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ABSTRACT
Our study aimed to explore the effect of C-type lectin-like receptor 2 (CLEC2) expression level on 
oxidized low-density lipoprotein (ox-LDL)-induced macrophage damage and the regulatory 
mechanism of macrophage foaming. Foam cells were derived from RAW264.7 by ox-LDL, and 
the cell viability was detected by cell counting kit-8 (CCK-8) assay. Enzyme-linked immunosorbent 
assay (ELISA) was applied to detect the levels of inflammatory cytokines tumor necrosis factor 
(TNF-α), Interleukin-6 (IL-6), and Interleulin-1β (IL-1β). Small interfering CLEC2 (si-CLEC2) was 
synthesized and transfected into RAW264.7, and the apoptosis rate was analyzed by flow cyto
metry. Western blotting was employed to detect the protein expressions of Janus kinase 1 (JAK1), 
Signal transducers and activators of transcription-1 (STAT1), phosphorylation-JAK1 (p-JAK1), phos
phorylation-STAT1 (p-STAT1), CLEC2, and the apoptosis-related proteins. The levels of total 
cholesterol (TC) and free cholesterol (FC) were measured using colorimetric kits. Results showed 
that ox-LDL could activate the JAK1/STAT1 pathway of macrophages and up-regulate the expres
sion of CLEC2. CLEC2 knockdown could reduce macrophage inflammation and lipid accumulation. 
Inactivating JAK1/STAT1 pathway with JAK1 inhibitor can significantly reduce the phosphorylation 
of STAT1 and alleviate the ox-LDL-induced damage in macrophages by regulating the expression 
of CLEC2. In conclusion, targeting JAK1/STAT1 to inhibit CLEC2 can attenuate ox-LDL-induced 
macrophage damage. This study enriched the pathogenesis of atherosclerosis and provided the 
possible treatment targets.
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Introduction

Atherosclerosis (AS) is the pathological basis of 
many diseases, which seriously threatens human 
health [1]. Inflammatory induced by macrophages 
is the mean cause. Macrophages deposit cholesterol 
by up-taking ox-LDL and then form foam cells, that 
is the pathophysiological basis of AS and plays an 
important role in regulating AS severity [2,3]. 
Therefore, studying the regulatory mechanism of 
macrophage foaming is of great clinical and scientific 
significance, which may provide new targets for the 
development of AS targeted drugs.

Macrophages are essential for the development of 
AS, and macrophages are the largest number of 
inflammatory cells in plaques [4–6]. M1 macrophages 
secrete pro-inflammatory cytokines to aggravate the 
inflammatory response of AS. Thus, inhibiting the M1 
polarization of macrophages can significantly slow 
down the progression of AS [7]. CLEC2 is a surface 
receptor that mediates platelet aggregation and activa
tion [8]. Recent studies have found that CLEC2 is one 
of the key points in the inflammatory response. For 
example, the pro-inflammatory response and tissue 
damage of Clec2d−/− mice are reduced under the 
hepatotoxic injury, and the survival rate is higher 
[9]. CLEC2 aggravates the mice lung inflammation 
by interacting with podoplanin, a ligand on inflam
matory alveolar macrophages [10]. Based on the 
importance of macrophages on inflammatory, we 
focused on the regulation of CLEC2 in macrophages. 
Or rather, regulating CLEC2 in macrophages may be 
a vital function in the progress of AS [11,12]. The 
expression of signal transducers and activators of 
transcription-1 (STAT1) in ox-LDL-induced macro
phages was up-regulated, indicating that STAT1 
activation promoted M1 type polarization of macro
phages and aggravated atherosclerotic inflammation 
[13,14]. Dengue virus activated platelets through 
CLEC2 to release extracellular vesicles (EV) to pro
mote the release of pro-inflammatory cytokines while 
blocking STAT1 can effectively attenuate the inflam
matory response induced by dengue virus [15]. These 
results suggest that STAT1 and CLEC2 are closely 
related to inflammation. Therefore, this study will 
focus the study on the role of CLEC2 and 
STAT1 signaling pathways in ox-LDL-induced foam 
macrophage inflammation.

