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Atherosclerosis is a cardiovascular disease in which plaque builds up inside of an artery and can lead to various 
complications such as myocardial infarction, stroke, and thrombosis. Recently, hypertriglyceridemia has attracted significant 
attention as contributors to development of atherosclerosis. However, molecular mechanism of its contribution to 
atherosclerosis is poorly understood. Here we proposed a potential link between triglyceride (TG) and atherosclerosis. TG 
treatment promoted downregulation of certain scavenger receptor, macrophage scavenger receptor-1 (MSR-1) in phorbol 
myristate acetate (PMA)-derived human macrophages. TG treatment caused reduction of MSR-1 mRNA expression in a 
time- and dose-dependent manner. Using chemical inhibitors, we found that inhibition of signaling pathways associated 
with PI3K and PLC enhances TG-induced reduction of MSR-1 expression in THP-1 macrophages implying that PI3K 
and PLC is implicated in the expression of MSR-1 in macrophages. Since MSR-1 is associated with uptake and clearance 
of atherogenic lipoprotein, oxidized low density lipoprotein (oxi-LDL), our data suggest that increase of oxi-LDL due to 
TG-mediated reduction of its receptor MSR-1 can promote atherosclerosis. 
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INTRODUCTION 

 

Triglyceride (TG) is the most abundant dietary fat com- 

prised of three fatty acids attached to three-carbon glycerol 

backbone. This lipid is the major form of the stored fat in 

the human body and plays a pivotal role in providing energy 

source, structural membrane lipids, and molecules involved 
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in signaling pathways (Heier and Kuhnlein, 2018). Since 

growing body of evidence supports that excess TG levels in 

blood are associated with an increased risk of atherosclerosis, 

TG has emerged as a potential pathological factor for athero- 

sclerosis (Menet et al., 2018; Toth et al., 2019). However, 

the molecular mechanism of its contribution to pathogenesis 

of atherosclerosis remains to be elucidated. 

Macrophages are the major immune cells in atherosclerotic 

lesions. In arterial plaque, macrophages engulf atherogenic 

lipoproteins and accumulation of lipid droplets in macro- 

phages leads it to become foam cells, which plays a crucial 

role in initiating process of atherosclerosis (Ross, 1993; 

Carmena et al., 2004). In this initial stage of atherosclerosis, 

atherogenic lipoproteins are internalized by certain macro- 

phage receptor. Scavenger receptor family members SR- 

A1, currently known as macrophage scavenger receptor 1 

(MSR1) has been identified as receptors for oxidized low 

density lipoprotein (oxi-LDL), which is considered as athero- 

genic lipoprotein (Suzuki et al., 1997; Griffin et al., 2005). 

Meanwhile, it has been also reported that free atherogenic 

lipoproteins which were not engulfed by macrophages are 

risk factors for atherosclerosis (Witztum, 1993; Kolodgie et 

al., 2000). 

In the present study, we show that TG affects expression of 

MSR-1 in human THP-1-derived macrophages. This report 

may provide fundamental information for research on the 

mechanism of development of atherosclerosis. 

 

MATERIALS AND METHODS 

Materials 

PMA was obtained from Sigma-Aldrich (St. Louis, MO, 

USA). Lipofundin® MCT/LCT 20% was purchased from B. 

Braun Melsungen AG (Melsungen, Germany). Lipofundin® 

MCT/LCT 20% was used to deliver TG into THP-1 cells as 

previously described (Aronis et al., 2005). Trypsin-EDTA 

was purchased from Gibco BRL (Grand Island, NY, USA). 

TRIzol® for RNA extraction was obtained from Invitrogen 

(Carlsbad, CA, USA). Chemical inhibitors for JNK (SP- 

600125, 50 μM), p38 MAPK (SB203580, 20 μM), MEK1 

(PD98059, 50 μM), classical PKC (RO31-7549, 0.5 μM), 

cRAF-1 kinase (GW5074, 0.5 μM), and PI3K (LY294002, 

10 μM) were obtained from Calbiochem (Darmstadt, 

Germany). A specific inhibitor of NF-κB (BAY11-7085, 

1 μM) was obtained from Enzo Life Sciences (New York, 

NY, USA). A specific inhibitor of PLC (U73122, 50 μM) 

was purchased from Cayman Chemical (Ann Arbor, MI, 

USA). Dimethyl sulfoxide (DMSO) was obtained from 

Sigma-Aldrich (St. Louis, MO, USA). All specific inhibitors 

were dissolved in DMSO as stock solutions and stored at 

-20℃ prior to use. 

