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Abstract

Renal cell carcinoma (RCC) is the third most common urological cancer with highly metastatic potential. MAGI1 plays an
important role in stabilization of the adherens junctions and has been confirmed to suppress invasiveness and metastasis in
multiple cancers in clinic. However, its expression and anti-metastatic ability in RCC are still unclear. In this study, we dem-
onstrated that MAGI1 was markedly decreased in the RCC and indicated poor survival. Furthermore, we found that MAGI1
suppressed the invasion and migration of human RCC cells. Mechanistic investigations revealed that MAGI1 stabilized the
PTEN/MAGI1/B-catenin complex to inhibit -catenin signaling pathway. Moreover, MAGII was targeted by miR-520h
which was transcriptionally activated by c-Myb. Collectively, our findings suggested that MAGI1mediated tumor metastasis

through c-Myb/miR-520h/MAGI1 signaling pathway in RCC.
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Introduction

Renal cell carcinoma (RCC) is the most common form and
responsible for up to 85% of kidney cancer which accounts
for nearly 400,000 new cancer diagnoses and 175,000
deaths worldwide annually [1, 2]. Approximately 21% of the

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s10495-019-01562-8) contains
supplementary material, which is available to authorized users.

P4 Tingguo Zhang
ztguo @sdu.edu.cn

Department of Pathology, Qilu Hospital, Shandong
University, Jinan, Shandong, China

Department of Pathology, The Affiliated Hospital of Qingdao
University, Qingdao, Shandong, China

Department of Pathology, Qingdao Municipal Hospital,
Qingdao, Shandong, China

Department of Pathology, Qingdao Central Hospital,
Qingdao, Shandong, China

Department of Pathology, The Second Affiliated Hospital
of Qingdao University Medical College, Qingdao, Shandong,
China

Department of Pathology, School of Basic Medical Sciences,
Shandong University, NO. 44, Wenhuaxi Road, Jinan,
Shandong, China

patients present with synchronous distant metastasis at diag-
nosis and 20% of the patients get asynchronous metastatic
disease or local recurrence after treatment of which about
90% develop within 5 years [3]. Although systemic therapy
for metastatic renal cell carcinoma (mRCC) has greatly
evolved over the last 15 years, metastasis still remains the
main cause for RCC-associated mortality [4, 5].

Cell junctions are sites of intercellular adhesion that
maintain the integrity of epithelial tissue and regulate sign-
aling between cells [6]. As critical mediators of cell junc-
tions, adherens junctions connect the actin cytoskeleton of
adjacent cells [7]. Dysregulation of adherens junctions is a
significant step in the acquisition of a mesenchymal pheno-
type by epithelial cells, so-called epithelial-mesenchymal
transition (EMT), which promotes tumor transformation and
metastasis [8]. Membrane-associated guanylate kinase with
an inverted repeat member 1 (MAGI1), associates with the
tight and adherens junctions, belongs to membrane-asso-
ciated guanylate kinase (MAGUK) family [9]. MAGII is
always disrupted in tumor progression and is associated
with invasiveness and metastasis [10]. Previous reports
have reported that MAGI1 can inhibit tumor invasion and
metastasis by regulating PTEN in hepatocellular carcinoma
[11], reducing Wnt/B-catenin signaling pathway in colorec-
tal cancer [12] or blocking MAPK/ERK signaling pathway
in gastric cancer [13]. However, little is known about the
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effects of MAGI1 on RCC metastasis. Hence, the present
study investigated whether MAGI1 regulates RCC metas-
tasis and elucidate the underlying mechanism mediated by
MAGI1 in RCC.

Materials and methods
Patients and tissue specimens

Human patient study cohort collected 73 pairs of RCC tumor
tissues and corresponding adjacent normal tissues. All tis-
sue samples were surgically removed and paraffin embed-
ded or stored in liquid nitrogen in Shandong University Qilu
Hospital from September 2015 to May 2018 with patients’
consents and Research Ethics Committee of Qilu Hospital’s
approval. None of the patients received chemotherapy or
radiotherapy before surgery. Clinical parameters including
gender, age, tumor size, TNM stage, Fuhrman grade and
histological type were collected. Detailed information is
listed in Table 1.

