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Netrin-4 promotes VE-cadherin expression in endothelial
cells through the NF-kB signaling pathway
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Abstract. Netrin-4 (NTN4), a secreted protein from the Netrin
family, has been recognized for its role in vascular develop-
ment, endothelial homeostasis and angiogenesis. Vascular
endothelial (VE)-cadherin is a specialized adhesion protein
located at the intercellular junctions of endothelial cells (ECs),
and regulates migration, proliferation and permeability. To
date, the relationship between NTN4 and VE-cadherin in ECs
remains unclear. In the present study, human umbilical vein
ECs (HUVECsSs) were transfected with NTN4 overexpression
plasmid, resulting in NTN4 overexpression. Reverse tran-
scription-quantitative PCR and western blotting were used to
determine gene and protein expression. CCK8, wound healing,
and Transwell assays were performed to evaluate cell prolif-
eration, migration and permeability. NTN4 overexpression
decreased HUVEC viability and migration. In addition, NTN4
overexpression increased the expression of VE-cadherin and
decreased the permeability of HUVECs. Subsequent studies
showed that NTN4 overexpression increased the NF-kB protein
level and decreased IkB-a protein expression in HUVECs. In
HUVEC:s treated with NF-kB inhibitor pyrrolidine dithiocar-
bamate, the expression of VE-cadherin failed to increase with
NTN4 overexpression. Taken together, the results indicated
that NTN4 overexpression increased VE-cadherin expres-
sion through the activation of the NF-kB signaling pathway
in HUVECs. The present findings revealed a novel regulatory
mechanism for VE-cadherin expression and suggested a novel
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avenue for future research on the role of NTN4 in endothelial
barrier-related diseases.

Introduction

A member of the Netrin family, Netrin-4 (NTN4), is an essen-
tial secreted protein present in the vascular endothelium, and
is involved in tumor metastasis and brain development (1).
NTN4 is present in neural stem cells and contributes to neurite
growth in olfactory bulb explants (2). NTN4 mRNA levels
in invasive carcinoma of the breast are lower compared with
those in surrounding tissues (3). Conversely, increased levels
of NTN4 in melanoma are linked to metastasis (4). High
NTN4 expression in endothelial cells (ECs) participates in
inhibiting endothelial cell migration, promoting EC survival
and vascular system formation and is essential for vascular
health and stability (5). NTN4 impedes the motility and
organization of human microvascular ECs in a controlled
laboratory environment (6). NTN4 also fosters blood vessel
formation in zebrafish models, with its knockdown leading
to notable vascular system defects (7). In addition, exogenous
NTN4 stimulates vascular smooth muscle cell adhesion and
migration, and exhibits a pro-survival effect (8).

Vascular endothelial (VE)-cadherin, a specialized adhe-
sion protein, resides specifically at the intercellular junctions
of ECs (9). VE-cadherin is essential to maintaining vascular
integrity, mediating cell-cell adhesion and facilitating signal
transduction for angiogenesis and inflammatory responses (10).
VE-cadherin maintains endothelial cell morphology and
junctions, preserving vascular barrier function through its
interaction with f/a-catenin proteins (11). Previous studies
have reported the abnormal expression of VE-cadherin in
certain aggressive tumors, such as invasive glioma, mela-
noma and breast cancer (12-14). In addition, suppressing
VE-cadherin function inhibits tubule formation in ECs (15).
Mice lacking VE-cadherin die mid-gestation due to serious
vascular defects (16). As aforementioned, NTN4 also inhibits
cell migration, promotes vascular system development and
enhances cell survival in ECs. Nevertheless, the regulatory
pathway between VE-cadherin and NTN4 has not been
investigated.

Several signaling pathways control the expression of
VE-cadherin, one of which is the NF-kB pathway (17). NF-xB
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is a vital transcription factor that plays a key role in cellular
processes, inflammation and immune responses (18). IkB-a
is a protein that inhibits NF-kB and keeps NF-«xB inactive in
the cytoplasm (19). Upon receiving activation signals, such as
lipopolysaccharide, cytokines, viral protein and oxygen free
radicals, IkB-a is degraded, allowing NF-kB to translocate into
the cell nucleus and regulate gene transcription (20). NF-kB
is involved in the expression of adhesion molecules (such as
vascular cell adhesion molecule-1), chemotactic factors and
pro-inflammatory cytokines (such as IL-6 and IL-8) in vascular
ECs (21). NF-«B binding sites are located in the promoter
regions of a number of transcriptional regulatory genes that
are expressed in response to inflammatory mediators, such as
lipopolysaccharides, IL-1 or TNF-a (22). ECs with suppressed
NF-«B activity exhibit reduced VE-cadherin expression and
suffer from compromised endothelial barriers (23). This indi-
cates that NF-«xB has a multifaceted function in ECs, primarily
through regulating VE-cadherin expression.

