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The blood-tumor barrier (BTB) hinders delivery of chemotherapeutic drugs to tumors
in the brain; previous studies have shown that the BTB can be selectively opened by
endothelial monocyte activating polypeptide-II (EMAP-II), but the specific mechanism
involved remains elusive. In this study, we found that microRNA-429 (miR-429)
expression in glioma vascular endothelial cells (GECs) was far lower than in human
brain microvascular endothelial cells (ECs). miR-429 had lower expression in GECs
and glioma tissues compared to ECs or normal tissues of the brain. Furthermore,
miR-429 had lower expression in high grade glioma (HGG) than in low grade glioma
(LGG). In in vitro BTB models, we also found that EMAP-II significantly increased BTB
permeability, decreased expression of ZO-1, occludin and claudin-5 in GECs, in a
time- and dose-dependent manner. EMAP-II greatly increased miR-429 expression in
GECs of the BTB models in vitro. Overexpression of miR-429 in GECs significantly
decreased the transepithelial electric resistance (TEER) values in BTB models, and led
to enhanced horseradish peroxidase (HRP) flux. Overexpression of miR-429 in GECs
significantly decreased the expression of tight junction (TJ)-associated proteins (ZO-1,
occludin and claudin-5), and decreased the distribution continuity. Silencing of miR-
429 in GECs increased the expression of TJ-associated proteins and the distribution
continuity. The dual-luciferase reporter assay revealed that ZO-1 and occludin were
target genes of miR-429, and we demonstrated that miR-429 overexpression markedly
down-regulated protein expression of p70S6K, as well as its phosphorylation levels.
The dual-luciferase reporter assay also showed that p70S6K was a target gene of
miR-429; miR-429 overexpression down-regulated expression and phosphorylation
levels of p70S6K, and also decreased phosphorylation levels of S6 and increased
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BTB permeability. Conversely, silencing of miR-429 increased the expression and
phosphorylation levels of p70S6K, and increased phosphorylation levels of S6, while
decreasing BTB permeability. In conclusion, the results indicated that EMAP-II caused
an increase in miR-429 expression that directly targeted TJ-associated proteins, which
were negatively regulated; on the other hand, miR-429 down-regulated the expression
of TJ-associated proteins by targeting p70S6K, also negatively regulated. As a result,
the BTB permeability increased.

Keywords: blood-tumor barrier, EMAP-II, miR-429, p70S6K, s6K

INTRODUCTION

The BTB hinders drug delivery to the brain, which makes
systematic drug treatment of brain tumors ineffective (Park
et al., 2016; Salvador et al., 2016). The BTB is more permeable
than the BBB, but it still reduces the delivery of anti-tumor
drugs to tumor tissues in the brain (Black and Ningaraj,
2004). The BTB hinders hydrophilic molecules diffusing by
paracellular transport into tumor tissues by endothelial TJ
composed of integral membrane proteins (claudins, occludin,
and junctional adhesion molecules) and intracellular proteins
(ZO-1 and cingulin) (Miyoshi and Takai, 2005; Stamatovic
et al., 2016). Previous experiments have demonstrated that
decreasing ZO-1, occludin, and claudin-5 expression could
increase the BTB permeability (Cai et al., 2015b; Ma et al.,
2016).

EMAP-II is a multifunctional polypeptide that functions as
a proinflammatory cytokine, and has been studied in antitumor
and antiangiogenic activities (Awasthi et al., 2013; Mogylnytska,
2015). EMAP-II consists of 169 amino acid residues and exerts
an important role, as a cytokine, in inflammation, apoptosis
and angiogenesis (Lozhko et al., 2013; Liu et al., 2015). Studies
on ECs have shown that EMAP-II has a biological role in
anti-angiogenesis (Liu et al., 2015). In a study of glioma
cells in nude mice, EMAP-II showed specific toxicity in vitro
against GECs and, as an anti-angiogenic therapy, it stopped
glioma growth as a tumor blood vessel inhibitor and by
VEGF inhibition (Schwarz and Schwarz, 2004). Previous studies
have shown that EMAP-II can open the BTB by activating
RhoA/ROCK/PI3K (Li Z. et al., 2015), cAMP/PKA/Rac1 (Li et al.,
2016b), RhoA/Rho kinase/PKC-α/β/PP1 (Li et al., 2016a) and
other signaling pathways (Cai et al., 2015a). However, whether
miRNAs, as emerging regulators of signal transduction, are
involved in EMAP-II regulation of the BTB permeability is still
unknown.

miR-429, as a member of the miR-200 family, has been
demonstrated to be one of the major regulatory molecules of
the EMT (Park et al., 2008). Most studies have indicated that
miR-429 plays a role in tumor suppression to prevent cancer
formation in healthy cells. miR-429 expression is down-regulated

Abbreviations: BBB, blood–brain barrier; BTB, blood-tumor barrier; ECs,
endothelial cells; EMAP-II, endothelial monocyte activating polypeptide-II; EMT,
epithelial mesenchymal transition; GECs, glioma vascular endothelial cells; HGG,
high-grade glioma; HRP, horseradish peroxidase; LGG, low-grade glioma; miR-
429, microRNA-429; NBT, normal brain tissue; TEER, transepithelial electric
resistance; TJ, tight junction.

in non-small cell lung cancer (Xiao et al., 2016), colorectal cancer
(Dong et al., 2016), renal cell carcinoma (Chen et al., 2016) and
esophageal cancer (Bartoszewska et al., 2015). Up-regulation of
miR-429 inhibits the ability of tumor cells to proliferate, migrate
and invade (Pecot et al., 2013; Wang et al., 2013; Yoshino et al.,
2013; Zhu et al., 2014). In addition, miR-429 was shown to
decreased glioma invasion by targeting BMK1 (Chen et al., 2015).
However, it has not been fully established if miR-429 can regulate
the permeability of the BTB.

P70S6K, as a downstream effector of the PI3K/Akt/mTOR
signal transduction pathway, is a member of the serine/threonine
protein kinase family, (Zanchi and Lancha, 2008; Zhao and
Gartenhaus, 2009). P70S6K phosphorylates ribosomal S6
protein, which are both engaged in various cellular functions,
such as proliferation, tumorigenesis, angiogenesis, differentiation
and apoptosis (Zhao and Gartenhaus, 2009). There are many
studies concerning the role of p70S6K in regulating biological
behavior in gliomas. By inhibiting the mTOR/p70S6K1 signaling
pathway, GSK-3β was shown to decrease glioma progression
in vivo (Zhao et al., 2015). Furthermore, FTY720-induced
inhibition of the PI3K/AKT/mTOR/p70S6K signaling pathway
was shown to suppress migration and invasion in human
glioblastoma cell lines (Zhang et al., 2014b). In addition,
cathepsin S-induced inhibition of the PI3K/AKT/mTOR/p70S6K
signaling pathway was found to cause autophagy in human
glioblastoma cell lines (Zhang et al., 2014a). However, there
are no relevant studies which report that p70S6K can regulate
TJ-associated protein expression and influence the BTB
permeability in gliomas. This study aimed to investigate
whether EMAP-II could influence TJ-associated protein
expression and change the BTB permeability by modulating
miR-429 expression and thus directly or indirectly regulating
p70S6K.

