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Abstract

Objective: Increased retinal vascular permeability is one of the earliest manifestations of diabetic
retinopathy. The aim of this study was to investigate the role of hyperglycemia-induced platelet
endothelial cell adhesion molecule -1 (PECAM-1) loss on retinal vascular permeability via the -
catenin pathway.

Methods: Type | diabetes was induced in male Wistar rats using streptozotocin (STZ) injections,
with age-matched non-diabetic rats as controls. Rat retinal microvascular endothelial cells
(RRMECs) were grown under normal or high glucose conditions for six days. Small interfering
Ribonucleic Acid (siRNA) was used to knock down PECAM-1 in RRMEC:s for loss-of-function
studies. Retinas and RRMECSs were subjected to western blot, immunofluorescence labeling, and
co-immunoprecipitation (co-1P) analyses to assess protein levels and interactions. A biotinylated-
gelatin and fluorescein isothiocyanate (FITC)-avidin assay was used for retinal endothelial cell
permeability studies.

Results—p-catenin, p-catenin/PECAM-1 interaction, active Src-homology 2 domain-containing
protein tyrosine phosphatase (SHP2), while B-catenin ubiquitination levels and endothelial
permeability were significantly increased, in hyperglycemic retinal endothelial cells. Similar
results were observed with PECAM-1 partial knockdown, where p-catenin and active SHP2 levels
were decreased, while phospho-B-catenin and retinal endothelial cell permeability were increased.

Conclusion: PECAM-1 loss may contribute to increased retinal endothelial cell permeability by

attenuating p-catenin levels under hyperglycemic conditions.
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Introduction

A well-developed blood-retinal barrier (BRB) is vital for the normal function of the retina.
BRB breakdown and increased retinal vascular permeability have been implicated in various
ocular pathologies such as retinopathy of prematurityl, exudative age-related macular
degeneration?, and diabetic retinopathy2. Diabetic retinopathy (DR) is a major complication
of diabetes, and the leading cause for visual impairment and blindness in working-age adults
worldwide?. One of the first observable alterations in the retinal vasculature in DR is BRB
breakdown and increased vascular permeability®. The increase in retinal vascular
permeability could lead to an increase in fluid accumulation and albumin flux into the
retina®, which affects vision and can lead to vision loss. Additionally, studies have indicated
a correlation between the degree of permeability and the severity of DR”.

The endothelial cells (ECs) lining the retinal vasculature provide a barrier against plasma
component leakage into the underlying tissue, with the help of endothelial cell junctional
molecules. Retinal endothelial cells (RECs) have been shown to express multiple junctional
proteins, such as occludin, zonula occludens-1 (ZO-1), p-catenin, cadherin-5, vascular
endothelial-cadherin (VE-cadherin) and platelet endothelial cell adhesion molecule-1
(PECAM-1)8 9, PECAM-1 is a cell surface molecule that has been implicated in the normal
function and maintenance of endothelial cells, such as EC-EC adhesion, barrier function,
survival, cell signaling, leukocyte transmigration, and angiogenesisi®-14. Thus, a loss of
PECAM-1 can have detrimental effects on RECs, which could contribute to the development
of DR. We have previously reported PECAM-1 loss in the diabetic retinal® without a change
in retinal capillary density; additionally, other reports have indicated the loss of PECAM-1
from the retinas of db/db micel8, and from endothelial cells grown under hyperglycemic
conditions!’. However, still to be determined is the effect of PECAM-1 loss on DR
development, and how it contributes to the BRB breakdown.

PECAM-1 is a glycoprotein that belongs to the immunoglobulin (1g) superfamily with an
immunoreceptor tyrosine-based inhibitory motif (ITIM), and is expressed heavily on the
surface of endothelial cells, with a higher concentration at cell-cell junctions!0: 18,
PECAM-1 consists of six Ig homology domains, a single-pass transmembrane domain, and a
long and complex cytoplasmic tail® that encompasses two ITIM domains surrounding
tyrosine 663 and tyrosine 686 residues2C. The phosphorylation of the tyrosine residues at the
ITIM domains promotes the recruitment of Src homology-2 (SH2) containing protein
phosphatases, such as SHP1 and SHP2, leading to their activation and participation in cell
signaling functions?L: 22, In addition to the ITIM domains, the cytoplasmic tail of PECAM-1
contains p-catenin and -y-catenin binding sites that sequester them to the plasma
membrane?3.

