Strengthening tight
junctions of retinal
microvascular
endothelial cells by
pericytes under
normoxia and
hypoxia involving
angiopoietin-1
signal way

Abstract

Purpose To determine the effects of pericytes
and angiopoietin-1 on the expression of
occludin and zonula occludens-1 (ZO-1) in
retinal endothelial cells (ECs) under both
normoxic and hypoxic conditions.

Methods Rat primary retinal microvascular
ECs were cultured under normoxia or hypoxia
in either absence or presence of pericytes
conditioned medium (PCM). PCM was
pretreated with or without angiopoietin-1
neutralizing antibody. Immuofluorescent
staining, Western blot and RT-PCR were used
to detect the alterations of occludin and ZO-1
expression.

Results Under normoxia, PCM strengthened
occludin and ZO-1 immunofluorescent
staining at cytomembrane as well as increased
their expression at both protein and mRNA
level. When pretreated with angiopoietin-1
neutralizing antibody, occludin upregulation
induced by PCM was significantly blocked at
protein level (62%) and mRNA level (34%).
Under hypoxia, the continuity of occludin and
Z0-1 staining at cell boundaries was disrupted
consistent with a decrease of their protein level
by 31 and 27%, respectively. Also occludin and
Z0O-1 mRNA level decreased by 46 and 57%,
respectively. PCM was observed to partially
increase expression of occludin at protein and
mRNA level. Angiopoietin-1 antibody slightly
inhibited (16%) PCM induced occludin mRNA
increase under hypoxia.

Conclusion Pericytes improved the integrity
of endothelial barrier through inducing
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occludin and ZO-1 expression at protein and
mRNA level under normoxia. Under hypoxia,
pericytes could partially reverse occludin
decrease. These protecting effects of pericytes
on endothelial barrier were at least in part
mediated by angiopoietin-1.
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Introduction

Retinal neovascularization is a common sequela
of widespread retinal diseases, such as diabetic
retinopathy, retinopathy of prematurity and
retinal vein occlusion. Immature vessels in these
diseases are characterized by leakage, and one
suggested mechanism behind which is the
damage of endothelial barrier. Retinal
microvascular endothelial cells (RMECs) differ
from other non-barrier endothelial cells (ECs) in
the highly specialized tight junction (T])
complexes. Occludin was the first
transmembrane protein discovered and located
in TJs. Members of the claudin family and the
junctional adhesion molecules (JAM) were
discovered subsequently.'? The transmembrane
protein binds to members of the zonula
occludens protein family (ZO-1, ZO-2, and
Z0-3), which are connected to the cytoskeleton
proteins such as actin. TJs are mainly located in
blood-brain barrier (BBB), and have recently
been detected in retinal vascular ECs.®> Current
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knowledge suggests that occludin and ZO-1 are key TJ
proteins in retinal TJs. Their importance could be
corroborated by their downregulation in TJs disruption*
and their increased expression in improved barrier
function.®

Current studies on ECs barrier in CNS generally focus
on the effects of astrocytes. Although astrocytes are able
to strengthen the expression of certain BBB properties®
and helped to improve the integrity of ECs barrier, they
could only add limited advantages to the physical
integrity of BBB.” Whereas, pericytes, another closely
related cell type which intimately embracing capillary
endothelium, have always been overlooked in the
endothelia cell barrier, especially in pathological
conditions such as hypoxia.

Pericytes play a key role in normal structure and
function of mircovessels. Pericytes, which surround ECs,
are responsible for the equilibrium of the ECs
microenvironment.® Recruitment and coverage of
pericytes in microvessels are key processes in normal
vascular development, maturation and maintenance. In
pericyte deficiency models of newborn mice, grave
retinal vascular leakage, oedema, and haemorrhage
emerged,” which could be possibly induced by
redistribution of certain junctional proteins such as
VE-cadherin and occludin.’® Furthermore, pericyte
coverage rates of the abluminal endothelial surface vary
extensively among different tissues and the highest
pericyte density has been described in the retina as
50%,'* which may reflect its importance to retinal
endothelial barrier.

However, little is known about the mechanisms of
pericyte function in retinal endothelial barrier.
Angiopoietin-1 (Ang-1), derived from pericytes, is
known to be an anti-permeability factor in vascular
system. Angiopoietin-1 has also been proven to have a
protective effect on blood retinal barrier (BRB) via
inhibiting VEGF induced retinal vascular leakage.’* The
mechanism of anti-permeability effect of angiopoietin-1
lies in its downregulation of VE-cadherin and PECAM-1
phosphorylation, which strengthens the cell adherens
junctions.* Whereas, whether angiopoietin-1 could
prevent the retinal vascular leakage by induction of
TJs” expression is not yet known.