Methods

Cell culture and treatment

Murine RAW264.7 cells were obtained from the 
American Type Culture Collection (USA), and 
cultured in Dulbecco’s modified eagle medium 
(DMEM) medium (Sigma-Aldrich, USA) with 
10% FBS (Gibco, USA) in a 37°C incubator con
taining 5% CO2. Cells were cultured with ox-LDL 
(Solarbio, China) for 24 h, and then foam cells 
were successfully formed. For the inhibitor treat
ment, 1 μM baricitinib or 1% DMSO was added to 
the cells for 2 h to inhibit JAK1.

Cell counting kit-8 (CCK-8) assay

According to CCK-8 kit’s (Beyotime, China) instruc
tion, RAW264.7 macrophages with a density of 
1 × 104cells/ml were seeded into a 96-well plate 
(100 μl/well). Gradient concentrations of ox-LDL (0, 
25, 50, 100 μg/ml) were added for 24 h. After the 
treatment, 10 μl CCK8 was added to the wells and the 
cells were incubated for 3 h. Afterward, the optical 
density (OD) value was determined at 450 nm.

Synthesis and transfection of small interfering 
RNA (siRNA)

siCLEC2 and the control siRNA were provided by 
Sangon Biotech (Shanghai, China). 2 × 104 cells/well 
were inoculated into 6-well plates. The cells 
were transfected with 50 nM siCLEC2 using 
Lipofectamine 2000 in the next day, and siRNA con
trol was also transfected as the siControl group [16]. 
The cells were then divided into Control, ox-LDL, ox- 
LDL+siControl and ox-LDL+siCLEC2 groups. After 
being transfected for 48 h, 100 μg/ml ox-LDL was 
treated for another 24 h, then the cells were collected 
to detect.

Enzyme-linked immunosorbent assay (ELISA)

The grouping of cells is the same as above. The 
ELISA kit (MSK, China) was applied to detect 
inflammatory cytokines (inflammatory cytokines 
tumor necrosis factor (TNF-α), Interleukin-6 
(IL-6), and Interleukin-1β (IL-1β)) in the 
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samples. According to the manufacture’s proto
col, 40 μl sample diluent and 10 μl sample were 
added to each well, and standard control and 
blank control were set accordingly. 100 μl horse
radish peroxidase (HRP)-labeled antibody, sam
ples, and conjugates were added to each well, 
and then incubated for 1 h at 25°C. The plate 
was washed and then incubated at 37°C for 
15 min with 50 μl substrates A and 
B successively. After adding 50 μl termination 
buffer, the OD value was determined at 450 nm. 
Finally, based on the standard curve linear 
regression equation we calculate the sample 
concentration.

Western blotting

Total proteins from each group were extracted 
and detected with Western blotting as pre
viously [17]. The antibodies were used as fol
lowing: anti-CLCE2 (1:1000), anti-p-STAT1 
(1:1000), anti-p-JAK1 (1:1000), anti- GAPDH 
(1:1000).

Flow cytometry assay

The cells were inoculated into 6-well plates. The 
adherent cells were digested with trypsin. The 
suspended cells were collected and the concen
tration was adjusted to 3 × 106/ml. The cell 
apoptosis was then detected with Annexin V- 
Fluoresceine Isothiocyanate (FITC) apoptosis 
detection kit (Beyotime, China). Specifically, 
5 μl Annexin V-FITC, and 5 μl propidium 
iodide were added, respectively; then, the cells 
were staining for 15 min, and the flow cytometry 
was applied to measure the apoptosis ratio 
within 1 h.

Oil red O staining

Oil red O staining was performed according to the 
reference [18]. After fixing and staining, decolor
ization was performed with 60% isopropyl alcohol, 
and the staining results were observed under 
a microscope, and the results were measured by 
Image Pro Plus.

Detection of total cholesterol and free 
cholesterol

The content of total cholesterol (TC) and free 
cholesterol (FC) in the cells were determined 
according to the instructions of the TC and FC 
colorimetry kits (Applygen, China), respectively 
[19]. The lysis buffer was added at a ratio of 
0.1 ml per 1 × 106 cells for 10 min. The lysate 
was then quantified with a BCA protein assay kit. 
10 μl standard and samples were added, respec
tively, into 96-well plates and then treated with 
190 μl working solution for 20 min at 37°C. The 
OD value was determined at 550 nm. The detec
tion procedure of FC in cells was the same as TC’s.