[B-catenin, which is a member of the Armadillo (ARM) repeat superfamily, is a conserved
molecule that is expressed in multiple animal species, and contributes to a number of
signaling cascades?*. Additionally, B-catenin is a member of the adherens junction25, where
it facilitates the interaction of vascular endothelial-cadherin (VE-cadherin) to the actin
cytoskeleton?6, VVE-cadherin associates with the dephosphorylated and active form of p-
catenin, where SHP2 dephosphorylates -catenin rendering it active, to reconstitute and
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restore the adherens junction2”. On the other hand, the phosphorylated form of B-catenin can
be targeted for ubiquitination and subsequent degradation by the ubiquitin-proteasome
pathway?28,

Therefore, the aim of the current study was to test the hypothesis that the hyperglycemia-
induced loss of retinal PECAM-1 will attenuate B-catenin levels due to a decrease in its
dephosphorylation and activation in retinal endothelial cells, resulting in increased retinal
endothelial cell permeability.

Male Wistar rats purchased from Envigo, Indianapolis, IN, (100-120 g), were used in a
model of type | diabetes. The Institutional Animal Care and Use Committee of LSUHSC-
Shreveport approved the experimental protocols used in this study.

Animal model of type | diabetes in rats

Cell lines

Blood glucose levels were tested before the induction of diabetes and in control rats.
Streptozotocin (STZ, diabetic, Sigma-Aldrich, St. Louis, MO), 30 mg/kg/day, or vehicle
(sodium citrate buffer, control) were intraperitoneally injected in age-matched male Wistar
rats for three consecutive days. Blood glucose and weight measurements were tested at one
week, five weeks, and eight weeks post STZ injections to verify consistent hyperglycemia.
Body weight and glucose levels were documented, and hyperglycemia defined as having
non-fasting glucose values of >300 mg/dl, with non-diabetic rats having glucose values of
~150 mg/dl. At the eight-week post-STZ injection time point, rats were anesthetized with
ketamine/pentobarbital (100 and 50 mg/kg, respectively), and the eyes were enucleated and
retinas collected for analysis.

Primary rat retinal microvascular endothelial cells (RRMECs, Cell Biologics, Chicago, IL)
were used to establish an in vitro model of diabetic retinopathy. RRMECs were cultured in
Dulbecco’s modified eagle media (DMEM) containing 10% heat inactivated fetal bovine
serum (FBS) under either normal glucose conditions (NG, 5 mM), or high glucose
conditions (HG, 25 mM), for six days. RRMECs were used at the 7t passage as cells
beyond 10 passages are not viable, while passage 7 provides consistent results. RMECSs
were grown to 100% confluency, and cultured in a humidified atmosphere at 37 °C with 5%
COs.

Partial knockdown of PECAM-1 using siRNA

ON-TARGETplus Rat PECAM-1, siGLO cyclophilin B control, and non-targeting sSiRNAs
were synthesized by Dharmacon (Lafayette, CO). RRMECs were plated at a cell density of
80% confluency. siRNA and Dharmafect transfection reagent (Dharmacon) were diluted in
Opti-MEM and added to the cells. For controls, RRMECs were treated with Dharmafect
only (Sham), siGLO cyclophilin B positive transfection control, and non-targeting sSiRNA
negative control. After 48 hours of transfection, cells were subjected to immunofluorescence

Microcirculation. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eshaq and Harris Page 4

staining, permeability assay, or collected for western blot analyses. siRNA sequences and
concentrations were the following: On-TARGETplus SMARTpool PECAM-1 siRNA,
CGUGCAAAGUGGAAUCGAA, UCUCCAUCCUGUCGGGUAA,
GGACAAAUCAUAGGUAUCA, GGGCAGACCCUUCCACGAA (10 nM), siGLO
Cyclophilin B control siRNA, GGAAAGACUGUUCCAAAAA (5 nM, ON-TARGETplus
Non-targeting sSiRNA, UGGUUUACAUGUCGACUAA (5 nM).

