figure 3A, B). Accordingly, miR-1-3p

was determined to inhibit invasion and migration potential of

RCC cells by regulating the EMT process. Consequently,

miR-1-3p might be targeted as EMT-associated invasion

and migration suppress target in RCC.

miR-1-3p inhibits EMT by directly

targeting Fibronectin 1
miRNAs take effect on cancer cells by controlling the post-

transcriptional process of specific target proteins. Even
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Figure 1 (A) Expression of miR-1-3p in the RCC cell lines OS-RC-2, CAKI-1, ACHN, 769-P, A498, and 786-O was significantly downregulated compared with the immortal
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levels were compared in RCC tissues with or without capsulation, lymphnode metastasis or vascular invasion. *P<0.01 vs HK-2, RNT or negative.

Abbreviations: RCC, renal cell carcinoma; miR, microRNA.
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Figure 2 Upregulation of miR-1-3p repressed the proliferation, invasion, and migration of RCC cells. Transfection with miR-1-3p significantly increased the expression of

miR-1-3p in (A) A498 and CAKI-1 cells compared with cells transfected with MC miRNA or Non-Transfected cells. (B) A CCK-8 assay was used to study the proliferative
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Transfected cells (100× magnification, first panel of the figure is a representative illustration of the results). A498 or CAKI-1 transfected with Mock Control (MC) miRNA or
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Abbreviations: RCC, Renal cell cancer; CCK-8, Cell counting kit-8.
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though the role of miR-1-3p in the development of numerous

cancers has been previously revealed, the mechanism by

which miR-1-3p regulate invasion and migration has not

been demonstrated an undisputed conclusion. Fibronectin 1,

a tumor promoter and important EMT marker, is known to

regulate the invasion and migration in cancer cells. After

bioinformatics prediction, miR-1-3p was shown to have

a biding site in the 3ʹ-UTR of Fibronectin 1 (Figure 4A). To

explorewhether Fibronectin 1was a functional target of miR-

1-3p in RCC cells, miR-1-3p was co-transfected with WT-

Fibronectin 1-3ʹUTR or MUT-Fibronectin 1-3ʹUTR plasmid

into RCC cells. As illustrated in Figure 4A, RCC cells co-

transfected with miR-1-3p and WT-Fibronectin 1-3ʹUTR

plasmid presented a statistically obviously decline in reporter

activity compared with RCC cells co-transfected with Mock

miRNA and WT-Fibronectin 1-3ʹUTR plasmid (P<0.01).

Additionally, RCC cells co-transfected with miR-1-3p and

MUT-Fibronectin 1-3ʹUTR plasmid or Mock miRNA with

MUT-Fibronectin 1-3ʹUTR revealed no considerable altera-

tion in reporter activity (P>0.01). Thus, the luciferase activity

of the wild type Fibronectin 1-3ʹ-UTR but not the mutated

Fibronectin 1-3ʹ-UTR reporter was diminished by miR-1-3p.

To additional support the regulatory properties of miR-1-3p

on Fibronectin 1, RT-PCR assay andWestern blot assay were

employed to measure expression levels of Fibronectin 1 in

different groups of RCC cells. Results revealed that upregu-

lation of miR-1-3p in A498 or CAKI-1 cells resulted in

a considerable decrease of mRNA and protein expression

levels of Fibronectin 1 (P<0.01; Figure 4B, C).

Contrariwise, the mRNA and protein expression of

Fibronectin 1 in A498 or CAKI-1 cells in the MC group

revealed no significant difference matched with NT cells

(Figure 4B, C). These results shown that miR-1-3p probably

will directly control Fibronectin 1 expression level by binding

to the 3ʹ-UTRof Fibronectin 1 inA498 or CAKI-1RCC cells.

Fibronectin 1 may rescue the inhibitory

effect of miR-1-3p on invasion and

migration potential of RCC cells
Fibronectin 1 has been proved to join in invasion andmigration

