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Foxc2 Alleviates Ox-LDL-Induced Lipid
Accumulation, Inflammation, and Apoptosis
of Macrophage via Regulating the Expression
of Angptl2

Liu Yang,1,4 Tie Li,2 and Lihuang Zha3

Abstract— The present study aimed to investigate the role of Forkhead box protein C2
(Foxc2) in oxidized low-density lipoprotein (ox-LDL)-induced macrophages and identify the
potential mechanisms. RAW264.7 cells, the murine macrophage cell line, were stimulated by
ox-LDL, and cell proliferation was examined. The levels of inflammation- and oxidative
stress-related markers were detected using kits after induction with ox-LDL. Subsequently,
the expression of Foxc2 was measured using Western blotting. After transfection with Foxc2
pcDNA3.1, intracellular lipid droplets were examined using oil red O staining. The levels of
total cholesterol (TC), free cholesterol (FC), inflammatory cytokines, and oxidative stress
markers were determined. Moreover, apoptosis of RAW264.7 cells was detected using flow
cytometry, and apoptosis-related proteins were measured using Western blotting.
Angiopoietin-like protein 2 (Angptl2) was predicted as a target gene of Foxc2. Therefore,
the expression of Angptl2 was examined after Foxc2 overexpression in ox-LDL-induced
RAW264.7 cells. Then, the changes of intracellular lipid droplets, TC, FC, inflammatory
cytokines, oxidative stress factors, and cell apoptosis were detected after Angptl2 overex-
pression or co-transfection with Foxc2 and Angptl2 pcDNA3.1. The results revealed that ox-
LDL induction inhibited proliferation of RAW264.7 cells and promoted the release of
inflammatory factors. Importantly, the expression of Foxc2 was obviously decreased after
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stimulation by ox-LDL. Foxc2 overexpression suppressed lipid accumulation, TC, FC levels,
inflammation, oxidative stress, and apoptosis induced by ox-LDL, whereas these inhibitory
effects were relieved after co-transfection with Angptl2 pcDNA3.1. These findings demon-
strated that Foxc2 can alleviate ox-LDL-induced lipid accumulation, inflammation, and
apoptosis of macrophage via regulating the expression of Angptl2.
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INTRODUCTION

Atherosclerosis (AS) is a chronic degenerative dis-
ease of the arterial wall among aged people around the
world, which contributes to the development and progres-
sion of multiple cardiovascular and cerebral vascular dis-
eases [15, 22]. Statistical analysis has revealed that AS is a
leading health threat with high morbidity and mortality to
aged people [8, 19]. Recently, although a great deal of
basic research and clinical therapy studies about AS have
been carried out, the treatment status is still unsatisfactory
[21, 35]. Therefore, investigation and development of ef-
fective strategies to treat AS is urgent and imperative.

The pathogenesis of AS is closely related to endothelial
lesions, lipid deposition, inflammation, and apoptosis of mac-
rophages [23]. Numerous studies have unveiled that oxidized
low-density lipoprotein (ox-LDL) is a key atherogenic risk
factor for the genesis and progression of AS [17, 36]. Ox-
LDL can induce the dysfunction of endothelial cells, activate
macrophages, and promote the formation of foam cells [7]. It
has been well reported that macrophages are major contribu-
tors to all pathological changes during AS [16]. Macrophages
can swallow normal or oxidative lipoproteins and subsequent-
ly transform themselves into foam cells, which results in the
formation of the necrotic core in atheromatous plaques [19].
In addition, these foam cells initiate a cascade of inflammation
by overwhelming release of pro-inflammatory cytokines that
accelerates the progression of AS [3, 37]. Mounting evidence
has supported that the apoptosis of macrophages in athero-
matous plaques promotes inflammation and plaque instability
[29, 34]. Therefore, inhibition of lipid metabolism, inflamma-
tion, and apoptosis in ox-LDL-induced macrophages might
be promising for the treatment of AS.