Western blotting (WB)

Retinas obtained from non-diabetic or diabetic rats, or RRMECs grown under NG or HG
conditions, were collected in ice-cold radio immunoprecipitation assay (RIPA, Sigma-
Aldrich, St. Louis, MO) buffer with protease inhibitors (Sigma-Aldrich, St. Louis, MO)
added. Retinas and RRMECs were homogenized, and homogenates were centrifuged at
10,000 g for 5 minutes. Supernatants were subjected to the bicinchoninic acid assay (BCA,
Thermo Fisher Scientific, Waltham, MA) for protein concentrations, and equal amounts of
protein were loaded on 8-12% SDS-polyacrylamide gels under reducing and denaturing
conditions. After the protein transfer into nitrocellulose membranes (Bio-Rad, Hercules,
CA), membrane blots were blocked using protein-free block (Thermo Fisher Scientific,
Waltham, MA), and primary antibodies were added for overnight incubation at 4 °C
(PECAM-1; Santa Cruz Biotechnology, Dallas, TX, p-catenin, and Non-phospho (Active) p-
catenin at serine 45 (Ser45), Phospho-B-Catenin at serine 33/37 and threonine 41 (Ser33/37/
Thr4l); Cell Signaling, Danvers, MA; SHP2 (Tyr477), SHP2 (phospho Tyr580); abcam,
Cambridge, MA). Secondary antibodies conjugated to HRP (Jackson ImmunoResearch,
West Grove, PA) were added for one hour at room temperature. To ensure equal loading and
proper transfer, an internal house-keeping protein was used (p-actin, Sigma-Aldrich). Blots
were imaged using the ChemiDoc XRS gel imaging system (Bio-Rad, Hercules, CA) for
detection of specific bands, and the bands were quantified by densitometry using ImageJ
software (National Institutes of Health (NIH), Bethesda, MD, USA)?°.

Immunofluorescence (IF) labeling

For immunofluorescence labeling of RRMECs, cells were fixed using ice-cold methanol for
5 minutes on ice, followed by cell membrane permeabilization using 0.1% Triton-X100 in
phosphate buffered saline (PBS), followed by blocking using 5% FBS, and 5% BSA for one
hour at room temperature. Primary antibodies were added for overnight incubation at 4 °C,
followed by fluorescently labeled secondary antibodies for one hour at room temperature. A
mounting medium containing DAPI (Vector Labs, Burlingame, CA, USA) was added to the
cells, and images were taken using a NIKON E600FN fluorescent microscope, and analyzed
using ImageJ (NIH). Secondary antibody staining without a primary antibody was used to
account for non-specific staining and to ensure specificity.

Co-immunoprecipitation (Co-IP)
RRMECs and retinas were lysed in cold IP lysis buffer (50 mM Tris-HCI, 150 mM NacCl,
1% Triton X-100, 0.1% SDS, 1 mM EDTA, pH 7.6) containing protease inhibitors (Sigma).
Primary antibodies for proteins of interest for immunoprecipitation (PECAM-1, B-catenin)
were incubated with SureBeads magnetic beads (Bio-rad) for 10 minutes at room
temperature. Equal amounts of retinal or cell lysates were added to the antibody-beads
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complex, and incubated for 1 hour at RT. To elute the pulled down protein, 1X Laemmli
buffer was added to the beads, heated to 75 °C for 15 minutes, and samples were subjected
to SDS-PAGE western blot analysis. Primary antibodies against the proteins being
investigated for interaction (PECAM-1, B-catenin, SHP2, Ubiquitin (Enzo-life sciences,
Farmingdale, NY)) were added to the membranes for incubation at 4 °C overnight, and
HRP-conjugated secondary antibodies were added for one hour at room temperature.
Specific bands were imaged using the ChemiDoc XRS gel imaging system, and analyzed
using densitometry analysis (ImageJ).

Biotinylated gelatin permeability assay

Cell culture dishes were coated with biotinylated gelatin. Briefly, porcine skin gelatin (10
mg/ml, Sigma) was added to 0.1 mol/L NaHCO3 (pH 8.3) and heated at 70 °C until fully
dissolved. Ez-link-biotin (Thermo scientific) was added to the gelatin mix (0.57 mg/ml) and
incubated at room temperature for one hour. Poly-L-Lysine was added to culture dishes, and
incubated at room temperature for 20 minutes, followed by 0.5% glutaraldehyde for 15
minutes at room temperature. Biotinylated gelatin was added (0.25 mg/ml in NaHCO3
buffer), and incubated overnight at 4 °C. Residual glutaraldehyde was quenched by adding
DMEM with 10% FBS for 30 minutes at room temperature.

