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Abstract
Diabetes mellitus is a metabolic disease characterized by hyperglycemia, which can lead to serious
central nervous system complications. The blood-brain barrier(BBB) is essential for maintaining the
environmental stability of the central nervous system. Hyperglycemia may cause blood-brain barrier
dysfunction and lead to central nervous system complications, but the mechanism is not clear. To explore
the molecular mechanism of BBB injury caused by high glucose (HG), we hypothesize that p66Shc
damaged BBB by promoting ROS production and autophagy. Human brain microvascular endothelial
cells (HBMEC) were treated with different concentrations of glucose, Mito-tempo (MT), autophagy
inhibitor (3-MA), autophagy inducer rapamycin (RAP), and P66Shc siRNA. Western blot was used to
detect the expression of LC3, P62, ZO-1, claudin-5, and P66Shc in HBMEC. Autophagosomes were
observed by transmission electron microscopy (TEM). Immuno�uorescence staining was used to observe
the expression of ZO-1, occludin, and ROS. The autophagy level was enhanced by HG. HG decreased the
expression of ZO-1 and increased the expression of P66Shc and ROS. Inhibition of ROS levels under HG
reversed the high level of autophagy induced by HG and increased the expression of ZO-1. The
autophagy level was negatively correlated with the ZO-1 expression in HG. In HG, inhibit the expression of
P66Shc reduced the ROS and autophagy levels and increased the ZO-1 expression. HG increased the
autophagy level and destroyed the integrity of the tight junctions between HBMEC. Silencing P66Shc
repaired HG damaged-HBMEC by inhibiting ROS production and reducing autophagy. To explore the
molecular mechanism of BBB injury caused by high glucose (HG), we hypothesize that p66Shc damaged
BBB by promoting ROS production and autophagy.

Introduction
The diabetes mellitus pandemic has reached alarming magnitudes, affecting more than 415 million
people worldwide and accounting for one death every six seconds in 2015. If the current trends in
diabetes prevalence continue, it is expected to reach 642 million by 2040 (Cho, 2016). Diabetes is a
metabolic disease characterized by hyperglycemia, leading to various complications (Kurniawan et al.,
2019, Alexandru et al., 2016, Liu et al., 2018). Diabetes-related vascular complications are among the
most common complications in prolonged diabetic patients, and their mechanisms are complicated. One
of the most common risk factors is hyperglycemia, which contributes to endothelial dysfunction
(Alexandru et al., 2016). HBMEC is connected by different types of tight and adherens junctions, forming
the BBB, which limits blood cells and pathogens into the brain (Winkler et al., 2011). Zonula occludens-1
(ZO-1) protein is one of the most critical tight junctions between HBMEC, restricting small molecular
substances' passing. It is essential for maintaining the function of HBMEC (Schwayer et al., 2019).
Occludin is the �rst integral membrane protein discovered within the tight junctions (TJ) of HBMEC,
including the BBB (Zlokovic, 2008). Claudin-5 is also one of the critical tight junctions between adjacent
endothelial cells in the BBB (Jiao et al., 2011, Nitta et al., 2003). Oxidative stress plays a pivotal role in the
development of diabetic microvascular complications. The metabolic abnormalities of diabetes cause
mitochondrial superoxide overproduction in HBMEC. Increased intracellular ROS destroy the tight
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junctions between HBMEC (Giacco and Brownlee, 2010), but its molecular mechanism is still not fully
understood. P66Shc is a member of the SHC family, which regulates a variety of metabolic activities.
Furthermore, p66Shc is a redox enzyme that generates mitochondrial ROS (hydrogen peroxide) (Giorgio et
al., 2005). Autophagy is a complex process to maintain cell homeostasis. It is a process of cell self-
synchronization in which part of the cytoplasm is isolated in double or multi-membrane vesicles (auto-
phagosomes) and then delivered to the lysosome undergoes extensive degradation (Galluzzi and Green,
2019). Dysfunctional mitophagy leads to the accumulation of dysfunctional mitochondria. Therefore, it
causes increasing the production of ROS (Festa et al., 2018). Hyperglycemia is associated with intestinal
barrier disruption (Thaiss et al., 2018), but it is less known about its role in BBB, and the mechanism is
poorly understood. Whether p66Shc regulates the autophagy level through ROS and affects the structure
and function of HBMEC in HG (HG) has not yet been reported. Altogether, these data suggest potential
interactions between p66Shc, autophagy, ROS, and HG in HBMEC.