Forkhead box protein C2 (Foxc2), a member of the
forkhead/winged helix transcription factor family, plays signif-
icant roles in lots of crucial functions during development [14,
32]. Compelling evidence indicates that Foxc2 can suppress
inflammation and accelerate browning of white adipose tissue
via regulating leptin signal [11]. Moreover, emerging evidence
supports the notion that the expression of Foxc2was decreased
in lipopolysaccharide-induced human umbilical vein

endothelial cells, and Foxc2 overexpression reduced the release
of inflammatory factors and cell adhesion [32]. However, the
functions of Foxc2 in AS remain to be elucidated.

In the present study, murine macrophage cell line
RAW264.7 cells were stimulated by ox-LDL. And then,
the functions of Foxc2 in lipid accumulation, inflamma-
tion, and apoptosis of macrophage were investigated, with
the hope of identifying the underlying regulatory mecha-
nisms of Foxc2 in AS. Our study may provide a novel
therapeutic strategy for AS.

MATERIALS AND METHODS

Cell Culture and Treatment

Murine macrophage cell line RAW264.7 cells were
purchased from Shanghai Institute of Biochemistry and
Cell Biology (Shanghai, China). Cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Gibco,
Grand Island, NY) supplemented with 10% fetal bovine
serum in a humidified atmosphere with 5% CO2 at 37 °C.
When the cells were confluent, they were exposed to 20,
40, 60, and 100 μg/ml ox-LDL (Yiyuan Biotechnology,
Guangzhou, China) for 24 h. Cells untreated were used as
control group.

Cell Transfection

Foxc2-overexpressing plasmid (pcDNA-Foxc2),
angiopoietin like-2 (Angptl2), overexpressing plasmid
(pcDNA-Angptl2) and the empty vector plasmid
(pcDNA-NC) were synthesized by GenePharma (Shang-
hai, China). RAW264.7 cells were plated in a 6-well plate
and cultured at 37 °C until 80% confluence. Subsequently,
transfection with abovementioned plasmids was performed
using Lipofectamine 2000 (Invitrogen, CA, USA) follow-
ing the product manual. At 24 h after post-transfection,
successful transfections were evaluated by RNA extrac-
tion, reverse transcription-quantitative polymerase chain
reaction (RT-qPCR), and Western blot assay, respectively.
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Cell Counting Kit-8 (CCK-8) Assay

The ability of cell proliferation was determined
using CCK-8 kit (Beyotime, Shanghai, China). Cells
were seeded in a 96-well plate (5 × 103 cells per
wel l ) . Cel ls were s t imulated wi th di fferent
concentrations of ox-LDL and cultured at 37 °C for
24 h. Subsequently, 100 μl CCK-8 solution was
added into each well. Following incubation for fur-
ther 4 h, absorbance was detected at 450 nm using a
microplate reader (Bio-Tek, Winooski, VT).

Enzyme-Linked Immunosorbent Assay (ELISA) for
Inflammatory Cytokines

The contents of inflammatory cytokines includ-
ing tumor necrosis factor-α (TNF-α), interleukin-1β
(IL-1β), and IL-6 in culture medium were detected
using commercially available ELISA Kits (Shanghai
Xitang Biotechnology Co., Ltd., Shanghai, China)
according to the manufacturer’s recommendations.
Absorbance at 405 nm was detected using a micro-
plate reader (Bio-Tek, Winooski, VT).

Test for the Contents of Total Cholesterol (TC) and
Free Cholesterol (FC)

The levels of TC and FC in culture medium were
measured using commercial kits provided by Nanjing
Jiancheng Bioengineering Institute (Nanjing, China).

Evaluation of Oxidative Stress

The levels of oxidative stress-related biomarkers in-
cluding reactive oxygen species (ROS), malondialdehyde
(MDA), and glutathione peroxidase (GSH-Px) were exam-
ined using commercial kits following the manufacturer’s
guidelines. These kits were purchased from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China).

