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Abstract

Objective PERK/elF2a/CHOP is a major signaling pathway mediating endoplasmic reticulum (ER) stress
related with atherosclerosis. Oxidized LDL (ox-LDL) also induces endothelial apoptosis and plays a vital
role in the initiation and progression of atherosclerosis. The present study was conducted to explore the
regulatory effect of ox-LDL on PERK/elF2a/CHOP signaling pathway in vascular endothelial cells.

Methods The effects of ox-LDL on PERK and p-elF2a protein expression of primary human umbilical
vein endothelial cells (HUVECs) were investigated by Western blot analysis. PERK gene silencing and
selective elF2a phosphatase inhibitor, salubrinal were used to inhibit the process of ox-LDL induced
endothelial cell apoptosis, caspase-3 activity, and CHOP mRNA level.

Results Ox-LDL treatment significantly increased the expression of PERK, PERK-mediated inactivation
of elF2a phosphorylation, and the expression of CHOP, as well as the caspase-3 activity and apoptosis.
The effects of ox-LDL were markedly decreased by knocking down PERK with stable transduction of
lentiviral shRNA or by selective elF2a phosphatase inhibitor, salubrinal.

Conclusion This study provides the first evidence that ox-LDL induces apoptosis in vascular endothelial
cells mediated largely via the PERK/elF2a/CHOP ER-stress pathway. It adds new insights into the
molecular mechanisms underlying the pathogenesis and progression of atherosclerosis.
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INTRODUCTION atherosclerosis, a progressive disease characterized

by the accumulation of lipids and fibrous elements in
ardiovascular disease is currently the the large arteries, is the single most important
leading cause of death and illness in contributor to cardiovascular diseases. Previous

developed countries™. Notably, studies have revealed several mechanisms that
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contribute to the development of atherosclerosis,
including 1) uptake and modification of the apoB
lipoprotein; 2) migration and activation of
inflammatory cells, particularly macrophages; 3)
migration and proliferation of vascular smooth
muscle cells; 4) metabolism of collagen; and 5)
activation of coagulation factors and platelets[Z'S].
Recent studies have indicated that endoplasmic
reticulum (ER) stress is a new mechanism underlying
the pathogenesis of atherosclerosis and its
complications[G].

The ER is a key subcellular compartment
responsible for the synthesis and folding of
proteinsm. Different physiological and pathological
perturbations interfere with protein folding
processes in the ER lumen, leading to accumulation
of unfolded or misfolded proteins, a cellular
condition termed as ER stress”’. The ER responds to
ER stress by activating intracellular signal
transduction pathways, collectively termed as the
unfolded protein response (UPR)m. If this response is
unable to recover ER homeostasis, it can result in cell
apoptosism. ER stress activates three stress sensors,
e.g., protein kinase-like ER kinase (PERK), activating
transcription factor 6 (ATF6), and inositol-requiring
kinase 1 (IRE1l), representing three branches of
UPR®!. PERK is an ER transmembrane protein kinase
that inhibits protein translation through inactivation
of eukaryotic translation initiation factor 2 a-subunit
(elF2a) by serine phosphorylation, which results in
increased translation of ATF4, a transcription factor
that upregulates a subset of UPR genes including
CCAAT/Enhancer-Binding  Protein  Homologous
Protein (CHOP)[8]. Also, known as growth arrest and
DNA damage inducible gene (GADD153), CHOP has a
pro-apoptotic activity and is critical for triggering
apoptosis in response to ER stress®?).

Development of atherosclerosis disease is
closely linked to both oxidative stress and
endothelial cell dysfunction[m]. The production of
reactive oxygen species (ROS) in vascular endothelial
cells induces oxidation of low-density lipoproteins
(LDL) and results in increased levels of oxidized LDL
(ox-LDL), a key mediator of atherosclerosis™.
Accumulating evidence has demonstrated that
ox-LDL plays a vital role in the mediation of
endothelial dysfunction and induces endothelial
apoptosis as well as inflammation, which contributes
to the initiation and progression of
atherosclerosis™™*?.

In the present study, we explored the regulatory
effect of ox-LDL on PERK/elF2a/CHOP signaling

pathway in vascular endothelial cells, and its impact
on endothelial apoptosis.