Cell line culture, construction and transfection assay

Renal cell lines, including 786-0, A-498, OS-RC-2, ACHN,
Caki-1, SKRC39 and HK-2, were purchased from the Com-
mittee on Type Culture Collection of Chinese Academy of
Sciences (Shanghai, China). A-498 and ACHN cell lines
were cultured in EMEM and supplemented with 2 mM glu-
tamine, 1% non-essential amino acids, 1 mM sodium pyru-
vate, 10% fetal bovine serum (FBS) (Gibco). Cells were
maintained in a 37 °C and 5% CO, culture environment.
Lentivirus containing pLVX- MAGI1-puro and pLVX-sh-
MAGI1-puro were used to establish MAGI1-overexpres-
sion and MAGI1-knockdown cell lines and selected by
puromycin. Short-interfering RNA (siRNA) against PTEN
(si-PTEN), c-Myb (si—c-Myb), miR-520 mimics and nega-
tive control (si-NC) were synthesized by Sangon Biotech
(Shanghai, China) and the sequences were show in Table S1.
MiRNA mimics and siRNA transfection were conducted
with PEIpro (Polyplus) according to the manufacturer’s
instructions.

RNA isolation and real-time quantitative PCR

Total RNA was extracted from frozen tumor specimens and
cell lines using Trizol reagent (Invitrogen) and treated with
DNase I (Invitrogen). The PrimeScript™ RT reagent Kit
(RR0O37A, Takara) and SYBR™ Green PCR Master Mix
(4368577, Applied Biosystems) were used to reverse tran-
script the complementary DNA and quantify, respectively.
MiRNA was transcribed and quantified by All-in-One™
miRNA gRT-PCR Detection Kit (QP016, GeneCopoeia™).
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Table 1 Relationship between MAGI1 expression and clinical patho-
logical characteristics in RCC patients

Count MAGII expression P value
High Low

Gender
Male 41 17 24 0.162
Female 32 12 20

Age (years)
<60 38 18 20 0.432
>60 35 21 14

Tumor size (cm)
<4 13 8 5 0.175
>4, <7 21 10 11
>7 39 13 26

TNM stage
TI1-T2 16 11 5 <0.001
T3-T4 23 10 13
Ml 34 8 26

Fuhrman grade
I-11 30 19 11 <0.001
I-1v 43 10 33

RCC subtype
ccRCC 57 27 30 0.187
pRCC 12 5
chRCC 4 1 3

TNM tumor/node/metastasis, ccRCC clear cell RCC, pRCC papillary
RCC, chRCC chromophobe RCC

The quantitative real-time PCR was performed on Applied
Biosystems™ 7500 Fast Dx Real-Time PCR system
(Applied Biosystems) with specific primers (Table S1) fol-
lowing the instructions of manufacturer. GAPDH or U6 wass
used as an endogenous control. Expression of miRNA and
protein were normalized to U6 and GAPDH, respectively.

Immunohistochemistry staining

Immunohistochemistry staining was done on 4 pm-thick sec-
tions from paraffin embedded tissues. Sections were then
submerged in boiling citrate buffer (pH 6.0) for antigen
retrieval. Sections were dewaxed in xylene and rehydrated
in gradient ethanol, followed by blocking of endogenous
peroxidase activity in 3% H,O, for 30 min. Ultra-Vision
Protein Block (BD) was applied to block non-specific back-
ground staining. The tissue sections were immunostained
with an anti-MAGTI1 antibody (ab37543, Abcam) overnight
at 4 °C. After washing thrice with PBS, the sections were
incubated with horseradish peroxidase-conjugated (HRP)
goat anti-rabbit IgG for 30 min, followed by reaction with
diaminobenzidine (DAB) and counterstaining with Mayer’s
hematoxylin.
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Western blot, co-immunoprecipitation and qPCR