The present study aimed to investigate whether NTN4
overexpression in ECs could influence cell function and
VE-cadherin expression, and whether the NF-xB signaling
pathway is involved in this process.

Materials and methods

Cell culture and treatment. HUVECs (CRL-1730) were
purchased from the American Type Culture Collection
and cultured in DMEM (Gibco; Thermo Fisher Scientific,
Inc.), supplemented with 10% FBS (Gibco; Thermo Fisher
Scientific, Inc.) and 1% penicillin/streptomycin. The cells
were kept at a temperature of 37°C in a humid environment
containing 5% CO,. PDTC powder (Beyotime Institute of
Biotechnology) was dissolved in dimethyl sulfoxide (DMSO;
Beijing Solarbio Science & Technology Co.,Ltd.) at a concen-
tration of 10 mM. For inhibitory experiments, HUVECs were
treated with PDTC at a final concentration of 10 M for 2 h at
37°C. The control groups were treated with an equal amount
of DMSO solution.

Cell transfection. The full length coding sequence of human
NTN4 (NM_021229) was synthesized and cloned into GV657
expression vector by GeneChem, Inc. The corresponding empty
GV657 plasmid was used as negative control. HUVECs were
seeded in 6-well plates and allowed to grow to 50-60% conflu-
ency. For each well, 2.5 ug plasmid DNA was incubated at room
temperature for 15 min and transfected using Lipofectamine™
3000 reagent (cat. no. L3000015; Thermo Fisher Scientific,
Inc.) according to the manufacturer's instructions. Following
6 h incubation at 37°C, the culture medium was replaced with
fresh media. The cells were harvested for experiments 24 h
after transfection.

Cell Counting Kit-8 (CCK-8) assay. Cell viability was
measured using the CCK-8 assay kit (cat. no. CA1210; Beijing
Solarbio Science & Technology Co., Ltd.), according to the
manufacturer's instructions. In brief, cells were seeded in a
96-well plate at a density of 5x103 per well. On the second
day, 10 u1 CCK-8 solution was added to each well. After 4 h of
incubation, the absorbance was measured on a Multiskan GO
spectrophotometer (Thermo Fisher Scientific, Inc.) at 450 nm.

Wound healing assay. HUVECs were seeded in 6-well plates
and allowed to grow to 100% confluency. Cells were serum
starved for 2 h at 37°C with 2% FBS medium. The cell mono-
layer was scratched using a sterile pipette nozzle and washed
with PBS to remove debris. Images of six arbitrary fields were
captured during the scratch assay at 0 and 24 h in order to
measure the scratch area and determine the migration area
under a light microscope (Olympus Corporation). Wound
healing was analyzed by ImageJ software 1.4.3 (National
Institutes of Health). The migration rate was calculated as
follows: Migration rate (%)=[(scratch width at 0 h-scratch
width at 24 h)/scratch width at O h] x100% .

Transwell migration assay. The experiment was carried out
using an 8-ym pore Transwell chamber system (Corning, Inc.)
in a 24-well plate. HUVECs (5x10° cells/well) were seeded
in the upper inserts in 200 ul serum-free DMEM. The lower
chamber was filled with 600 u1 DMEM containing 5% FBS as
a chemoattract to direct cell migration. After 24 h of incuba-
tion at 37°C, the cell inserts were washed with PBS and fixed
with 4% formaldehyde solution (1 ml per well) for 30 min
at 37°C. The cells were then stained with 0.1% crystal violet
(1 ml per well) at 37°C for 30 min. The upper chamber was
wiped using swabs to remove non-migrated cells and washed
with PBS three times. Ultimately, images were captured using
an inverted microscope (DMi8; Leica Microsystems, Inc.) at a
magnification of x400, and migrated HUVECs were counted
manually.