in cancer cells.With the purpose of evaluatewhethermiR-1-3p

contributes in the invasion andmigration of RCCby regulating

the expression level of Fibronectin 1, the Fibronectin 1 eukar-

yotic expression plasmidwas produced and co-transfected into

A498 or CAKI-1 cells accompanied with miR-1-3p. The

Fibronectin 1 expression vector transfected alone; miR-1-3p

transfected alone; or non-transfected A498 or CAKI-1 cells

were used as control groups. In A498 or CAKI-1 cells, expres-

sion levels of Fibronectin 1 were significantly increased in the

A498 CAKI-1

A
49

8
C

A
K

I-1

miR-1-3p
0

0.5

R
el

at
iv

e 
m

R
N

A
 e

xp
re

ss
io

n 
le

ve
l o

f E
M

T 
m

ar
ke

rs
R

el
at

iv
e 

pr
ot

ei
n 

ex
pr

es
si

on
 le

ve
l o

f E
M

T 
m

ar
ke

rs

1

1.5

2

2.5

0

0.5

1

1.5

2

2.5

MC NT

miR-1-3p MC

E-cad

Slug

β-actin

E-cad

Slug

E-cadherin Slug

E-cadherin Slug

β-actin

NT

miR-1-3p MC NT

A498 CAKI-1

miR-1-3p MC NT miR-1-3p MC NT

A

B

Figure 3 Increase of miR-1-3p level inhibited the origination of the EMT process in RCC

cells. RT-PCR assay or Western blot assay were used to detect the (A) mRNA or (B)
protein expression levels of the epithelial marker E-cadherin and the mesenchymal

marker and transcription factor Slug in A498 or CAKI-1 cells. Results shown that

mRNA or protein expression of E-cadherin was improved in the miR-1-3p group

compared with control groups, although the mRNA or protein expression levels of

Slug was decreased in A498 or CAKI-1 cells treated with miR-1-3p compared with

control groups. (The first panel of (B) is a representative illustration of the results; n=3,
*P<0.01 vs Non-Transfected cells).

Abbreviations: EMT, Epithelial-mesenchymal transition, RCC, Renal cell cancer.
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Fibronectin 1 expression vector-transfected groups matched

with the Non-Transfected groups (P<0.01; Figure 5A, B).

Besides, expression levels of Fibronectin 1 protein were con-

siderably increased in the Fibronectin 1 plasmid vector and

miR-1-3p co-transfected groups compared with the miR-1-3p

transfected alone group (P<0.01; Figure 5A, B). A Matrigel-

coated Transwell assay and a wound healing assay were

employed once more to assess the invasive and metastatic

potential of different groups of A498 or CAKI-1 cells.

Significant changeswere identified in the Fibronectin 1 expres-

sion upregulated groups (P<0.01), and the Fibronectin 1 eukar-

yotic expression vector and miR-1-3p co-transfected groups

(P<0.01) in A498 and CAKI-1 RCC cells. A significant rescue

effect in invasion andmigration propertywas recognized in the

Fibronectin 1 plasmid and miR-1-3p co-transfected group in

A498 or CAKI-1 cells, compared with the miR-1-3p trans-

fected alone group (P<0.01; Figure 5C, D). Briefly, miR-1-3p

is possibly a fundamental controller in invasion and migration

properties of RCC cells, which may arise via regulating

Fibronectin 1 protein expression level.

Reload of Fibronectin 1 rescued of the

EMT inhibitory effect of miR-1-3p
Fibronectin 1 was confirmed as a direct target gene of miR-

1-3p through luciferase assay and Western blot analysis in

RCC cells. miR-1-3p controls the expression level of

Fibronectin 1 protein by binding to its 3ʹUTR. However,
whether Fibronectin 1 contributes to the miR-1-3p-controlled

EMT process in RCC remains unclear. The mRNA and pro-

tein expression levels of E-cadherin in A498 and CAKI-1 cells

were significantly reduced, and Slug levels were noticeably

increased in Fibronectin 1 eukaryotic expression vector trans-

fection alone group compared with NT cells (P<0.01; Figure

6A, B). Similar rescue effect on EMT markers was validated

in RCC cells co-transfected with Fibronectin 1 eukaryotic

expression plasmid and miR-1-3p compared with cells trans-

fected with miR-1-3p alone (P<0.01; Figure 6A, B). It was

shown that reload of Fibronectin 1 in A498 or CAKI-1 cells

obviously rescued the suppression effect on the EMT process

by miR-1-3p. The results of the current in vitro studies reveal

Figure 4 Fibronectin 1 was directly targeted by miR-1-3p via its 3ʹ-UTR region. (A) A luciferase activity assay was used to detect the reporter activity in A498 or CAKI-1

cells co-transfected with either miR-1-3p mimics or Mock Control miRNA, and either WT-Fibronectin 1-3ʹUTR or MUT-Fibronectin 1-3ʹUTR. The mutant miR-1-3p binding

site was generated in the complementary site for the seed region of miR-1-3p. (n=3, *P<0.01 vs the Mock Control miRNA and MUT-Fibronectin 1-3ʹUTR co-transfected

cells). The relative (B) mRNA or (C) protein expression levels of Fibronectin 1 in A498 or CAKI-1 cells with or without miR-1-3p were determined. β-actin was used as an

internal control. (The first panel of (C) is a representative illustration of the results; n=3, *P<0.01 vs Non-Transfected cells).