In the present study, we decipher a pathway linking autophagy dysfunctions, mitochondrial oxidative
stress, disruption of tight junction integrity, and p66Shc causing HBMEC dysfunction.

Materials And Methods

Cells culture 
The human brain microvascular endothelial cell line was cultured as described in the previous
studies (Chi et al., 2012). The human brain microvascular endothelial cell line was cultured in RPMI 1640
medium (Gibco, Grand Island, NY, USA) containing 10% heat-inactivated fetal bovine serum, two mM
glutamine, one mM sodium pyruvate, streptomycin (100 μg/mL), and penicillin G (50 μg/mL) at 37°C in
5% CO2. 

Western blotting. 
Proteins were extracted from HBMEC, lysed using RIPA, which contains protease and phosphatase
inhibitors, followed by centrifugation at 13,000 rpm for 15 min at 4°C. SDS-PAGE separated the samples.
After blocking with 5% non-fat milk diluted in PBS, the membranes were incubated with primary antibody
GAPDH, LC3, p62, ZO-1 overnight at 4°C. After being washed, the membranes were incubated with
secondary antibody (1: 5000, Proteintech, Wuhan, Hubei, China). Image J software was used for the semi-
quanti�cation of protein expression.

Antibodies and reagents
Rabbit anti-ZONAB (bs-12985R, Bioss; 1:100); �uorescent secondary antibody (goat anti-rabbit Alexa
488), Lipofectamine 2000 (Invitrogen; Thermo Fisher Scienti�c Life Sciences), rabbit FITC-conjugated
antibodies (Proteintech, Wuhan, Hubei, China) the HRP-conjugated secondary antibody (1: 5000,
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Proteintech, Wuhan, Hubei, China), and Mito-TEMPO (MT; ALX-430-150-M005, Enzo Life Sciences).
Rabbit anti-ZO-1 (13663, Cell Signaling; 1:400); rabbit anti-LC3 (Sigma-Aldrich; 1:2000), rabbit anti-
p62/SQSTM1 (PM045, MBL; 1:200); rabbit anti-GAPDH (2118, Cell Signaling Technology; 1:10,000);
rabbit anti-Occludin (91131, Cell Signaling;1:200); rabbit anti-phospho-Src Family (Tyr416) (6943, Cell
Signaling; 1:1000); rabbit anti-Claudin-5 (bsm-52933R, Bioss; 1:500).

RNA isolation and reverse transcription
Total RNA of HBMEC was extracted using TRIzol Reagent (Invitrogen; Thermo Fisher Scienti�c Life
Sciences, Waltham, MA). RNA was further puri�ed from the TRIzol extract with 20% chloroform,
centrifuged, and precipitated from the resulting water phase with isopropanol. After RNA extraction, the
reverse transcription was synthesized using Revert Aid TM First Strand cDNA Synthesis Kit from
Fermentas according to the manufacturer's instructions using random primer. 

Real-time polymerase chain reaction
Each reaction contained cDNA. The PCR primers were designed with Primer Premier 5.0 software, and β-
Actin was used as a reference gene. qPCR was performed on iQ5 Real-Time PCR Detection System (Bio-
Rad, USA) using SYBR Green Real-Time PCR Master Mix (TOYOBO CO., LTD, Japan). P66shc speci�c
primers (Forward: AATTTGGGCCTCTTGTACAGTT, Reverse: TACCTCACAGGCCTAGGCGAGG). ZO-1
speci�c primers (Forward: CGGTCCTCTGAGCCTGTAAG, Reverse: GGATCTACATGCGACGACAA).

siRNA Transfection
HBMEC was incubated with siRNA targeting p66Shc (sense: 5'-AUGAGUCUCUGUCAUCGCUtt-3'; antisense:
5'-AGCGAUGACAGAGACUCAUtt-3') (GenePharma) for four h in a confocal dish, used Lipofectamine 2000
(Invitrogen; Thermo Fisher Scienti�c Life Sciences), followed by growing in standard growth medium in
24h. Scrambled siRNA (sense: 5'-GAUCAUACGUGCGAUCAGA-3'; antisense: 5'-UCUGAUCGCACGUAUGAUC-
3' were used as negative controls (NC group).