Hypoxia is currently considered to be a primary
stimulus in retinal neovascularization and the BRB
disruption. RMECs represent a specific population of
ECs characterized by a high number of TJs and low
pinocytotic rate. Recent studies indicate that hypoxia-
induced disruption of the BBB is partially due to
loosening in TJs, resulting in alterations of paracellular
permeability pathway.'* Hypoxia could activate
TGF-beta, which would subsequently induces MMP-9
expression in bovine RMECs. The latter would increase
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the permeability of RMECs monolayers and reduce the
occludin level.'®

This study was performed to gain insight into
pericytes’ paracrine effect on RMECs paracellular
permeability in TJs under normoxic and hypoxic
conditions. Furthermore, the role of Ang-1 was also
investigated to clarify the possible signal pathway for
pericytes effects.

Materials and methods
Isolation and identification of RMECs and pericytes

Primary RMECs from fresh Wistar rat retina were
isolated as described previously'® with a modified
purification method of using anti-CD31 antibody labelled
Dynabeads (Dynal Biotech, USA). Briefly, retinae were
removed aseptically, then minced and filtered through a
53 um nylon mesh. The filtrate was discarded and the
mesh rinsed in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco, USA) to suspend the tissue and then
centrifuged. The pellets were digested by 0.1%
collagenase type I for 30 min at 37°C with agitation. The
cellular digests were filtered through a 30 um nylon mesh
and then centrifuged. The pellets were suspended in
DMEM containing 10% foetal bovine serum (FBS) and
incubated with CD31 antibody labelled Dynabeads for
30min at 4°C. After affinity binding, Dynabeads were
washed six times with DMEM/10% FBS. Pericytes in
eluant were centrifuged and suspended in pericytes
growth medium followed by seeding onto culture flask."”
Dynabeads binding RMECs were seeded onto rat tail
collagen type I-coated tissue culture flask.

RMECs grew in DMEM supplemented with 10% FBS,
20 mM sodium bicarbonate, 100 U/ml benzylpenicillin
sodium and 100 U/ml streptomycin sulphate, freshly
added heparin at 55 U/ml and EC growth supplement
100 ug/ml (ECGS) (Sigma, USA) (culture medium-A).
The culture medium-B for pericytes consisted of culture
medium-A without heparin and ECGS, 20% FBS instead.

RMECs were identified by polyclonal rabbit VIII
antibody (1:100, Santa Cruz, USA) staining and
monoclonal mouse anti-rat CD31 antibody (1:100,
Chemicon, USA) plus Cy3-conjugated second goat
anti-mouse antibody. Pericytes were identified by
polyclonal rabbit anti-PDGFR-f antibody (1:100, Santa
Cruz) and mouse anti-rat desmin (1:100, Dako, USA) with
FITC or Cy3-conjugated second antibody, respectively. Cells
between passages 2 and 6 were used in this experiment.

Preparation of various treatments

Pericytes conditioned medium (PCM) was prepared as
follow: when the cultured pericytes reached confluence,



the medium was replaced with DMEM containing

1% FBS, and incubated at 37°C for 24 h. The
conditioned medium was harvested, filtrated with a
sterile 0.22 um filter and stored frozen at —20°C until
use. Control CM (CCM) was prepared in the similar
way from the media but without cells. Briefly, DMEM
with 1% FBS, but without pericytes, was incubated at
37°C for 24 h, then harvested and frozen at —20°C after
filtrated.

Hypoxic conditions were achieved by adding CoCl,
(200 uM) to medium to mimic hypoxia.'®* RMECs were
cultured for 24 h under hypoxic condition.

Angiopoietin-1 inhibition study: PCM was pre-treated
with 1 ug/ml antibody against angiopoietin-1
(Chemicon, USA) or normal rabbit IgG (control) for 16 h.

Experimental groups

RMECs under various treatment were divided into six
groups as follows: RMECs cultured in control CM under
normoxia (EN), RMECs cultured in control CM under
hypoxia (EH), RMECs cultured in PCM under normxia
(PEN), RMECs cultured in PCM under hypoxia (PEH),
PEN pretreated with Ang-1 antibody (PENA) and PEH
pretreated with Ang-1 antibody (PEHA).

