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Hypertriglyceridemia induces atherosclerosis and accordingly is a major causative factor in cardiovascular diseases. 
Macrophages that develop into foam cells are a crucial component in the development of atherosclerosis. Monocytes 

can be differentiated into M1 or M2 macrophages. M1 macrophages promote inflammatory responses, whereas M2 
macrophages exhibit anti-inflammatory activity. Recently, we found that triglyceride (TG)-treated THP-1 monocytes express 
a variety of macrophage-specific surface markers, indicating that TG treatment could trigger the differentiation of monocytes 
into macrophages. In this study, we investigated whether TG-induced macrophages express the M1 or the M2 macrophage 
phenotype. THP-1 cells were treated with various concentrations of TG for different times and the expression of M1- and 
M2-specific markers was evaluated by RT-PCR. We found increased expression of M1 markers (CD40, CD80, and 

CD86) in TG-treated THP-1 cells in a TG dose- and time-dependent manner. The expression of M2 markers (CD163, 
CD200R, and CD206) showed variable responses to TG treatment. Taken together, our results indicate that TG treatment 
triggers the differentiation of monocytes into M1 macrophages, rather than into M2 macrophages, suggesting that TG 
contributes to pro-inflammatory responses. 
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INTRODUCTION 

 

Atherosclerosis is a risk factor for cardiovascular diseases, 

such as myocardial infarction and stroke, which are major 

causes of adult deaths. Atherosclerosis is a chronic vascular 

inflammatory disease involving the formation of atheroma, 

i.e., the accumulation of lipid materials in the inner layer of 

the artery (Hirata et al., 2011). During development of athero- 

sclerosis, macrophages develop into foam cells and become 

the main component in atherosclerotic plaques (Hansson, 

2005). 

Macrophages differentiated from monocytes can be div- 

ided into two types, M1 and M2, which express distinct 

phenotype-specific markers. M1 macrophages express M1-

specific markers including CD40, CD80, and CD86, whereas 

M2 macrophages express M2-specific markers such as CD- 

163, CD200R, and CD206 (Li et al., 2012; Panackal et al., 
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2015). Polarization to the M1 macrophage phenotype can be 

caused by IFN-γ or lipopolysaccharides; these macro- 

phages are involved in inflammatory responses via immunity 

activation. Polarization to M2 macrophages can be triggered 

by IL-4 or IL-13, and these macrophages are associated 

with anti-inflammatory activity via immunosuppression 

(Covarrubias et al., 2013). In a study of the association 

between macrophage phenotype and disease, patients with 

coronary artery disease showed increases of M1 macro- 

phages and inflammatory indicator such as C-reactive pro- 

tein. Furthermore, patients with increased M1 macrophages 

exhibited decreased HDL-C levels (Dopheide et al., 2007). 

These results suggest that M1 macrophages are associated 

with coronary artery disease. 

Hypertriglyceridemia is involved in cardiovascular dis- 

eases by inducing atherosclerosis (Murad et al., 2012). 

According to a previous study, THP-1 monocytes treated with 

TG express a macrophage marker suggesting that TG par- 

tially triggers monocyte-to-macrophage differentiation (Lim 

et al., 2014). However, it remains unknown whether TG 

affects phenotype of differentiated macrophage. Here, we 

investigated which type of macrophage-specific marker is 

expressed in TG-treated THP-1 monocytes. Based on our 

results, we suggest that TG can modulate macrophage polari- 

zation during monocyte-to-macrophage differentiation. 

 

MATERIALS AND METHODS 

Materials 

Lipofundin®MCT/LCT 20% (B. Braun Melsungen AG; 

Melsungen, Germany) was used to deliver triglyceride into 

cells, as previously described (Lim et al., 2014). Lipofundin®- 

MCT/LCT 20% will be referred to as TG for convenience. 

Soluble CD40 ligand was purchased from Peprotech (Rocky 

Hill, NJ, USA). 

Cell culture 

The THP-1 human acute monocytic leukemia cell line 

was purchased from ATCC (ATCC Number: TIB-202TM; 

Manassas, VA, USA). The cells were grown in RPMI 1640 

media supplemented with heat-inactivated 10% fetal bovine 

serum, streptomycin (50 μg/mL), and penicillin (50 U/mL), 

and maintained at 37℃ in a humidified atmosphere with 5% 

CO2. THP-1 monocytes were treated with TG (1.0 mg/ mL) 

for the indicated times (0, 24, 48, or 72 h) or were treated 

with TG (0, 0.2, 0.5, or 1.0 mg/mL) for 48 h. 

Cell viability test 

The trypan blue dye exclusion assay was used to measure 

cell viability, as previously described (Kim et al., 2016). 

Trypan blue stain solution (10 μL) was mixed with the cell 

suspension (10 μL) and unstained viable cells were counted 

using a hemocytometer (Marienfeld, LaudaKönigshofen, 

Germany). Each experiment was performed at least three 

times and the results are expressed as means ± SEM for 

each group. 

RNA extraction and reverse transcriptase polymerase 

chain reaction 

Total RNA was extracted from cultured THP-1 cells using 

TRIzol®reagent according to the manufacturer's instructions 

(Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA). 

Reverse transcriptase polymerase chain reaction (RT-PCR) 

was performed as previously described (Yoo et al., 2015). 

