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Inducible co-stimulator inhibits lipid phagocytosis of human aortic
smooth muscle cells by down-regulating CD36 expression
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Background: To explore the potential mechanism of inducible co-stimulator (ICOS) inhibition of lipid
phagocytosis in human aortic smooth muscle cells (HHASMCs).

Methods: Excess Dil (1,1'-dioctadecyl-3,3,3',3'-tetramethylindocarbocyanine perchlorate)-labeled oxidized
low-density lipoprotein (ox-LDL) was used to induce HASMCs to form a foam cell model; HASMCs were
cultured together with ICOS-overexpressed JurKat (JK-ICOS) cells or recombinant human ICOS protein
(rICOS protein) to be stimulated, and a confocal laser microscope was used to observe the lipid phagocytosis
of HASMC:s. Reverse transcription quantitative polymerase chain reaction (RT-qPCR), western blot, and
immunofluorescence staining were used to detect the expression of the lipid phagocytic receptor, cluster of
differentiation 36 (CD36) in HASMCs.

Results: The uptake of Dil ox-LDL by HASMCs was concentration-dependent, and excessive Dil ox-
LDL uptake led to lipid accumulation in HASMCs. Pretreatment with JK-ICOS cells or rICOS protein
for HASMCs 48 hours reduced Dil ox-LDL-induced lipid accumulation. Compared with HASMCs co-
cultured with empty lentiviral JurKat JK-EV) cells, the messenger RNA (mRINA) and protein expressions
of CD36 in HASMCs co-cultured with JK-ICOS cells were significantly down-regulated. The results of
immunofluorescence staining showed that co-culturing with JK-ICOS cells could down-regulate ox-LDL-
induced expression of CD36 in HASMCs, but JK-EV cells could not. Similarly, the results of gPCR, western
blot, and immunofluorescence staining showed that rICOS protein could down-regulate the ox-LDL-
induced expression of CD36 in HASMC:s, but this down-regulation was not as significant as that in JK-ICOS
cells.

Conclusions: ICOS could inhibit the lipid phagocytosis of HASMCs by down-regulating the expression
of CD36, suggesting a potential anti-atherosclerosis (anti-AS) mechanism of ICOS, and preventing ox-LDL-
induced formation of myogenic foam cells.
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Introduction

Atherosclerosis (AS) is a chronic lipid-induced inflammation
of the vascular wall with complex etiology, which can lead
to cardiovascular disease (CVD) (1). The accumulation of
low-density lipoprotein (LDL) and oxidation modification
causing focal fibroinflammatory degeneration of the
arterial intima are the main characteristics of AS (2). In
particular, oxidized-LDL (ox-LDL) is considered the main
factor of AS, which can be recognized and captured by the
scavenger receptors in tissues. Studies have shown that ox-
LDL can cause inflammation, proliferation, and excessive
production of reactive oxygen species in cardiovascular cells
(3,4). Monocytes/macrophages, vascular smooth muscle
cells, and platelets have also been shown to express specific
scavenger receptors for ox-LDL (5,6). Vascular smooth
muscle cells (VSMC) are mainly located in the media of the
aorta. In the early lesions of AS, LDL is oxidized through
damaged endothelial cells to make ox-LDL, ox-LDL can
be recognized and phagocytosed by VSMC in addition
to macrophages, thus forming muscle-derived foam cells,
which constitute the main components of lipid stripes
in early atherosclerotic lesions. After that, the function
of foam cells is destroyed, resulting in cell necrosis and
disintegration, which eventually leads to accumulation
of atherosclerotic necrotic material and promotes the
formation of AS (7). In addition, during the development
of AS, VSMC proliferate and migrate from the media to
the lesions, covering the early lipid plaques to form fibrous
plaques, resulting in intimal thickening and arterial lumen
stenosis, which eventually lead to AS (8). It was worthy to
study of VSMC, which as an important source of foam cells
in AS.