Abbreviations: UTR, untranslated regions; WT, wild type; MUT, mutant.
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that miR-1-3p suppresses the EMT process by target control of

Fibronectin 1 protein expression. Furthermore, we studied the

relationship between the expression level of miR-1-3p and

Fibronectin 1 mRNA in the preceding clinical specimens of

renal cell carcinoma. The results showed that the expression

level of miR-1-3p was negatively correlated with that of

Fibronectin-1 mRNA (R=−0.184, Figure 6C). These results

further confirmed the negative regulatory effect of miR-1-3p

on Fibronectin 1 in primary renal cell carcinoma cells.

miR-1-3p inhibits EMT process in vivo in

RCC xenograft model
In order to further investigate the tumor inhibitory effect of

miR-1-3p in RCC, we established a xenograft model to

explore the effect of miR-1-3p in vivo (Figure 7). A498 or

CAKI-1 cells with the enhanced expression level of miR-

1-3p or Mock miR were injected into nude mice subcuta-

neously. Mice were killed at 28 days after injection of

tumor cells and measurements were made weekly. The

growth rates of the A498 or CAKI-1 tumors were traced

by tumor volume. Tumor growth rates were considerably

suppressed by upregulation of miR-1-3p (Figure 7A, B).

These results specified that miR-1-3p has a suppressive

effect in RCC in vivo. To additionally confirm whether

this in vivo suppressive effect in RCC is concerned with

a variation of Fibronectin 1 protein expression and

a change of the EMT process, we applied immunohisto-

chemistry assay and Western blotting assay to identify the

expression level of Fibronectin 1, E-cadherin or Slug

proteins in A498 and CAKI-1 tumor tissues. Experiment

result confirmed that expression levels of mesenchymal

Figure 5 Upregulation of Fibronectin 1 partially rescued the invasion and migration potential of RCC cells. Transfection of Fibronectin 1 plasmid can rescue the miR-1-3p-

induced reduction in (A) mRNA and (B) protein expression levels of Fibronectin 1 in A498 or CAKI-1 cells. The invasion property (C) and the migration property (D) of

A498 or CAKI-1 cells were surveyed by a Transwell assay and a wound healing assay, respectively. Transfection of Fibronectin 1 plasmid also rescued the miR-1-3p-induced

reduction in invasion and migration property. (The first panel of (B, C, and D) are representative illustration of the results; n=3, *P<0.01 vs untransfected cells).
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marker Fibronectin 1 and the mesenchymal marker and

transcription factor Slug were considerably reduced, and

the epithelial marker E-cadherin expression level was

increased in miR-1-3p-upregulated A498 or CAKI-1

tumors (Figure 7C, D, P<0.01).

Briefly, the results of the in vivo study maintained the

results of in vitro studies and presented that miR-1-3p/

Fibronectin 1 axis plays a significant role in inhibiting the

invasion and migration potential via regulating the EMT of

RCC cells.

Discussion
miRNAs have been confirmed to be associated with the

proliferation, apoptosis, invasion, and migration of malig-

nancy cancer, by acting as tumor suppressors or

oncogenes.52,53 Previous studies have clarified the irregu-

lar expression levels of several miRNAs in RCC together

with miR-1-3p. miR-1-3p have been validated to be

reduced in numerous different types of cancer, including

lung cancer,54 colorectal carcinoma55, and urinary neo-

plasms. But the role and function of miR-1-3p in malig-

nancy disease have not been definitely illuminated. Wang

et al, revealed that miR-1-3p inhibit lung cancer by c-Met

signaling and EMT process.55 Gao et al, demonstrated that

miR-1-3p inhibits cell proliferation and invasion by reg-

ulating the BDNF-TrkB signaling pathway in bladder

cancer.56 Additionally, Wang et al, reported that miR-

1-3p inhibits the proliferation and invasion of bladder

cancer cells by suppressing CCL2 expression.57

However, the function of miR-1-3p in RCC has not been

inspected thoroughly. In the current study, it was revealed

that expression level of miR-1-3p in the RCC cell lines

was significantly depressed compared with the normal

renal cell line, suggesting that the reduction of miR-1-3p

expression level may encourage the initiation and devel-

opment of RCC. Along with the data that was explored in

RCC cells, the relationship of expression levels of miR-

1-3p in clinical RCC tissues and clinic-pathological data

Figure 6 Upregulation of Fibronectin 1 partially rescued the EMT property blocked by miR-1-3p. Results of the RT-PCR assay and Western blot assay were used to

