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The study of TrkB pathway on vascular endothelial permeability by
regulating the synthesis of VE-cadherin and inhibiting the degradation of
VE-cadherin.
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Abstract

Objective: To investigate the effects and mechanism of tyrosine kinase receptor B (TrkB) on the vascular
endothelial permeability.

Methods: The counts of FITC-labeled dextran and T cells which were entered through the endothelial
monolayer into the lower chamber were detected by Transwell chamber. The 7rkB gene and VE-
cadherin gene were cloned into a vector, which was transfected into 293T cells. The expressions of VE-
cadherin mRNA and Estl were detected by real-time PCR, and the expressions of VE-cadherin protein
were detected by Western blot.

Results: TrkB knockdown could significantly increase the FITC-labeled dextran diffusion, VE-cadherin
gap formation and migration of T cells across the endothelial monolayer. Meanwhile, TrkB knockdown
also decreased the expressions of VE-cadherin mRNA and protein. Importantly, he FITC-labeled
dextran diffusion, VE-cadherin gap formation and migration of T cells regulated by TrkB knockdown
were all prevented by overexpressing VE-cadherin. Besides, TrkB knockdown also decreased the
expression of Estl. The results above were different of the control group, P<0.05.

Conclusion: There are significant evidences that TrkB could protect the vascular endothelial
permeability by regulating the synthesis of VE-cadherin and inhibiting the degradation of VE-cadherin.
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Introduction

Tyrosine kinase receptor B (TrkB) is one of the high affinity
receptors of brain derived neurotrophic factors. It is mostly
expressed in the cardiovascular and nervous system, and
closely related to endothelial cell adhesion [1,2]. When both
TrkB and E-cadherin are expressed, endothelial cells may be
aggregated into clusters, and then involved in the protection of
the vascular endothelial barrier [3,4]. If vascular endothelial
permeability is abnormal, it may cause lipid components,
monocytes or smooth muscle cells in the plasma to migrate to
the intima, thereby damaging the blood vessels or leading to
atherosclerosis [5].

This study investigated the mechanism of action on TrkB
pathway participating in the protection of vascular endothelial
permeability by using ApoE gene to knockout mouse models
and human vascular endothelial cells. It is hereby reported as
follows.
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Materials and Methods

Main instruments and reagents

Ethical approval was given by the medical ethics committee of
Affiliated hospital of Chengde medical college with the
following reference number: 2016016.GTR16-2 type high
speed tabletop refrigerated centrifuge(purchased from Beijing
Time Beili centrifuge Co., Ltd.); real-time quantitative PCR
instrument (purchased from MJ Research company in USA);
gel imager (purchased from Furi technology Co., Ltd.);
UV-8000 ultraviolet spectrophotometer (purchased from
Shanghai precision instrument and meter company);
multifunctional enzyme indicator (purchased from Bio-Rad
company in Japan); CX41 inverted optical microscope and
OLS4100 laser scanning confocal microscope(purchased from
OLYMPUS medical company in Japan).

TrkB genotype detection probe(purchased from Shanghai
Jikang company); PCR primers were synthesized and provided
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by Shanghai Shenggong bio Engineering Corporation Itd.; -
actin monoclonal antibodies, Tubulin monoclonal antibodies,
TrkB monoclonal antibodies, endothelial cadherin antibodies
(C19 and BVY), Etsl antibodies, etc. (purchased from Abcam
company in the United States); BCA protein concentration
assay Kit (purchased from Boshide Bioengineering Co., Ltd. in
China); RNA extraction, reverse transcription, PCR reagents
and gene cloning reagents, etc. (purchased from OMEGA
biological company in USA); small interfering RNA was
synthesized and supplied by Shanghai Shenggong bio
engineering Co., Ltd.; the DMEM medium was purchased
from GIBCO Corporation in the United states; Trypsin-EDTA
cell digestive juice (0.25%) was purchased from Beijing
Niuyin Huaxin Technology Development Co., Ltd.; (FBS)
Fetal Bovine Serum was purchased from ThermoFisher
company in the United States; Human aortic endothelial
cells(purchased  from  Shanghai Zhonggiao  Xinzhou
Biotechnology Co., Ltd.).