Cluster of differentiation 36 (CD36) is a multifunctional
single-chain transmembrane protein with a relative molecular
mass of 78-88 KD in the B-type scavenger receptor
family, which is expressed in monocytes/macrophages,
smooth muscle cells, and cardiomyocytes (9-11).
Studies have shown that the uptake of ox-LDL after
peripheral blood mononuclear cells infiltrate the arterial
wall can lead to the expression of CD36 and promote
the formation of foam cells (12). High concentrations
of glucose can stimulate the lipotoxicity, apoptosis, and
fibrosis of human kidney cells induced by oxidized protein,
by up-regulating the expression of CD36 receptors (13).
Overexpression of CD36 on human umbilical artery
smooth muscle cells and human leukemic monocyte cells
can promote lipid aggregation caused by ox-LDL (14).
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Free fatty acids released by lipid metabolism in catalase
KO mice are transported to brown adipose tissue through
the activation of CD36, and then degraded by lipoprotein
lipase (15). During the culture of rainbow trout primary
adipocytes, the expression of CD36 gradually increased
with the differentiation and maturation of primary
adipocytes (16). These research results strongly illustrate
the importance of CD36 to lipid uptake and metabolism,
and foam cell formation.

Inducible co-stimulator (ICOS), also known as CD278,
is a member of the CD28 family. After being stimulated by
antigens, ICOS is expressed on activated T" lymphocytes to
enhance the immune response of T lymphocytes to antigens (17).
Loss of ICOS signaling can promote the accumulation
of regulatory T cells in visceral adipose tissue (18). A
previous study found a large number of ICOS expressions
in atherosclerotic plaques of ApoE” mice, and proposed
the possibility that ICOS has a protective effect on AS (19).
However, this was not explicitly verified in the study, and
its mechanism was not explored in depth. Our preliminary
experiments have found that the expression of ICOS in
the aortic atherosclerotic plaques of APOE KO rats was
significantly reduced, and the overexpression of ICOS could
inhibit the phagocytosis and proliferation of HASMCs (20).
This experiment tested the main lipid phagocytic receptors
involved and found CD36 has significant differences. A
large number of studies have shown that CD36 is one of the
main phagocytic receptors of ox-LDL (12,21-24), but there
is no literature report on the exact relationship between
ICOS and CD36. Therefore, the present study takes this
as a starting point to conduct an in-depth study on the
correlation between the lipid phagocytosis of HASMCs and
ICOS. This study is the first time to study the interaction
between ICOS and lipid phagocytic receptors CD36 on
HASMC:s, and will explore the possible role of ICOS in the
lipid phagocytic function of HASMCs and the potential and-
AS mechanism. We present the following article in accordance
with the MDAR reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-21-1901/rc).

Methods
Cell line and cell culture and grouping
A stable human T lymphocyte leukemia cell line (JurKat T

cell) with ICOS overexpression was constructed using the
lentivirus packaging technique (20). HASMCs were derived
from the American Type Culture Collection (ATCC) cell
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Figure 1 Flow chart of Dil ox-LDL uptake by HASMCs.
HASMC, human aortic smooth muscle cell; rICOS, recombinant
human ICOS protein; JK-ICOS, ICOS-overexpressed JurKat
cells; JK-EV, empty lentiviral JurKat cells; Dil ox-LDL, Dil-
labeled oxidized low-density lipoprotein; Immunostaining,

immunofluorescence staining; ICOS, inducible co-stimulator.

bank and cultured in a complete medium of HASMCs (CHI
Scientific, China, Cat. No. 3-0202) [Dulbecco’s Modified
Eagle’s medium (DMEM) supplemented with 10%
containing fetal bovine serum (FBS), 100 U/mL penicillin,
and 100 U/mL streptomycin]. JurKat T cells were cultured
with RPMI 1640 medium (Gibco, America, Cat. No.
C11875500BT) containing 10% FBS (Scitecher, Australia,
Cat. No. AU-FBS-500) and 1% penicillin /streptomycin
(Solarbio, China, Cat. No. P1400) in a T75 cell culture
bottle.