Immuno�uorescence microscopy
After being exposed to HG for 24 hours with or without Mito-TEMPO (MT), a mitochondrial ROS inhibitor,
cells were grown on L-lysine coated 5% BSA were washed three times with PBS and �xed with 4%
paraformaldehyde in PBS at room temperature for 20 min. After being blocked with 5% BSA for 60 min,
cells were incubated with the primary antibodies ZO-1 in the blocking solution at 4℃ overnight. After
being washed three times, cells were incubated with a �uorescent secondary antibody (goat anti-rabbit
Alexa 488) for ZO-1. After washing, the cell was stained with DAPI. All samples were examined under a
�uorescence microscope or confocal microscope.
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Electron microscope
HBMEC was �xed in 4% PFA/0.1% glutaraldehyde in 100 nm sodium cacodylate, at pH 7.43, dehydrated,
and embedded in LR-White resin. We viewed the grids on transmission electron microscope at 80 kV. We
identi�ed autophagic vacuoles by a double membrane structure of autophagosomes according to
standard criteria.

ROS detection.
Cells were treated with DCFH-DA (10μM for 30min at 37°C) in live-cell imaging at 37℃. After washing, the
cells were subsequently analyzed by confocal microscopy. The �uorescence intensity was quanti�ed
using the open-source cell image analysis software Cell Pro�ler 63, as described below.

Statistical Analysis
All experiments were performed in triplicate and repeated at least three times. Statistically signi�cant
differences between groups were determined using two-tailed one-way ANOVA, followed by a Student–
Newman–Keuls test or Student t-test. P < 0.05 was considered statistically signi�cant.

Results

Hyperglycemia induces autophagy in HBMEC.
  To test whether elevated glucose levels were causally involved in HBMEC autophagy, we treated HBMEC
with different glucose concentrations (5.5mM, 11mM, 16.5mM, 22mM, and 27.5mM). The p62 protein, a
selective autophagy protein, carried the substrate degraded by interacting with LC3 in autophagosomes.
So the degradation of p62 protein was a vital sign of autophagolysosome formation (Fujimoto et al.,
2017, Kameyama et al., 2017, Lamark et al., 2017, Yao et al., 2017). Indeed, autophagy levels increased in
HG-treated cells. The western blot results showed that glucose treatment increased LC3II/LC3I but
decreased SQSTM1/p62 in a concentration-dependent manner. Therefore, the 5.5 mM group was
selected as the control group in the subsequent experiments, and the 27.5 mM group was selected as the
HG group (Fig. S1). Compared with the control group, the high-glucose group showed a signi�cant
increase in the LC3-II/LC3-I protein level and a signi�cant decrease in the protein level of p62 (Fig. 1A, B),
suggesting that the high-glucose environment raise the autophagy level of HBMEC. Transmission
electron microscopy results further showed that the number of autophagosomes was increased in the HG
group compared with the control group (Fig. 1C). After treatment with mannitol (osmotic pressure control,
27.5mM), cells exhibited the same levels of LC3-II/LC3-I, p62, and ZO-1 compared with the physiological
blood glucose level (control) group (P 0.05) (Fig. 1 D, E). In summary, these data showed that HG plays
an essential role in regulating autophagy.

https://cn.bing.com/dict/search?q=double&FORM=BDVSP6&mkt=zh-cn
https://cn.bing.com/dict/search?q=membrane&FORM=BDVSP6&mkt=zh-cn
https://cn.bing.com/dict/search?q=structure&FORM=BDVSP6&mkt=zh-cn
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Hyperglycemia induces HBMEC disruption.  
To determine whether glucose acted directly on HBMEC to affect BBB function, we used an in vitro
system of cultured HBMEC exposed to HG concentrations in the culture medium. We assessed tight
junction integrity through immuno�uorescence analysis of ZO-1 and occludin staining patterns. HG
treatment signi�cantly increased the mRNA (P< 0.05) and protein expression of ZO-1 (Fig. S2 and 2 A, B).
Immuno�uorescence microscopy experiment showed that the structure of ZO-1 decreased in HG treated
cells (Fig. 2C). Indeed, HG treatment also resulted in the dysfunction of brain microvascular epithelial
adherence junctions and altered appearance of cell-cell junctions (Fig. 2 C and S3 A). The western
blotting experiment suggested that the level of ZO-1 protein and claudin-5 protein were decreased in
HG group (Fig. 2 A, B, D, and E). Together, these experiments establish HG as a direct and speci�c cause
for HBMEC dysfunction and disruption of cell-cell junctions.