Immunofluorescence

Immunofluorescent staining of occludin and ZO-1 was
performed as follows: RMECs grown on slides were
washed once with PBS and fixed by immersion in 4%
paraformaldehyde in PBS for 30 min, then permeabilized
in PBS with 0.1% Triton X-100 for 10 min at room
temperature. Cells were blocked for 1h with PBS
containing 10% horse serum and 0.1% Tween 20.
Permeabilized cells were incubated overnight at 4°C with
primary antibodies. Rabbit anti-occludin antibodies
(Zymed, South San Francisco, CA, USA) were combined
with PBS in a 1:100 dilution or rabbit anti-ZO-1
antibodies (Santa Cruz, USA) at a 1:100 dilution. Cells
were washed with PBS-Tween (PBS with 0.1% Tween 20)
and stained with FITC-labelled goat anti-rabbit
antibodies, or Cy3-conjugated goat anti-rabbit antibodies
(Sigma, USA) at a 1:100 dilution respectively in
PBS-Tween for 1h at 37°C. Cells then were rinsed three
times in PBS-Tween, mounted in 50% glycerol in PBS,
and examined with a laser scanning confocal microscope
(LSCM, MRC1024, Bio-Rad, USA).

Western blot analysis

An occludin or ZO-1 enriched extract were prepared
according to the method of Brankin.'® Protein
concentration was determined by BCA protein assay and
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equal amounts of protein were loaded onto 6-10%
SDS-PAGE gels. Protein samples were electrotransferred
to nitrocellulose membranes with 250 mA at room
temperature for 90 min. The membranes were then
blocked using 5% nonfat milk-Tris-buffered saline

(20 mM Tris base, 137 mM NaCl, pH 7.6) with 0.1%
Tween 20 for 4h at room temperature and were then
incubated overnight at 4°C with occludin (1:2000), ZO-1
(1:1000) and f-actin (1:1000) antibody in PBS-0.5% BSA.
The membranes were washed three times with 5% nonfat
milk-Tris-buffered saline buffer, and incubated with the
HRP conjugated goat-anti-rabbit (DAKO, 1:2000)
antibody for 60 min at room temperature. Blots were
developed using the enhanced chemiluminescence
method and protein bands were visualized on X-ray film.
Semiquantification of the protein was carried out with
the use of Scion image software and the results are
reported as percentages of controls.

RT-PCR analysis

Total RNA was extracted from RMECs using an RNeasy
kit (Qiagen, Tokyo, Japan) according to the
manufacturer’s protocol. Primers for occludin (GenBank
Accession No. AB016425) were: sense
5'-CTGTCTATGCTCGTCATCG-3' and antisense
5'-CATTCCCGATCTAATGACGC-3/, with an

expected product of 294 bp. Primers for ZO-1 (GenBank
Accession No. XM068518) were: sense
5'-GCCTCTGCAGTTAAGCAT-3' and antisense
5-AAGAGCTGGCTGTTTTAA-3', with an

expected product of 249 bp. Primers for f-actin
(GenBank A A874855) were: sense
5-TTCCACACACACCAGCTTCG-3' and antisense
5'-GGGGTGGTGTGGAGATTTAG-3', with an expected
product of 366 bp.

RT-PCR was carried out using a reaction system
(TakaRa one-step RNA PCR kit, Japan) as: total sample
RNA 1 ug, specific primers 1 ul, 10 x Tris-HCl buffer 5 ul,
MgCl, 25mM) 10 1, 10mM dNTP Mixture 5 ul, 40U/ pl
RNase inhibitor 1 ul, 5U/ul AMV reverse transcriptase
1ul and 5U/ul AMV-Optimized Taq 1 4l in a final
volume of 50 ul.

Reverse transcription was carried out at 50°C for
30min and inactivated at 94°C for 2 min. The parameters
for PCR were as follows: occludin: denaturation at 94°C
for 1 min, annealing at 62°C for 2min, and extension at
72°C for 3min for a total of 23 cycles, followed by a
15 min extension at 72°C. ZO-1: denaturation at 94°C for
1min, annealing at 56°C for 2 min, and extension at 72°C
for 2min for a total of 22 cycles, followed by a 10 min
extension at 72°C.2° B-Actin: 28 cycles of denaturation at
94°C for 305, annealing at 55°C for 30, extension at 72°C
for 60s, and ended with elongation at 72°C for 5 min.
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PCR-amplified products were visualized in a 1.5%
agarose gel stained with ethidium bromide. A DNA
ladder (DL2000 Marker TakaRa, Japan) was loaded on
each gel. Quantification of PCR products was performed
using the UVP Gel Documentation System GDS7500. The
density of individual lanes was normalized to the density
of the PCR amplified internal control f-actin.