Protein from cell lines were lysed using RIPA protein
extraction reagent (Beyotime, Beijing) supplemented with
a protease inhibitor cocktail (Roche) and PMSF (Roche).
The protein concentration was measured by the Bio-Rad
protein assay kit. Approximately 40 pg of protein extract
was electrophoresed on a 10% SDS- polyacrylamide gel
electrophoresis (SDS-PAGE) and then transferred onto
0.22 pm nitrocellulose membrane (Sigma) and incubated
with primary antibody against MAGI1 (ab37543), E-cad-
herin (ab15148), Vimentin (ab45939), PTEN (ab170941),
pAkt S473 (ab81283), Akt (ab8805), p-GSK-3p(Ser9)
(ab75814), GSK-3f (ab227208), p-p-catenin (Ser33/77)
(ab11350), p-catenin (ab32572), Cyclin-D1 (ab16663),
c-Myc (ab32072), Survivin (ab76424) or GAPDH
(ab128915) overnight at 4 °C. Then washed and incubated
with secondary antibody goat anti-rabbit IgG H&L (HRP)
(ab6721). The ECL chromogenic substrate was used to
visualize the bands. For immunoprecipitation assay, the
supernatant was incubated with anti-MAGI1(sc-100326)
or anti-c-Myb (ab226470) at 4 °C for 2 h and protein A
Sepharose CL-4B beads (GE) were incubated with the
supernatant overnight at 4 °C. Then the beads were washed
thrice with RIPA buffer. The bound proteins or DNA
fragments were eluted with SDS-PAGE loading buffer.
The bound proteins were used for western blot and were
quantified by Quantity One software (Bio-Rad ChemiDoc
XRS). GAPDH was used as a control. The DNA fragments
were used as templates for quantitative RCR.

Immunofluorescence microscopy

Cells were cultured for 2 days in six-well plate and fixed
in 4% paraformaldehyde for 20 min. Then cells were
permeabilized with 0.1% Triton X-100 for 15 min, and
blocked with 1% BSA for one hour. Cells were stained
with primary antibody to p-catenin (ab32572) overnight
at 4 °C. Cells were washed in PBS (pH 7.4), incubated
with secondary antibody goat anti-rabbit IgG H&L (FITC)
(ab6717). Nuclei were stained with DAPI (Sigma). The
cells were visualized using a Nikon Eclipse E600 image
analysis system.

Wound healing assay

2.5 % 10° MAGI1-overexpression and MAGI1-knockdown
cell lines were seeded into 6-well plates. Till the cells
reached 100% confluency, scratch was made in the plate
using a P200 pipette tip. Images were collected at O h and
12 h under inverted microscope.

Cell invasion assay

Matrigel assay was performed using Transwell chambers
(8 pm pore size, Millipore) that were pre-coated with 1 mg/ml
Matrigel (Corning), and 5x 10* cells were plated in the upper
chamber of the Matrigel-coated Transwell insert. Cells were
incubated for 12 h and cells remaining on the upper membrane
were carefully removed. All cells were fixed cells in methanol
and stained with crystal violet. Then the cells were counted
under an inverted microscope.

TOP/FOP flash assay

To assess the transcriptional activity of f-catenin, A-498 cells
grown in 24-well culture plates were transiently transfected
with the 0.2 pg TOP flash (Promega) or the negative control
FOP flash. 0.2 pg Renilla reporter luciferase plasmid was
added as well. The luciferase activity was determined using a
luciferase assay system (Promega) according to the manufac-
turer’s specifications. Renilla activity was used to normalize
for transfection efficiency.

Luciferase reporter assay

The 3'-UTR of wild type/mutant MAGI1 and MIR-
520H promoter were synthesized by Sangon Bio-
tech (Shanghai, China) and inserted into pGL3 lucif-
erase reporter vector (Promega). phRL-TK Renilla
luciferase reporter was used for luciferase assay normalization.
293T or A-498 cells were transfected with 50 ng wild-type
or mutant luciferase reporters and miR-520h mimics/miR-NC
and pcDNA3.1-c-Myb/pcDNA3.1, along with 10 ng Renilla
luciferase vector with the PEIpro (Polyplus) reagent, respec-
tively. After 48 h, luciferase activity was detected by the Dual-
luciferase Reporter Assay System (Promega) and relative lucif-
erase activity was normalized to Renilla luciferase activity.