FITC-dextran Transwell assay. The experiment was carried
out using a 0.4-um pore Transwell chamber system (Corning,
Inc.) in a 24-well plate. HUVECs (2x10* cells/well) were
seeded in the upper inserts in 200 xl DMEM . The lower
chamber was filled with 600 1 DMEM supplemented with
10% FBS. When cells grew to 100% confluence, the upper
chamber was supplemented with 3 ul 70 kDa FITC-dextran
(20 mg/ml; cat. no. FD250S; Sigma-Aldrich; Merck KGaA).
After 4 h of incubation at 37°C, the medium from the lower
chamber was transferred into a 96-well plate and measured
using a fluorometer (Multiskan GO), at an emission wavelength
of 520 nm and an excitation wavelength 485 nm.

Western blotting. HUVECs were rinsed three times with
ice-cold PBS and then lysed in RIPA lysis buffer containing
1% protease inhibitor (Beyotime Institute of Biotechnology)
for 30 min on ice. The lysates were centrifuged at 15,000 x g
at 4°C for 15 min and the supernatants were collected and used
for quantification of total proteins by a BCA protein assay kit
(Thermo Fisher Scientific, Inc.). Following heat denaturation
at 95°C for 15 min, the protein samples (15 pg) were sepa-
rated by SDS-PAGE on 10% polyacrylamide gels and then
transferred onto PVDF membranes. Next, 5% non-fat milk
was used to block the membrane (Santa Cruz Biotechnology,
Inc.) for 2 h at room temperature. Antibodies were diluted
in primary antibody dilution buffer (Beyotime Institute of
Biotechnology) and incubated overnight at 4°C. The following
primary antibodies were used: Rabbit anti-NF-xB p65
(1:1,000, cat. no. 8242; Cell Signaling Technology, Inc.), mouse
anti-NTN4 (1:1,000, cat. no. MAB1254; R&D Systems, Inc.),
rabbit anti-VE-cadherin (1:1,000, cat. no. ab33168; Abcam)
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and mouse anti-IkB-a (1:1,000, cat. no. 4814; Cell Signaling
Technology, Inc.). B-actin (1:10,000, 20536-1-AP, Proteintech
Group, Inc.) was used as the loading control. The membranes
were incubated with HRP-conjugated secondary antibodies:
Goat Anti-Rabbit IgG (111-035-003, Jackson ImmunoResearch
Laboratories, Inc) and Goat anti-Mouse IgG (both 1:10,000,
115-035-003, Jackson ImmunoResearch Laboratories, Inc)
at room temperature for 2 h. Immunoblots were visualized
using Immobilon Western Chemiluminescent HRP substrate
(MilliporeSigma) on a Bio-Rad imaging system (Bio-Rad
Laboratories, Inc.). Densitometry was performed using ImageJ
version 1.8.

Reverse transcription-quantitative PCR (RT-gPCR). RNA
was isolated from HUVECs using TRIzol® reagent from
Invitrogen (Thermo Fisher Scientific, Inc.). Subsequently,
cDNA synthesis and amplification were performed using
the HiScript® III RT Super Mix (cat. no. R323-01; Vazyme
Biotech, Co., Ltd.). The RT procedure was: 2 min at 42°C,
15 min at 37°C, 5 sec at 85°C and the 30 min at 4°C. For
RT-qPCR analysis, ChamQ Universal SYBR qPCR Master
Mix (cat. no. Q711-02; Vazyme Biotech, Co., Ltd.) was
used. The thermocycling conditions were as follows: 95°C
for 30 sec, 40 cycles at 95°C for 10 sec and 60°C for 30 sec.
The internal reference gene used was GAPDH. The relative
expression levels of the target genes were measured using
the 2424 method (24). The following primer sequences
(5'-3") were used: GAPDH forward, GGAGCGAGATCC
CTCCAAAAT and reverse, GGCTGTTGTCATACTTCG
CATGG; NTN4 forward, ACACTCAGGTAAATGCGA
ATGT and reverse, ACCTTTTTAATCTTCACATTGACC
T, VE-cadherin forward, GCGACTACCAGGACGCTTTCA
and reverse, CATGTATCGGAGGTCGATGGTG.