Statistical analysis

For all assays, three or more separate experiments were
repeated. Mean +SD from several experiments were
calculated. One-way ANOVA was used to assess
statistical significance of differences among means of two
or more than two groups. The level of statistical
significance was set at a P-value of 0.05.

Results
Isolation and identification of rat RMECs and pericytes

Highly pure and active RMECs were successfully
harvested by CD31coated Dynabeads (Figure 1a).
RMECs clones formed and reached confluence during
the following 4-5 weeks (Figure 1b). Later, RMECs were
identified by immunocytochemical staining using anti-
Factor VIII antibody and anti-CD31 antibody (Figures 1c
and d). Rat retinal pericytes were isolated by selective
culture condition and could passage continuously.
Pericytes showed irregular shapes with thick filament in
the cytoplasm and overlapping growth pattern without
contact inhibition (Figure 1le). Pericytes were identified
by immunofluorescent staining with PDGFR-f and
desmin antibody (Figure 1f) under a laser scanning
confocal microscope.

Change in expression and distribution of T] proteins

Maintenance of TJs during RMEC culture

After 8-day culture, RMECs reached confluence and
acquired the elongated shape. Occludin largely
accumulated along the cellular periphery in continuous
lines, with comparatively weak staining in cytoplasm
(Figure 2a). Distribution pattern of ZO-1 is similar to
occludin, but less continuous along the cell boundary
(Figure 3a).

Variation of T] distribution after hypoxia

CoCl, was added to the culture media at day 7. After 24 h
hypoxic incubation, occludin and ZO-1 staining were
clustered in patchy aggregates in cytoplasm and
continuous staining along cell boundaries was scarcely
observed (Figures 2b and 3b).
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T] proteins alteration after cultured in PCM and Ang-1
antibodies

When RMECs were cultured in PCM under normoxia,
lines of occludin and ZO-1 along the cell boundaries
were observed to be more continuous than in EN group.
In line with this, the expression of both proteins
appeared to decrease in cytoplasm (Figures 2c and 3c).
When cultured in PCM under hypoxia (PEH

group), distribution change of occludin and ZO-1 was
partially reversed, but could not reach their normal state
(Figures 2d and 3d).

After pretreatment with Ang-1 antibody under
normoxia, T] proteins strengthening effects by PCM were
mostly blocked (Figures 2e and 3e). When same
treatments were applied under hypoxia (PEH group),
staining of occludin and ZO-1 at cell boundaries
was only slightly stronger than in EH group (Figures 2f
and 3f).

Western blot analysis of TJs

Occludin and ZO-1 antibodies recognized 65 and
220kDa polypeptides, respectively (Figure 4).
Densitometry analysis of Western blots (Figure 4a and b)
revealed that hypoxia induced a 31% (31.8+4.6%;

P <0.05) decrease in occludin and a 27% (27.5+4.1%;

P <0.05) decrease in ZO-1 compared to EN group.

Occludin and ZO-1 density in PEN group were
increased significantly by 1.96-fold (196.3 +22.5%;
P<0.05) and 1.21-fold (121.6+14.5%; P <0.05) of that in
EN group, respectively. When cultured in PCM under
hypoxia, occludin expression increased slightly by
1.15-fold (115.9+12.5%; P <0.05) compared to EH group
and no increasing of ZO-1 was observed.

When pretreated with Ang-1 antibody under
normoxia, PCM induction of occludin was reduced by
62% (62.44+8.5%; P <0.05). Whereas, ZO-1 was not
affected by the same pretreatment. Under hypoxia,
Ang-1 antibody pretreatment failed to inhibit PCM’s
effect on occludin.

RT-PCR analysis of TJs

The influence of PCM on TJs at mRNA level was further
examined using RT-PCR (Figure 5). After 24 h hypoxia,
occludin and ZO-1 mRNA levels were 46% (46.445.5%;
P <0.05) and 57% (57.3+7.5%; P <0.05) lower compared
to EN group, respectively.