Plasmid construction and cell transfection

CLEC2 plasmids and control plasmids were 
synthesized by Sangon Biotech. The cells were 
grouped as follows in 6-well plate: Control, ox- 
LDL, ox-LDL+DMSO, ox-LDL+Baricitinib and 
ox-LDL+Baricitinib+CLEC2 group. The next day, 
Lipofectamine 2000 and plasmids were mixed and 
added to the cells and mixed gently. After being 
transfected for 48 h, the cells were induced with 
100 μg/ml ox-LDL for another 24 h.

Statistical analysis

The experiments were carried out 3 times repeat
edly, and statistical analysis was conducted using 
Statistical Product and Service Solutions 22.0. The 
data were expressed as mean ± standard deviation. 
Differences were evaluated by t-test or one-way 
analysis of variance, P < 0.05 was regarded as 
statistical significance.

Results

Macrophages deposit cholesterol to form foam 
cells is the pathophysiological basis of AS and 
has a decisive role in AS development. Here, we 
study the effect of CLEC2 expression level on ox- 
LDL induced macrophage damage and the possi
ble regulatory mechanism of macrophage foaming. 
Results indicate that ox-LDL could induce macro
phage damage by activating the JAK1/STAT1 
pathway and up-regulate the expression of 
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CLEC2. And the JAK1 inhibitor could alleviate the 
damage.

Ox-LDL activated the JAK1/STAT1 pathway and 
up-regulated CLEC2 expression level in 
macrophages

The cell viability was inhibited after treatment 
with gradient concentrations of ox-LDL, and the 
effect was concentration-dependent (Figure 1(a)). 
In addition, the levels of the pro-inflammatory 
cytokines IL-1β, IL-6 and TNF-α had 
a significant increase when compared with the 
control group (Figure 1(b)). After treating macro
phages with ox-LDL, the JAK1/STAT1 pathway 
was activated, the phosphorylation of JAK1 and 
STAT1 was promoted, and CLEC2 was upregu
lated (Figure 1(c)). These results show that the 
JAK1/STAT1 pathway and CLEC2 may be 
involved in the ox-LDL-induced macrophage 
damage.

CLEC2 knockdown inhibited ox-LDL-induced 
macrophage apoptosis and up-regulated cell 
viability

To decrease the expression of CLEC2, we synthe
sized siCLEC2 and transfected it into RAW264.7 

cells. CLEC2 was significantly down-regulated in 
the cells transfected with siCLEC2#2 (Figure 2(a)). 
CCK-8 results showed that downregulation of 
CLEC2 improved the cell viability of ox-LDL- 
induced macrophages (Figure 2(b)) but reduced 
the apoptosis rate (Figure 2(c)). In addition, 
CLEC2 inhibition in ox-LDL-treated macrophages 
upregulated the BCL2 expression, but decreased 
BAX expression (Figure 2(d)). As a result, it was 
displayed that CLEC2 knockdown could inhibit 
ox-LDL-induced apoptosis, thus up-regulate the 
viability of macrophages.

CLEC2 knockdown inhibited ox-LDL-induced 
inflammatory response and lipid accumulation in 
macrophages

Further study showed that the levels of IL-1β, 
IL-6 and TNF-α were decreased in macro
phages transfected with siCLEC2 (Figure 3(a)). 
Oil red O staining suggested that CLEC2 
knockdown significantly inhibited the accumu
lation of intracellular lipids, as the levels of 
intracellular TC and FC decreased (Figure 3(b, 
c)). In addition, the protein expression levels of 
HMGB1 and NF-κB decreased (Figure 3(d)). 
All evidence suggests that CLEC2 knockdown 
may suppress lipid accumulation and ox-LDL- 

Figure 1. The effect ox-LDL on the RAW264.7 macrophages. (a) CCK-8 assay was used to measure the cell viability. (b) ELISA assay 
was applied to detect the levels of IL-1β, IL-6, and TNF-α. (c) related-proteins expression were detected by Western blotting. 
*P < 0.05, **P < 0.1, compared with 0 μg/mL.
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induced inflammatory response in 
macrophages.