Statistical analysis. GraphPad Prism 5.0 (GraphPad;
Dotmatics) was used for statistical analysis. All data are
presented as the mean + SD, unless otherwise stated. Each
experiment was performed at least three times independently,
and statistical significance was calculated using an unpaired
Student's t-test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

NTN4 overexpression reduces HUVEC viability. HUVECs
were transfected with control and NTN4-overexpressing
plasmid. NTN4 expression was validated using western
blotting and RT-qPCR. NTN4 mRNA expression was
significantly increased in NTN4-overexpressing HUVECs
(Fig. 1A). NTN4 protein levels were also markedly higher in
NTN4-overexpressing HUVECs (Fig. 1B). In addition, densi-
tometry of protein bands showed a significant increase in NTN4
expression in NTN4-overexpressing HUVECs compared with
the control group (Fig. 1C). To test the role of NTN4 in HUVEC
viability, cells were subjected to a CCK-8 assay following
transfection with control or NTN4-overexpressing plasmids.
The findings showed that cell viability was significantly lower
in NTN4-overexpressing HUVECs compared with that in the
control group (Fig. 1D). Therefore, NTN4 overexpression was
shown to inhibit HUVEC cell viability.
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Figure 1. NTN4 overexpression reduces HUVEC viability. (A) Analysis of
mRNA levels of NTN4 by reverse transcription-quantitative PCR (n=4).
(B) Analysis of protein levels of NTN4 by western blotting. (C) Relative
protein expression of NTN4 by western blotting. $-actin was used as the
loading control. (D) CCK-8 assay used to detect the cell viability of HUVECs
(n=4). “P<0.01; "*P<0.001. Con, control; HUVEC, human umbilical vein
endothelial cell; NTN4, Netrin-4; CCK-8, Cell Counting Kit-8.

NTN4 overexpression reduces HUVEC migration. To assess
the effect of NTN4 overexpression on HUVEC migration,
wound healing and Transwell assays were performed. Relative
cell migration of NTN4-overexpressing cells was significantly
reduced at ~50% of that in the control group (Fig. 2A and B).
In the Transwell assay, the number of HUVECs that migrated
from the top to the lower chamber was significantly lower in
the NTN4-overexpressing group compared with that in the
control group (Fig. 2C and D). Overall, NTN4 overexpression
in HUVECs resulted in impaired migration in both wound
healing experiments and Transwell assays.

NTN4 overexpression increases the expression of
VE-cadherin in HUVECs and reduces the permeability
of HUVECs. HUVECs were transfected with control and
NTN4-overexpressing plasmids to assess the impact of NTN4
overexpression on VE-cadherin expression level and perme-
ability. RT-qPCR results demonstrated a significant increase
in VE-cadherin mRNA levels in HUVECs transfected with
the NTN4-overexpressing plasmid compared with that in the
control group (Fig. 3A). The western blotting results revealed
an increase in the VE-cadherin protein expression level in
HUVEC:s after NTN4 overexpression (Fig. 3B). In addition,
densitometry of protein bands revealed a significant difference
in VE-cadherin expression between the two groups (Fig. 3C).
VE-cadherin controls the adhesion of vascular ECs, which
helps to preserve the integrity and permeability of the vascular
endothelial layer (25). Therefore, the present study measured
the permeability of cell monolayers using a FITC-dextran
Transwell assay. The FITC-dextran migration was significantly
reduced in cells with NTN4 overexpression compared with
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Figure 2. NTN4 overexpression reduces HUVEC migration. (A) Wound healing assay (magnification, x500) of HUVECs with NTN4 overexpression.
(B) Analysis of cell migration areas of HUVECsS in the wound healing assay (n=4). (C) Transwell migration assay (magnification, x400) of HUVECs with
NTN4 overexpression. Scale bar, 100 ym. (D) The number of HUVECs that migrated to the lower chamber in the Transwell migration assay was analyzed
(n=4). ""P<0.01; "“P<0.001. Con, control; HUVEC, human umbilical vein endothelial cell; NTN4, Netrin-4.

the control (Fig. 3D). As a result, overall, NTN4 overexpres-
sion increased VE-cadherin expression levels and decreased
HUVEC permeability.

NTN4 overexpression increases NF-xkB and decreases IxkB-o.
protein expression in HUVECs. HUVECs were transfected
with control and NTN4-overexpressing plasmids, and the
protein expression of NF-kB and IkB-a was assessed using
western blotting. The findings indicated a reduction in IkB-a
protein expression and an increase in NF-kB protein expression
in the NTN4-overepxression group (Fig. 4A). Densitometry of
protein bands showed significant difference in both NF-xB
and IkB-a expression between the two groups (Fig. 4B and C).
Thus, in HUVECs, NTN4 overexpression caused a decrease
in IkB-a protein expression and an increase in NF-kB protein
expression.