Oil Red O Staining

The changes of intracellular lipid droplets were ex-
amined using oil red O staining. After transfection,
RAW264.7 cells were stimulated by ox-LDL for 24 h.
Subsequently, cells were washed with PBS and fixed with
4% paraformaldehyde solution. Oil red O working solution
was used to stain cells for 15 min. Then, cells were lightly

Fig. 1. The expression of Foxc2 was downregulated in ox-LDL-induced RAW264.7 cells. a Cell viability was tested using CCK-8 assay after RAW264.7
cells were treatedwith a series of different concentrations of ox-LDL. The contents of b TNF-α, c IL-1β, and d IL-6 were determined using ELISA kits. eRT-
qPCR analysis and f Western blotting were employed to examine the expression of Foxc2 at transcription level and protein level, respectively. *P < 0.05,
**P < 0.01, ***P < 0.001 vs. control.
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counterstained with hematoxylin for 5 min. The cells’
morphology was observed by a light microscope (Olym-
pus, Tokyo, Japan). Intracellular lipid was red and the
nucleus was blue.

Cell Apoptosis Assay

Apoptosis was detected by using a cell apoptosis detec-
tion kit (KeyGEN BioTECH, China). Following transfection
for 24 h, RAW264.7 cells were stained with Annexin V-PE/

7AAD in the dark at room temperature. Then, cell apoptosis
was analyzed by flow cytometry (BDBiosciences, NJ, USA).
Finally, the data were analyzed using the FlowJo software
(Becton-Dickinson-San Jose CA, USA).

RT-qPCR

Total RNA from macrophages were extracted using
Trizol reagent (Invitrogen, Carlsbad, CA, USA). Then,
RNA was reverse-transcribed to cDNA by a Reverse

Fig. 2. Foxc2 overexpression decreased the lipid accumulation in ox-LDL-induced RAW264.7 cells. The expression of Foxc2 was evaluated by aRT-qPCR
and bWestern blotting after transfection with pcDNA-Foxc2 in ox-LDL-induced RAW264.7 cells. cOil red O staining was used to examine the level of lipid
accumulation. The relative concentration of d TC and e FC was measured using commercial kits. ***P < 0.001 vs. control; ##P < 0.01, ###P < 0.001 vs. ox-
LDL-pcDNA-NC.
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Transcription kit (Takara, Japan). qPCR was performed
using SYBR Green I (Takara, Japan) on an ABI 7500
system (Applied Biosystems, Foster, CA). Specific primers
were designed by RiboBio (Guangzhou, China). The ex-
pression of target genes was normalized against GAPDH.
The relative fold change of target gene expression was
calculated using the 2−ΔΔCt method.

Western Blotting

Total proteins were extracted from RAW264.7 cells
and quantified using a BCA protein assay kit (Bio-rad,

China). Then, 40 μg protein in each group was separated
by sodium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE). Proteins on gels were subsequently
transferred to polyvinylidene fluoride (PVDF) membranes
(Millipore, USA), which were blocked in 5% skimmed
milk. These blots were incubated with diluted primary
antibodies for the target proteins. Following incubation
with secondary antibodies (Santa Cruz Biotechnology,
CA, USA), the bands were visualized using an Odyssey
Infrared Imaging Scanner (LI-COR Biosciences). Intensity
of bands was examined using the Image-J software (Na-
tional Institutes of Health, Bethesda, MA, USA). The

Fig. 3. Foxc2 overexpression inhibited inflammation and oxidative stress in ox-LDL-induced RAW264.7 cells. The contents of a TNF-α, b IL-1β, c IL-6, d
ROS, e MDA, and the activity of f GSH-Px were detected by commercial kits. g Western blotting was utilized to assess the expression of NLRP3
inflammasome signaling proteins. ***P < 0.001 vs. control; ##P < 0.01, ###P < 0.001 vs. ox-LDL-pcDNA-NC.

1401Role of Foxc2 in ox-LDL-induced macrophage



protein expression was normalized to GAPDH levels to
correct for loading.

Statistical Analysis

All data were expressed as the mean ± standard devi-
ation (SD). Statistical analysis was conducted byGraphPad
Prism version 6.0 (GraphPad Software, Inc.). Statistical
comparisons between two groups were analyzed using
Student’s t test, and the comparisons among multiple
groups were performed using analysis of variance
(ANOVA) followed by Turkey’s post hoc test. A value of
P < 0.05 was considered statistically significant.