MATERIALS AND METHODS

Human Umbilical Vein Endothelial Cell (HUVEC)
Culture

Primary HUVECs (ATCC PCS-100-010) were
purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA). The cells were
grown in vascular cell basal medium (ATCC
PCS-100-030) supplemented with endothelial cell
growth kit-BBE (ATCC PCS-1-040) (ATCC) and 100
U/mL penicillin-streptomycin (Sigma-Aldrich, Beijing,
China) in an incubator with a humidified atmosphere
of 95% air and 5% CO, at 37 °C.

Preparation of Ox-LDL

Plasma was obtained from healthy volunteers
after obtaining their informed consent, and
lipoproteins were isolated by sequential flotation
ultracentrifugation[”]. Isolated LDL was desalted on
an Econo-Pac 10 DG chromatography column
(Bio-Rad, Hercules, CA, USA) and sterile-filtered (0.22
pm pore size; Millipore, Bedford, MA, USA). To
oxidize LDL, the lipoprotein (0.5 mg/mL in sterile PBS)
was incubated with 5 um CuSO, at 37 °C for 20 h.
Ox-LDL was concentrated by centrifuging in Amicon
Centriplus YM-100 tubes (Millipore, Bedford, MA,
USA) for 2 h at 3000 xg and 8 °C, and subsequently
sterile-filtered. The oxidation was confirmed by
measuring thiobarbituric acid-reactive substances
(TBARS) using tetra-ethoxy-propane (TEP) as a
standard™. We used the ox-LDL within 24 h of
preparation, and endothelial cells were incubated
with ox-LDL dissolved in culture medium containing
1% FBS with or without selective elF2a phosphatase
inhibitor, salubrinal (Sigma-AIdrich)“G].

Stable Lentiviral Transduction

The PERK (sc-36213-V) shRNA lentiviral particles
purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA) contain expression constructs
encoding target-specific shRNA designed to
specifically knockdown PERK gene expression. The
control shRNA lentiviral particles (sc-108080; Santa
Cruz Biotechnology) contain a non-targeting shRNA
sequence that will not lead to specific degradation of
any cellular mRNA. Lentiviral transduction was
performed and pools of stable transductants were
generated via selection with puromycin (4.5 pg/mL,
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Sigma-Aldrich) by the manufacturer’s protocol
(Santa Cruz Biotechnology).

Western Blot Analysis

HUVECs were lysed with a hypotonic buffer
containing 2% Nonidet-P and a protease inhibitor
cocktail (Sigma-Aldrich) by sonication three times for
3 seconds on ice. The supernatant obtained after
centrifugation at 2000 xg for 15 min at 4 °C was used
for protein concentration determination by the
Coomassie blue method and for subsequent steps.
Equal amount of proteins for each sample were
separated by 8%-15% SDS-polyacrylamide gel and
blotted onto a polyvinylidene difluoride microporous
membrane (Millipore). Membranes were incubated
for 1 h with rabbit anti-human PERK polyclonal
antibody (H-300) (sc-13973) (1:1000 dilution), goat

anti-human elF2a  polyclonal antibody (K-17)
(sc-30882) (1:100 dilution), rabbit anti-human
phosphorylated elF2a polyclonal antibody

(sc-101670) (1:1000 dilution), or mouse anti-human
B-actin monoclonal antibody (ACTBD11B7) (sc-81178)
(1:2000 dilution), and then washed and incubated
for 1 h with 1:5000 dilution of secondary antibodies
including  bovine  anti-rabbit  1gG-horseradish
peroxidase (HRP) (sc-2370), bovine anti-goat
1gG-HRP (sc-230), and bovine anti-mouse IgG-HRP
(sc-2371), respectively. Peroxidase was determined
with a GE Healthcare ECL kit (Shanghai, China). Three
independent experiments were performed.

Real-time Quantitative RT-PCR

RNA was prepared from cells using TRIzol
reagent, and cDNAs were synthesized using
SuperScript 1l reverse  transcriptase  (Life
Technologies, Carlsbad, CA, USA). Real-time
guantitative PCR was performed on an Abi-Prism
7700 Sequence Detection System, with use of the
fluorescent dye SYBR Green Master Mix (Applied
Biosystems, Beijing, China) as described by the
manufacturer. The primers used are as follows: for
PERK, 5'-~ATCCCCCATGGAACGACCTG-3' (forward) and
5'-ACCCGCCAGGGACAAAAATG-3' (reverse); for CHOP,
5-GCCTTTCTCCTTTGGGACACTGTCCAGC-3' (forward)
and 5-CTCGGCGAGTCGCCTCTACTTCCC-3' (reverse);
for GAPDH, 5'-CCAGCAAGAGCACAAGAGGAA-3'
(forward) and 5-ATGGTACATGACAAGGTGCGG-3'
(reverse). Relative quantification of the mRNA level
of Bmil was determined using the 27**“ method and
normalized against that of GAPDH in the same
samplem]. Each experiment was repeated for three
times in duplicates.