In HUVEC:s treated with NF-xB inhibitor PDTC, NTN4 over-
expression does not alter VE-cadherin expression. The protein
expression of VE-cadherin, NTN4 and NF-xB was deter-
mined in HUVECS treated with PDTC using western blotting.
PDTC significantly suppressed NF-kB (Fig. SA and B) and

VE-cadherin expression (Fig. 5A and C) in normal HUVECs
at a dose of 10 uM compared with the DMSO-treated control.
The intensity of protein bands was evaluated by normalizing
them to B-actin (Fig. 5B and C). However, when NTN4 was
significantly overexpressed in HUVECs treated with the
NF-«B inhibitor PDTC (Fig. 5D and E), VE-cadherin protein
expression was not significantly different compared with the
control group (Fig. 5D and F). The protein band intensities
were measured in relation to [3-actin to evaluate the expression
levels of VE-cadherin and NTN4 (Fig. 5E and F). According
to these findings, NTN4 overexpression stimulated the NF-xB
signaling pathway, which in turn induced the expression of
VE-cadherin in HUVECs.

Discussion

In the present study, an NTN4-overexpression plasmid was
transfected into HUVECs to induce NTN4 overexpression.
HUVEC migration and cell viability were inhibited by
NTN4 overexpression. Furthermore, overexpression of NTN4
resulted in decreased HUVEC permeability and increased
VE-cadherin expression. Subsequent investigations showed
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Figure 3. NTN4 overexpression increases the expression of VE-cadherin
and reduces the permeability of HUVECS. (A) Analysis of mRNA levels of
VE-cadherin in HUVECs after NTN4 overexpression by reverse transcrip-
tion-quantitative PCR (n=4). (B) Analysis of protein levels of VE-cadherin
in HUVECs with NTN4 overexpression by western blotting. (C) Relative
protein expression of VE-cadherin in HUVECs with NTN4 overexpression.
B-actin was used as the loading control (n=4). (D) Relative FITC-dextran
migration of HUVECs with NTN4 overexpression to detect cell permeability
changes (n=4). “P<0.01; *“P<0.001. Con, control; VE, vascular endothelial;
HUVEC, human umbilical vein endothelial cell; NTN4, Netrin-4.

that NTN4 overexpression increased NF-kB protein expres-
sion and decreased IkB-a protein expression in HUVECs.
In HUVECsS treated with NF-xB inhibitor PDTC, NTN4
overexpression did not cause a change in the expression of
VE-cadherin.

The Netrin family member NTN4, which is highly
conserved, is essential for healthy vascular function, tumor
growth and neural development (1). For instance, a previous
study showed that NTN4 overexpression prevents clear cell
renal cell carcinoma growth (26). In breast cancer cells,
NTN4 overexpression leads to reduced migration and inva-
sion rates (27). In addition, diminishing NTN4 reduces EC
permeability (5). In line with the aforementioned findings, the
present study revealed that NTN4 overexpression inhibited
the migration and viability of HUVECs and reduced their
permeability.

VE-cadherin maintains intercellular adhesion and struc-
tural integrity between vascular ECs. In addition, VE-cadherin
regulates cellular dynamics including migration, proliferation
and permeability (28). The phosphorylation of VE-cadherin
results in VE-cadherin internalization into clathrin-coated
vesicles and the consequent disassembly from intercellular
junctions. This is another route for VE-cadherin to regulate
endothelial permeability (25). VE-cadherin is regulated by
vascular endothelial growth factor (VEGF). VEGF induces
VE-cadherin to internalize fast, endangering the integrity of
the endothelial barrier (25). Furthermore, in human cells, the
VE-cadherin promoter is actively suppressed by the transcrip-
tion factor Slug (29). In addition, bone morphogenetic protein

Figure 4. NTN4 overexpression increases NF-kB protein level and decreases
IkB-a protein level in HUVECs. (A) Analysis of protein levels of NF-kB
and IkB-a in HUVECs with NTN4 overexpression by western blotting.
(B) Relative protein levels of NF-kB in HUVECs with NTN4 overexpres-
sion. -actin was used as the loading control (n=4). (C) Relative protein levels
of IkB-a in HUVECs with NTN4 overexpression. -actin was used as the
loading control (n=4). "“P<0.001. Con, control; NTN4, Netrin-4; HUVEC,
human umbilical vein endothelial cell.