RESULTS

The Expression of Foxc2 Was Downregulated in Ox-
LDL-Induced RAW264.7 Cells

As presented in Fig. 1a, the viability of RAW264.7
cells was gradually reduced with the increasing concentra-
tion of ox-LDL (0–100 μg/mL). When cells were treated
with 60 μg/mL ox-LDL, cell viability was decreased by
about 50%. Based on the abovementioned result, 60 μg/

mL ox-LDL was selected for the subsequent experiments.
Then, the levels of inflammation-related factors were tested
using ELISA. Results from Fig. 1b–d demonstrated that
ox-LDL treatment enhanced the levels of TNF-α, IL-1β,
and IL-6 in a concentration-dependent manner compared
with the control. In addition, the expression of Foxc2 was
examined by RT-qPCR, and Western blotting after
RAW264.7 cells were induced by ox-LDL. Obvious
downregulation of Foxc2 expression was observed in
Fig. 1e, f. The results above indicated that Foxc2 was
low expressed in RAW264.7 cells stimulated by ox-LDL.

Foxc2 Overexpression Decreased the Lipid
Accumulation in Ox-LDL-Induced RAW264.7 Cells

To investigate the function of Foxc2 in macrophages
induced by ox-LDL, Foxc2-overexpressed plasmid was
transfected into RAW264.7 cells. Results from Fig. 2a, b
suggested that the expression of Foxc2 was remarkably
upregulated after transfection with Foxc2 pcDNA3.1 rela-
tive to pcDNA-NC. Subsequently, the effect of Foxc2
overexpression on lipid accumulation was evaluated using
oil red O staining. The result from Fig. 2c revealed that
lipid droplets stained by oil red O in ox-LDL-induced
macrophages were significantly increased compared with

Fig. 4. Foxc2 overexpression suppressed apoptosis in ox-LDL-induced RAW264.7 cells. aApoptosis of RAW264.7 cells was examined by flow cytometry.
bApoptotic rate was qualified. c The expression of apoptosis-related proteins including Bcl-2, Bax, and cleaved caspase-3 was tested usingWestern blotting.
***P < 0.001 vs. control; ###P < 0.001 vs. ox-LDL-pcDNA-NC.
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the control, while decreased after Foxc2 overexpression.
Consistently, the levels of TC and FC in Foxc2 overex-
pression group were notably reduced relative to the ox-
LDL+pcDNA-NC group (Fig. 2d, e). In light of the above
findings, we proved that overexpression of Foxc2 sup-
pressed the lipid accumulation in ox-LDL-induced
RAW264.7 cells.

Foxc2 Overexpression Inhibited Inflammation and
Oxidative Stress in Ox-LDL-Induced RAW264.7 Cells

The effects of Foxc2 overexpression on inflammation
and oxidative stress were assessed in the current study.
Results from Fig. 3a–c uncovered that Foxc2 overexpres-
sion dramatically reduced the levels of inflammatory fac-
tors (TNF-α, IL-1β, and IL-6). Additionally, the contents
of ROS and MDA were notably enhanced coupled with
obviously decrease in GSH-Px activity after treatment with
ox-LDL in RAW264.7 cells (Fig. 3d, f). The visualized and

quantized results from Western blotting suggested that ox-
LDL stimulation significantly increased the expression of
related proteins of NOD-like receptor protein 3 (NLRP3)
inflammasome, including NLRP3, apoptosis-associated
speck-like protein (ASC), and caspase-1, whereas these
trends have been reversed following transfection with
Foxc2 pcDNA3.1 (Fig. 3g). These findings confirmed the
proposal that Foxc2 overexpression could restrain inflam-
mation and oxidative stress in RAW264.7 cells stimulated
by ox-LDL.