There were two groups: (I) JK-ICOS cells and HASMCs
co-culture group with ox-LDL stimulation (ox-LDL+JK-
ICOS); (IT) no-load lentiviral JurKat T (JK-EV) cells and
HASMC:s co-culture group with ox-LDL stimulation (ox-
LDL+JK-EV). Cells (5x10* of HASMC suspension were
placed in a 6 cm cell culture dish, and after 24 hours, the
old medium was discarded, washed with PBS (Solarbio,
China, Cat. No. P1020), replaced with fresh medium, and
JK-ICOS cells or JK-EV cells were added to co-culture.
After 24 hours, 50 pg/mL ox-LDL (Yiyuan Biotechnology,
China, Cat. No. YB-002) was added for 48 hours.

Dil-labeled ox-LDL uptake assay

The cell slide was placed in a 24-well plate and the HASMC
suspension was added. After the cells adhered, they were
stimulated with JurKat T cells or recombinant human ICOS
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protein (Sino Biological, China, Cat. No. 10344-H31H) for
48 hours. Ten pg/mL fluorescently-labeled oxidized low-
density lipoprotein (Dil ox-LDL) (Invitrogen, America Cat.
No. L34358) was added in the dark, and the 24-well plate
was wrapped in tin foil to continue culturing for 12 hours
(Figure I). The subsequent steps were all performed under
dark conditions: the cells were washed with PBS 3—4 times,
the cell slide was taken out and covered on a glass slide
dripped with anti-fluorescence attenuation sealing liquid
containing DAPI (Solarbio, China, Cat. No. S2110), and
finally fixed. We observed and analyzed the lipid uptake of
HASMC:s under a laser confocal microscope.

RNA isolation and reverse transcription quantitative
polymerase chain reaction (RT-qPCR)

Total cellular RNA was extracted using an RNA simple
total RNA extraction kit (TTANGEN, China, Cat. No.
DP419) according to the manufacturer’s instructions, and
the concentration was measured. Reverse transcription of
500 ng total RNA was performed using Prime Script™
RT Master Mix (Perfect Real Time) (TaKaRa, Japan,
Cat. No. RR036B). RT-qPCR was performed using
TB Green Premix Ex Taq™ II (Tli RNaseH Plus)
(TaKaRa, Japan, Cat. No. RRB20A) kit and applied
Biosystems 7500 Fast Real-Time PCR System (Thermo
Fisher Scientific, America), with the following primers:
for CD36, 5'-CCAGTTGGAGACCTGCTTATC-3'
and 5'-TCTGTAAACTTCTGTGCCTGTT-3";
and for glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), 5'-ATGACATCAAGAAGGTGGTG-3" and
5'-CATACCAGGAAATGAGCTTG-3". The relative fold-
change was determined using the double delta method
(27*“") normalized to GAPDH level and data analysis was
performed using Prism7 software (GraphPad Software, Inc.,
California, USA).

Western blot analysis

Cellular total proteins were extracted and the concentration
of total protein was detected using the bicinchoninic acid
(BCA) (Beyotime, China, Cat. No. P0012) method. An
equivalent amount of total protein was added to 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) (Solarbio, China, Cat. No. P1200) and
transferred to a polyvinylidene fluoride (PVDF) (Merck
millipore, Germany, Cat. No. IPVH00010) membrane via
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a slot transfer blotting system. The PVDF membrane was
blocked with 5% bovine serum albumin (BSA) (Sigma-
Aldrich, America, Cat. No. B2064-100G) prepared by 1x
tris buffered saline with tween (TBST) (Sigma-Aldrich,
America, Cat. No. P7949-500ML), and blocked on a
shaker at room temperature for 2 hours. The blot was
incubated with anti-CD36 (1:2,000) (Abcam, UK, Cat. No.
ab133625) and anti-GAPDH (1:5,000) (Abcam, UK, Cat.
No. ab181602) antibodies at 4 °C overnight. After washing
with 1x TBST three times, the blot was incubated with
anti-rabbit secondary antibody (1:10,000) (Abcam, UK, Cat.
No. ab6721) on a shaker at room temperature for 2 h. After
washing with 1x TBST three times, a chemiluminescence
system was used to detect immunoreactive bands.