Hyperglycemia induces trans-epithelial �ux of HBMEC via
ROS. 
To explore whether HG affected the ROS to destroy the TJ protein and mitochondrial structure in HBMEC,
we used western blot, immuno�uorescence staining, and transmission electron microscopy to detect
ROS, ZO-1 protein level, and mitochondrial structure under HG environment. The immuno�uorescence
staining results showed that ROS's �uorescence intensity in the HG group was signi�cantly higher than in
the control group, suggesting that HG increases ROS level in HBMEC (Fig.3A). HG altered the structure of
ZO-1 and occludin and enhanced the trans-epithelial �ux of HBMEC (Fig. 3 B, S3 A). HG treatment also
resulted in mitochondria dysfunction and up-regulating autophagy (Fig. 3 C, D, and E).  

 After using mitochondria-localized-oxygen scavenger Mito-TEMPO (MT), the �uorescence intensity of
ROS was signi�cantly reduced, suggesting that MT can reduce the level of ROS (Fig. 3A). Western blot
showed that the level of LC3-II/LC3-I in the MT+HG group was signi�cantly reduced than the HG group,
and the protein level of p62 was signi�cantly increased than the HG group (Fig. 3C-D). Indeed, MT-treated
HBMEC enhanced the structure of ZO-1 and occludin (Fig. 3 B and S3 A) and decreased mitophagy and
dysfunction of mitochondria (Fig. 3, C, D, and E).  

Together, these experiments establish ROS as a direct cause for mitochondria dysfunction and disruption
of cell-cell junctions.

Negative feedback loop between ZO-1 and autophagy
To corroborate whether autophagy in�uenced ZO-1 expression, we used rapamycin (an autophagy
agonist) and 3-MA (an autophagy inhibitor) to modulate autophagy levels. HBMEC was treated with HG,
rapamycin, and 3-MA. Western blot showed that compared with the HG group, the level of LC3II/LC31
increased, and the level of p62 decreased, and ZO-1 protein decreased in the rapamycin group (cells

https://cn.bing.com/dict/search?q=mitophagy&FORM=BDVSP6&mkt=zh-cn
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treated with HG and rapamycin). In contrast, the level of LC3II/LC31 reduced, and the p62 and ZO-1
protein level increased in the 3-MA group (HBMEC treated with HG and 3-MA) (Fig. 4 A-B). Electron
microscopy (EM) shows more autophagic vacuoles in HG conditions or rapamycin group than the 3-MA
group (Fig. 4C). Together, these results suggested that autophagy affects cell-cell junctions and
decreases ZO-1 expression in HG conditions. 

Silencing of p66Sch increases tight junction in HG-treated
HBMEC
 First, we discovered that HG-treated HBMEC increased protein levels of P66Shc compared with the
control group (Fig. 5 A, B). To determine whether glucose acted directly on p66Shc to affect autophagy
and ZO-1 expression, we silenced p66Shc and detected the level of ROS, claudin-5, ZO-1 protein, and
autophagy. Therefore, siRNA against p66Shc treated HBMEC reduced the mRNA level of p66Shc within
24h compared with siScr (Fig. 5 C). Indeed, we detected that the Si-p66Shc group reduced ROS level
within 24h (Fig.5 D), and decreased autophagy level (Fig. 5E, F) compared with NC (HG+siScr) group.
Together, these data suggest that HG-mediated disruption of HBMEC was potentially caused by an
increase of p66Shc. P66Shc induces autophagy and ROS to aggravate the destruction of the HBMEC.

Discussion
BBB is a diffusion barrier between blood and brain tissue composed of endothelial cells, astrocyte end-
feet, and pericytes. The integrity of the BBB structure plays a vital role in maintaining the normal
physiological function of brain tissue (Ballabh et al., 2004). Serum glucose is among the most strictly
controlled physiological variables of organismal homeostasis (Thaiss et al., 2018). Hyperglycaemia
causes harmful consequences on the endothelium, vascular smooth muscle cells, and macrophages,
leading to thrombosis and �brinolysis, which result in the formation of atherosclerotic plaques.
Hyperglycaemia is associated with high cardiovascular-related mortality and morbidity both in T1DM and
T2DM (Laakso and Kuusisto, 2014). Only a weak relationship has been found between hyperglycemia
and BBB; however, hyperglycemia strongly predicts stroke, amputation, and peripheral vascular disease
(Laakso and Kuusisto, 2014). Those complications affect the brain, as well as increase the risks of
infection and mortality. Hyperglycemia is associated with intestinal barrier disruption (Thaiss et al.,
2018), but it is less known about its role in HBMEC, and the mechanism is poorly understood. In our
study, we used immuno�uorescence and western blot to detect the levels of TJ protein in HG-treated
HBMEC. Our results show that HG could signi�cantly decrease TJ protein levels between brain endothelial
cells, suggesting that HG enhanced the trans-epithelial �ux of BBB.