After PCM culture under normoxia, occludin mRNA
level rose by 81% (81.2+10.3%; P <0.05), while ZO-1
mRNA expression only rose slightly by 12% (12.3 +2.6%;
P <0.05) in comparison to EN group. Under hypoxia
with PCM cultrue, occludin mRNA expression rose by
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Figure 1 Morphology and identification of rat RMECs and rat retinal microvascular pericytes. (a) RMECs (black arrow) clump
isolated by Dynabeads (white arrow) 24 h after primary culture with phase-contrast microscopy ( x 200). (b) RMECs in a confluent
monolayer with phase-contrast microscopy (x 100). (c) Immunocytochemical staining with anti-Factor VIII antibody to RMECs
(DAB x100). (d) Immunofluorescence staining with anti-CD31 anibody to RMECs (Cy3 x 100). (e) Photograph of passaged rat
pericytes, showing non-contact-inhibited growth with irregular shapes and fibre bundles ( x 100). (f) Merge of PDGFR-f and desmin in
pericytes with LSCM ( x 200).

Figure 2 Immunofluorescence staining of occludin in various treatments. Confluent ECs monolayers were exposed to normoxia
(a, EN), 24 h hypoxia (b, EH); cultured in PCM under normoxia (c, PEN) or under hypoxia (d, PEH); adding Ang-1 antibody to PEN
(e, PENA) or to PEH (f, PEHA).
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Figure 3 Immunofluorescence distribution of ZO-1 in subjected groups same as occludin.

1506

EN EH PEN PEH PENA PEHA
Occludin S s S S ——— ool Dg
— e R S — —
Z0O-1 220kDa
B-actin T — A — o)
a 250- * * b *
1
[ 1 1404
*
_ 200 1204 —— J— AL
K] c
[ o
— 1 -
8 150 . . g 100
3 — £ 80
o <
c 100 ‘G_) 60
| o)
8 50 N 407
(@) 20
0 - 0
EN EH PEN

PEH PENA PEHA
occludin

EN EH PEN PEH PENA PEHA
Z0-1

Figure 4 Proteins expression of occludin and ZO-1 was detected by Western blot. Representative Western blots for occludin and ZO-1
were shown. Results were normalized by f-actin protein loading and converted to percent of control (EN). The quantifications were
shown on the graphs below: (a) Occludin expression (b) ZO-1 expression. Data are means +SD from 1 =3 experiments (*P <0.05).

43% (43.6+6.5%; P<0.05). And no increase in ZO-1
mRNA expression was observed.

After pretreatment with Ang-1 antibodies under
normoxia, occludin mRNA expression decreased by 34%
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(34.3+4.2%; P<0.05) compared to PEN group. Under
hypoxia, occludin mRNA decreased about 16%
(16.7+2.4%; P <0.05). Still, Ang-1 antibodies had no
effects on ZO-1 mRNA expression.
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Figure 5 The mRNA levels of occludin and ZO-1 were detected by RT-PCR. (a) Occludin expression (b) ZO-1 expression (*P <0.05).

Discussion

Early passage RMECs maintained their in vivo
characteristics such as T] expression and low TEER
values, which contribute to the function of BRB.?!
Therefore, these cells are a promising candidate to allow
insights into BRB. Primary cultured rat RMECs were
utilized in our experiment for their identified
immunocytochemical characteristics and considerable
expression in TJs.

Pericytes have been demonstrated to play an
important role in inducing ECs to express endothelial
barrier phenotype. Furthermore, PCM can enhance BBB
properties of brain microvascular ECs.?? But little is
known about the details of pericytes’ effects on TJs
especially in retinal ECs. Occludin is highly expressed in
barrier endothelia and acts as a key TJ protein whose
level dictates tissue barrier properties.” Increased
expression of occludin has been found to correlate with
improved barrier function through elevating TEER in
several cell lines.** Although not a featured protein of
TJs, ZO-1 accurately reflects the pathological changes of

BBB, which made it a valuable marker of endothelial
barrier.”® Pericytes may induce and maintain the
properties, including the integration of TJs, of the BBB
through paracrine and cell-to-cell contact. In this
experiment, we attempted to determine pericytes’
paracrine effect on RMECs. PCM was used to detect the
possible involved soluble factors. Our results showed
that under normoxia, PCM strengthened the continuity
of occludin and ZO-1 at cell boundaries and meanwhile
decreased both proteins in cytoplasm. The relocation of
both proteins suggested that PCM could strengthen TJs
formation. In addition to trigger proteins relocation,
PCM could also increase occludin and ZO-1 expression
at the protein level as well as at the mRNA level. PCM’s
effects on occludin and ZO-1 follow same trends,
indicating the amount of proteins in cells was partially
regulated via transcription. These results indicated
pericytes may improve function of retinal endothelial
barrier through soluble factors.