Immunofluorescence staining assay

The cell slide was placed in a 24-well plate, and HASMC
suspension was added. After cell adhesion, JurKat T cells or
rICOS protein were added to co-culture for 24 hours, and
50 pg/mL ox-LDL was added to culture, for 48 hours. The
cell slide with adhered cells was washed in the 24-well cell
culture plate with PBS three times (3 minutes each time),
and then fixed with 4% tissue cell fixative (Solarbio, China,
Cat. No. P1110) for 15 minutes. After washing with PBS
three times, 5% BSA was added to block for 30 minutes.
The cell slide was taken out and placed on a glass slide. An
immunohistochemical PAP pen (Solarbio, China, Cat. No.
YA0310) was used to draw a circle of appropriate size on
the cell slide, and the 1:50 diluted anti-CD36 recombinant
rabbit monoclonal antibody (Huabio, China, Cat. No.
ET1701-24) was dropped into the circle. The cell slides
were placed in a wet box and then in a refrigerator at 4 °C
overnight. On the second day, put the cell slide back into
the cell culture plate and washed with phosphate buffered
saline (PBS) containing 0.05% Tween 20 (PBST) three
times. Next, the 1:1,000 diluted iFluor™ 488 Goat anti-
rabbit IgG antibody (Huabio, China, Cat. No. HA1121)
was added in the dark, and the cell culture plate was
wrapped with tin foil and placed on a shaker to incubate for
1 hour at room temperature. The subsequent steps were all
performed under dark conditions: the cell slide was washed
with PBST three times, and subsequently taken out and
cover it on a glass slide with anti-fluorescence attenuation
sealing liquid containing DAPI. The lipid uptake of
HASMCs was observed and analyzed under a laser confocal
microscope.
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Statistical analysis

Data were presented as the mean = standard error (SE).
The difference between the two groups was determined by
unpaired two-tailed Student’s z-test. A P value <0.05 was
considered statistically significant. All statistical analyses
were performed with the GraphPad Prism 7.0 software.

Results

HASMC:s lipid phagocytosis significantly inbibited after
treatment with ICOS conferred by FK-ICOS cells

Foam cells formed by HASMCs after phagocytosis
of lipids are one of the reasons for the formation of
atherosclerotic plaques. In this study, we first detected the
relationship between ox-LDL and HASMCs. Dil ox-LDL
at concentrations of 5, 10, and 30 pg/mL were stimulated
to HASMC:s for 12 hours, and the phagocytosis of Dil ox-
LDL in HASMCs was observed under a laser confocal
microscope. It could be seen that compared with the
control group, the amount of Dil ox-LDL phagocytosis in
HASMC:s increased significantly with the increase of Dil
ox-LDL concentration, and when the concentration of
Dil ox-LDL was 10 pg/mL, the amount of phagocytosis
of Dil ox-LDL in HASMCs was prominent (Figure 2A4).
However, there was no significant difference in the content
of Dil ox-LDL in HASMCs between the two groups with
concentrations of 10 and 30 pg/mL (Figure 24). The results
indicated that the lipid content in HASMC:s is Dil ox-LDL
concentration-dependent, and when the concentration
reaches a certain amount, the phagocytosis of Dil ox-
LDL by HASMCs will stop. When the concentration of
Dil ox-LDL was 10 pg/mL, the lipid phagocytosis effect
of HASMCs was already significant, and therefore, this
concentration was to stimulate HASMCs in subsequent
fluorescence phagocytosis experiments.