Foxc2 Overexpression Suppressed Apoptosis in Ox-
LDL-Induced RAW264.7 Cells

To understand the functions of Foxc2 overexpression
in apoptosis of ox-LDL-stimulated RAW264.7 cells, cell
apoptosis was detected using flow cytometry. As exhibited
in Fig. 4a, b, the number of apoptotic cells was greatly
reduced in ox-LDL-treated RAW264.7 cells compared

Fig. 5. Foxc2 overexpression suppressed the expression of Angptl2 in ox-LDL-induced RAW264.7 cells. aWestern blot analysis was exploited for testing
the level of Angptl2. ***P < 0.001 vs. control; #P < 0.05 vs. ox-LDL-pcDNA-NC. The expression of Angptl2 was measured by b RT-qPCR and cWestern
blotting after transfection with pcDNA-Angptl2. **P < 0.01, ***P < 0.001 vs. control; ##P < 0.01, ###P < 0.001 vs. ox-LDL-pcDNA-NC.
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with the control, while overexpression of Foxc2 reversed
this trend. Consistent with the alteration of apoptotic rate,
the level of anti-apoptotic protein Bcl-2 was downregulat-
ed, accompanied by upregulated expression of pro-
apoptotic proteins Bax and cleaved-caspase-3 following
ox-LDL induction, and the subsequent Foxc2 overexpres-
sion attenuated the effects of ox-LDL on apoptosis
(Fig. 4c). To sum up, these data demonstrated that Foxc2
overexpression inhibited apoptosis of ox-LDL-induced
RAW264.7 cells.

Angptl2 Overexpression Reversed the Effects of Foxc2
Overexpression on Lipid Accumulation in Ox-LDL-
Induced RAW264.7 Cells

To determine the potential mechanisms of Foxc2 in
AS, TRRUST database (https://www.grnpedia.org/trrust)
was employed to predict the target regulator of Foxc2,
and the result demonstrated that Angptl2 could be the
target of Foxc2. Therefore, the expression of Angptl2 in
ox-LDL-stimulated RAW264.7 cells was examined. As

Fig. 6. Angptl2 overexpression reversed the effects of Foxc2 overexpression on lipid accumulation in ox-LDL-induced RAW264.7 cells. aOil red O staining
was applied to estimate the level of lipid accumulation. The levels of b TC and c FC were measured using commercial kits. ***P < 0.001 vs. control;
##P < 0.01, ###P < 0.001 vs. ox-LDL-pcDNA-NC; △△P < 0.01 vs. ox-LDL-pcDNA-Foxc2.
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displayed in Fig. 5a, ox-LDL treatment evidently increased
the expression of Angptl2 at protein level, whereas subse-
quent Foxc2 overexpression reduced that of it in ox-LDL-
stimulated RAW264.7 cells. To further illuminate whether

Foxc2 played a part in the lipid accumulation of ox-LDL-
induced RAW264.7 cells via regulating Angptl2 expres-
sion, Angptl2 was overexpressed by transfection with
Angptl2 plasmid (Fig. 5b, c). As illuminated in Fig. 6a,

Fig. 7. Angptl2 overexpression attenuated the effects of Foxc2 overexpression on inflammation and oxidative stress in ox-LDL-induced RAW264.7 cells.
The levels of a TNF-α, b IL-1β, c IL-6, d ROS, e MDA, and the activity of f GSH-Px were examined using commercial kits. g Western blotting was
employed to determine the expression of NLRP3 inflammasome signaling proteins. **P < 0.01, ***P < 0.001 vs. control; #P < 0.05, ##P < 0.01, ###P < 0.001
vs. ox-LDL-pcDNA-NC; △P < 0.05, △△P < 0.01, △△△P < 0.001 vs. ox-LDL-pcDNA-Foxc2.
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Angptl2 overexpression appeared the highest level of lipid
accumulation in ox-LDL-stimulated RAW264.7 cells. Con-
versely, the lowest level of lipid accumulation was observed
after Foxc2 overexpression in ox-LDL-stimulated
RAW264.7 cells, whereas this inhibitory effect was relieved
following Angptl2 overexpression. As expected, the contents
of TC and FC exhibited the same alteration with
abovementioned oil red O staining (Fig. 6b, c). These obser-
vations revealed that Angptl2 overexpression reversed the
effects of Foxc2 overexpression on lipid accumulation in
ox-LDL-induced RAW264.7 cells.