Statistical analysis

All data were presented as mean +SD values or Min to Max
values using the GraphPad Prism software 7.0. The signifi-
cance of differences between two groups was determined using
a two-sided Student’s ¢ test. In case of multiple tests, one-way
ANOVA followed by Bonferroni-Holm procedure was applied.
Correlation was performed using two-tailed Spearman’s test.
P <0.05 was considered statistically significant.
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Fig. 1 The expression of MAGII is decreased in RCC and correlates
with clinical outcome. a Relative MAGI1 expression in 73 paired
RCC tumor tissues and adjacent normal tissues via qRT-PCR. b Rela-
tive MAGI1 expression of different T stages in RCC patients via qRT-
PCR. ¢ MAGII1 expression was examined by immunohistochemistry
staining of different tissues in two paired RCC patients. d Relative
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MAGI1 expression in human renal cell lines via qRT-PCR (up) and
western blot (down). e Kaplan—-Meier analyses of the correlations
between MAGI1 expression level and overall survival of 517 patients
with RCC through TCGA analysis. Results are showed as mean+ SD
of three independent experiments. *P <0.05, ***P <0.001
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Results

MAGI1 is markedly decreased in metastatic RCC
patients which indicates poor survival

We first examined the expression of MAGI1 in the 73
pairs of RCC tumor tissues and their corresponding adja-
cent normal kidney tissues by qRT-PCR. The results
showed that MAGI1 expression was markedly decreased
(P<0.001) in the RCC tumor tissues when compared with
adjacent non-cancerous kidney tissues (Fig. 1a). Moreo-
ver, MAGI1 expression in different tumor stages were ana-
lyzed. We found that MAGI1 expression was significantly
lower in M1 stage than that in T1-T2 and T3-T4 stage
RCC (Fig. 1b). To further investigate the correlation of
MAGI!1 expression with RCC clinicopathologic features,
two paired specimens from normal, primary and metastatic
tumor sites were subjected to immunohistochemical (IHC)
staining with an antibody specifically against MAGI1. In
line with qRT-PCR results, the expression level of MAGI1
was significantly reduced in tumor sites, especially in
metastatic tumor sites, compared to normal adjacent
non-cancerous kidney tissues (Fig. 1¢). The observations
above indicated a gradual loss of MAGI1 expression dur-
ing the progression of RCC in clinic setting. To further
ascertain the role of MAGII, the expression of MAGII
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Fig.2 MAGI1 expression level is correlated with RCC cell migration
and invasion. a MAGI1 expression in constructed stable RCC cell
lines were determined by western blot (left) and qRT-PCR (right).
b The cell migratory ability of MAGI1-overexpression and MAGI1-
knockdown cell lines were evaluated by wound healing assay; the
wound healing assays were imaged at 12 h after scratches were made.

of several human RCC cell lines in mRNA level (up) and
protein level (down) was examined. The results indicated
that MAGI1 expression in RCC cell lines was lower than
that in normal renal tubule epithelial cell line HK-2 and
exhibited partly negative correlation with the metastatic
ability of RCC cell lines (Fig. 1d). To validate the clinical
significance of MAGI1 in RCC patients, a cohort of 517
clear-cell RCC (ccRCC) cases from the TCGA was ana-
lyzed. Kaplan—Meier survival analysis indicated that RCC
patients with the lower levels of MAGI1 had shorter over-
all survival than those with the higher levels of MAGI1
(Fig. 1e, Log-Rank P=0.0014). In all, our findings sug-
gest that the expression of MAGII is decreased in RCC
and its expression level is negatively associated with the
progression of RCC.