Cell culture 

THP-1 human acute monocytic leukemia cell line (ATCC, 

Manassas, VA, USA) was cultured in RPMI 1640 media sup- 

plemented with 10% fetal bovine serum (FBS) and penicillin- 

streptomycin and maintained at 37℃ in a humidified atmos- 

phere with 5% CO2 (Lee et al., 2017). For differentiation of 

THP-1 cells into macrophages, THP-1 cells were cultured 

in 6-well plates (1 × 106 cells/well) and incubated with 

200 nM of PMA for 48 h. Thereafter, PMA-derived macro- 

phages were incubated with TG for 24 h in the presence of 

chemical inhibitors. 

RNA extraction and semi-quantitative reverse transcrip- 

tase PCR (RT-PCR) 

Total RNA was extracted from THP-1 cells using Trizol® 

reagent according to the manufacturer's instructions (Yu et al., 

2019). cDNA was generated by reverse transcription from 

2 μg total RNA, 0.25 μg of random hexamer (Invitrogen) 

and 200 units of MMLV-RT (Invitrogen) for 10 min at 

25℃, 50 min at 37℃ and 15 min at 70℃. cDNA was PCR 

amplified using Prime Taq premix PCR kit (Genet Bio, 

Chungnam, Korea) for 20~40 cycles using specific primers. 

Primer sequences are as follows: MSR-1; 5'-CCA GGG 

ACA TGG GAA TGC AA-3' (forward), 5'-CCA GTG GGA 

CCT CGA TCT CC-3' (reverse), MARCO; 5'-GTG TCC 

GTC AGG ATT GTC GG-3' (forward), 5'-ATA TGA GCC 

CGA GGA CAC CT-3' (reverse). GAPDH was used as an 

internal control. PCR amplicons were electrophoresed on 

2% (w/v) agarose gels containing 0.5 μg/mL ethidium bro- 

mide and the product size determined by comparison to 

100 bp DNA ladder marker (Intron, Gyeonggi, Korea). Gel 

images were obtained using Gel DocTM XR+ system (Bio- 
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Rad, Hercules, CA, USA). The PCR product band intensity 

was measured and normalized against GAPDH using Image 

LabTM software (version 4.1, Bio-Rad). 

Statistical analysis 

P-values were calculated using either the Student's t-test. 

Values are shown as mean and standard error of the mean 

(SEM). Each experiment was conducted three times and the 

data pooled for analysis. 

 

RESULTS 

MSR-1 mRNA expression is down-regulated in TG- 

treated THP-1 macrophage 

Uptake of oxidized-low density lipoprotein (oxi-LDL) 

into macrophages in the atherosclerotic lesion occurs via 

scavenger receptors including MSR-1 and MARCO. To 

determine whether TG treatment affects the expression of 

these scavenger receptor molecules, we treated TG (1 mg/ 

mL) into PMA-induced THP-1 macrophages for 24 h and 

analyzed mRNA level of MSR-1 and MARCO through RT- 

PCR. We found that TG treatment of THP-1 macrophages 

resulted in reduction of MSR-1 expression whereas the ex- 

pression of MARCO was not significantly changed after TG 

treatment (Fig. 1). These results indicate that TG treatment 

reduces mRNA expression of not all but specific type of 

scavenger receptor, MSR-1, in THP-1 macrophages, which 

implies TG can potentially inhibit oxi-LDL uptake in macro- 

phages. 

TG reduced MSR-1 mRNA expression in THP-1 macro- 

phages in a time- and dose-dependent manner 

Since TG down-regulated MSR-1 mRNA expression in A 

B 

Fig. 1. TG downregulates mRNA level of MSR-1 in PMA-derived
THP-1 macrophages. THP-1 macrophages were treated with TG 
(1 mg/mL) for 24 h. mRNA levels of MSR-1 and MARCO were 
analyzed with RT-PCR. The PCR products were electrophoresed 
on a 2% agarose gel. (A) A representative image of MSR1 and 
MARCO expression. (B) Densitometry analysis of PCR products. 
MSR1 and MSRCO expression level were normalized to GAPDH
expression. THP-1 macrophages without TG treatment (control) 
were set as 100. Data are expressed as the mean ± SEM from three
independent experiments. P-values were determined by the Student's
t-test (**P<0.01). 