ROS is de�ned as an oxygen-containing molecule, including superoxide, hydrogen peroxide, and hydroxyl
radical, among others. ROS generally derived from exogenous oxidants or intracellular aerobic
metabolism. It plays an essential physiological role in preventing foreign substances invasion and
regulating in-vivo biological processes (Li et al., 2016). ROS also plays an important pathophysiology
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role. The balance between oxidation and anti-oxidation sustaining exists in physiological conditions. In
the brain, there is a defense system including enzymatic antioxidant defense systems and non-enzymatic
antioxidant defense systems to protect the brain from oxidation damage. Oxidation and antioxidants are
in dynamic equilibrium. Once mitochondria suffer from oxidative stress, they produce a large amount of
ROS (Geto et al., 2020, Kaludercic and Di Lisa, 2020). Oxidative glucose metabolism leads to the
production of ROS. Hyperglycaemia is proposed to lead to large amounts of ROS (Stumvoll et al., 2005).
Therefore, to explore whether HG affected the ROS to destroy the TJ protein and the mitochondrial
structure in HBMEC, we use western blot, immuno�uorescence staining, and transmission electron
microscopy to detect the level of ROS, ZO-1 protein, occludin protein, and mitochondrial structure under
HG environment. Our results show that HG induced-oxidative stress causes damaged mitochondria,
which enhances the trans-epithelial �ux of HBMEC and mitophagy.

Autophagy plays a vital role in many physiological processes and is a degradative pathway that involves
delivering cytoplasmic components, including proteins, organelles, and invaded microbes, to the
lysosome for digestion (Levine and Kroemer, 2008). Oxidative stress, nutritional and energy de�ciency,
infection, and protein accumulation can induce autophagy (Green and Levine, 2014). Some studies show
that ROS induces autophagy to protect cells from apoptosis or necrosis (Huang et al., 2011). To test
whether ROS is causally involved in HBMEC autophagy levels, we treated HBMEC with MT + HG. Indeed,
our results suggested that ROS induces autophagy.

The p66shc protein has two shorter isoforms called p52shc and p46shc, encoded by the Shc1 locus from
various exon arrangements at the 50 end. P52shc and p46shc are encoded using different translation
initiation sites (Ciciliot and Fadini, 2019). P66Shc is a protein adaptor of the SHC family, which is
involved in regulating various metabolic pathways. One of the most strongly affected pathways by
hyperglycemia in our study involves p66Shc protein, which has been implicated as a critical regulator of
many cell functions. P66shc played a signi�cant role in mitochondrial ROS production (Ciciliot and
Fadini, 2019). However, it has not been reported whether p66Shc affects the integrity of HBMEC by
regulating autophagy in HG. Therefore, in this study, we have identi�ed glucose as an orchestrator of
HBMEC function. Hyperglycemia-mediated p66Shc markedly interfered with homeostatic epithelial
integrity, leading to abnormal autophagy and ROS. Our results indicate that up-regulation p66Shc causes
up-regulation of autophagy and ROS, followed by alterations in the structure of cell-cell junctions.

Collectively, our �ndings provide a potential molecular explanation for HG-mediated disruption of BBB.
BBB dysfunction plays a vital role in diabetes-mediated central nervous system diseases such as stroke,
vascular dementia, and memory loss. The changes in glucose level (hyperglycemia) affect the transport
of glucose, amino acids, and other substances in the BBB, affecting the integrity of the BBB, and are
closely related to the oxidative stress of microvessels in the CNS. However, due to the complex underlying
pathogenesis of diabetes-related CNS complications, the pathogenesis needs to be further investigated.
Furthermore, the link that we highlight between p66 and BBB integrity may provide a mechanistic basis
for ROS and autophagy in�uencing BBB function. Ultimately, our results may present the starting point
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for harnessing glucose metabolism or other regulators of BBB integrity as potential therapeutic targets in
the prevention and alleviating of CNS complications.
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Figure 1

HG increases autophagy. (A-B) HBMEC was treated with glucose (5.5 mM, 27.5 mM) for 24 hours. P62
and LC3II/LC3I proteins were detected by western blot. 5.5 mM glucose treated- HBMEC was the control
group (CON); 27.5 mM glucose treated- HBMEC was the HG group (HG). HG group vs. CON group
indicates* p<0.05. (C) Autophagic vacuoles were viewed by electron microscopy (EM). Representative 7k
electron micrographs (left) and 10k electron micrographs (right) of numbers of autophagic vacuoles per
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cell. Autophagic vacuoles increased in the HG group than in the CON group. (D-E) The western blotting
analysis demonstrated the expression of ZO-1, LC3, and p62 in cells treated with mannitol and glucose
for 24 hours. Data are means ± SEM of 3 independent experiments conducted in triplicate. GAPDH,
glyceraldehyde 3-phosphate dehydrogenase; *, P < 0.05.