MATERIALS AND METHODS

Cell Lines and Culture
The immortalized human cerebral micro vascular EC line
hCMEC/D3 (provided by Dr. Pierre-Olivier Couraud, Institut
Cochin, France) was cultured according to Weksler et al. (2005).
Endothelial basal medium-2 (EBM-2, Lonza, Walkersville, MD,
United States), supplemented with 5% fetal bovine serum (FBS,
PAA Laboratories, Pasching, Austria), 10 mM HEPES (PAA
Laboratories, Pasching, Austria), 1% Penicillin–Streptomycin
(Life Technologies), 1% chemically defined lipid concentrate
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(Life Technologies Corporation, Paisley, United Kingdom),
1.4 mM hydrocortisone (Sigma–Aldrich, St. Louis, MO,
United States), 5 mg/ml ascorbic acid (Sigma–Aldrich) and
1 ng/ml human basic fibroblast growth factor (bFGF) (Sigma–
Aldrich, St. Louis, MO, United States). Cultrex Rat Collagen-I
(R&D Systems, Minneapolis, MN, United States) was previously
coated onto the culture dishes before cells had been seeded.
Human glioblastoma U87 cell line and human embryonic kidney
293T cell line were got from Cell Bank of Chinese Academy of
Sciences and maintained in Dulbecco’s modified Eagle’s medium
(DMEM) of high glucose supplemented with 10% FBS, 100 U/ml
penicillin, and 100 µg/ml streptomycin (Life Technologies).
All the cells were cultured at 37◦C with 5% CO2 in the humid
atmosphere, and the medium was changed every 48 or 72 h.
EMAP-II was purchased from PeproTech (Rehovot, Israel).

Establishment of BTB and BBB Models
in Vitro
In vitro BTB models were established following the procedure as
above (Nakagawa et al., 2007; Cai et al., 2015a). Tanswell systems
(0.4-µm pore size; Corning, NY, United States) were applied to
co-culture the U87 and hCMEC/D3 cells, and U87 cells were
seeded (2 × 104/well) in six-well plates and cultured for 24 h.
Then hCMEC/D3 cells were seeded (2 × 105/well) on the upper
side of transwell’s filter membranes pre-coated with 150 µg/ml
Cultrex Rat Collagen-I. After co-cultured for 96 h, the GECs from
in vitro BTB models were obtained for further analysis. For the
BBB models, normal human astrocytes were seeded instead of
U87 cells. In the following experiment EMAP-II was added to
the upper chamber which made hCMEC/D3 cells were directly
exposed to the EMAP-II. EMAP-II was exposured to the apical
cell surface of the endothelia.

Cells Transfection and Grouping
The miR-429 overexpression and miR-429 silencing plasmids
were constructed separately in pGPH1/GFP/Neo (pre-miR-429)
and pGPU6/GFP/Neo (anti-miR-429) (GenePharma, Shanghai,
China). pGCMV/MCS/T2A/EGFP/Neo [p70S6K(+)] and
pGPU6/GFP/Neo [p70S6K(−)] (GenePharma, Shanghai, China)
were DNA plasmid vectors. Both of them were stably transfected
and cells were selected by the culture medium containing
0.4 mg/mL G418 (Sigma–Aldrich) in the following 3 or 4 weeks.
The transfected efficiencies were assessed by quantitative Real-
time PCR (qRT-PCR) and western blot analysis. To get the
cotransfection cells for further study, miR-429 agomir, miR-429
antagomir, and negative controls were, respectively, transfected
transiently into p70S6K stably transfected cells according to
the instructions of Lipofectamine 2000 (Life Technologies
Corporation, Carlsbad, CA, United States). Cotransfected
cells were got from the culture in 48 h and grouped into nine
(Table 1).

TEER Values and HRP Flux
After BTB models were established, the TEER assays were
performed by millicell-ERS instrument (Millipore, Billerica, MA,
United States). Based on our previous experiments (Cai et al.,

TABLE 1 | Grouping the co-transfected cells.

Group Stable transfected cells Co-transfection

Control untransfected none

pre-miR-429-NC+p70S6K(+)−NC p70S6K(+)−NC pre-miR-429-NC

pre-miR-429+p70S6K(+) p70S6K(+) pre-miR-429

pre-miR-429-NC+p70S6K(−)−NC p70S6K(−)−NC pre-miR-429-NC

pre-miR-429+p70S6K(−) p70S6K(−) pre-miR-429

anti-miR-429-NC+p70S6K(+)−NC p70S6K(+)−NC anti-miR-429-NC

anti-miR-429+p70S6K(+) p70S6K(+) anti-miR-429

anti-miR-429-NC+p70S6K(−)−NC p70S6K(−)−NC anti-miR-429-NC

anti-miR-429+p70S6K(−) p70S6K(−) anti-miR-429

2015a), in 96 h of co-culture, TEER values were measured.
Before final resistances were calculated, background electrical
resistances had been subtracted. The final TEER values were
measured as ohms per square centimeter. After BTB models
were constructed, 1 ml serum-free EBM-2 containing 0.5 µmol/L
HRP was added into the upper compartment of the transwell.
In 1 h, the medium in the lower compartment was collected
and TMB colorimetry was applied to test the collected samples
by spectrophotometer at 370 nm. The HRP flux was shown as
picomoles passed per square centimeter surface area per hour
(pmol/cm2/h).

Laser Capture Microdissection (LCM)
and Quantitative Real-Time PCR
(qRT-PCR)
Laser capture microdissection (LCM) was performed following
previously description (Cai et al., 2015b). The specimens were
fresh-frozen sectioned with 10 µm thickness by Microtome
Cryostat (MICROM International GmbH, Walldorf, Germany)
and then stained by Ulex europaeus agglutinin I (UEA-I) (Vector
Laboratories, Burlington, ON, Canada) to mark the target vessels.
ArcturusXTTM instrument (Applied Biosystems, Foster City, CA,
United States) was applied to perform precision cutting. The
GECs or ECs were captured and transferred onto CapSure R© HS
LCM Caps (Invitrogen, United States). Parameters were set as
below: 7.5 µm for laser spot size, 50 mV for power and 0.7 ms
for duration time.