6 controls the internalization of VE-cadherin, which increases
the permeability of human ECs (30). Furthermore, the NF-xB
signaling pathway, which is necessary for the inhibition
of apoptosis and the promotion of cell survival, modulates
VE-cadherin (23,31). IkB-a functions as a protein that inhibits
the NF-«B signaling pathway (19). The speed of endothelial
barrier collapse increases when VE-cadherin levels are
significantly reduced, which is associated with the blocking
of NF-kB (23). However, the relationship between NTN4
and VE-cadherin has not yet been studied. The present study
revealed that NTN4 overexpression increased VE-cadherin
expression in HUVECs, suggesting a novel way to modulate
VE-cadherin.

NF-«xB triggers the transcription of multiple genes
linked to inflammation, resulting in the control of cell
adhesion and survival (32). Concurrently, the PI3K/AKT
pathway is activated by the interaction of NTN4 with inte-
grin B4 (33). The NF-«xB signaling pathway is triggered
by the AKT pathway, which increases cell survival (34).
A previous study has indicated that NTN4 improves endo-
thelial cell survival in a way that is dependent on time and
dosage (35). These results suggest a synergistic interac-
tion among NTN4, the PI3K/AKT pathway and NF-«B
signaling. Furthermore, NTN4 and NF-kB serve roles in
preserving endothelial permeability. NF-kB increases the
expression of adhesion molecules, enhancing the adhesive-
ness and permeability of ECs (36). Through integrins a2f1
and a3p1, endothelium-derived NTN4 promotes pancreatic
epithelial cell adhesion (37). The present study showed that
overexpressing NTN4 in the HUVECs led to significantly
increased levels of NF-kB and significantly decreased levels
of IxkB-a, suggesting the activation of the NF-xB signaling
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Figure 5. In HUVEC:S treated with NF-«B inhibitor PDTC, the expression of VE-cadherin fails to increase with NTN4 overexpression. (A) PDTC (an NF-xB
signaling pathway inhibitor)-treated HUVECs and control HUVECs were cultured. Western blot assay depicting the protein levels of NF-kB and VE-cadherin.
(B) Relative protein levels of NF-kB in HUVECs: treated with PDTC. -actin was used as the loading control (n=4). (C) Relative protein levels of VE-cadherin
in HUVECsS treated with PDTC. B-actin was used as the loading control (n=4). (D) HUVECsS transfected with NTN4-overexpression or control plasmids
were cultured with PDTC. Western blot assay depicting the protein levels of NTN4 and VE-cadherin. (E) Relative protein levels of NTN4 in HUVECs with
NTN4 overexpression following treatment with PDTC. (3-actin was used as the loading control (n=4). (F) Relative protein levels of VE-cadherin in HUVECs
with NTN4 overexpression following treatment with PDTC by western blotting. 3-actin was used as the loading control (n=4). “P<0.01; “"P<0.001. n.s., not
significant; Con, control; NTN4, Netrin-4; HUVEC, human umbilical vein endothelial cell; PDTC, pyrrolidine dithiocarbamate; VE, vascular endothelial;

DMSO, dimethy] sulfoxide.

pathway. Moreover, VE-cadherin expression was not induced
by NTN4 overexpression in HUVECs treated with NF-xB
inhibitors. Therefore, the present study demonstrated that
NTN4 overexpression increased VE-cadherin expression
levels in a NF-«xB signaling-dependent manner.

In conclusion, the present study provided evidence that the
NTN4 overexpression decreased endothelial cell viability and
migration. Furthermore, the present study revealed a novel
role of NTN4 in the regulation of VE-cadherin expression and
related mechanism, as well as the protection of endothelial
barrier integrity by NTN4. These findings provided a novel
regulatory mechanism of VE-cadherin expression, as well
as a direction for future studies to investigate the role of
NTN4 in endothelial barrier-related diseases. Nevertheless,
nuclear NF-xB data and in vivo data are lacking due to time
constraints. These limitations should be further addressed in
future investigations.
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