MAGI1 mediates the invasion and migration
of human RCC cells

In order to investigate the role of MAGI1 in RCC metas-
tasis, we established MAGI1-overexpression and MAGI1-
knockdown stable cell lines in A-498 and ACHN cells.
The efficiency of MAGII overexpression and knock-
down was confirmed at both protein and mRNA levels
by western blot (left) and qRT-PCR (right), respectively
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¢ The cell invasive ability of MAGI1-overexpression and MAGI1-
knockdown cell lines were performed by Transwell assay; the Tran-
swell assays were imaged at 12 h after the cells be seeded. d MAGI1
expression modulated EMT markers in RCC cell lines. All bar graphs
are plotted as mean+S.D. P values are calculated between groups.
**P <0.01; ***P <0.001
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«Fig.3 MAGII recruits PTEN to inhibit f-catenin degradation in
PTEN/MAGI1/B-catenin complex. a The PTEN/MAGI1/B-catenin
complex was identified by co-immunoprecipitation. b p-catenin
expression level was positively correlated with MAGI1 recruited
PTEN. ¢ MAGI1 modulated p-catenin expression level by regulat-
ing Akt/GSK-3p signaling. d MAGII regulated the p-catenin sign-
aling pathway. e TOP/FOP Flash assay was performed to determine
the activation of f-catenin signaling pathway. f the expression of
fB-catenin was assessed by immunofluorescence assay. ***P <0.001

(Fig. 2a). Using wound healing assay, we examined the
impact of overexpression and knockdown MAGI1 on RCC
cell migration. We found that the migratory capacity of
sh-MAGTI1 cells was significantly increased compared to
the control group (Fig. 2b, right). While the migratory
capacity of LV-MAGII cells was remarkably decreased
compared with the control cells (Fig. 2b, middle). To
further examine the impact of MAGI1 on invasion,
Matrigel-coated Transwell invasion assay was performed.
Consistently, knockdown of MAGI1 promoted cell inva-
sion, whereas overexpression of MAGII reduced invasive
potential (Fig. 2c). In addition, the expression levels of
EMT markers were examined by western blot. As shown
in Fig. 2d, the expression of E-cadherin was downregu-
lated, while the expression of Vimentin was dramatically
increased in MAGI1-knockdown RCC cells. As expected,
overexpression of MAGII increased the E-cadherin,
but reduced the Vimentin expression. Thus, the MAGI1
expression level significantly influences the invasion and
migration of human RCC cells.

MAGI1 stabilizes the PTEN/MAGI1/B-catenin
complex to inhibit B-catenin signaling pathway

To further explore the underlying molecular mechanism of
MAGI1-mediated RCC EMT, we first conducted IP studies
in A-498 cells to confirmed whether MAGI1 functioned as
a scaffolding molecule by recruiting PDZ (PSD-95/Dlg-A/
Z0-1) domain binding proteins like phosphatase and ten-
sin homolog deleted on chromosome ten (PTEN) and
[B-catenin as previously reported [14]. As shown in Fig. 3a,
both PTEN and p-catenin bound with MAGI1 and varied
in accordance with the amount of MAGI1. As activation of
the Wnt/p-catenin signal pathway is one of most frequently
involved in the initiation and progression of RCC [15], we
detected the expression of p-catenin (Fig. 3b). The west-
ern blot results showed that B-catenin was negatively cor-
related with MAGI1, while PTEN remained unchanged.
However, knockdown of PTEN significantly increased the
expression of B-catenin. From these results, we hypoth-
esized that MAGI1 functioned as a scaffolding protein to
recruit PTEN and B-catenin to form a PTEN/MAGI1/f-
catenin complex, in which PTEN promoted p-catenin deg-
radation. To validate this hypothesis, we examined the key

proteins regulating Akt/GSK-3f pathway that may be a
link between PTEN and f-catenin. The results suggested
that knockdown of MAGI1 increased Akt phosphorylation
at Ser473 (active form), GSK-3f phosphorylation (inactive
form) at Ser9 and decreased p-catenin phosphorylation at
Ser33/77 (degradation form), which resulted in upregula-
tion of total B-catenin (Fig. 3c). In contrast, MAGI1 over-
expression did the opposite. Former studies have identified
that activation of AKT could inhibit GSK3p kinase activ-
ity via phosphorylation of Ser9, which in turn decreased
B-catenin phosphorylation and activated f-catenin path-
way [16-18]. Moreover, knockdown of MAGI1 facilitated
the nuclear translocation of pB-catenin as determined by
western blot (Fig. 3d) and immunofluorescence assays
(Fig. 3f). Western blot (Fig. 3d) and TOP/FOP-Flash lucif-
erase reporter analysis (Fig. 3e) revealed that knockdown
of MAGI1 activated the p-catenin downstream signaling
pathway. Conversely, overexpression of MAGI1 down-
regulated the pB-catenin signaling pathway. Collectively,
MAGI1 modulates p-catenin signaling pathway by stabi-
lizing the PTEN/MAGI1/f-catenin complex in RCC.