Total RNA was extracted by Trizol reagent (Life Technologies
Corporation, Carlsbad, CA, United States). RNA concentration
and quality were measured with the 260/280 nm ratio
by a Nanodrop Spectrophotometer (ND-100; Nano Drop,
Wilmington, DE, United States). Real-time PCR was done to test
the expression levels of miR-429 and p70S6K by 7500 Fast Real-
Time PCR System (Applied Biosystems). Taqman MicroRNA
Reverse Transcription Kit and Taqman Universal Master Mix
II were used in the TaqMan MicroRNA assays of miR-429 and
U6 (Applied Biosystems, Foster City, CA, United States). The
High Capacity cDNA Reverse Transcription Kits and TaqMan
Universal Master Mix II were used in the gene expression
assays of p70S6K and GAPDH (Applied Biosystems, Foster City,
CA, United States). Fold changes were calculated by standard
(2−11Ct) method.
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Western Blot
The protein concentrations were set by the BCA protein
assay kit (Beyotime Institute of Biotechnology). All cell lysates
with 40 µg proteins were loaded onto SDS-polyacrylamide
gels and blotted onto polyvinylidene difluoride membranes.
The membranes were blocked by 5% nonfat dry milk in
TBST for 2 h and then incubated overnight at 4◦C with
primary antibodies against p70S6K, S6K(1:500; Proteintech,
Chicago, IL, United States), p- p70S6K, p-S6K (1:200; Santa
Cruz Biotechnology, Santa Cruz, CA, United States), ZO-1
(1:500; Life Technologies), occludin (1:250; Life Technologies),
claudin-5 (1:500; Life Technologies) and GAPDH (1:10,000;
Proteintech). After washed for three times by the PBS-Tween,
the membranes were incubated in the secondary antibody
diluted at 1:5000 at room temperature for 2 h. Protein bands
were visualized by enhanced chemiluminescence (Santa Cruz
Biotechnology, Santa Cruz, CA, United States) and measured by
the ECL Detection System (Thermo Scientific, United States).
The protein bands were scanned by Chemi Imager 5500 V2.03
software, and integrated light density values were tested by Fluor
Chen 2.0 software. GAPDH was used to normalize the above
results.

Clinical Specimens
Glioma tissues and NBTs were got from the Department of
Neurosurgery, Shengjing Hospital of China Medical University
from September 2013 to July 2014. Low grade gliomas (LGGs)
are mainly brain tumors classified as grade I and II by the WHO
grading system and high grade gliomas (HGGs) are grade III
and IV. After surgical resection, the specimens were immediately
frozen and preserved in liquid nitrogen. All participants provided
written consent and the procedures were approved by the
Ethics Committee at the Shengjing Hospital of China Medical
University.

Dual-Luciferase Reporter Assay
TargetScan Human Release 6.21 predicted there was one potential
binding site between the 3′UTR of ZO-1 mRNA and the seed
region of miR-429. To examine whether miR-429 targets ZO-
1 directly, wild-type ZO-1 3′UTR reporter plasmids (ZO-1
Wt) and mutated-type ZO-1 3′UTR reporter plasmids (ZO-
1 Mut) were constructed in the pmirGLO-promoter vector.
HEK 293T cells were cultured in 96-well microtiter plates
(Corning, NY, United States) for 24 h. MiR-429 overexpressed
and NC plasmids were transfected with ZO-1 Wt 3′UTR
and ZO-1 Mut 3′UTR, respectively, by Lipofectamine 2000.
In 48 h of transfection, the luciferase activities were tested
by the Dual-Luciferase Reporter Assay System (Promega,
Madison, WI, United States). Luciferase expressions were shown
as related light units (firefly/Renilla luciferase) to determine
whether ZO-1 was the target of miR-429 in vitro. Based
on two potential binding sites of the miR-429 and occludin,
Mut 1, Mut 2, and Mut 3 were constructed. Based on one
potential binding site of the miR-429 and p70S6K, Mut was
constructed.

1www.targetscan.org

Immunofluorescence Assays
The GECs on insert filters were fixed in 4% paraformaldehyde
for 20 min and blocked by 5% BSA for 2 h at room
temperature. After washed with PBS for 3 times, GECs
were incubated by primary antibodies of ZO-1, occludin,
and claudin-5 (1:50; Life Technologies) at 4◦C overnight.
The nuclei were stained by DAPI (0.5 mg/ml, Beyotime
Institute of Biotechnology) for 8 min. The fluorescence was
visualized by DP71 immunofluorescence microscope (Olympus,
Tokyo, Japan), and merged by Chemi Imager 5500 V2.03
software.

Statistical Analysis
All data were showed as mean ± SD for every group and
analyzed by SPSS 21 software. Differences between two groups
were tested for significance with the Student’s t-test. One-way
analysis of variance and Dunnett’s post-test were used to know
the significance among groups. The values were considered to be
significant when P < 0.05.

RESULTS

EMAP-II Promoted BTB Permeability in a
Time-and-Dose Dependent Pattern and
Down-Regulated ZO-1, Occludin and
Claudin-5 in GECs of BTB Models
Based on the results of pre-experiments, after the successful
establishment of in vitro BTB models, EMAP-II with different
concentrations of 0.005, 0.05, 0.5, and 5 nM were used to
influence BTB models, respectively. TEER values and HRP
flux were tested and the changes of BTB models permeability
were evaluated in 0.5, 1, 2, 3, and 6 h. The results showed
that there was no significant difference of TEER values in
the 0.005 nM group. For 0.05, 0.5, and 5 nM groups, the
TEER values influenced by EMAP-II were significantly lower
than those of the control groups in 0.5, 1, and 2 h, of
which the most significant was in 1 h. Meanwhile in 3
and 6 h, there was no statistical difference (Figure 1A).
There was no significant difference in the HRP flux in
the 0.005 nM group. As for 0.05, 0.5, and 5 nM groups,
the HRP flux influenced by EMAP-II in 0.5, 1, and 2 h
were greatly higher than those of the control groups, of
which the most significant was in 1 h. Meanwhile in 3
and 6 h, there was no statistical difference (Figure 1B).
Based on the above experimental results, EMAP-II with
concentration of 0.05 nM was chosen to carry out the following
experiments. EMAP-II of 0.05 nM was used to influence
BTB models; and in 0.5, 1, 2, 3, and 6 h, western blot
was applied to detect changes of TJ-associated proteins (ZO-
1, occludin and claudin-5) in human GECs. Results showed
that with the EMAP-II influence, the protein expression
of ZO-1, occludin and claudin-5 was greatly lower than that of
the control groups in 0.5, 1, and 2 h, of which the most significant
was in 1 h. Meanwhile there was no statistical difference in 3 and
6 h (Figure 1C).
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FIGURE 1 | The integrity and permeability of BTB with the EMAP-II influence. (A) TEER values of BTB models were shown as �•cm2. All data represent mean ± SD
(n = 5, each). ∗∗P < 0.01 vs. EMAP-II 0 h groups. (B) Permeability assays were performed by HRP fluxes (45 kDa). HRP fluxes were calculated as pmol/cm2/h. All
data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. EMAP-II 0 h groups. (C) The protein expression levels of ZO-1, occludin and claudin-5 with the EMAP-II
influence were tested by western blot. All data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. EMAP-II 0 h groups.