RRMECs were plated and grown under either NG or HG conditions for 6 days, or with the
addition of PECAM-1 small interfering Ribonucleic Acid (siRNA), until fully confluent.
FITC-avidin (Thermo scientific) was added to the cell media (0.025 mg/ml) and incubated
for 3 minutes. Cells were fixed with 4% paraformaldehyde, and pictures were taken using a
NIKON E600FN fluorescent microscope. The images were quantified using ImageJ
software.

Statistical analysis

Results

Student t-tests or one-way analysis of variance (ANOVA) were conducted to compare the
means of the groups, followed by Student-Newman-Keuls post-hoc correction, using
GraphPad prism software (La Jolla, CA). P < 0.05 was considered statistically significant,
and the data presented express the mean + standard error.

Retinal B-catenin levels are decreased in hyperglycemia

PECAM-1 levels in retinas collected from diabetic rats, and from RRMECs grown under
HG conditions were significantly decreased (Figure 1A and 1B, 63% and 61% decrease,
respectively, p<0.05), in agreement with our previously published datal®. In addition to
PECAM-1 loss, B-catenin levels were significantly decreased in the diabetic retinas (Figure
1C, 56% decrease, p<0.05) and in hyperglycemic RRMECs as measured with western
blotting (32%, p<0.05, Figure 1D) and immunofluorescence (32%, p<0.05, Figure E, F)
analyses.
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Retinal p-catenin/PECAM-1 binding is decreased in hyperglycemia

To assess the levels of PECAM-1 bound B-catenin, PECAM-1 was purified from the retinas
collected from non-diabetic and diabetic rats, or from RRMECs grown under NG and HG
conditions, using immunoprecipitation followed by blotting for B-catenin. Under
hyperglycemic conditions, PECAM-1 bound p-catenin was significantly decreased in the
diabetic retinas (27% decrease, p<0.05, Figure 2A), and in RRMECs grown under
hyperglycemic conditions (52% decrease, p<0.05, Figure 2B).

Decrease in active SHP2 levels and active p-catenin in hyperglycemia

We hypothesized that the decrease in retinal PECAM-1 may affect the activation of SHP2,
which in turn may affect the levels of dephosphorylated B-catenin. Active (phosphorylated)
SHP2 levels were significantly decreased in RRMECs grown under hyperglycemic
conditions (26% decrease, p<0.05, Figure 3A), without a statistically significant change in
total SHP2 (Figure 3B). Additionally, the non-phosphorylated (Ser45) levels of p-catenin
were significantly decreased in RRMECs under HG conditions (41% decrease, p<0.05,
Figure 3C). Moreover, ubiquitinated levels of p-catenin were significantly increased (170%
increase, p<0.05, Figure 3D) in RRMECSs grown under hyperglycemic conditions.
Interestingly, there was an increase in phosphorylated p-catenin nuclear translocation in
hyperglycemic RRMECs shown in Figure 3E with IF staining of RRMECs under HG vs NG
conditions.

The decrease in PECAM-1, either due to hyperglycemia or siRNA knockdown, may
contribute to an increase in REC permeability

To delineate the role of retinal PECAM-1 loss on increased vascular permeability, we
performed a loss-of-function experiment with PECAM-1 knockdown in RRMECs using
transcriptional gene silencing siRNA against rat PECAM-1 (40-54% decrease, p<0.05,
Figure 4). RRMEC permeability was significantly increased under HG conditions (84%
increase, p<0.05), as well as in RRMECs with PECAM-1 partial knockdown when
compared to RRMECs with non-targeting siRNA (10-fold increase, p<0.05, Figure 5).