Animal subject

Apo-/-E gene was used to knockout mice with clean grade,
18-20 g, and provided by Beijing Weitong Lihua experimental
animal center, fed in SPF grade animal room in this unit with
room temperature (24 + 5°C), lighting on alternating day and
night, and animal subjects were free for water and food intake.

Experimental method

Cell culture: Human aortic endothelial cells were cultured in
endothelial cell medium, besides, Hela cells and 293T cells
were cultured in DMEM medium which was added by fetal
bovine serum. The cells were cultured in 5% CO, cell
incubator at 37°C. Cell medium was replaced after 24 h-48 h,
and conducted passage once in 48 h.

Analysis of in vitro paracellular permeability: Human aortic
endothelial monolayer cells in single layer were inoculated into
a Transwell chamber enclosed by collagen in 4 well plates and
added by FITC labeled dextran (1 mg/ml). 50 pl medium in
lower chamber was sampled every 30 min and 50 pl fresh
culture medium was added at the same time. The fluorescence
value was detected by enzyme analyzer.

Transendothelium migration detection: Human aortic
endothelial monolayer cells in single layer were inoculated into
a Transwell chamber enclosed by collagen in 6 well plates, 1ml
T cells stimulated by 6 x 103/ml phytohemagglutinin were
added into the upper chamber, and the number of T cells
migrating to the lower chamber after 24 h was counted, and
then the migration rate was calculated.

RNA interference: TrkB small interfering RNA sequence: 5'-
AACCACUGGGAUCAGCUGGUGUU-3' and -
AACACCAGCUGAUCCCAGUGGUU-3' 5. Negative control
of small interfering RNA sequence: 5'-
UUCUCCGAACGUGUCACGU-3' and -
ACGUGACACUUCGGAGAA-3 5.
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Construction of lentiviral vector: TrkB, cDNA and cadherin
cDNA were respectively cloned into lentiviral vector such as
pccl.PGK.Tetlinker. WPRE, and then stably transfected into
293T cells.

Real-time quantitative PCR: the 20 pl reaction system was
placed in thermostatic water bath at 37°C for 60 min, 85°C for
5 s. Add deionized water to 100 pl, and take 2 pl for PCR from
various reaction holes. 20 pul PCR reaction system was
prepared in ice bath, pre denature at 95°C for 30 s, 60°C for 30
s, and recycle for 45 times. The primer sequences are as
follows: TrkB (upstream primer: 5'-
TGGCATCACCAACAGTCAGC-3"; downstream primer: 5'-
CCTCCACGCAGACGCCATA-3"; human endothelial
cadherin (upstream primer: 5'-
AGCCCAAAGTGTGTGAGAACG-3'; downstream primer:
5'-GAGATGACCACGGGTAGGAAG-3"); mouse endothelial
cadherin: (upstream primer: 5'-
AGCAGGGAAACATCTATAACG-3"; downstream primer: 5'-
CTTGAACTTTGGGTTTACTGG -3").

Western blot: The preparation of protein samples; gel
electrophoresis of protein samples; trarsmembrane; close;
adding primary antibodies for incubation; add secondary anti
for incubation; developing.

Statistical processing

These data were processed by using SPSS19.0 statistical
software; the data were expressed by the average and standard
deviation; t-test or Mann-Whitney U test were used for
variables between various groups; continuous variables among
multiple groups were analysed by ANOVA analysis,
categorical variables were tested by using chi square test, and
P<0.05 indicated the difference was statistically significant.

Result

The effect of TrkB knockout on dextran through
endothelial cells

TrkB knockout obviously increased the degree of cross-
endothelial diffusion of FITC labeled dextran. TrkB iRNA
interference and TrkB+LV-VEcad and iRNA interference were
added into a Transwell chamber lined with a single layer of
human aortic endothelial cells, and the permeability of
endothelial cells was significantly higher than that of the
negative control group, with statistical difference, P<0.05.
However, after adding TrkB+LV-VEcad iRNA interference, the
permeability of endothelial cells was obviously larger than that
of only adding TrkB and iRNA, and the permeability was
statistically different, P<0.05, Figure 1.