The Expressions of miR-429 in GECs and
Glioma Tissues, and the Effect of
EMAP-II on miR-429 Expressions
In vitro BBB and BTB models were established, and miR-429
expression was tested by qRT-PCR in human ECs and GECs.
The result showed that miR-429 expression greatly decreased in
human GECs compared with those in ECs (Figure 2A). LCM
assay was used to collect the ECs of NBT and GECs of glioma
tissues. The expression of miR-429 was tested by qRT-PCR in
ECs of NBT, GECs of LGG, and GECs of HGG. The result
showed that miR-429 expression in GECs of LGG and GECs
of HGG decreased significantly compared with those in ECs
of NBT, and miR-429 expression in GECs of HGG decreased
significantly compared with those in GECs of LGG (Figure 2B).
The endogenous expression level of miR-429 was measured in
NBT, LGG, and HGG. The result showed that miR-429 expression
of LGG and HGG decreased significantly compared with those
of NBT, and miR-429 expression of HGG decreased significantly
compared with those of LGG (Figure 2C). After EMAP-II had
been used in BTB models for 0.5, 1, 2, 3, and 6 h, qRT-PCR
was used to test miR-429 expression in GECs. Result showed
that miR-429 expression significantly elevated in 0.5, 1, and 2 h

compared with the control groups, of which the most significant
was in 1 h and there was no statistical difference in 3 and 6 h
(Figure 2D).

MiR-429 Overexpression and miR-429
Silencing Significantly Changed the BTB
Permeability
To further study the effect of miR-429 on BTB permeability, miR-
429 plasmids of the overexpression and silencing expression, and
corresponding negative control plasmids were transfected into
hCMEC/D3 cells. After that, G418 was used to select the stably
transfected cells. qRT-PCR assay was applied to test miR-429
expression in stably transfected cells. The result showed miR-
429 expression greatly increased in pre-miR-429 group compared
with pre-miR-429-NC group; miR-429 expression significantly
decreased in anti-miR-429 group compared with anti-miR-429-
NC group (Figure 3A). After the overexpression and silencing
miR-429 BTB models were successfully established, TEER values
and HRP flux were performed, respectively. It was found that
TEER value of pre-miR-429 group was greatly lower than
that in pre-miR-429-NC group; TEER value of anti-miR-429
group was greatly higher than those in anti-miR-429-NC groups
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FIGURE 2 | The variety of miR-429 expression and the effect of EMAP-II on the expression of miR-429. (A) The relative expressions of miR-429 were tested in ECs
and GECs from cell lines by qRT-PCR. All data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. ECs groups. (B) The relative expressions of miR-429 were tested
in ECs of NBT, GECs of LGG, and GECs of HGG. All data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. NBT groups, ##P < 0.01 vs. LGG groups. (C) The
relative expressions of miR-429 were tested in NBT, LGG and HGG. All data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. NBT groups, ##P < 0.01 vs. LGG
groups. (D) The relative expressions of miR-429 in GECs when treated by EMAP-II were tested by qRT-PCR. All data represent mean ± SD (n = 5, each). ∗∗P < 0.01
vs. EMAP-II 0 h groups.

(Figure 3B). HRP fluxes in pre-miR-429 group was greatly higher
than those in pre-miR-429-NC group; HRP fluxes in anti-miR-
429 group was greatly lower than those in anti-miR-429-NC
group (Figure 3C).

MiR-429 Regulated the Expressions of
TJ-Associated Proteins and ZO-1 and
Occludin Were Direct Targets of miR-429
qRT-PCR and western blot were applied to test the mRNA and
protein expressions of TJ-associated proteins (ZO-1, occludin
and claudin-5) in vitro BTB models. The results showed that
the expressions of ZO-1, occludin and claudin-5 in pre-miR-
429 groups were remarkably lower than those in pre-miR-429-
NC groups; the expressions of ZO-1, occludin and claudin-5 in
anti-miR-429 groups were remarkably higher than those in anti-
miR-429-NC groups (Figures 4A,B). Immunofluorescence was
applied to test the expressions and distributions of TJ-associated
proteins (ZO-1, occludin and claudin-5) in vitro BTB models.
The results showed ZO-1, occludin and claudin-5 were located
on the edge of GECs with the continuous distribution in control,
pre-miR-429-NC and anti-miR-429-NC groups. The fluorescence
intensity of pre-miR-429 groups weakened into a discontinuous
distribution compared with pre-miR-429-NC groups; whereas
the fluorescence intensity of anti-miR-429 groups enhanced
compared with anti-miR-429-NC groups (Figure 4C).

Bioinformatics software Human Release TargetScan 6.22 was
used to test the potential targets of miR-429; and the result

2www.targetscan.org

showed that there was a potential binding site at 71–77 of
ZO-1 mRNA 3′UTR, and the site sequence and the miR-
429 seed regions are complementary and matched to each
other. Dual luciferase reporter gene assay showed that the
relative luciferase activities of ZO-1 3′UTR-Wt+pre-miR-429
groups were significantly inhibited compared with ZO-1 3′UTR-
Wt+pre-miR-429-NC groups; whereas the relative luciferase
activities of ZO-1 3′UTR-Mut+pre-miR-429 groups had no
significant changes compared with ZO-1 3′UTR-Wt+pre-miR-
429-NC groups. The results proved that miR-429 targeted the
3′UTR of ZO-1 (Figure 4D). Bioinformatics software Human
Release TargetScan 6.22 was applied to test the potential targets
of miR-429, and the results showed that there were two potential
binding sites at 139–145 and 2151–2157 of occludin mRNA
3′UTR. The above sites sequence and the miR-429 seed region
are complementary and matched to each other. Mut1 was the
single mutant at 139–145, Mut2 was the single mutant at 2151–
2157, and Mut3 was simultaneous mutants at both 139–145 and
2151–2157. Dual luciferase reporter gene assays showed that
the relative luciferase activities of occludin 3′UTR-Wt+pre-miR-
429 groups were significantly inhibited compared with occludin
3′UTR-Wt+pre-miR-429-NC groups; the related luciferase
activities of occludin 3′UTR-Mut1+pre-miR-429 groups had no
significant changes compared with occludin 3′UTR-Mut1+pre-
miR-429-NC groups; the related luciferase activities of occludin
3′UTR-Mut2+pre-miR-429 groups were significantly inhibited
compared with occludin 3′UTR-Mut2+pre-miR-429-NC groups;
the related luciferase activities of occludin 3′UTR-Mut3+pre-
miR-429 groups had no significant changes compared with
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FIGURE 3 | miR-429 regulating BTB permeability. (A) The relative miR-429 expressions of miR-429 overexpression and silencing. All data represent mean ± SD
(n = 5, each). ∗∗P < 0.01 vs. pre-miR-429-NC groups. ##P < 0.01 vs. anti-miR-429-NC groups. (B) TEER values of BTB models were shown as �•cm2. All data
represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. pre-miR-429-NC groups, ##P < 0.01 vs. anti-miR-429-NC groups. (C) Permeability assays were performed by
HRP fluxes (45 kDa). HRP fluxes were calculated as pmol/cm2/h. All data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. pre-miR-429-NC groups, ##P < 0.01
vs. anti-miR-429-NC groups.

occludin 3′UTR-Mut3+pre-miR-429-NC groups (Figure 4E).
The results pointed out miR-429 and occludin mRNA3′UTR
combined at sequence 139–145.