PECAM-1 Knockdown in RRMECs attenuated active SHP2 levels and increased phospho-8-
catenin levels

Since PECAM-1 participates in activating SHP2 via its recruitment to the ITIM domain in
the PECAM-1 cytoplasmic tail, we hypothesized that PECAM-1 loss can affect the activity
of SHP2. In RRMECs with PECAM-1 knockdown, phosphorylated (active) SHP2 levels
were significantly decreased compared to non-targeting siRNA (35% decrease, p<0.05,
Figure 6A) with no change in total SHP2 (Figure 6B). Additionally, compared to RRMECs
administered non-targeting siRNA, cells with PECAM-1 knockdown had decreased total -
catenin (20% decrease, p<0.05, Figure 7A), no change in phosphorylated B-catenin (Figure
7B), but an increase in the ratio of phosphorylated to total p-catenin (45% increase, p<0.05,
Figure 7C).
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Discussion and conclusion

The BRB can be divided into two barriers, the inner blood-retinal barrier (iBRB) and the
outer blood-retinal barrier (0BRB). The iBRB is formed by the endothelial cells lining the
blood vessels supplying oxygen and nutrients to the inner retina, while the o0BRB is formed
by the tight junctions between the retinal pigmented epithelium3°. The breakdown of iBRB
is considered a vital process in the pathogenesis of diabetic macular edema3!. Most current
treatments for DR are targeted to the later stages of DR when visual impairment has already
been established. Thus, the investigation and study of the early molecular mechanisms
leading to iBRB breakdown is vital to limit the progression of and to identify therapeutic
targets for the treatment of DR at its early stages.

Retinal vascular endothelial cells create the barrier needed to limit plasma leakage into the
retinal neuronal tissue. However, in pathophysiological conditions, such as the inflammatory
response during DR32, the intercellular junction may break down as a response to cytokines,
such as TNF-a or histamine, leading to the extravasation of inflammatory cells, proteins,
and fluid into the extravascular space33. Under normal circumstances, this process is
reversible due to the ability of the intercellular junction proteins, such as VE-cadherin, and
its adaptor protein B-catenin, to restore the barrier function3*. However, in DR, the barrier
function is not fully maintained or restored, leading to BRB breakdown.

Several studies have indicated the important role of PECAM-1 in the maintenance of
vascular barrier function, which extends beyond it simply being an endothelial cell marker.
PECAM-1 has been shown to have an integral role in the restoration of the vascular barrier
after its perturbation due to histamine3®. Moreover, PECAM-1 loss led to increased brain
microvascular permeability in mice with experimental autoimmune encephalitis!®.
Furthermore, PECAM-1 deficient mice had an increased vascular permeability during LPS-
induced endotoxemia3® 37, Recently, our group reported the loss of PECAM-1 in the
diabetic retinal®, with a possible role of matrix metalloproteinases (MMPs) and/or
inflammation in this loss. The mechanisms of hyperglycemia-induced loss of PECAM-1 are
still under investigation. Additionally, the consequences of this loss are important to
determine, given the multiple roles of PECAM-1 in endothelial function. Thus, we
investigated the potential role of PECAM-1 loss in the increased retinal vascular
permeability in hyperglycemia. In this study, we found a significant increase in RRMEC
permeability under hyperglycemic conditions, and in RRMECs with PECAM-1 knockdown.
These findings further support our hypothesis of a role for PECAM-1 loss in increasing
endothelial cell permeability in the diabetic retina.

PECAM-1 acts as a scaffold for multiple adaptor proteins, such as B-catenin23, which binds
to a domain in the cytoplasmic tail of PECAM-1 that is encoded by axon 1538. Thus,
PECAM-1 can affect B-catenin localization to the cell membrane, limiting its cytoplasmic
pool, and controlling its translocation to the nucleus where it can promote the transcription
of its target genes3?: 40, Interestingly, we found a significant decrease in total B-catenin
levels in the diabetic retina, and in RRMECs grown under hyperglycemic conditions. In
addition, p-catenin levels were significantly decreased in RRMECs with PECAM-1
knockdown when compared to controls. Furthermore, p-catenin/PECAM-1 interaction was
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significantly decreased in the diabetic retina and in hyperglycemic RRMECs. These findings
indicate a role for retinal PECAM-1 loss in attenuating B-catenin levels in retinal endothelial
cells.