determine the (A) mRNA and (B) protein expression levels of E-cadherin and Slug in A498 or CAKI-1 cells that were untransfected, transfected with either Fibronectin 1

eukaryotic expression vector or miR-1-3p mimic alone, or co-transfected. (The first panel of (B) is a representative illustration of the results; n=3, *P<0.01 vs untransfected

cells). (C) The relationship between the relative expression level of miR-1-3p and Fibronectin 1 mRNA in RCC tissues was determined by RT-PCR assay.

Abbreviation: EMT, Epithelial-mesenchymal transition.
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were further investigated. miR-1-3p was shown to be sig-

nificantly suppressed in RCC tissues compared with RNT

tissues. Moreover, a meaningful relationship was also dis-

covered between the miR-1-3p levels with capsulation,

lymph node migration, and vascular invasion, demonstrat-

ing that the expression of miR-1-3p also had a remarkable

function in RCC invasion and migration.

To further study the character of miR-1-3p in RCC,

miR-1-3p was transfected into RCC cells. Expression

levels of miR-1-3p raised obviously in A498 or CAKI-

1 cells transfected with miR-1-3p transfected.

Upregulated expression of miR-1-3p substantially

decreased the proliferation, invasion, and migration of

RCC cells. These consequences additionally verify the

clinic-pathological data that miR-1-3p may have

a function of inhibiting proliferation, invasion, and

migration of RCC cells.

The EMT property serves an essential occupation in

RCC invasion and metastasis. Further evidence has

revealed that miRNAs are involved in controlling the

EMT potential in various types of cancer cells. Bhat et al,58

indicated that miR-30b-5p acts as a novel tumor suppres-

sor to regulate RCC cell proliferation, metastasis, and

EMT through downregulation of GNA13 expression.

Yamasaki et al,59 pointed out that miR-138 functions as

a tumor suppressor in RCC by regulating the EMT pro-

cess. Therefore, the definite function of miR-1-3p in the

EMT process in RCC cells needs to be explored

Figure 7 (A) Upregulation of miR-1-3p repressed the growth of A498 and CAKI-1 RCC cell xenograft models. (B) Expression level of miR-1-3p in xenograft tumors of nude

mice evaluated by RT-PCR assay. (C) Expression level of Fibronectin 1 in xenograft tumors observed by immunohistochemistry staining. (D) Protein expression levels of

Fibronectin 1, E-cadherin or Slug in xenograft tumors of nude mice evaluated by Western blotting assay (n=6, *P<0.01 vs Non-Transfected groups). (The first panel of (C and D)

are representative illustration of the results).
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thoroughly. In this study, it was proved that accompanied