Fig. 2. TG induces decreased expression of MSR-1 mRNA in a 
time-dependent manner. THP-1 macrophages were cultured with 
TG (1 mg/mL) for the indicated times (0, 3, 6, 12, 18, and 24 h) and
MSR-1 mRNA expression was measured by RT-PCR. The PCR pro-
ducts were electrophoresed on a 2% agarose gel. (A) A representa-
tive image of MSR-1 expression. (B) Densitometry analysis of PCR
products. MSR-1 expression levels were normalized to GAPDH 
expression. Time point 0 h was set as 100. Data are expressed as 
the mean ± SEM from three independent experiments. P-values 
were determined by the Student's t-test (*P<0.05, **P<0.01). 

A 

B 
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THP-1 macrophages at 24 h, we further confirmed TG- 

induced reduction of MSR-1 expression with a time-course 

experiment. THP-1 macrophages were incubated with TG 

(1 mg/mL) for the indicated times (0, 3, 6, 12, 18, and 24 h) 

and MSR-1 expression was determined by RT-PCR. De- 

creased MSR-1 expression reached statistical significance 

12 h after TG treatment and continued to decrease until 

24 h (Fig. 2). We next examined the concentration at which 

TG could down-regulate MSR-1 mRNA expression. THP-1 

macrophages were incubated with TG (0, 0.1, 0.2, 0.5, and 

1.0 mg/mL) for 24 h and MSR-1 mRNA expression assessed 

by RT-PCR. We found that 0.1 mg/mL of TG was suffi- 

cient to reduce MSR-1 mRNA expression (Fig. 3). These 

results indicate that MSR-1 in THP-1 macrophages is down- 

regulated in a time- and dose-dependent manner by TG 

treatment. 

Inhibition of PI3K and PLC enhanced the effect of 

TG-mediated MSR-1 reduction in THP-1 macrophage 

To identify cell signaling pathways involved in down- 

regulation of MSR-1 in TG treated THP-1 macrophages, 

THP-1 macrophages were treated with TG for 24 h in the 

presence of chemical inhibitors. The following signaling 

molecules were inhibited: PKC, MEK1, NF-κB, PI3K, JNK, 

p38 MAPK, c-Raf, and PLC. After analyzing the expression 

level of MSR-1, we observed none of the tested chemicals 

Fig. 4. TG-mediated reduction of MSR-1 expression were streng-
thened by inhibition of signaling pathways associated with PI3K and
PLC. TG (1 mg/mL) treated THP-1 macrophages were co-cultured
with chemical inhibitors for 24 h and MSR-1 expression assessed by
RT-PCR. The inhibitors used are as follows: SP600125 (JNK inhibi-
tor), SB203580 (p38 MAPK inhibitor), PD98059 (MEK1 inhibitor),
RO31-7549 (PKC inhibitor), BAY11-7085 (NF-κB inhibitor), LY-
294002 (PI3K inhibitor), GW5074 (cRAF1 kinase inhibitor), U-
73122 (PLC inhibitor). The PCR products were electrophoresed on
a 2% agarose gel. (A) A representative image of MSR-1 expression.
(B) Densitometry analysis of PCR products. MSR-1 expression 
levels were normalized to GAPDH expression. THP-1 macrophages
without TG treatment (0 mg/mL) were set as 100. Data are ex-
pressed as the mean ± SEM from three independent experiments. 
P-values were determined by the Student's t-test (*P<0.05, **P<
0.01, ***P<0.001). 

A 

B
A 

Fig. 3. TG reduced MSR-1 mRNA expression in a dose-dependent
manner. THP-1 macrophages were incubated with indicated con-
centrations of TG (0, 0.1, 0.2, 0.5, and 1.0 mg/mL) for 24 h and 
MSR-1 mRNA expression assessed by RT-PCR. The PCR products
were electrophoresed on a 2% agarose gel. (A) A representative 
image of MSR-1 expression. (B) Densitometry analysis of PCR 
products. MSR-1 expression levels were normalized to GAPDH 
expression. THP-1 macrophages without TG treatment (0 mg/mL) 
were set as 100. Data are expressed as the mean ± SEM from three
independent experiments. P-values were determined by the Student's
t-test (*P<0.05, **P<0.01, ***P<0.001). 