EMAP-II Significantly Reduced the
p70S6K Expression in GECs of BTB
Models, and p70S6K Changed the BTB
Permeability and TJ-Associated Proteins
Expressions
For EMAP-II of 0.05 nM in BTB models in 0.5, 1, 2, 3, and
6 h, qRT-PCR and western blot were used to test p70S6K mRNA
and protein expressions in GECs, and the protein expression of
p-p70S6K. The results showed that in 0.5, 1, and 2 h, p70S6K
mRNA and protein expressions were significantly lower than
those in control groups, of which the most significant was in 1 h.
With time passing by, the effect gradually weakened and there
was no statistical difference in 3 and 6 h. It had the same trend
in p-p70S6K and p-p70S6K/p70S6K (Figures 5A,B). Plasmids
of p70S6K overexpression and silencing, and corresponding
negative control plasmids were transfected into hCMEC/D3
cells separately; and G418 was used to screen the stable
cells. Transfection efficiency was verified by qRT-PCR and
western blot (Figures 5C,D). After the establishment of p70S6K
overexpression and silencing in vitro BTB models, the TEER
values and HRP fluxes in BTB models were performed. Results
showed that the TEER values of p70S6K(+) groups were
significantly higher than those of p70S6K(+)−NC groups and
p70S6K(−) groups had the opposite results (Figure 5E). HRP
fluxes of p70S6K(+) groups were significantly lower than those
of p70S6K(+)−NC groups; HRP fluxes of p70S6K(−) groups
were significantly higher than those of p70S6K(−)−NC groups
(Figure 5F).

Western blot was applied to test the expressions of TJ-
associated proteins (ZO-1, occludin and claudin-5) of GECs
in vitro BTB models with p70S6K overexpression and silencing,

respectively. Results showed that the protein expressions of ZO-1,
occludin and claudin-5 in p70S6K(+) groups were significantly
higher than those in p70S6K(+)−NC groups, and the protein
expressions of ZO-1, occludin and claudin-5 in p70S6K(−)
groups were significantly lower than those in p70S6K(−)−NC
groups (Figure 5G). The immunofluorescence was applied to
detect the expressions and distribution of ZO-1, occludin and
claudin-5 in vitro BTB models with p70S6K overexpression
and silencing, respectively. Results showed that ZO-1, occludin
and claudin-5 were located on the edge of GECs, which
were continuously distributed; the fluorescence intensity of
p70S6K(+) groups enhanced, and the distribution became
more continuous compared with p70S6K(+)−NC groups;
whereas the fluorescence intensity of p70S6K(−) groups reduced
and the distributions became less continuous compared with
p70S6K(−)−NC groups (Figure 5H).

MiR-429 Negatively Regulated the
Expressions of p70S6K by Direct
Targeting
qRT-PCR and western blot were applied to detect the expressions
of p70S6K in vitro BTB models of miR-429 overexpression
and silencing. Results showed that p70S6K mRNA and protein
expressions of pre-miR-429 groups were remarkably lower than
those of pre-miR-429-NC groups, p70S6K mRNA and protein
expressions of anti-miR-429 were remarkably higher than those
of anti-miR-429-NC groups (Figures 6A,B). Bioinformatics
software Human Release TargetScan 6.23 was applied to predict
the potential targets of miR-429. Result showed that there was
one potential miR-429 binding site at 291–298 of p70S6K mRNA
3′UTR. The above site sequence and the miR-429 seed region
were complementary and matched to each other. Dual luciferase
reporter gene analysis revealed the relative luciferase activities
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Frontiers in Molecular Neuroscience | www.frontiersin.org 7 February 2018 | Volume 11 | Article 35

www.targetscan.org
https://www.frontiersin.org/journals/molecular-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/molecular-neuroscience#articles


fnmol-11-00035 February 5, 2018 Time: 14:55 # 8

Chen et al. Blood-Tumor Barrier Permeability

FIGURE 4 | miR-429 influencing the expression of ZO-1, occludin and claudin-5. (A) The mRNA expressions of ZO-1, occludin and claudin-5 were tested by
qRT-PCR of miR-429 overexpression and silencing. All data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. pre-miR-429-NC groups, ##P < 0.01 vs.
anti-miR-429-NC groups. (B) The proteins expressions of ZO-1, occludin and claudin-5 were tested by western blot of miR-429 overexpression and silencing. All
data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. pre-miR-429-NC groups, ##P < 0.01 vs. anti-miR-429-NC groups. (C) The expressions and distributions of
ZO-1, occludin and claudin-5 were tested by immunofluorescence. (n = 5, scale bar = 5 µm). ZO-1 (D) and occludin (E) were the target genes of miR-429. Relative
luciferase activities were shown as firefly/renilla luciferase activities. All data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. ZO-1/occludin 3′UTR
Wt+pre-miR-429-NC groups.

were significantly inhibited in the p70S6K 3′UTR- Wt+pre-
miR-429 compared with p70S6K 3′UTR-Wt+pre-miR-429-NC;
whereas compared with p70S6K 3′UTR-Mut+pre-miR-429-NC,
there was no significant changes of the relative luciferase activities
in p70S6K 3′UTR-Mut+pre-miR-429 (Figure 6C). The result
proved that miR-429 targeted the 3′UTR of p70S6K.