MAGI1 is targeted by miR-520h

To further dissect the mechanism underlying MAGI1 modu-
lating RCC metastasis, we searched for potential upstream
regulator of MAGI1. Previous studies have demonstrated
that common signaling pathways activate EMT regulators,
which are also regulated by key microRNAs (miRNAs) [19].
Therefore, we screened 20 miRNAs that potentially targeted
MAGII from three miRNA target-predicting algorithms
including starBase, TargetScan and miRWalk (Fig. 4a), in
which we focused on miR-520h that has been identified as
upregulated miRNA correlated with metastasis progression
of RCC (data from GSE23690, Table S2). Besides, qRT-
PCR confirmed negative correlation between MAGI1 and
miR-520h expression in RCC tumor specimens (Fig. 4b,
r=-0.711, P<0.001). By computational prediction of star-
Base, we identified the putative binding site of miR-520h
with MAGII (Fig. 4c). Luciferase reporter assay demon-
strated that miR-520h mimics markedly decreased the lucif-
erase with the wild type 3’-UTR of MAGI1 mRNA in a dose
dependent manner compared to that of mutant 3’-UTR of
MAGI1 mRNA (Fig. 4d). Western blot confirmed that miR-
520h mimics significantly decreased MAGI1 protein level
in RCC cell lines as well (Fig. 4e). What’s more, miR-520h
mimics notably increased p-catenin expression and EMT
markers (Fig. 4f). In brief, the data above reveal that MAGI1
is directly targeted by miR-520h in RCC cells.
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c-Myb promotes the transcriptional activity
of MIR-520H by binding with its promoter

To investigate the mechanism responsible for the upregula-
tion of miR-520h in RCC, we predicted 2 potential transcrip-
tion factors, involving Neurofibromin 1(NF1) and c-Myb,
in the promoter region of MIR-520H using PROMO and
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PuTmiR 1.0 (Fig. 5a). Then, the expression of NF1 and
c-Myb in RCC tumor tissues and corresponding adjacent
normal kidney tissues was determined by qRT-PCR. As
showed in Fig. 5b, NF1 expression was lower in tumor tis-
sues, while c-Myb expression was higher than normal tis-
sues. Hence, we predicated the three-putative c-Myb binding
sites (MBS) with MIR-520H promoter by PROMO (Fig. 5¢).
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Chromatin immunoprecipitation (ChIP) assay revealed that
c-Myb was most significantly bound to MBS-A within the
MIR-520H promoter (Fig. 5d). Luciferase assay also con-
firmed that c-Myb increased MIR-520H promoter activity,
while this tendency was abolished in 520H promoter-mutant
A-498 cells (Fig. 5e). Furthermore, qRT-PCR revealed that
knockdown of c-Myb decreased miR-520h expression, but
overexpression of c-Myb increased miR-520h expression
(Fig. 5f). Taken together, these results above indicate that
c-Myb promotes the transcriptional activity of MIR-520H
by binding with its promoter in RCC.

Discussion

Metastasis are common found at diagnose and patients
treated with nephrectomy in RCC [20]. However, the bio-
markers and underlying mechanisms involving RCC metas-
tasis remain elusive. These emphasize the urgent need to
explore new biomarkers related to RCC metastasis. For
the first time, this study demonstrated the role of MAGI1
on metastasis and its underlying mechanism in RCC. The
results of this study suggest MAGII1 functions as tumor
suppressor in RCC. Downregulation of MAGI1 decreases
recruitment of PTEN to reduce f-catenin level in PTEN/
MAGI1/p-catenin complex and activates f-catenin down-
stream signaling pathway, leading to increased invasion and
migration of human RCC cells.