It has been reported that ICOS may play an anti-
atherosclerotic role by inhibiting the phagocytosis
and proliferation of HASMCs during the formation
of atherosclerotic plaques (20). In this experiment, the
relationship between ICOS and HASMCs was detected by
co-cultivation of JK-ICOS cells and HASMCs. JK-ICOS
cells and JK-EV cells were co-cultured with HASMCs
at a ratio of 1:5, 2:5, and 5:5 for 48 hours, respectively.
Dil ox-LDL was then added and stimulated for 12 hours,
and the phagocytosis of Dil ox-LDL in HASMCs was
observed under a laser confocal microscope. The results
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Figure 2 Effect of ICOS conferred by JK-ICOS cells on lipid phagocytosis in HASMC:s. (A) The uptake of Dil ox-LDL in HASMC:s after treating
HASMC:s with different concentrations of Dil ox-LDL for 12 hours using a laser confocal microscope. Scale bars represent 20 pm; (B) The uptake
of Dil ox-LDL in HASMC:s after 48 hours of co-culture with JK-ICOS/JK-EV cells in different proportions using a laser confocal microscope.
Scale bars represent 20 pm. Immunofluorescence staining: DAPI, cell nucleus stained blue; Dil ox-LDL, Dil-labeled ox-LDL stained red; Merge,
merge these two pictures; DIC, cell morphology photographed in bright field. JK-EV, empty lentviral JurKat; JK-ICOS, ICOS-overexpressed
JurKat; Dil ox-LDL, Dil-labeled oxidized low-density lipoprotein; HASMC, human aortic smooth muscle cell.
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Figure 3 Effect of rICOS protein on lipid phagocytosis in HASMCs. (A)The uptake of Dilox-LDL in HASMCs stimulated by different
concentrations of rICOS protein for 48 hours using a laser confocal microscope. Scale bars represent 20 pm. (B) The uptake of Dil ox-
LDL in HASMC:s stimulated by JK-ICOS, JK-EV, and rICOS protein for 48 hours using a laser confocal microscope. Scale bars represent
20 pm. Immunofluorescence staining: DAPI, cell nucleus stained blue; Dil ox-LDL, Dil-labeled ox-LDL stained red; Merge, merge these

two pictures; DIC, cell morphology photographed in bright field. JK-EV, empty lentiviral JurKat; JK-ICOS, ICOS-overexpressed JurKat;

rICOS, recombinant human ICOS protein; ICOS, inducible co-stimulator; Dil ox-LDL, Dil-labeled oxidized low-density lipoprotein;

HASMC, human aortic smooth muscle cell.

showed that in HASMCs incubated with JK-ICOS
cells, the phagocytosis of Dil ox-LDL decreased as the
proportion of JK-ICOS cells increased, and when the ratio
of the two kinds of cells was 5:5, the amount of Dil ox-
LDL phagocytosed by HASMCs was lowest (Figure 2B).
However, there was no significant difference in the
phagocytosis of Dil ox-LDL among HASMCs incubated
with different ratios of JK-EV cells (Figure 2B). At the same
proportion, the JK-ICOS cells co-culture group had less
phagocytosis of Dil ox-LDL in HASMCs compared with
the JK-EV cells co-culture group (Figure 2B). These results
suggested that JK-ICOS cells might inhibit HASMC:s lipid
phagocytosis after stimulating HASMCs.

HASMC:s lipid phagocytosis moderately inbibited after
treatment with rICOS protein

In order to further determine whether the inhibition of
HASMC:s lipid phagocytosis by JK-ICOS cells is due to
ICOS, rICOS protein stimulated to HASMCs. HASMCs
were stimulated with the rICOS protein at concentrations
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of 0.75, 1.5, and 3.0 pg/mL, respectively, for 48 hours, and
then Dil ox-LDL was added to stimulate the HASMCs for
12 hours. The result (under the microscope) showed that
the intake of Dil ox-LDL in HASMCs decreased with the
increase of ICOS protein concentration. Compared with
the treatment group without the rICOS protein, when the
concentration of rICOS protein was 1.5 and 3 pg/mL, the
Dil ox-LDL in HASMCs decreased significantly, but there
was no marked difference between the two concentrations
(Figure 34).