 

A 

B 
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rescued TG-mediated reduction of MSR-1. Instead, we found 

that the groups treated with PI3K inhibitor and PLC inhibitor 

in the presence of TG further reduced MSR-1 mRNA ex- 

pression than the groups treated with TG-only (Fig. 4). 

These results suggest that inhibition of signaling pathways 

including PI3K and PLC can strengthen the effect of TG on 

the reduction of MSR-1 expression in THP-1 macrophages, 

implying that PI3K and PLC is associated with MSR-1 

expression in macrophages. 

 

DISCUSSION 

 

The initial stage of atherosclerosis is highly associated 

with macrophage transforming into foam cell. When failure 

of lipid homeostasis, atherogenic lipoproteins in the plasma 

cross the vascular wall and can be oxidized in vascular sub- 

endothelial intima. oxi-LDL, one of the atherogenic modi- 

fied lipoprotein, is known to promote proinflammatory 

status, leading to recruitment of monocytes in this region 

(Kunjathoor et al., 2002). Subsequently, the recruited mono- 

cytes are differentiated into macrophages and finally become 

lipid containing foam cells, occupying much of the athero- 

sclerotic lesion (Rader and Pure, 2005). Therefore, consid- 

erable effort has been made to discover a link between foam 

cell formation and development of atherosclerosis. In this 

study, we hypothesized TG may affect uptake of oxi-LDL on 

macrophage via alteration of its receptor molecules. To prove 

our hypothesis, we treated TG into PMA-derived human 

THP-1 macrophages. We found that TG down-regulated 

MSR1 expression in a time- and dose-dependent manner, 

which may imply that TG involves in the development of 

atherosclerosis by reducing uptake of oxi-LDL on macro- 

phage via downregulation of its receptor, MSR-1. 

Since MSR-1 is associated with development of foam 

cells, Suzuki and colleagues generated MSR-1 deficiency 

(MSR-/-) in ApoE-/- mice, the animal model of atherosclerosis 

(Suzuki et al., 1997). Interestingly, they found reduced size 

of atherosclerotic lesions in MSR and ApoE double knockout 

mice, compared with that of ApoE-/- mice. However, this 

observation was controversial in another well-established 

mice model for diet-induced atherosclerosis, APOE3Leiden 

mice. MSR-1 deficiency in this model showed a trend 

towards increased size of lesion (de Winther et al., 1999). 

In addition, overexpressed bovine MSR-1 in Ldlr-/- mice, 

another animal model of atherosclerosis, ameliorated a 

severity of atherosclerotic lesions in aorta (Whitman et al., 

2002). Therefore, the outcome of MSR-1 deficiency in 

atherosclerosis can be dependent on the animal model. 

Because MSR-1 is highly associated with uptake of athero- 

genic oxi-LDL, this controversial result can be caused by 

different oxi-LDL level in respective animal model. Further 

studies seem to be needed to elucidate how MSR-1 contri- 

butes to pathogenesis of atherosclerosis. 

In the present study, we demonstrated that challenge of 

exogenous TG induces down-regulation of MSR1 mRNA 

level in human macrophage cell line. This result implies 

excess TG decreased MSR1 on plasma membrane of macro- 

phage, which in turn reduced uptake of oxi-LDL. Subse- 

quently, increased free oxi-LDL activates arterial cells and 

leads to proinflammatory response, which contributes to 

recruitment of immune cells in the vessel (Witztum, 1993). 

Moreover, oxi-LDL can inhibit endothelial derived relaxing 

factor, which promotes to vasoconstriction, thus lipid deposit 

can easily build up in the vessel (Chin et al., 1992). All these 

effects might contribute to development of atherosclerosis. 

Another important finding in this study is PI3K inhibitor and 

PLC inhibitor exacerbate the TG effect in terms of MSR1 

reduction. This finding brings us one step closer to find the 

putative molecules, which may recover TG-mediated MSR1 

reduction. For example, the putative molecules are likely 

associated with activation of PI3K and/or PLC pathway. 

Therefore, our results provide a potential clinical application 

as well as a molecular mechanism for how TG contributes 

to development of atherosclerosis. 
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