Cotransfection of miR-429 and p70S6K
Reversely Changed the BTB
Permeability, and miR-429 Regulated
ZO-1, Occludin and Claudin-5
Expressions by Affecting p70S6K-S6
Signaling Pathway
To study the role of p70S6K in miR-429 mediating the regulation
of BTB permeability, cotransfection of miR-429 and p70S6K
in vitro BTB models was established. TEER values and HRP flux

assays were used to test the BTB permeability. Results showed
that TEER values of pre-miR-429+p70S6K(+) groups decreased
compared with pre-miR-429-NC+p70S6K(+)−NC groups,
TEER values of pre-miR-429+p70S6K(−) groups remarkably
decreased compared with pre-miR-429-NC+p70S6K(−)−NC
groups, TEER values of anti-miR-429+p70S6K(+)
groups remarkably increased compared with anti-miR-
429-NC+p70S6K(+)−NC groups, and TEER values of
anti-miR-429+p70S6K(−) groups increased compared with
anti-miR-429-NC+p70S6K(−)−NC groups (Figure 7A). HRP
fluxes of pre-miR-429+p70S6K(+) groups increased compared
with pre-miR-429-NC+p70S6K(+)−NC groups, HRP fluxes
of pre-miR-429+p70S6K(−) groups remarkably increased
compared with pre-miR-429-NC+p70S6K(−)−NC groups,
HRP fluxes of anti-miR-429+p70S6K(+) groups remarkably
decreased compared with anti-miR-429-NC+p70S6K(+)−NC
groups, and HRP fluxes of anti-miR-429+p70S6K(−) groups

Frontiers in Molecular Neuroscience | www.frontiersin.org 8 February 2018 | Volume 11 | Article 35

https://www.frontiersin.org/journals/molecular-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/molecular-neuroscience#articles


fnmol-11-00035 February 5, 2018 Time: 14:55 # 9

Chen et al. Blood-Tumor Barrier Permeability

FIGURE 5 | p70S6K influencing BTB permeability and the expression of ZO-1, occludin and claudin-5. (A) The mRNA expressions of p70S6K with the EMAP-II
influence by qRT-PCR. All data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. EMAP-II 0 h groups. (B) The protein expressions of p70S6K with the EMAP-II
influence by western blot. All data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. EMAP-II 0 h groups. The relative p70S6K expressions of p70S6K
overexpression and silencing were tested by qRT-PCR (C) and western blot (D). All data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. p70S6K(+)–NC groups;
##P < 0.01 vs. p70S6K(–)–NC groups. The integrity and permeability of BTB models of p70S6K overexpression and silencing were tested. (E) TEER values of BTB
models were shown as �•cm2. All data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. p70S6K (+)–NC groups, ##P < 0.01 vs. p70S6K (–)– NC groups.
(F) Permeability assays were performed by HRP fluxes (45 kDa). HRP fluxes were calculated as pmol/cm2/h. All data represent mean ± SD (n = 5, each). ∗∗P < 0.01
vs. p70S6K (+)–NC groups, ##P < 0.01 vs. p70S6K(–)– NC groups. The proteins expressions and distributions of ZO-1, occludin and claudin-5 of p70S6K
overexpression and silencing. (G) The proteins expressions of ZO-1, occludin and claudin-5 were tested by western blot. All data represent mean ± SD (n = 5,
each). ∗∗P < 0.01 vs. p70S6K (+)–NC groups, ##P < 0.01 vs. p70S6K (–)–NC groups. (H) The expressions and distributions of ZO-1, occludin and claudin-5 were
tested by Immunofluorescence. (n = 5, scale bar = 5 µm).

decreased compared with anti-miR-429-NC+p70S6K(−)−NC
groups (Figure 7B). The above results proved that cotransfection
of miR-429 and p70S6K reversely regulated the BTB
permeability.

Western blot was used to test the protein expressions
of ZO-1, occludin and claudin-5 in vitro BTB models with
cotransfection of miR-429 and p70S6K. Results showed that
the expressions of ZO-1, occludin and claudin-5 in pre-miR-
429+p70S6K(+) groups decreased compared with pre-miR-429-
NC+p70S6K(+)−NC groups, the expressions of ZO-1, occludin
and claudin-5 in pre-miR-429+p70S6K(−) groups remarkably
decreased compared with pre-miR-429-NC+p70S6K(−)−NC

groups, the expressions of ZO-1, occludin and claudin-
5 in anti-miR-429+p70S6K(+) groups remarkably increased
compared with anti-miR-429-NC+p70S6K(+)−NC groups and
the expressions of ZO-1, occludin and claudin-5 in anti-miR-
429+p70S6K(−) groups increased compared with anti-miR-429-
NC+p70S6K(−)−NC groups (Figure 7C). The above results
proved that cotransfection of miR-429 and p70S6K reversely
regulated the expression of ZO-1, occludin and claudin-5.

Western blot was used to detect the protein expressions
of p70S6K, p-p70S6K, S6K, and p-S6K in vitro BTB models
with cotransfection of miR-429 and p70S6K. Results showed
that the expressions of p70S6K, p-p70S6K, and p-S6K in
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FIGURE 6 | miR-429 regulating p70S6K. (A) The mRNA expressions of p70S6K of miR-429 overexpression and silencing were tested by qRT-PCR. All data
represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. pre-miR-429-NC groups, ##P < 0.01 vs. anti-miR-429-NC groups. (B) The p70S6K protein expressions of
miR-429 overexpression and silencing were tested by western blot. All data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. pre-miR-429-NC groups,
##P < 0.01 vs. anti-miR-429-NC groups. (C) P70S6K was the target gene of miR-429. Relative luciferase activities were shown as firefly/renilla luciferase activities.
All data represent mean ± SD (n = 5, each). ∗∗P < 0.01 vs. p70S6K Wt+pre-miR-429-NC groups.

pre-miR-429+p70S6K(+) groups decreased compared with
pre-miR-429-NC+p70S6K(+)−NC groups, the expressions of
p70S6K, p-p70S6K, and p-S6K in pre-miR-429+p70S6K(−)
groups remarkably decreased compared with pre-miR-
429-NC+p70S6K(−)−NC groups, the expressions of
p70S6K, p-p70S6K, and p-S6K in anti-miR-429+p70S6K(+)
groups remarkably increased compared with anti-miR-429-
NC+p70S6K(+)−NC groups and the expressions of p70S6K,
p-p70S6K, and p-S6K in anti-miR-429+p70S6K(−) groups
increased compared with anti-miR-429-NC+p70S6K(−)−NC
groups. Meanwhile the expressions of S6K had no obvious
changes (Figure 7D). The above results proved that
cotransfection of miR-429 and p70S6K reversely regulated
p70S6K-S6 signaling pathway.

DISCUSSION

Although brain tumors can partially and unevenly destroy the
BBB, and destroy its function, there is only a weak increase
in vascular permeability in brain tumors (Siegal and Zylber-
Katz, 2002). The reason is that although the tumor vessels have
different structural and functional characteristics compared to
the normal blood vessels, both exist BTB, which stops the delivery
of cancer drugs into the cancer tissues through BTB (Erdlenbruch
et al., 2003). Therefore, it is the key factor to improve the
transport of drugs and increase the drugs concentration at the
treatment site. EMAP-II is a proinflammatory cytokine that plays
a role in mediating inflammatory responses (Lozhko et al., 2013).
A number of studies have shown that EMAP-II is a tumor
suppressor, for example, in fibrosarcoma (Haridas et al., 2008),
pituitary adenomas (Bottoni et al., 2007), pancreatic cancer
(Awasthi et al., 2010, 2011, 2013), gliomas (Liu et al., 2015).
To date, the main research on EMAP-II has focused on its
inflammatory mediators and anti-tumor effects, and EMAP-II
also plays an important role in angiogenesis. EMAP-II has been