[B-catenin levels in the cell are regulated by its phosphorylation/dephosphorylation process,
which also controls its activity and function. The dephosphorylation of §-catenin renders it
active, and able to associate with VE-cadherin at the endothelial junctions. On the other
hand, phosphorylated B-catenin is targeted for ubiquitination, and subsequent degradation by
the ubiquitin-proteasome pathway. PECAM-1 can participate in a wide range of cellular
events, such as cell signaling, via its two ITIM domains present on its cytoplasmic tail. The
ITIM domains can recruit src homology 2 (SH2) containing molecules, such as src
homology phosphatase 2 (SHP2), which upon its phosphorylation and activation, can
dephosphorylate B-catenin. Therefore, we speculated that the hyperglycemia-induced
decrease in B-catenin levels in RECs is due to its degradation as a result of the increase in
phospho-B-catenin ratio. Thus, we assessed B-catenin ubiquitination in RRMECs, and found
a significant increase under hyperglycemic conditions when compared to controls.
Moreover, active (pY580) SHP2 levels were significantly decreased in RRMECs grown
under hyperglycemic conditions, as well as in RRMECs with PECAM-1 knockdown.

The phosphorylation of B-catenin at Ser45 by casein kinase 1a (CK1a)*!, primes p-catenin
to be phosphorylated by glycogen synthase kinase 3 B (GSK3p) at Ser33/Ser37/Thr4142,
which allows B-catenin to become ubiquitinated and recognized for degradation by
proteasomes*3: 44, The non-phospho-Ser45 (active) B-catenin levels were significantly
decreased in hyperglycemic conditions. Moreover, the increase in phospho-B-catenin (Ser33/
Ser37/Thr41) nuclear translocation in hyperglycemic RRMECs indicates a possible role in
the induction of target genes, which needs to be further examined. Additionally, phospho--
catenin (Ser33/Ser37/Thr41) levels were significantly increased in RRMECs with PECAM-1
knockdown, which could be due to its decreased dephosphorylation by active SHP2.

PECAM-1 could also affect B-catenin phosphorylation, by the modulation of GSK3p
activity. GSK3 is constitutively active in cells*>, and its activity can be inhibited by its
phosphorylation by AKT48. Interestingly, PECAM-1 can recruit and activate
phosphoinositide 3-kinases (P13Ks) via PECAM-1 ITIM domains!4, which in turn activates
AKT. Thus, the hyperglycemia-induced loss of retinal PECAM-1 can indirectly affect the
activity of GSK3p, which in turn can affect p-catenin phosphorylation, ubiquitination, and
degradation. This pathway needs to be further examined to gain a better understanding of the
multifactorial role of PECAM-1 in modulating B-catenin levels in RECs under
hyperglycemic conditions.

In conclusion, B-catenin levels were significantly decreased in the diabetic retina, in
RRMECs grown under hyperglycemic conditions, as well as in RRMECs with PECAM-1
partial knockdown. These results indicate a novel role for the hyperglycemia-induced
PECAM-1 loss in the increased vascular permeability in DR via the attenuation of p-catenin
levels, where PECAM-1 loss promotes an increase in §-catenin phosphorylation,
ubiquitination, and degradation via the ubiquitin-proteasome pathway (Figure 8). Therefore,
these findings may provide a therapeutic target for limiting the advancement of DR and
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limiting the damage in the retina due to increased vascular permeability. Additionally, the
findings could complement studies involving retinal endothelial junctional proteins, to which
possible interactions with PECAM-1 could be investigated in hyperglycemia to fully
understand the deleterious effects on BRB integrity.

Perspective:

Retinal PECAM-1 loss may play a role in increasing retinal vascular permeability under
hyperglycemic conditions, possibly by attenuating B-catenin levels. These findings broaden
the understanding of the molecular mechanisms in DR pathogenesis, and provide a
therapeutic target for limiting the progression of DR.
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Figure 1. Hyperglycemiainduced PECAM-1 lossin retinal endothelial cells was accompanied by
adecreasein p-catenin levels.

PECAM-1 levels were significantly decreased in retinas collected from diabetic rats (A) and
RRMECs grown under HG conditions (B) when compared to controls. C) p-catenin levels in
the diabetic retinas were significantly decreased when compared to non-diabetic retinas. D)
[-catenin levels were significantly decreased in RRMECs grown under hyperglycemic
conditions. E) Representative images showing fluorescently labeled p-catenin in NG and
HG RRMEGCs. F) Image analysis of p-catenin fluorescence intensity showing a significant
decrease in RRMECs grown under HG conditions. Western blotting data is a comparison of
the relative PECAM-1 /B-actin and B-catenin /B-actin band densities. Relative fluorescence
unit (RFU) is a comparison between pB-catenin fluorescence intensity and the total number of
nuclei. Scale bar = 50 pm.*p<0.05, N=7-9 per group in vivo and N=3 per group in vitro.
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Figure 2. B-catenin binding to PECAM-1 in retinal endothelial cells was significantly decreased
under hyperglycemic conditions.