Previous in vivo DR model showed that Ang-1 was a
powerful anti-permeability factor in BRB via inhibiting
VEGEF, ICAM-1, and NO.? Our data showed that Ang-1
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neutralizing antibody pretreatment prominently blocked
PCM'’s TJ-strengthening effect through downregulating
occludin. As reported previously, Ang-1, derived from
pericytes, performed its total effects through Tie2
receptor on ECs.??® Our results suggested that Ang-1
could partially mediate the pericytes” effect on RMECs
TJs. Although Ang-1 could block occludin expression to a
great extent, the blockage is not complete. Furthermore,
ZO-1 protein level, enhanced in PCM, was unaffected,
which implied that other factors were involved in
pericyte function. Latest research demonstrated that
pericytes could strengthen BBB, which was partly
mediated through continuously producing TGF-1.% As
another soluble factor derived from pericyte, bFGF was
also found to tighten the intercellular junctions.*® Ang-1,
combined with TGF-f1 and bFGF, may play an important
role in pericytes’ TJs strengthening effect. Further
studies, however, are still needed to clarify the
interaction between these factors and their relevant
signal pathways.

It was observed in our study that hypoxia decreased
occludin and ZO-1 staining along cells boundaries and
increased both staining in cytoplasm, which is consistent
with previous results in porcine brain microvessel ECs.*!
The possible mechanism may be the selective
phosphorylation of key components of occludin and
Z0O-1, as protein phosphorylation plays a key role in the
regulation of protein function.** Under hypoxia,
production of ATP is markedly reduced, inhibiting the
activity of phosphorylation. Protein kinase C (PKC)
activation under hypoxia may also contribute to
decreased phosphorylation of occludin on threonine.*?
Lack of phosphorylation then inevitably reduce the
active form of occludin and ZO-1, leading to the
decreased secretion of both proteins to cytomembrane.
The relocation of both proteins caused by hypoxia
initiated occludin-ZO-1-actin chain break, ultimately
leads to alteration of cell conformation and endothelial
barrier disruption.

Besides protein relocation, hypoxia was shown to
downregulate occludin and ZO-1 in protein level in our
study. The mechanism of this downregulate is under
extensive investigation. As known, the chief protein
degradation pathway in the cytoplasm is the constitutive
proteasome pathway. The complex was then recognized
by proteasomes and degraded. Traweger recently
showed that occludin was able to bind the ubiquitin
ligase itch and degraded by proteasomes.**
Un-phosphorylated protein form are more liable for
degradation. As hypoxia was thought to inhibit
phosphorylation of both proteins, protein decrease could
well be anticipated and subsequently proven in our
Western blot. This procedure may pose another reason
for decreased staining along cell boundaries.
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We observed that pretreatment with Ang-1 antibodies
could significantly block the effects of pericytes on
occludin. Previous studies suggested that the attenuation
of the Ang-1/Tie-2 pathway, a vital pathway in ECs and
pericytes interaction, could lead to dysfunction of the T]s
at the BBB in hypoxia. Two possible ways existed to
modify this pathway. One is changing the secretion of
Ang-1 from pericytes, and the other is inhibition of the
interaction between Ang-1 and Tie-2. Regarding the
latter, angiopoietin-2 is known to suppress
angiopoietin-1 activity as an antagonist of Tie-2.*
Angiopoietin-2 produced by ECs increased prominently
under hypoxia, and compared to this, the level of Ang-1
is sustained in PCM.%¢ Therefore, it is conceivable that
angiopoietin-2 affects occludin expression under hypoxia
by modifying Ang-1/Tie-2 pathway. This may explain
the attenuation of Ang-1 effect under hypoxia in our
experiment.

In conclusion, data obtained from this current study
suggest that pericytes exerted its protective effects by
upregulating occludin and ZO-1 levels as well as
relocating both proteins. Ang-1 was highlighted as a
potentially critical factor in accomplishing these effects
on retinal ECs. As far as we know, this is the first report
of pericytes’ effects on retinal microvascular endothelia
TJs properties. These findings provided important
insights into the molecular mechanism of pericytes’
paracrine effect under both normoxic and hypoxic
conditions, and gave clues as to the selection of
molecular therapy factors, such as Ang-1, to prevent TJs
disruption.
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