shown to have a vital role in vascular contribution to lung
development as an anti-angiogenic protein (Lal and Schwarz,
2014). In this study, we focus on the effect and mechanism of
EMAP-II regulating the permeability of BTB. In this study, we
confirmed that EMAP-II significantly increased the permeability
of BTB models and decreased the expression of TJ-associated
proteins (ZO-1, occludin and claudin-5) in human GECs, in
a time- and dose-dependent manner. EMAP-II (0.05 nM) can
influence the opening of the BTB. Previous experiments had
shown that low-doses of EMAP-II can open the BTB in mice,
most markedly after 1 h (Li Z. et al., 2015). In our human BTB
models, the effect of EMAP-II (0.05 nM) at 0.5, 1, and 2 h caused
a significant increase in the BTB permeability, and expression of
TJ-associated proteins (ZO-1, occludin and claudin-5) was down-
regulated, most notably at 1 h. Most studies have reported that
effects on barrier function mostly occur between 24 and 48 h.
A curious phenomenon was found here, namely a very quick
and rapidly reversible effect of EMAP-II on barrier function.
Mullin and Snock (1990) reported a very similar time course
in their in vitro models, demonstrating that the effect of TNF
on transepithelial resistance occurred at 90 min after cell sheet
exposure to TNF.

Human miR-429 is a miR-200 family member, located in
1p36.33, and is involved in the occurrence and development
of tumors. miR-429 has been reported to promote tumor
development in liver cancer (Huang et al., 2013). However, most
studies have demonstrated that miR-429 behaves as a tumor
suppressor, for example, in non-small cell lung cancer (Zhu et al.,
2014), renal cell carcinoma (Chen et al., 2016), esophageal cancer
(Wang et al., 2013) and many kinds of malignant cancers (Fan
et al., 2016; Wang et al., 2016). In addition, miR-429 inhibited
the invasion of gliomas by BMK1 suppression (Chen et al.,
2015). In human ECs, miR-429 attenuated HIF-1 activities, and
thus influenced HIF1A and VEGFA mRNA (Bartoszewska et al.,
2015). A previous report showed that miR-200b influenced BTB
permeability by targeting ROCKII and RhoA (Ma and Xue, 2016).
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FIGURE 7 | p70S6K involved in miR-429 regulating BTB permeability and the expression of ZO-1, occludin and claudin-5. The TEER values (A) and HRP fluxes
(B) of BTB models were performed. TEER values were shown as �•cm2. HRP fluxes were calculated as pmol/cm2/h. All data represent mean ± SD (n = 5, each).
∗P < 0.05 vs. pre-miR-429-NC+p70S6K(+)–NC groups, ##P < 0.01 vs. pre-miR-429-N+p70S6K(–)–NC groups. NNP < 0.01 vs. anti-miR-429-NC+p70S6K(+)–NC
groups. &P < 0.05 vs. anti -miR-429-NC+p70S6K(–)–NC groups. (C) Western blot was used to test the proteins expressions of ZO-1, occludin and claudin-5 in
GECs which had been reversely co-regulated by miR-429 and p70S6K. All data represent mean ± SD (n = 5, each). ∗P < 0.05 vs. pre-miR-429-NC+p70S6K(+)–NC
groups, ##P < 0.01 vs. pre-miR-429-NC+p70S6K(–)–NC groups. NNP < 0.01 vs. anti-miR-429-NC+p70S6K(+)–NC groups. &P < 0.05 vs.
anti-miR-429-NC+p70S6K(–)–NC groups. (D) The proteins expressions of p70S6K, p-p70S6K, S6K, and p-S6K were reversely co-regulated by miR-429 and
p70S6K. All data represent mean ± SD (n = 5, each). ∗P < 0.05 vs. pre-miR-429-NC+p70S6K(+)–NC groups, ##P < 0.01 vs. pre-miR-429-NC+p70S6K(–)–NC
groups. NNP < 0.01 vs. anti-miR-429-NC+p70S6K(+)–NC groups. &P < 0.05 vs. anti-miR-429-NC+p70S6K(–)–NC groups.

As a member of the same family, miR-429 may influence BTB
permeability.

This study showed that miR-429 expression in human GECs
was significantly lower than in human microvascular ECs;
furthermore, miR-429 was weakly expressed in gliomas and
was negatively correlated with different pathological grades
of gliomas. This suggested that miR-429 plays a role as a
tumor suppressor gene in gliomas, and regulates vascular
function; however, whether or not EMAP-II influences the BTB

permeability is unclear. Our results showed that miR-429 may be
involved in the process of EMAP-II-induced regulation of BTB
permeability. EMAP-II increased miR-429 expression in GECs
in in vitro BTB models; and miR-429 expression increased at
0.5, 1, and 2 h, of which the most significant time point was
1 h. EMAP-II increased miR-429 expression in GECs in in vitro
BTB models. There was a time-dependent trend, and a consistent
increase of BTB permeability and a decrease of TJ-associated
protein expression (ZO-1, occludin and claudin-5). This showed
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that miR-429 could participate in the mechanism of EMAP-II in
in vitro BTB models.

To verify whether miR-429, as a tumor-inhibiting factor, could
regulate BTB permeability, we successfully established stably
transfected cell lines of miR-429 overexpression and silencing,
and we then built in vitro BTB models. Firstly, TEER values
and HRP fluxes were tested to evaluate the permeability of the
BTB. Results showed that miR-429 overexpression significantly
increased BTB permeability, and miR-429 silencing significantly
decreased BTB permeability. In addition, it was found that
some miRNA (miR-181a, miR-148b-3p, and miR-140), as tumor-
inhibiting factors in glioma, were consistent with our results in
the regulation of BTB permeability (Ma et al., 2014, 2016; Sa et al.,
2017). This seems to be an oxymoron for a “tumor suppressor
gene.” Why does it happen? The mechanism is not clear, and we
need to further study.

TJ-associated proteins (ZO-1, occludin and claudin-5) are
important parts of TJ, and their decreased expressions could
significantly open TJ and increase BTB permeability. In this
study, the results of qRT-PCR and western blotting showed miR-
429 overexpression greatly down-regulated mRNA and protein
expression of ZO-1, occludin and claudin-5; conversely, miR-429
silencing induced up-regulation of ZO-1, occludin and claudin-
5. The results of immunofluorescence and western blotting
were consistent. These results indicated that miR-429 increased
the BTB permeability by down-regulating TJ-associated protein
expression.