with an elevation of miR-1-3p, the mRNA and protein

expression levels of the epithelial marker E-cadherin

were extensively upregulated, while the expression levels

of the mesenchymal marker and transcription factor Slug

were obviously downregulated. Accordingly, it can be

concluding that miR-1-3p theoretically regulates the inva-

sion and migration of RCC cells by controlling its EMT

process. miRNAs constantly effect through binding to the

3ʹUTRs areas of special-targeted genes, and some primary

studies have investigated targeted genes of miR-1-3p in

various cancer types. But targeted genes of miR-1-3p in

RCC cells remain lack of reporting up to now. In the

present study, it was demonstrated that increase of miR-

1-3p may lead to obvious reduce on the expression level of

Fibronectin 1 in RCC cells. Fibronectin 1 is a matrix

glycoprotein that increased in several carcinoma cell

types, including RCC.60 In recent years, Fibronectin 1

has been gradually certified as an oncogene, which regu-

lates metastasis in various cancers include RCC. It is also

one of the main functional markers and regulatory factors

of EMT.61 Through cell transfection and luciferase repor-

ter assays, it was also confirmed that Fibronectin 1 was

a direct target gene of miR-1-3p. It was further confirmed

that the rescue expression of Fibronectin 1 protein in RCC

cells co-transfected with miR-1-3p may reverse the effects

on invasion and migration caused by miR-1-3p increasing

obviously. Moreover, reload of Fibronectin 1 rescued the

miR-1-3p-induced suppression of the EMT process. In

particular, the increased expression of Fibronectin 1

attenuates the inhibitory effect of miR-1-3p on mesenchy-

mal marker and transcription factor Slug. Previous studies

closely related to this study found that RCC cells exhibited

increased levels of expression of Fibronectin, and then

induced upregulation of the transcription factor Slug,

which mediates EMT process.62 This conclusion strongly

supports our research results. These effects correspond-

ingly confirmed that miR-1-3p suppressed the invasion

and migration of RCC cells through targeting of the

Fibronectin 1-mediated EMT. Interestingly, the interaction

mechanism of EMT markers is very complex. For exam-

ple, Slug is reported to down-regulate the adhesion protein

E-cadherin as a transcription factor.63–65 Therefore, the

interaction between these EMT markers can help to

explain some of the results we obtained. Even more intri-

guingly, Slug itself has been previously shown to be

a direct target of miR-1 with a binding site in its 3ʹ-UTR

in chordoma, lung cancer, oral squamous cell carcinoma,

and glioma cells.66–70 This direct targeting inhibitory

effect is likely to exist in RCC as well. At the same

time, it also helps us to explain that the increased expres-

sion of Fibronectin 1 cannot completely rescue the inhibi-

tion of miR-1-3p on invasion and metastasis.

Then, we further explored the relationship between the

expression level of miR-1-3p and Fibronectin 1 mRNA in

clinical specimens, and found that there was a significant

negative correlation between their expression levels. These

results suggest that they may also be closely related clini-

cally. Previous reports also suggest a negative correlation

between the survivals of renal cancer patients. For exam-

ple, Xiao et al, reported that miR-1 was significantly

downregulated in RCC samples compared with corre-

sponding non-cancerous tissues, which was significantly

associated with poor patients’ prognosis.22 On the con-

trary, several studies have suggested that, higher

Fibronectin 1 expression level may demonstrate a higher

disease-related mortality rate and poorer outcome in RCC

patients.71–73

To further clarify the role of miR-1-3p in RCC, in vivo

studies were conducted. In vivo studies shown that miR-

1-3p transfection effectively reduced the growth rates of

subcutaneous tumors. Moreover, expression levels of the

Fibronectin 1 protein and EMT markers were confirmed to

have the same trend as the in vitro EMT studies.

Accordingly, the present study has verified a novel regu-

latory target of miR-1-3p/Fibronectin 1 axis in RCC con-

sistent with strong in vitro and in vivo evidence. It must be

noted that, due to the complexity of the regulation

mechanisms, linear relationship between miR-1-3p/

Fibronectin 1 and EMT may be presented as one of several

pathways that could lead from the downregulation of miR-

1-3p to increased proliferation, invasion ,and metastasis of

RCC. In addition, significant advantages have been made

in cancer therapy technique during the last decade; accom-

panied by our understanding of carcinogenesis regulated

by interconnecting networks of cellular signaling path-

ways. Insights into these carcinogenesis pathways have

exposed many novel cancer targets for which therapeutic

agents for clinical application may be developed.74 As far

as we know, related tumor inhibitors have not been

reported yet, but we can expect to develop novel RCC

treatment targeting miR-1-3p/Fibronectin 1 axis as

a specific inhibitor.75

In conclusion, the evidence from the present study

revealed that miR-1-3p was decreased significantly in

RCC cell lines and clinical tissues, particularly in RCC
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tissues with capsulation absence, lymph node migration,

and vascular invasion. Moreover, it was further confirmed

that the role of miR-1-3p in RCC was depended on

Fibronectin 1-mediated EMT process directly.

Accordingly, the miR-1-3p/Fibronectin 1 axis may be

a potential therapeutic target for advancement of RCC

drug development.

Abbreviation list
RCC, Renel cell cancer; EMT, Epithelial-mesenchymal

transition; miR, MicroRNA; 3ʹ-UTR, 3ʹ-untranslated

regions; miR-1-3p, microRNA-1-3p; CCK-8, Cell count-

ing kit-8 assay; OD, optical density; IACUC, Institutional

Animal Care and Use Committee; SD, standard deviation;

RNT, adjacent renal normal tissues; NT, Non-Transfected

cells; MC, Mock Control cells.
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