Previous studies have shown that PDZ domain-containing
proteins, including MAGI1, were crucial on cellular adhe-
sion and differentiation in mice [21]. MAGI1 downregula-
tion were reported to be involved in migration and invasion
of hepatocellular carcinoma, gastric cancer and colorectal
cancer [11-13]. MAGI]1 consists of six PDZ domains, a sin-
gle catalytically inactive guanylate kinase domain and two
WW (tryptophan—tryptophan) domains [22]. PDZ domains
are docking domains for PDZ-binding molecules, whereby
MAGTI]1 functions as a scaffolding molecule and associates
with a variety molecules [23]. Larissa et al. have showed that
PTEN and B-catenin could bind to the second and the fifth
PDZ domain of MAGI|, respectively [14]. PTEN is a tumor
suppressor gene, whereas [3-catenin is widely known to pro-
mote tumor stemness and invasion. However, PETN knock-
down could activate p-catenin signaling pathway via Akt/
GSK-3f and promote cell invasion and migration in human
gastric cancer [24]. Lu et al. have reported that disruption
of adherens junctions could release p-catenin from the
adherens junction complex, making it available for nuclear
import and increased transactivation of f-catenin-responsive
genes [25]. It is well known that Wnt/B-catenin signaling
in human cancer is highlighted by its coordinate control of
the transcriptional programs underlying EMT and cancer
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progression [26]. Moreover, prevention of -catenin trans-
location from cell junctions to nucleus inhibited metastasis
[27]. The results of our study demonstrated that the PDZ
domain of MAGI1 recruited PETN and f-catenin, in which
PETN mediated pB-catenin degradation via Akt/GSK-3f
as well. Thus, downregulation of MAGI1 may breakdown
PETN/MAGI1/B-catenin complex and release p-catenin to
enter the nucleus, leading to activated p-catenin signaling
pathway and RCC metastasis.

MicroRNAs (miRNAs) are key regulators of gene expres-
sion, which post-transcriptionally repress gene expression
by pairing to mRNAs [28]. Existing data have showed miR-
NAs can control metastasis through divergent or convergent
regulation of metastatic gene pathways [29]. miR-520h, one
member of the miR-520 family, has been reported to pro-
mote differentiation of HSCs into progenitor cells by inhib-
iting ABCG?2 expression [30]. Nevertheless, the role of
miR-520h in cancers may be cancer type dependent. Highly
expressed miR-520h enhanced proliferation, migration and
invasion in epithelial ovarian cancer and was associated with
poor prognosis and lymph node metastasis in human breast
cancer [31, 32]. On the other hand, introduction of miR-520h
mimics into pancreatic cancer cells resulted in inhibition of
cell migration and invasion [33]. Interestingly, miR-520c-3p,
belongs to the miR-520 family as well, inhibited renal car-
cinoma cell growth, invasion, and migration by suppressing
SPOP [34]. This study reveals that miR-520h functions as
an oncomiRNA in RCC progression.

The transcription factor c-Myb has been identified as an
oncogene that is involved in leukemia, colon cancer and
breast cancer [35]. Li et al. identified that c-Myb enhanced
breast cancer invasion and metastasis through interacting
with pB-catenin directly [36]. While Chen et al. reported that
c-Myb promoted the invasion of hepatocellular carcinoma
via increasing the transcription activity of osteopontin indi-
rectly [37]. Except for collaborating with protein-encoding
promoter, c-Myb also enhanced long non-coding RNA
SNHG10 promoter activity to facilitate hepatocarcinogen-
esis and metastasis [38]. In the present study, we demon-
strate that c-Myb is upregulated in RCC tissues and induces
MIR-520H promoter activity.

In summary, this study demonstrates that MAGI1 is
markedly decreased in mRCC comparing to adjacent normal
tissues and low stage tumors. Overexpression or knockdown
of MAGTI1 significantly affects invasion and migration of
human RCC cells via modulating PETN/MAGI1/p-catenin
complex. In addition, c-Myb could bind with MIR-520H
promoter and increase its expression. In turn, upregulated
miR-520h directly targets MAGI1 to downregulate MAGI1
expression. Our findings suggest MAGI1 as a novel mediator
of RCC metastasis and may prove to be a clinically useful
biomarker and target for developing new diagnose and treat-
ment methods for RCC progression and metastasis.
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