Effect of TrkB knockout on migration of T cells
across endothelial cells

TrkB knockout significantly increased the ability of T cells
migrating across the monolayer endothelial, whereas the ability
of T cells migrating across the endothelial was closely
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associated with inflammatory responses. TrkB iRNA
interference, TrkB+LV-Con iRNA interference, TrkB-+LV-
VEcad iRNA interference were respectively added into a
Transwell chamber lined with a single layer of human aortic
endothelial cells, and the ability of T cells migrating in TrkB
iRNA interference and TrkB+LV-Con iRNA interference
groups was significantly higher than that of the control group,
with statistical difference, P<0.05. However, after adding TrkB
+LV-VEcad iRNA interference, at the same time, higher than
that of TrkB+LV-VEcad iRNA interference group with
statistical difference, P<0.05, Figure 2.
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Figure 1. The effect of TrkB knockout on FITC labeled dextran
through endothelial cells and the mediation function of cadherin in

vitro detection (“compared with control group, P<0.05; *compared
with TrkB iRNA interference group, P<0.05).
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Figure 2. The effect of TrkB knockout on T cells migrating across
endothelial cells and the mediation function of cadherin in vitro
detection.
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Effects of TrkB knockout on the formation of
cadherin gap in endothelial cells

TrkB knockout could obviously promote the formation of
cadherin gap in endothelial cells, and the formation of cadherin
gap was closely related to the migration ability of T cells
across endothelial cells. TrkB iRNA interference and TrkB
+LV-VEcad iRNA interference were respectively added into a
Transwell chamber lined with a single layer of human aortic
endothelial cells, and the formation rate of cadherin gap in
endothelial cells in TrkB iRNA interference group was
significantly higher than that of the control group and TrkB
+LV-VEcad iRNA interference group with statistical
difference, P<0.05, Figure 3.
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Figure 3. The effect of TrkB knockout on the formation of cadherin
gap in endothelial cells in vitro detection.
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Figure 4. The effect of TrkB knockout on the expression level of
cadherin mRNA in endothelial cells in vitro detection.

The effect of TrkB knockout on the expression level of
cadherin mRNA in endothelial cells

TrkB knockout obviously inhibited the expression of cadherin
mRNA in endothelial cells. TrkB iRNA interference, TrkB
+LV-Con iRNA interference and TrkB+LV-TrkB iRNA
interference were respectively added into a Transwell chamber
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lined with a single layer of human aortic endothelial cells, and
the expression amount of cadherin mRNA in endothelial cells
in TrkB iRNA interference group and TrkB+LV-Con iRNA
interference group were significantly lower than that of the
control group as well as TrkB+LV-TrkB iRNA interference
group with statistical difference, P<0.05 as seen in Figure 3. It
indicated that the overexpression of exogenous TrkB could
inhibit the decrease of cadherin mRNA expression in
endothelial cells, as shown in Figure 4.
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Figure 5. The effect of TrkB knockout on the expression level of
cadherin in endothelial cells in vitro detection.

The effect of TrkB knockout on the expression level of
cadherin in endothelial cells

TrkB knockout obviously inhibited the expression of cadherin
in endothelial cells. TrkB iRNA interference, TrkB+LV-Con,
iRNA interference and TrkB+LV-TrkB iRNA interference were
respectively added into a Transwell chamber lined with a
single layer of human aortic endothelial cells, and the
expression amount of cadherin in endothelial cells in TrkB
iRNA interference group and TrkB+LV-Con iRNA interference
group were significantly lower than that of the control group as
well as TrkB+LV-TrkB iRNA interference group with
statistical difference, P<0.05, the which was consistent with the
vitro detection results about the effect of TrkB knockout on the
expression of cadherin mRNA in endothelial cells. However,
overexpression of exogenous TrkB could prevent the decrease
in cadherin expression, as shown in Figure 5.