Cell Apoptosis Assay

HUVECs were cultured at 9 x 10° cells per well in
96-well tissue culture plates and incubated at 37 °C
for 24 h under ox-LDL (100 ug/mL) treatment with
or without salubrinal (40 umol/L). Cell apoptosis was
measured at 24 h with a microplate reader-based
Titer TACS in situ apoptosis detection kit (4822-96-K;
R&D systems, Minneapolis, MN, USA) as the
manufacturer’s instructions™™®. Each experiment was
repeated for three times in duplicates.

Caspase-3 Activity Assay

The caspase-3 activity was determined with the
colorimetric CaspACE Assay System (G7351)
purchased from Promega (Madison, WI, USA)[19].
Briefly, HUVECs were grown in 60-mm petri dishes
and incubated at 37 °C for 24 h under ox-LDL
(100 pg/mL) treatment with or without salubrinal
(40 um). Cells were processed for 24 h according to
the manufacturer’s protocol (Promega).
Supernatants of cell extracts were inoculated into
microtiter wells containing caspase assay buffer,
dimethyl sulfoxide, 100 mm dithiothreitol, and
colorimetric caspase-3 substrate labeled with the
chromophore, p-nitroaniline (Ac-DEVD-pNA). The
plates were incubated at 37 °C for 3h and
absorbance was measured at 405nm with a
microtiter plate spectrophotometer.

Statistical Analysis

Statistical analyses were performed with SPSS
for Windows 19.0 (IBM, Chicago, IL, USA). All
continuous variable values were expressed as Mean
+ SD. Comparison of means between two groups was
performed with student t-test. Comparison of means
among multiple groups was performed with one-way
ANOVA followed by post hoc pairwise comparisons
using Tukey’s tests. A two-tailed P < 0.05 was
considered statistically significant in this study.

RESULTS

Ox-LDL  Induces Expression of PERK and
Phosphorylation of elF2a in HUVECs

To explore the potential regulatory effects of
ox-LDL on PERK/elF2a/CHOP signaling pathway in
vascular endothelial cells, we treated HUVECs with
ox-LDL (100 pg/mL) for 0, 12, 24, and 48 h. As shown
in Figure 1, ox-LDL induced the expression of PERK
and phosphorylation of elF2a at serine 51, in a
time-dependent manner, which reportedly is critical
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for PERK-induced inactivation of elF2a. As
PERK/elF2a signaling is a major pathway for ER
stress”, the results suggest that ox-LDL may induce
ER stress in vascular endothelial cells. To determine
the role of PERK/elF2a signaling in mediating the
effects of ox-LDL on vascular endothelial cells, we
knocked down PERK in HUVECs with shRNA. As
shown in Figure 2, stable transduction of HUVECs
with lentiviral PERK shRNA decreased the
endogenous PERK protein level by about 80%,
compared with the scramble shRNA control.
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Effects of Inhibiting PERK/elF2a on Apoptosis and
Caspase-3 Activity Induced by Ox-LDL in HUVECs