JAK1/STAT1 pathway affected the apoptosis and 
cell viability of ox-LDL-induced macrophage by 
regulating CLEC2

To verify the regulation mechanism between JAK1/ 
STAT1 pathway and CLEC2, the JAK1 inhibitor 
baricitinib was used in the cells. The expression levels 
of CLEC2 and p-STAT1 were decreased after 
Baricitinib treatment (Figure 4(a)). Next, the cell 
viability detection indicated that inhibiting JAK1/ 
STAT1 pathway with baricitinib could increase the 
cell viability when compared with ox-DL + DMSO 
treatment group, and overexpressed CLEC2 reversed 
this effect consequently (Figure 4(b)). In addition, the 
apoptosis rate was decreased in the baricitinib 

treatment group, but increased when CLEC2 was 
overexpressed (Figure 4(d)). For the expression of 
apoptosis-related proteins, we found that baricitinib 
treatment promoted BCL2 expression but reduced 
BAX expression, while CLEC2 overexpression pro
moted BAX expression but inhibited BCL2 expres
sion (Figure 4(c)). The above findings indicate that 
the JAK1/STAT1 pathway affects the apoptosis and 
cell viability of ox-LDL-induced macrophages by reg
ulating CLEC2.

JAK1/STAT1 pathway affected the inflammatory 
response and lipid accumulation by regulating 
CLEC2 in ox-LDL-induced macrophage injury

Furthermore, inflammatory response with the 
effect of JAK1/STAT1 pathway was studied. In 
the ox-LDL-induced macrophage model, the 

Figure 2. CLEC2 knockdown reversed the cell activity and apoptosis in ox-LDL-induced macrophages. (a) The expression level of 
CLEC2 was observed by Western blotting (transfected for 48 h). (b) Cell viability was detected using CCK-8 assay. (c) Apoptosis was 
detected by flow cytometry. (d) Western blotting was applied to detect the protein expression levels. **P < 0.01 compared with 
control; #P < 0.05 compared with  ox-LDL+siControl.
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levels of pro-inflammatory cytokines were 
decreased after baricitinib treatment, but 
increased after overexpression of CLEC2 
(Figure 5(a)). Meanwhile, inhibiting JAK1 with bar
icitinib could significantly inhibit the accumulation of 

intracellular lipids and reduce the levels of TC and FC, 
but this phenomenon was reversed by the overexpres
sion of CLEC2 (Figure 5(b,c)). Protein expressions of 
HMGB1 and NF-κB demonstrated the same trend 
(Figure 5(d)). Consequently, it was indicated that 

Figure 3. CLEC2 knockdown inhibited ox-LDL-induced inflammatory response and lipid accumulation in macrophages. (a) The levels 
of inflammatory cytokines were detected by ELISA. (b) Lipid accumulation was detected by oil red O staining, the area was measured 
by Image Pro Plus. (c) The contents of TC and FC were measured using colorimetric kits. (d) Western blotting was applied to detect 
the levels of protein expression. **P < 0.01 compared with control; #P < 0.05 compared with ox-LDL+siControl.
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JAK1/STAT1 pathway affected the inflammatory 
response and lipid accumulation by regulating 
CLEC2 in ox-LDL-induced macrophage injury.

Discussion

Inflammation and ox-LDL have been proven to be 
important factors that cause AS [20]. ox-LDL is 
formed by the oxidative modification of LDL, and 
it promotes the secretion of various chemokines 
and helps monocytes adhere to the endothelium 
[21]. Besides, it activates monocytes to transform 
into macrophages, allowing them to absorb lipids 
through scavenger receptors (SRs) to form into 
foam cells [22], which is crucial in the early devel
opment of AS [23]. Meanwhile, studies have 
shown that inflammation stimulates the macro
phage to release inflammatory cytokines and accel
erates the formation of atherosclerotic plaque [24]. 
Since ox-LDL is a key factor causing AS, targeting 

the ox-LDL-induced inflammatory pathway is 
a proven and effective method for treatment of 
AS. In this study, RAW264.7 cells, as a type of 
macrophage, were selected, and ox-LDL treatment 
was used to induce foam cells formation. Results 
demonstrated that ox-LDL could up-regulate the 
secretion of inflammation factors and down- 
regulate the viability of RAW264.7 cells. In addi
tion, the protein expressions of p-JAK1, p-STAT1, 
and CLEC2 were increased, indicating that the 
JAK1/STAT1 pathway was activated by ox-LDL. 
As a result, it was suggested that the JAK1/ 
STAT1 pathway and CLEC2 may be involved in 
the ox-LDL-induced macrophage damage.