It is unclear how miR-429 down-regulates the expression of
TJ-associated proteins. In this study, bioinformatics software
Human Release TargetScan 6.2 was applied to predict the
potential targets of miR-429. The results showed that there was
one potential binding site at 71–77 of the ZO-1 mRNA 3′UTR
and there were two potential binding sites at 139–145 and 2151–
2157 of the occludin mRNA 3′UTR. The sequences of the above
mentioned sites and the miR-429 seed region were shown to
be complementary. The dual luciferase reporter gene assays
confirmed that miR-429 could target TJ-associated proteins (ZO-
1 and occludin), and their binding sites were verified. The
results confirmed that ZO-1 and occludin were the target genes
of miR-429. Bioinformatics software was also used to predict
potential binding sites at the 3′UTR of claudin-5 mRNA and miR-
429, but the results were negative. Nevertheless, the results of
western blotting showed that miR-429 overexpression decreased
the expression of claudin-5, and miR-429 silencing increased the
expression of claudin-5, which indicated that miR-429 regulated
the expression of claudin-5 by different mechanisms, which still
needs further research.

TNF is one of the strongest bioactive agents that has been
discovered to kill tumors directly; moreover, there is evidence
that TNF can decrease TJs and barrier integrity (Mullin and
Snock, 1990; Takigawa et al., 2017). Similar to TNF, EMAP-
II, as an anti-angiogenesis cytokine, can inhibit the growth of
various tumors, and can cause a decrease in TJs. Although studies
have shown that the opening of TJs and the increase of BTB
permeability can lead to the tumor growth, this was shown to be a
slow process, requiring at least several weeks (Mullin et al., 1996;
Soler et al., 1999). However, TNF and EMAP-II could induce a

decrease in TJs and thus increase BTB permeability in 1 or 2 h,
with a rapid recovery. We showed that EMAP-II could indeed
reversibly increase the permeability of BTB in a short time (1 or
2 h), which helped delivery of anti-tumor drugs into the brain
tissues, while at the same time inhibiting tumor growth. There
are differences in the structure and function between the BBB
and the BTB. In this study, we focused on the BTB. As tumor
tissues cause partial destruction of the BTB, its permeability tends
to be greater than that of the BBB. However, the presence of
the BTB tends to restrict the entry of chemotherapeutic drugs
into tumor tissues. miR-429 is a tumor suppressor gene, and
its overexpression decreased expression of TJ-associated proteins
and increased the BTB permeability. For example, a previous
study by our team found that miR-181a was a tumor suppressor
gene that also opened the BTB (Ma et al., 2014).

P70S6K functions as part of a signaling pathway including
mTOR, which is the target of rapamycin. P70S6K plays a
biological role by phosphorylating S6 protein kinase to promote
translation of mRNA with 5′TOP (In et al., 2016). P70S6K is
involved in tumor proliferation, apoptosis and angiogenesis (Ai
et al., 2015; Lamour et al., 2015; Liu et al., 2016). P70S6K plays an
oncogenic role in the malignant behavior of tumors, for example,
in non-small cell lung cancer (In et al., 2016; Qiu et al., 2016),
breast cancer (Esteva et al., 2010), pancreatic cancer (Chai et al.,
2015), acute lymphoblastic leukemia (Li H. et al., 2015), ovarian
cancer (Ataie-Kachoie et al., 2015) and glioma (Zhang et al.,
2015). Secalonic acid-D (Guru et al., 2015), Tanshinone IIA (Li
G. et al., 2015), celastrol (Han et al., 2014), α-santalol (Saraswati
et al., 2013) and Siegesbeckia (Xiao et al., 2016) exhibited potent
antiangiogenic activities by regulating p70S6K. However, whether
p70S6K is involved in regulating EMAP-II-induced opening of
the BTB in gliomas has not been reported.

Results from qRT-PCR and western blotting showed that
EMAP-II can down-regulate p70S6K expression, which was
consistent with TJ-associated proteins, suggesting that EMAP-
II can affect TJ-associated proteins by regulating p70S6K. To
determine whether EMAP-II can regulate p70S6K, by means of
miR-429, we established miR-429 overexpression and silencing
BTB models, followed by detection of p70S6K expression
in GECs; the results showed that miR-429 overexpression
significantly reduced p70S6K protein expression, while down-
regulating its phosphorylation level. Conversely, miR-429
silencing significantly up-regulated p70S6K expression, as well as
increasing phosphorylation of p70S6K. Bioinformatics software
TargetScan Human Release 6.2 was used to predict that there was
a potential binding site at 291–298 of p70S6K mRNA3′UTR. The
dual luciferase reporter gene system analysis confirmed that miR-
429 directly targeted p70S6K, and the binding site was confirmed.
The above results showed that p70S6K was a target gene of miR-
429. However, it was unclear whether p70S6K is involved in
miR-429 regulation of TJ-associated protein expression.

To elucidate the effect of p70S6K on the expression
of TJ-associated proteins, we successfully established stably
transfected GECs with p70S6K overexpression and silencing.
TEER values and HRP flux were used to demonstrate that
p70S6K overexpression significantly decreased the permeability
of the BTB, and p70S6K silencing significantly increased the
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permeability of the BTB models, which confirmed that p70S6K
influenced the BTB permeability. Western blotting was used
to show that when p70S6K was overexpressed in GECs, the
expression levels of TJ-associated proteins (ZO-1, occludin and
claudin-5) increased; p70S6K silencing, on the other hand,
decreased the same proteins expression, which demonstrated
that p70S6K affected permeability by influencing TJ-associated
proteins.

BTB models with cotransfection of miR-429 and p70S6K were
constructed in vitro. TEER values and HRP flux were used to test
changes in BTB permeability, and western blotting was carried
out to test the changes of expression levels of ZO-1, occludin
and claudin-5 in GECs of the BTB. The results confirmed
that miR-429 affected the expression of ZO-1, occludin and
claudin-5 by targeting p70S6K, thus affecting BTB permeability.
Overexpression of miR-429 greatly down-regulated p70S6K
expression, as well as the phosphorylation levels, while miR-
429 silencing significantly up-regulated p70S6K expression, and
increased phosphorylation levels. miR-429 knockdown increased
the expression of ZO-1, occludin and claudin-5. Therefore, miR-
429 targeted p70S6K, down-regulated p70S6K expression and
phosphorylation levels, and further affected phosphorylation
levels of S6, which consequently increased BTB permeability.

In summary, this study demonstrated that miR-429 is
an important regulator of EMAP-II, and influenced BTB
permeability. EMAP-II can significantly up-regulate miR-429
expression; subsequently the up-regulated miR-429 inhibited
the expression of TJ-associated proteins, by two mechanisms,

in order to influence BTB permeability. Firstly, up-regulated
miR-429 inhibited the expression of TJ-associated proteins by
negative targeting, resulting in an increase in BTB permeability.
Secondly, up-regulated miR-429 inhibited the expression and
phosphorylation levels of p70S6K by negative targeting, and also
decreased S6 phosphorylation, causing down-regulation of TJ-
associated proteins and thus an increase in BTB permeability.
These results demonstrate that EMAP-II and miR-429 are
potential tools for increasing BTB permeability, which could be
exploited therapeutically.
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