Angptl2 Overexpression Attenuated the Effects of
Foxc2 Overexpression on Inflammation and Oxidative
Stress in Ox-LDL-Induced RAW264.7 Cells

Results from Fig. 7a–c revealed that transfection with
pcDNA-Angptl2 aggravated the inflammatory responses via
increasing the production of TNF-α, IL-1β, and IL-6, and
Angptl2 overexpression alleviated the inhibitory effects of
Foxc2 overexpression in ox-LDL-stimulated RAW264.7
cells. Meanwhile, the contents of ROS and MDA showed
the same alteration tendency with the above inflammation-

Fig. 8. Angptl2 overexpression relieved the effects of Foxc2 overexpression on apoptosis in ox-LDL-induced RAW264.7 cells. a Apoptosis of RAW264.7
cells was examined by flow cytometry. b Qualification of apoptotic rate. c The expression of apoptosis-related proteins including Bcl-2, Bax and cleaved
caspase-3 was tested using Western blotting. ***P < 0.001 vs. control; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. ox-LDL-pcDNA-NC; △P < 0.05, △△P < 0.01,
△△△P < 0.001 vs. ox-LDL-pcDNA-Foxc2.

1406 Yang, Li, and Zha



related factors, while the activity of GSH-Px presented the
opposite change (Fig. 7d–f). Moreover, the expression of
NLRP3, ASC, and caspase-1 was remarkably upregulated
in the ox-LDL+pcDNA-Angptl2 group, and the significantly
downregulated expression of abovementioned proteins in ox-
LDL+pcDNA-Foxc2 group was reversed after Angptl2 over-
expression (Fig. 7g). These results implicated that Angptl2
overexpression mitigated the effects of Foxc2 overexpression
on inflammation and oxidative stress in ox-LDL-induced
RAW264.7 cells.

Angptl2 Overexpression Relieved the Effects of Foxc2
Overexpression on Apoptosis in Ox-LDL-Induced
RAW264.7 Cells

As displayed in Fig. 8a–c, the apoptotic rate presented
the highest level after Angptl2 overexpression alone, ac-
companied by decreased expression of Bcl-2 and increased
expression of Bax, cleaved-caspase-3 in ox-LDL-treated
RAW264.7 cells. The effects of Foxc2 overexpression on
apoptosis exhibited the opposite results with Angptl2 over-
expression alone, whereas these effects were restored fol-
lowing transfection with both pcDNA-Foxc2 and pcDNA-
Angptl2. Taken together, the conclusion might be drawn as
Angptl2 overexpression attenuated the effects of Foxc2
overexpression on apoptosis in ox-LDL-treated
RAW264.7 cells.

DISCUSSION

AS is recognized as a complex metabolic disease
characterized by lipid deposition, inflammation, and apo-
ptosis [31]. As a major component of AS lesions, foam
cells play an important role in the development and pro-
gression of AS [4]. In the current study, RAW264.7 cells
stimulated by ox-LDL were applied to mimic a foam cell
model in vitro. The headmost finding was that ox-LDL
stimulation dramatically reduced the level of Foxc2. We
confirmed that Foxc2 overexpression suppressed lipid ac-
cumulation, inflammation, and apoptosis of macrophage
via regulating Angptl2 expression, suggesting a novel in-
sight into the mechanisms of AS.

It is well known that the risk of AS is increased by
elevated ox-LDL levels in cells [27]. Uptake of ox-LDL by
macrophages plays essential roles in the progression of AS
by enhancing intracellular lipid accumulation and foam
cell formation [24]. However, the relationship between
Foxc2 and lipid accumulation of macrophages cells re-
mains ambiguous. Significant increase of lipid

accumulation could be found by ox-LDL induction in
RAW264.7 cells, which was in agreement with the previ-
ous findings [13, 25]. Consistent with the alteration of lipid
droplets stained by oil red O, the contents of TC and FC
were evidently enhanced after ox-LDL stimulation. Foxc2
overexpression showed reversal functions on the regula-
tion of lipid accumulation, revealing a vital role of Foxc2 in
AS.