By using JK-ICOS cells and the rICOS protein to
stimulate HASMCs separately, it could be seen that
compared with only the Dil ox-LDL treatment group, the
Dil ox-LDL content in HASMCs stimulated by JK-ICOS
cells or rICOS protein was reduced. And, the content in
HASMUC :s after stimulation by JK-ICOS cells was more
reduced (Figure 3B). These findings indicated that the ICOS
gene may play an important role in inhibiting the lipid
phagocytosis of HASMCs, but the inhibitory effect of ICOS
alone is not as strong as the inhibitory effect of high-ICOS-
expressing T  cells.
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Figure 4 Effect of ICOS conferred by JK-ICOS cells on the expression of lipid phagocytic receptor CD36 in HASMCs. (A) RT-qPCR
assays of the expression of CD36 mRNAs in HASMCs treated with ox-LDL and JK-EV/JK-ICOS cells for 48 hours. (***, P<0.001); (B)
Western blot assays of the expression of CD36 mRNAs in HASMCs treated with ox-LDL and JK-EV/JK-ICOS cells for 48 hours; (C)
observation of CD36 expression in HASMCs using a laser confocal microscope. Ctrl group: HASMCs without any treatment; ox-LDL
group: ox-LDL stimulates HASMCs; ox-LDL + JK-EV group: ox-LDL and JK-EV cells stimulates HASMCs; ox-LDL+JK-ICOS group:
ox-LDL and JK-ICOS cells stimulates HASMCs. Scale bars represent 20 pm. JurKat Immunofluorescence staining: DAPI, cell nucleus

stained blue; Dil ox-LDL, Dil-labeled ox-LDL stained red; Merge, merge these two pictures; DIC, cell morphology photographed in bright
field. RT-qPCR, reverse transcription quantitative PCR; WB, western blotting; CD36, cluster of differentiation 36; HASMC, human aortic
smooth muscle cell; Ox-LDL, oxidized low-density lipoprotein; JK-EV, empty lentiviral JurKat; JK-ICOS, ICOS-overexpressed.

Expression of lipid phagocytic receptor CD36 significantly
down-regulated in HASMCs upon FK-ICOS cells

stimulation

To delineate the underlying mechanisms through which
ICOS regulates foam cell formation, the expression of
CD36, one of the main phagocytic receptors of ox-LDL,
was assessed. In this study, RT-qPCR, western blot, and
immunofluorescence staining were performed to test the
changes in the expression of CD36 on HASMC:s treated
with ox-LDL and stimulated by JK-ICOS cells or JK-
EV cells for 48 hours. In the case of ox-LDL stimulation,
compared with HASMCs stimulated by JK-EV cells, the
mRNA and protein expression levels of CD36 on HASMCs
stimulated by JK-ICOS cells were significantly reduced
(Figure 44,4B). According to the immunofluorescence
staining results, compared with the non-ox-LDL treatment
group, the expression of CD36 on HASMCs treated with
ox-LDL increased, whereas the expression of CD36 on
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HASMCs stimulated by ox-LDL and JK-ICOS cells
decreased significantly (Figure 4C). These experiments
have shown that JK-ICOS cells may be able to inhibit
the phagocytic function of HASMCs by reducing the
expression of lipid phagocytic receptors. It is worth noting
that, compared with only the ox-LDL treatment group, the
CD36 expression in HASMCs stimulated by ox-LDL and JK-
EV cells did not change significantly, but was markedly lower in
the ox-LDL and JK-ICOS cells stimulation groups (Figure 4C).
This result suggested that JK-EV cells cannot down-regulate
the increase in CD36 expression caused by ox-LDL, but JK-
ICOS cells can, which further indicates that ICOS may play a
vital role in down-regulating CD36 expression.