The role of PERK/elF2a signaling in
ox-LDL-induced apoptosis in HUVECs was also
analyzed. As shown in Figure 3A, ox-LDL treatment
(100 pg/mL for 24 h) increased apoptosis in HUVECs
by approximately 5-folds compared with the
controls. The apoptotic effect of ox-LDL was
decreased by approximately 75% by knocking down
PERK with shRNA. Expectedly, PERK shRNA showed no
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Figure 1. Effect of oxidized low-density lipoprotein (ox-LDL) on the expression of PERK and
phosphorylation of elF2a in HUVECs. A, HUVECs were treated with ox-LDL (100 ug/mL) for O, 12, 24,
and 48 h. Protein levels of PERK, phosphorylated elF2a (at serine 51) (p-elF2a), and total elF2a were
determined by Western blot analyses. B-actin blotting was used as a loading control. B, This figure
shows the relative blot density, expressed as percentage to the relative PERK or p-elF2a blot density in
untreated control cells (0 h, designated as 100%). Density of the Western blots was measured by
densitometry. Density of the PERK blot was normalized against that of B-actin to obtain a relative PERK
blot density, and density of the p-elF2a blot was normalized against that of total elF2a to obtain a
relative p-elF2a blot density. P < 0.05 vs. control (0 h).
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Figure 2. Stable knockdown of PERK in HUVECs. A, Lentivirial ShRNA specifically against PERK was stably
transduced into HUVECs. Non-targeting scramble lentiviral shRNA was used as control. Protein levels of
PERK in the stable transductants were determined by Western blot analysis. B-actin blotting was used
as a loading control. B, This figure shows the relative PERK blot density, expressed as percentage to the
relative PERK blot density in HUVECs stably transduced with scramble shRNA (designated as 100%).
Density of the Western blots was measured by densitometry. Density of the PERK blot was normalized
against that of B-actin to obtain a relative PERK blot density. "P < 0.05 vs. scramble shRNA.



872

Biomed Environ Sci, 2016; 29(12): 868-876

significant effects on untreated control cells. As
shown in Figure 3B, while selective elF2a
phosphatase inhibitor, salubrinal, showed no
significant effects on untreated control cells, it
decreased ox-LDL-induced apoptosis in HUVECs by
more than 50%.

Caspase-3 is one of the key activated caspases
present in apoptotic cells®, Apoptosis mediated by
caspase-3 may be modulated by cellular oxidative
stress. An increase in caspase-3-like protease activity
in human endothelial cells is associated with the
induction of apoptosis by ox-LDL®, Thus, we
examined the caspase-3 activity in the experimental
groups. As shown in Figure 4A, ox-LDL treatment
(100 pg/mL for 24 h) increased the caspase-3 activity
in HUVECs by approximately 3-folds compared with
the controls. The inducing effect of ox-LDL was
decreased by about 50% by PERK shRNA, which had
no significant effect on untreated control cells. As
shown in Figure 4B, while salubrinal showed no
significant effects on untreated control cells, it
decreased ox-LDL-induced caspase-3 activity in
HUVECs by about 65%.

Therefore, these results suggest that ox-LDL
induces apoptosis in vascular endothelial cells largely
mediated via the PERK/elF2a signaling pathway,
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specifically through caspase-3.

Ox-LDL Regulates PERK/elF2a/CHOP Signaling in
HUVECs

The above results suggest that PERK/elF2a
mediates the effects of ox-LDL on HUVECs.
Compared with the controls, ox-LDL treatment (100
pg/mL for 24 h) increased phosphorylation of elF2a
(at serine 51) in HUVECs by over 2-folds, which was
reduced by about 50% by knocking down PERK
(Figure 5). CHOP, a stress-inducible transcription
factor that regulates the genes encoding
components involved in apoptosis, is a known
downstream effector of PERK/elF2a signaling
pathway[”]. To confirm the crosstalk between
ox-LDL and PERK/elF2a signaling pathway, we next
examined the effects of ox-LDL on the mRNA level of
CHOP in the presence or absence of PERK shRNA or
salubrinal. Compared with the controls, ox-LDL
treatment (100 pug/mL for 24 h) increased the mRNA
level of CHOP in HUVECs by 5-folds; the inducing
effect of ox-LDL was decreased by about 75% by
PERK shRNA, which showed no significant effects on
untreated control cells (Figure 6A). As shown in
Figure 6B, while salubrinal showed no significant
effects on untreated control cells, it decreased the
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Figure 3. Effects of inhibiting PERK/elF2a on oxidized low-density lipoprotein (ox-LDL) induced
apoptosis in HUVECs. Apoptosis was measured with a microplate reader-based TiterTACS in situ
apoptosis detection kit (R&D systems) in HUVECs. A, This figure depicts the apoptosis rates, expressed
as percentages, in control cells, cells stably transduced with scramble shRNA, cells stably transduced
with PERK shRNA, cells treated with ox-LDL (100 ug/mL for 24 h), cells stably transduced with scramble
shRNA and treated with ox-LDL (100 pg/mL for 24 h), and cells stably transduced with PERK

shRNA and treated with ox-LDL (100 pg/mL for 24 h).