To study the effects of hyperglycemia on p-catenin binding to PECAM-1, co-IP experiments
were conducted, and a significant decrease in PECAM-1/p-catenin interaction (relative to
PECAM-1) in the diabetic retinas (A) and RRMECs grown under HG conditions (B) were
observed when compared to controls. *p<0.05, N=7-8 per group in vivo and N=3 per group
in vitro.
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Figure 3. The ubiquitination of pB-catenin under hyperglycemic conditions was significantly
increased in retinal endothelial cells.

A) Active SHP2 levels were significantly decreased in RRMECs grown under HG
conditions. B) Total SHP2 levels in RRMECs grown under NG and HG conditions. C) The
non-phosphorylated, active form of p-catenin was significantly decreased in hyperglycemic
RRMECs. D) Ubiquitinated B-catenin levels were significantly increased in RRMECs grown
under HG conditions. E) Representative images showing the increase in the phosphorylated
B-catenin nuclear localization under hyperglycemic conditions in RRMECs. Western
blotting data is a comparison of the relative SHP2 /B-actin, ph-SHP2 /B-actin, and active p-
catenin/p-actin band densities. Scale bar = 50 pm. *p<0.05, N=3 per group.
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Figure 4. PECAM-1 partial knockdown in RRMECsusing PECAM-1 siRNA.
A) The partial knockdown of PECAM-1 using PECAM-1 siRNA showing significantly

reduced PECAM-1 levels in RRMECs. B) Representative images of PECAM-1
immunofluorescence labeling of RRMECs with PECAM-1 partial knockdown. C) Image
analysis of PECAM-1 fluorescence intensity in RRMECs showing a significant decrease in
PECAM-1 levels with PECAM-1 partial knockdown. Western blotting data is a comparison
of the relative PECAM-1 /B-actin band densities. PECAM-1 RFU is the relative analysis of
PECAM-1 fluorescence intensity to total number of nuclei. Scale bar = 50 um. *p<0.05,
N=3 per group.
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Figure5. Theincreasein RRMEC permeability under HG conditions and with PECAM-1
partial knockdown.
A) Experimental design for the biotinylated gelatin and FITC-avidin in vitro permeability

assay. B) Representative images of RRMEC permeability assay under NG and HG
conditions. C) Image analysis of RRMEC permeability assay showing a significant increase
under HG conditions. D) Representative images of the RRMEC permeability assay with
PECAM-1 partial knockdown. E) Image analysis of the permeability assay showing a
significant increase in RRMECs with PECAM-1 partial knockdown. The relative
fluorescence unit (RFU) is the fluorescence intensity of FITC-avidin as percent of control
(NG). Scale bar =50 pm (B), 100 um (D). *p<0.05, N=3 per group.
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Figure 6. Phosphorylated SHP2 levels were significantly decreased in RRMECswith PECAM-1
partial knockdown.

A) Phosphorylated (Y580), active SHP2 levels in RREMCs were significantly decreased
with PECAM-1 partial knockdown. B) Total SHP2 levels in RRMECs with PECAM-1
partial knockdown were not altered. Western blotting data is a comparison of the relative
SHP2 /B-actin band densities. *p<0.05, N=3 per group.
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Figure 7. The decreasein B-catenin levelswith PECAM-1 partial knockdown.
A) Total p-catenin levels in RRMECs were significantly decreased with PECAM-1 partial

knockdown. B) Phosphorylated B-catenin levels in RRMECs with PECAM-1 partial
knockdown. C) The ratio of phosphorylated B-catenin to total p-catenin in RRMECs was
significantly increased with PECAM-1 partial knockdown. Western blotting data is a
comparison of the relative B-catenin/p-actin band densities. *p<0.05, N=3 per group.
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Figure 8. A graphical representation of the hypothesized mechanism.
The role of PECAM-1 loss in retinal endothelial cells on the increase of permeability via

attenuating B-catenin levels under hyperglycemic conditions.
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