Expression of CD36 moderately down-regulated in
HASMCs upon rICOS protein stimulation

At the same time, in order to investigate the role of
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Figure 5 Effect of rICOS protein on the expression of CD36 in HASMCs. (A) RT-qPCR assays of the expression of CD36 mRNAs in
HASMC:s treated with ox-LDL and with/without rICOS protein for 48 hours. (***, P<0.001); (B) Western blot assays of the expression of
CD36 mRNAs in HASMCs treated with ox-LDL and with/without rICOS protein for 48 hours; (C) observation of CD36 expression in
HASMC:s using a laser confocal microscope. Ctrl group: HASMCs without any treatment, ox-LDL group: ox-LDL stimulates HASMCs,

ox-LDL + rICOS group: ox-LDL and rICOS protein stimulates HASMC. Scale bars represent 20 pm. Immunofluorescence staining:

DAPI, cell nucleus stained blue; Dil ox-LDL, Dil-labeled ox-LDL stained red; Merge, merge these two pictures; DIC, cell morphology

photographed in bright field. RT-qPCR, reverse transcription quantitative PCR; WB, western blotting; CD36, cluster of differentiation 36;

HASMC, human aortic smooth muscle cell; ox-LDL, oxidized low-density lipoprotein; rICOS, recombinant human ICOS protein.

the ICOS gene, the influence of rICOS protein on the
expression of lipid phagocytic receptor CD36 in HASMCs
was tested. Compared with the ox-LDL treatment group,
the mRNA and protein expression of CD36 in HASMCs
treated with ox-LDL and ICOS protein decreased
(Figure 5A,5B). Immunofluorescence staining experiments
showed that the expression of CD36 in HASMCs treated
with ox-LDL was significantly higher than that in
HASMCs without any treatment (Figure 5C). However,
compared with HASMCs treated with ox-LDL, the
expression of CD36 was decreased in HASMCs treated
with ox-LDL and ICOS protein (Figure 5C). These results
suggest that rICOS protein can inhibit the expression of
CD36 in HASMCs.

© Journal of Thoracic Disease. All rights reserved.

Discussion

In this study, we used JK-ICOS cells/rICOS protein to
stimulate HASMC:s, and observed that ICOS can inhibit the
phagocytosis of Dilox-LDL by HASMCs and down-regulate
the expression of lipid phagocytic receptor CD36 on HASMCs,
which might contribute to the anti-AS effect of ICOS.

ICOS is an important costimulatory molecule on T cells.
Binding to its ligand, ICOSL, plays an important role in
T cell proliferation and activation, maintenance of T help
(Th) cell response, and participating in the CD8" T cellular
immune response. There have been numerous studies on
ICOS in tumor immunotherapy, and a multiple studies
have found that ICOS participates in a variety of tumor
disease processes and plays a dual role in tumor occurrence
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and immune response (25). With the increasing public
attention to immune costimulatory molecules, research
into ICOS in AS has gradually increased in recent years.
Down-regulation of ICOS expression has been detected in
aortic atherosclerotic plaques of ApoE ™" rats (20). High-fat-
fed ICOS gene deficient ApoE™ mice had a 77% increase
in early atherosclerotic plaque, and a 36% increase in late
atherosclerotic plaque (19). ICOS gene deletion enhances
the response of mouse T cells to hyperlipidemia and
increases AS (26). In this study, we further revealed that
the mechanism by which ICOS exerts its protective effect
against AS may be through down-regulating the expression
of the lipid phagocytic receptor, CD36, to inhibit the lipid
phagocytosis of HASMCs.