P < 0.05 vs. control; *p < 0.05 vs. ox-LDL and

ox-LDL + Scramble shRNA. B, This figure depicts the apoptosis rates, expressed as percentages, in
control cells, cells treated with ox-LDL (100 pg/mL for 24 h), cells pre-treated with selective elF2a
phosphatase inhibitor salubrinal (40 umol/L) for 1 h and then treated with ox- LDL (100 pg/mL) for 24 h,
and cells pre-treated with salubrinal (40 umol/L) for 1 h. "P < 0.05 vs. control; *P < 0.05 vs. ox-LDL.
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Figure 4. Effects of inhibiting PERK/elF2a on caspase-3 activity induced by oxidized low-density
lipoprotein (ox-LDL) in HUVECs. The caspase-3 activity was measured with the colorimetric CaspACE
Assay System (Promega) in HUVECs and is expressed as optical density (OD) at 405 nm. A, This figure
shows the caspase-3 activity was in control cells, cells stably transduced with scramble shRNA, cells
stably transduced with PERK shRNA, cells treated with ox-LDL (100 pg/mL for 24 h), cells stably
transduced with scramble shRNA and treated with ox-LDL (100 pg/mL for 24 h), and cells stably
transduced with PERK shRNA and treated with ox-LDL (100 pg/mL for 24 h). "P < 0.05 vs. control; *P <
0.05 vs. ox-LDL and ox-LDL + Scramble shRNA. B, This figure shows the caspase-3 activity in control cells,
cells treated with ox-LDL (100 pg/mL for 24 h), cells pre-treated with selective elF2a phosphatase
inhibitor salubrinal (40 umol/L) for 1 h and then treated with ox-LDL (100 pg/mL) for 24 h, and cells
pre-treated with salubrinal (40 umol/L) for 1 h. "P < 0.05 vs. control; *P < 0.05 vs. ox-LDL.
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Figure 5. Effects of inhibiting PERK on phosphorylation of elF2a induced by oxidized low-density
lipoprotein (ox-LDL) in HUVECs. A, In HUVECs, protein levels of phosphorylated elF2a (at serine 51)
(p-elF2a) and total elF2a were determined by Western blot analyses in control cells, cells treated with
ox-LDL (100 pg/mL for 24 h), and cells stably transduced with PERK shRNA and treated with ox-LDL (100
pg/mL for 24 h). B, This figure shows the relative p-elF2a blot density, expressed as percentage to that
in untreated control cells (designated as 100%). Density of the Western blots was measured by
densitometry. Density of the p-elF2a blot was normalized against that of the control group to obtain a
relative p-elF2a blot density. "P < 0.05 vs. control; *P < 0.05 vs. ox-LDL.
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ox-LDL-induced mRNA level of CHOP in HUVECs by
about 45%. Therefore, these results confirm that
ox-LDL regulates PERK/elF2a/CHOP signaling in
HUVECs.

DISCUSSION

Atherosclerosis is the single most important
contributor to the cardiovascular diseases. Ox-LDL is
one of the most important risk factors of
atherosclerosis. However, the exact role of ox-LDL in
the pathophysiology of atherosclerosis is not clear.
Recent studies have indicated that ER stress is a new
mechanism  underlying the pathogenesis of
atherosclerosis and its  complications and
PERK/elF2a/CHOP is a major signaling pathway
which mediates ER stress”®. Accumulating evidence
has demonstrated that ox-LDL induces endothelial
apoptosis and plays a vital role in the initiation and
progression of atherosclerosis™* ™. our study’s
results suggest that ox-LDL induces apoptosis in
vascular endothelial cells largely via
PERK/elF2a/CHOP signaling pathway.

Primary HUVECs were used as a human vascular
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endothelial cell model in our study. Previous studies
have shown that ox-LDL treatment at 100 pg/mL for
24 h was effective on different effectors in
HUVECs™?* 2, Indeed, we found that ox-LDL at 100
pg/mL increased the expression of PERK in HUVECs
in a time-dependent manner; and ox-LDL at 100
pg/mL  for 24 h effectively activated the
PERK/elF2a/CHOP signaling pathway in HUVECs by
inducing the expression of PERK, PERK-mediated
inactivation of elF2a phosphorylation (at serine 51),
and the expression of  CHOP®®. As
PERK/elF2a/CHOP is a major signaling pathway
mediating ER stress®® our results suggest
that ox-LDL induces ER stress in vascular endothelial
cells.