The effect of TrkB knockout on the proliferation of
endothelial cells

Because the TrkB pathway could promote the proliferation of
endothelial cells, therefore, we further detected the effect of
TrkB knockout and overexpression on the proliferation of
endothelial cells. The results showed that both the knockout
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and overexpression of TrkB had no effect on the proliferation
of endothelial cells, P>0.05, as seen in Figure 6.
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Figure 6. The effect of TrkB knockout on proliferation of endothelial
cells in vitro detection.
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Figure 7. The effect of TrkB knockout on the expression level of
endothelial Estl in vitro detection.

The effect of TrkB knockout on the expression of
endothelial Est1

For Est is closely related to the expression of cadherin, while
Estl is a Est transcription factor which has the largest
expression amount in endothelial cells. Therefore, through
detecting the effect of TrkB knockout on the expression of
Estl, it indirectly showed the relationship between TrkB and
cadherin. The results confirmed that TrkB knockout obviously
inhibited the expression amount of Estlwith significant
differences, P<0.05, Figure 7.
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Discussion

The basic function of vascular endothelium is a selective
barrier to cells, body fluids and proteins, etc. However, the
blood flow of capillaries varies when stimulated by diseases,
trauma and other pathological changes, endothelial cells are
attacked by inflammatory cytokines, causing injury or
apoptosis. And the tight junction proteins are destroyed,
thereby increasing the permeability of the vascular
endothelium [6,7]. Abnormal permeability of blood vessel
endothelium not only leads to capillary microleakage, but also
participates in the occurrence and development of
atherosclerosis, and even causes plaque rupture [8,9].

The channels of vascular endothelial permeability include cells
collateral pathway mediated by the adhesion and connection
between endothelial cells and intracellular pathway mediated
by vesicae [10]. Besides, the lipoprotein and other biological
macromolecules mainly cross the vascular endothelial layer
through cell collateral pathway, therefore, the adhesion ability
of endothelial cell determines vascular permeability [11,12].
TrkB can be highly integrated with brain-derived neurotrophic
factors and participates in various physiological processes of
neurons in the central and peripheral nervous system [2].
Meanwhile, TrkB is also highly expressed in the cardiovascular
system and is closely related to adhesion function of
endothelial cell [3]. Thus, this study aims to investigate the
impact of TrkB knockout on endothelial cadherin. The results
confirm that TrkB is closely related to the expression of
vascular endothelial cadherin, and promotes the synthesis of
cadherin by inducing and activating the expression of Estl
transcription factors. Knockout of TrkB significantly increases
the transendothelium diffusion degree of FITC labeled dextran,
the ability of T cells’ transendothelial monolayer migration and
the formation of cadherin gap in endothelial cells as well as
promoted endothelial cell proliferation and at the same time,
significantly inhibits the expression of vascular endothelial
cadherin. This suggests that adhesion and connection mediated
by endothelial cadherin is critical for the protection of vascular
endothelium permeability. Studies have shown that the
degradation of endothelial cadherin and the increase of
vascular endothelial permeability are closely related to the
formation of atherosclerosis [13,14]. However, studies have
also shown that after intercellular connections mediated by
endothelial cadherin are destructed, cadherin can repair it
rapidly, thus re-establish the connections [15,16]. The increase
of vascular permeability is not only related to the degradation
of cadherin, but also to the synthesis ability of cadherin
[17,18]. The results of this study confirm that TrkB not only
inhibits the cleavage of cadherin, but also regulates the
synthesis of cadherin as well as protects the permeability of
vascular endothelium from damage.

In summary, this study confirms that TrkB/Estl/endothelial
cadherin pathway is involved in the mediating of vascular
endothelial permeability. TrkB promotes the synthesis of
cadherin, inhibits the degradation of cadherin as well as
protects the permeability of vascular endothelial through
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inducing and activating the expression of Estl transcription
factors.
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