CLEC2 is abundantly expressed in vascular 
endothelial cells [25]. Studies have proved that 
CLEC2 can bind to the tumor cell surface protein 
podoplanin to activate platelets, thus causing pla
telet aggregation [26]. However, no study has been 
conducted to clarify the effect of CLEC2 on the 
occurrence and development of AS. Macrophage 

Figure 4. JAK1/STAT1 signaling regulated the expression of CLEC2 and affected the cell viability and apoptosis. (a) The expression of 
JAK1/STAT1 signaling was detected with Western blotting. (b) The cell viability was detected with CCK-8 assay. (c) Western blotting 
was applied to detect the expression of proteins. (d) Apoptosis was detected with flow cytometry. *P < 0.05 compared with control, 
or ox-LDL+siControl; #P < 0.05 compared with ox-LDL+ DMSO; &P < 0.05 compared with ox-LDL+Baricitinib.
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foaming is the main pathogenesis in the inflam
mation of AS. Therefore, we studied the role of 
CLEC2 in ox-LDL induced macrophage foam. NF- 
κB is involved in regulating the inflammatory 
response [27]. Activating NF-κB can help regulate 
the expression of IL-6, IL-1β and TNF-α, and 
promote the amplification of inflammatory cas
cade signals, thus regulating the occurrence and 

development of AS [28,29]. In order to explore 
whether and how CLEC2 mediates the up- 
regulation of NF-κB and related pro- 
inflammatory cytokines in RAW264.7, we trans
fected siCLEC2 into RAW264. Seven cells to 
knockdown CLEC2 expression. The results 
showed that the apoptosis rate of macrophages 
decreased, while cell viability was obviously 

Figure 5. JAK1/STAT1 pathway affected the inflammatory response and lipid accumulation. (a) The levels of inflammatory cytokines 
were detected by ELISA. (b) Lipid accumulation was detected by oil red O staining, and the area was measured by Image Pro Plus. (c) 
The contents of TC and FC were measured by colorimetric kits. (d) The protein expression levels were measured by Western blotting. 
**P < 0.01 compared with control; #P < 0.05 compared with ox-LDL+ DMSO; &P < 0.05 compared with ox-LDL+Baricitinib.
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improved by the down-regulation of CLEC2. At 
the same time, CLEC2 knockdown inhibited the 
ox-LDL-induced inflammatory response regulated 
by the activation of NF-κB, reflecting on the 
reduced levels of IL-1β, IL-6, TNF-α. Combined 
with the decrease in TC and FC, these results 
suggest that CLEC2 down-regulation can inhibit 
macrophage inflammatory response and lipid 
accumulation in ox-LDL-induced RAW264.7 cells.

Phosphorylation of JAK1 and Tyk2 could acti
vate STAT1 and STAT2, which forms a signal 
transducer and activator of transcription 1 com
plex with interferon regulatory factor 9 to acti
vate downstream genes [30]. The JAK1/STAT1 
signaling pathway has a great influence on the 
inflammatory response. The LYN proto- 
oncogene, protein phosphatase regulator (SHP)- 
1, and SHP-2 have been found to be involved in 
the activation of JAK1/STAT1 pathway in 
inflammatory responses [31,32]. In the present 
study, the JAK1 inhibitor baricitinib was used to 
inhibit the activity of JAK1/STAT1 pathway in 
RAW264.7 cells to help confirm whether JAK1/ 
STAT1 pathway is involved in the differentiation 
of macrophages by regulating CLEC2. The 
results indicated that the protein expressions of 
p-STAT1 and CLEC2 were positively correlated, 
and the overexpressed CLEC2 could reverse the 
effect of baricitinib. All the above findings 
revealed that JAK1/STAT1 pathway affects ox- 
LDL-induced macrophage damage by regulating 
CLEC2.

Conclusions

In conclusion, ox-LDL was used to induce 
RAW264.7 cells to form foam cells, and the 
new regulation mechanism of ox-LDL in the 
process of macrophage damage was investigated 
in this study. Our study found that CLEC2 
and phosphorylation of STAT1 were increased 
in macrophages treated with ox-LDL.The 
results confirm that ox-LDL can activate the 
JAK1/STAT1 pathway to up-regulate CLEC2 
expression and aggravate macrophage damage. 
Inhibiting STAT1 phosphorylation could signif
icantly decrease the protein expression of 
CLEC2 and attenuate the damage of macro
phages treated with ox-LDL. However, these 

results have not been validated in vivo. This 
study may enrich the regulatory mechanism of 
macrophages in the development of AS and 
provide a new target for the prevention and 
treatment of AS.
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