Reports have demonstrated previously that ox-LDL
stimulates the production of pro-inflammatory factors and
ROS, which contribute to AS development [2, 5]. Macro-
phages serve as key participants during AS via secreting
inflammatory factors including TNF-α, IL-1β, and IL-6,
which are closely implicated in future cardiovascular risk
[26]. Emerging evidence supports that Foxc2 can suppress
inflammation and promote browning of white adipose
tissue; therefore, the authors speculate that Foxc2 may be
of potential effects to treat metabolic syndrome induced by
obese [11]. Foxc2 overexpression decreased the release of
inflammatory factors in lipopolysaccharide-induced hu-
man umbilical vein endothelial cells [32]. Recent research
by celebrated scholars have confirmed that NLRP3
inflammasome had a positive relation with AS-associated
inflammation, which was recognized as a novel correlation
between lipid metabolism and inflammation [9]. Impor-
tantly, the decreased inflammation and lesions of AS were
observed in the tissues with suppressed NLRP3
inflammasome signaling [1]. According to the aforemen-
tioned evidence, we tested on the expression of NLRP3
inflammasome-associated genes at protein level. In line
with the results of inflammation markers, Foxc2 overex-
pression decreased the expression of NLRP3, ASC, and
caspase-1. To sum up, our findings demonstrated that
Foxc2 overexpression inhibited inflammation and oxida-
tive stress in ox-LDL-induced RAW264.7 cells via sup-
pression of NLRP3 inflammasome signaling.

Excessive accumulation of inflammatory factors and
ROS contributes to apoptosis of macrophages via the det-
rimental modification of DNA, proteins, and lipids [39].
Therefore, interventions in the apoptosis of macrophages
are crucial for AS treatment [18, 33]. Accumulating evi-
dence shows that Foxc2 suppresses apoptosis of mouse
preadipocytes via activation of Akt/mTORC1 pathway
[12]. The present study revealed that overexpression of
Foxc2 restrained apoptosis of ox-LDL-induced
RAW264.7 cells coupled with the alteration of apoptosis-
related proteins expression, which was in line with the
previous studies [20, 38]. The data above suggested that
Foxc2 inhibited apoptosis of macrophages and showed
protective effects against AS.
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To determine the potential mechanisms of Foxc2 in
AS, TRRUST database was utilized to predict the target
regulator of Foxc2, and the result demonstrated that
Angptl2 could be the target of Foxc2. Therefore, we fo-
cused on the expression of Angptl2 in ox-LDL-stimulated
RAW264.7 cells. Angptl2 is a chronic inflammatory me-
diator and is detectable in most organs of adult mice [30].
Studies have shown that the expression of Angptl2 is
increased in the serum of patients with AS and can promote
the formation of AS in mice [10]. Knockdown of Angptl2
can slow atherogenesis in mice through inhibiting inflam-
mation and apoptosis of vascular endothelial senescent
cells [6]. It is also worth noting that robust evidence sug-
gests that Angptl2 overexpression enhanced the mRNA or
protein expression of pro-inflammatory genes in human
macrophage-like cell line, and treatment with adenovirus
mediated Angptl2 leads to lipid accumulation and in-
creased fatty acid synthesis [28]. In the current study,
Angptl2 overexpression promoted lipid accumulation, in-
flammation, and apoptosis in ox-LDL-stimulated
RAW264.7 cel ls , which was in l ine with the
abovementioned evidence. The expression of Angptl2
was inhibited after Foxc2 overexpression, and Angptl2
overexpression restored the effects of Foxc2 overexpres-
sion on lipid accumulation, inflammation, and apoptosis in
ox-LDL-induced RAW264.7 cells. Collectively, the con-
clusion might be drawn as Foxc2 alleviated ox-LDL-
induced lipid accumulation, inflammation, and apoptosis
of macrophage via regulating Angptl2 expression.

CONCLUSION

Taken together, our findings above demonstrated that
Foxc2 overexpression meliorated lipid accumulation, in-
flammation, and apoptosis in ox-LDL-stimulated
RAW264.7 cells through inhibiting the expression of
Angptl2. This study provides insights into the pathogenesis
of AS, which potentially serve as a novel direction for
exploring therapeutic strategies for AS.
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