Figure 2

HG disrupts TJ proteins. HG down-regulation of the protein of ZO-1. (A-B) Expressions of ZO-1 were
measured by Western blot. ZO-1 protein decreased in the HG group than the CON group. (C)
Representative fluorescence microscopy images of ZO-1, ZO-1 protein, were analyzed by confocal
microscopy. ZO-1 protein decreased in the HG group than the CON group. (D-E) Representative western
blotting bands of Claudin-5 and glyceraldehyde3-phosphate dehydrogenase (GAPDH). HG group vs. CON
group indicates* p<0.05.

Figure 3

HG-damaged mitochondria induce oxidative stress, resulting in a decrease in ZO-1. Mitochondrial ROS
scavenging ameliorates function in HBMEC (A) HBMEC was treated with 5.5 mM glucose (CON) and
treated with 27.5 mM glucose (HG) for 24 hours, HBMEC was treated with 27.5 mM glucose and
mitochondria-targeted antioxidant Mito-Tempo (MT, 10μM for 24h) in the culture medium for 24 hours
(MT). (A) Representative fluorescence microscopy images of ROS. The HBMEC was treated with DCFH-
DA (10μM for 30min at 37°C) to test ROS level. Moreover, the ROS level was analyzed by confocal
microscopy. (B) Representative fluorescence microscopy images of ZO-1. Expressions of ZO-1 were
measured by confocal microscopy in the same condition as mentioned in A; Nuclei counterstained with
DAPI (blue). (C-D) Western blotting analyses of ZO-1, LC3II/LC3I, and P62 protein levels. (E)Representative
electron micrographs show damaged mitochondria and mitophagy in CON, HG, and MT groups. Data are
means ± SEM of 3 independent experiments conducted in triplicate. GAPDH, DAPI, *, P < 0.05.

https://cn.bing.com/dict/search?q=mitophagy&FORM=BDVSP6&mkt=zh-cn
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Figure 4

Inhibition of autophagy revealed ZO-1 increase; increased autophagy revealed ZO-1 decrease. A large
autophagy cause dysfunction in HBMEC (A-B) HBMEC was treated with 27.5 mM glucose in the culture
medium for 24 hours (HG). Moreover, HBMEC was treated with 27.5 mM glucose and rapamycin (200 nM
for 2h) in the culture medium for 24 hours (HG+RAP). Furthermore, HBMEC was treated with 27.5 mM
glucose and 3-MA (5mM for 2h) in the culture medium for 24 hours (HG+3-MA). Western blotting
analyses ZO-1, P62, and LC3I/LC3II protein levels. (C) Autophagic vacuoles were viewed by electron
microscopy in the same condition as A. Data are means ± SEM of 3 independent experiments conducted
in triplicate. GAPDH, *, P < 0.05; **, P < 0.01; ***, P < 0.001, ****, P < 0.0001.
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Figure 5

HG increases p66Shc that induces autophagy, P66Shc rise leads to a decreased tight junction; Inhibition
of p66Shc decreases autophagy and increases ZO-1. P66Shc promotes HBMEC ROS and autophagy. (A-
B) Western blotting analysis of p66Shc in HBMEC treated with 5.5 mM and 27.5 glucose for 24h. (C)
Real-time polymerase chain reaction analysis of P66Shc mRNA in HBMEC treated with Scrambled
siRNA(NC group) or P66Shc siRNA(siP66Shc group) in HG condition for 24h. (D) Representative
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fluorescence microscopy images of ROS after silencing of p66Shc. HBMEC treated as C. And ROS level
was analyzed by confocal microscopy. (E-F) The western blotting analysis demonstrated the expression
of ZO-1, LC3II/LC3I, and p62 protein level after silencing p66Shc. Data are means ± SEM of 3 independent
experiments. *, P < 0.05; **, P < 0.01; ***, P < 0.001. 
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