Based on the fact that the muscle-derived foam cells in
AS are derived from smooth muscle cells, we added a large
amount of ox-LDL to HASMCs to construct an iz vitro
cellular AS model. Excessive lipid uptake is the main reason
for the formation of lipid accumulation. The lipid uptake
in HASMC:s after ox-LDL treatment was significantly
increased; however, after stimulation with JK-ICOS cells or
rICOS protein, this phenomenon was markedly reduced.
This indicates that ICOS can prevent ox-LDL-induced
lipid accumulation by reducing the uptake of ox-LDL.

It is well established that CD36 is one of the main
proteins involved in the progression of AS (23). CD36
stimulates the proliferation of vascular smooth muscle
cells (VSMCs) by up-regulating the expression of cyclin
A, as well as promoting neointimal hyperplasia, collagen
deposition, and the development of obstructive vascular
diseases (11). In this study, experiments were performed
to detect the expression of CD36 by RT-qPCR, western
blotting, and immunofluorescence staining to determine
whether the related molecules of ICOS inhibition of lipid
accumulation are directly related to CD36. We found
that the mRNA and protein expression levels of CD36 in
HASMC:s co-cultured with JK-ICOS cells under ox-LDL
stimulation decreased. The immunofluorescence staining
results showed that co-culture with JK-ICOS cells could
significantly down-regulate the expression of CD36 in
HASMC:s induced by ox-LDL. However, there was no
difference in the CD36 expression between the ox-LDL-
treated group and the ox-LDL- and JK-EV-treated group,
which suggested that overexpressed ICOS gene could down-
regulate the expression of CD36 through T cells.

Subsequently, in order to discover whether the effect of

JK-ICOS cells in inhibiting CD36 expression is through
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the T cell itself or through the ICOS gene, we used rICOS
protein instead of JK-ICOS cells to process HASMCs. The
results showed that the mRNA and protein expression levels
of CD36 on HASMCs under rICOS protein stimulation
also exhibited a downward trend, yet the degree of decline
was not as obvious as that of the JK-ICOS cell co-culture.
Immunofluorescence staining showed identical results. This
suggests that the inhibitory effect of JK-ICOS cells on the
expression of CD36 on HASMCs may be mainly achieved
by affecting JurKat cells, and the effect of ICOS gene alone
is not a decisive factor. Unfortunately, we have not detected
the protein and function of JurKat cells, after ICOS
overexpression, and not able to verify the downstream
signaling pathway of ICOS affecting CD36, which requires
further research in the future.

As early as 2013, researchers have summarized the
signaling pathways involved in AS, and PPARy, Nrf2, and
TLR4/Syk signaling pathways are all involved (27). The ox-
LDL-PPARy-CD36 axis can promote lipid accumulation
in human umbilical vein smooth muscle cells. Down-
regulation of PPARYy prevents ox-LDL-induced lipid
accumulation and inhibits the expression of CD36 (14).
Knockout of Nrf2 can reduce cholesterol influx by down-
regulating the expression of CD36, resulting in a 53%
reduction in the degree of AS in Nrf2”~ ApoE™" mice (28).
These studies demonstrate that CD36 and its related signal
pathways play a crucial role in the development mechanism
of AS. However, studies have also shown that some signaling
pathways, such as cyclic adenosine monophosphate (cAMP)/
exchange protein directly activated by cAMP (cAMP/
Epacl) signaling, can express anti-AS through the LOX-1
receptor, which regulates the uptake of ox-LDL, but has no
effect on the expression of CD36 (29). The results of our
study suggest that ICOS can down-regulate the expression
of CD36, but its specific mechanism has not been further
studied. Therefore, it is necessary to conduct further
experiments to explore the mechanisms through which
ICOS affects the specific signal pathway of CD36.

Conclusions

Our results revealed that one of the mechanisms of ICOS
inhibition of lipid phagocytosis and accumulation of
HASMC :s is by inhibiting the expression of phagocytic
receptor, CD36. Its participation in the anti-AS effect may
be related to the inhibition of ox-LDL-induced myogenic
foam cell formation.
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