ER responds to stress by activating UPR and if
UPR is insufficient to restore ER homeostasis, cells
undergo apoptosism. The PERK branch of UPR is
strongly protective at the modest levels of signaling,
but can contribute to cell death pathways, mediated
by its downstream effector, CHOP, which has a
pro-apoptotic activity and is critical for triggering
apoptosis in response to ER stress”?. In our
study, ox-LDL treatment resulted in activation of PERK/
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Figure 6. Effects of inhibiting PERK/elF2a on expression of CHOP mRNA induced by oxidized low-density
lipoprotein (ox-LDL) in HUVECs. The mRNA level of CHOP was measured by real-time RT-PCR in HUVECs.
A. The mRNA level of CHOP was expressed as folds compared to that of the controls cells (designated as
1) in cells stably transduced with scramble shRNA, cells stably transduced with PERK shRNA, cells
treated with ox-LDL (100 pg/mL for 24 h), cells stably transduced with scramble shRNA and treated with
ox-LDL (100 pg/mL for 24 h), and cells stably transduced with PERK shRNA and treated with ox-LDL (100
pg/mL for 24 h). "P < 0.05 vs. control; *P < 0.05 vs. ox-LDL and ox-LDL + Scramble shRNA. B, This figure
depicts the relative CHOP mRNA level, expressed as folds compared to that of the controls cells
(designated as 1) in cells treated with ox-LDL (100 pg/mL for 24 h), cells pre-treated with selective elF2a
phosphatase inhibitor salubrinal (40 umol/L) for 1 h and then treated with ox-LDL (100 pug/mL) for 24 h,
and cells pre-treated with salubrinal (40 umol/L) for 1 h. "P < 0.05 vs. control; *P < 0.05 vs. ox-LDL.
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elF2a/CHOP signaling pathway as well as significant
apoptosis in HUVECs, suggesting that ox-LDL is an
effective inducer of irreversible ER stress in
endothelial cells. This is in agreement with previous
studies showing that ox-LDL plays a vital role in the
mediation of endothelial dysfunction and induction
of endothelial apoptosis[u'm. The apoptosis-
inducing effect of ox-LDL was markedly decreased by
knocking down PERK as well as by selective elF2a
phosphatase inhibitor, salubrinal™®, confirming our
findings that ox-LDL induces apoptosis in vascular
endothelial cells largely via PERK/elF2a/CHOP
signaling pathway. These results are in agreement
with the concept of the bi-functional role of PERK in
the regulation of ER stress, and apoptosis is likely
played out at the level of phosphorylated elF2a and
is exemplified by the effects of inhibition of its
specific phosphatasesm. The results of the present
study are also in agreement with the previous
reports indicating that salubrinal protects cell from
ER stress-induced apoptosis[16’24].

The UPR is mediated by three principal classes
of stress sensors including PERK, ATF6, and IRE1™®).
The three UPR branches operate in parallel and use
unique mechanisms of signal transduction to control
the expression of specific transcription factors and
signaling events that modulate a variety of UPR
downstream responses, orchestrating adaptation to
ER stress”. In this study, we only explored the
regulatory effect of ox-LDL on the PERK branch of
UPR and assessed its impact on endothelial
apoptosis. The ATF6 and the IRE1 branches of UPR
were not examined. We noted that the inducing
effect of ox-LDL on apoptosis and caspase-3 activity
in HUVECs was only abolished by 50%-75% by
knocking down PERK or by salubrinal, suggesting the
presence of  other pathways mediating
ox-LDL-induced apoptosis in vascular endothelial
cells besides the PERK/elF2a/CHOP signaling
pathway. Further studies are warranted to
investigate the role of ATF6 and/or the IRE1
ER-stress pathways in ox-LDL-induced endothelial
apoptosis.

In conclusion, this is an advanced study to
provide the evidence that ox-LDL induces apoptosis
in vascular endothelial cells largely via the
PERK/elF2a/CHOP ER-stress signaling pathway. It
adds new insights into the molecular mechanisms
underlying the pathogenesis and progression of
atherosclerosis.
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