Complementary DNA (cDNA) was synthesized using the 

Moloney Murine Leukemia Virus Reverse Transcriptase Kit 

(Invitrogen) and random hexamers (Invitrogen). cDNA was 

synthesized for 10 min at 25℃, 50 min at 37℃, and 15 min 

at 70℃. RT-PCR was performed as previously described 

(Yoo et al., 2015). cDNA amplification using 0.2 U of the 

Taq Premix PCR Kit (Genet Bio, Chungnam, Korea) was 

performed in a thermocycler using specific primers pur- 

chased from Genotech (Daejeon, Korea). The sequences of 

the specific primers are listed in Table 1. Glyceraldehyde-

3-phosphate dehydrogenase (GAPDH) was used as a loading 

control. Amplified PCR products were electrophoresed on 

a 2% (w/v) agarose gel with 0.5% TBE buffer. PCR pro- 

duct size was assessed by size comparisons with a 100-bp 

DNA ladder (BioPrince, Seoul, Korea). The electrophoresed 

gel was stained with ethidium bromide for 10 min and 

destained in distilled water for 20 min. After the gels were 

washed, gel images were obtained using Gel Doc (Bio-Rad, 

Hercules, CA, USA). The band intensities of PCR products 

were measured using Image LabTM (version 4.1, Bio-Rad). 
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Statistical analysis 

The statistical analysis was performed using GraphPad 

Prism 5 (GraphPad Software Inc., San Diego, CA, USA). All 

experiments were performed at least three times. Differences 

in means among groups were evaluated using Student's t-test, 

and P < 0.05 was considered significant. Values are shown 

as means and standard error of the mean (SEM). 

 

RESULTS AND DISCUSSION 

TG induces up-regulation of M1 macrophage-specific 

markers in THP-1 monocytes 

Monocytes can be differentiated into M1 or M2 macro- 

phages according to the microenvironment. We reported 

previously that TG can partially trigger the differentiation 

of monocytes to macrophages (Lim et al., 2014). In this 

study, we investigated whether TG influences macrophage 

polarization as well as macrophage differentiation. THP-1 

monocytes were treated with various concentrations of TG 

for different times. Next, the mRNA expression of M1 

macrophage specific-markers including CD40, CD80 and 

CD86 was assessed. As shown in Fig. 1, TG up-regulated 

the expression of M1 macrophage markers tested in a TG 

dose- and time-dependent manner. M1 macrophages have 

microbicidal activity and release proinflammatory cytokines, 

such as TNF-α and IL-12, which are associated with Th1-

mediated inflammatory responses (Li et al., 2012; Covarrubias 

et al., 2013). Furthermore, recent studies have reported that 

M1 macrophages may be involved in atherosclerosis (Hirata 

et al., 2011; Fadini et al., 2014). Patients with coronary artery 

disease and hypercholesterolemia show an increased ratio 

of M1/M2 macrophages and an association with athero- 

sclerosis (Hirata et al., 2011; Fadini et al., 2014). Based on 

above data, it appears that TG has an influence on the differ- 

entiation of monocytes to the M1 macrophage type. It is 

probable that TG may be involved in the development of 

atherosclerosis by stimulating differentiation of monocyte into 

M1 macrophages which may play a role in atherosclerosis. 

TG induces down-regulation of M2 macrophage specific 

marker, CD200R 

We found that TG increases the expression of M1-specific 

surface markers in monocytes treated with TG. Next, we 

investigated whether TG influences the expression of the 

M2 markers including CD163, CD200R, and CD206. The 

expression patterns of CD163 and CD206 in TG dose-

dependent experiment were different from the expression 

patterns in time-dependent experiment (Fig. 2). However, 

the expression of CD200R was down-regulated both in a 

time- and dose-dependent manner (Fig. 2). CD200R is a 

transmembrane glycoprotein containing an immunoglobulin 

domain and its ligand is CD200; it is mostly expressed on 

myeloid cells, and is a known marker for M2 macrophages 

(Walker et al., 2009; Panackal et al., 2015). Recent studies 

of CD200R have demonstrated its role in the regulation of 

inflammatory responses (Zhang et al., 2004; Walker et al., 

2009). The CD200-CD200R interaction inhibits the release 

of inflammatory cytokines via the suppression of the acti- 

vation of inflammatory cells by the activation of anti- 

Table 1. PCR primers used for the assessment of mRNA levels 

Gene 
Primer sequence 

Forward Reverse 

CD40 CAGCCAGGACAGAAACTGGTGAGT CTTCTTCACAGGTGCAGATGGTGTC 

CD80 CACTTCTGTTCAGGTGTTATCC GGTGTAGGGAAGTCAGCTTTG 

CD86 CTCTTTGTGATGGCCTTCCTG CTTAGGTTCTGGGTAACCGTG 

CD163 ACATAGATCATGCATCTGTCATTTG CATTCTCCTTGGAATCTCACTTCTA 

CD200R CTTCCTGTTCCAGGTGCCAAA GCCTCAGATGCCTTCACCTTG 

CD206 CGGTGACCTCACAAGTATCCACAC TTCATCACCACACAATCCTCCTGT 

GAPDH CGGGAAGCTTGTCATCAATGG GGCAGTGATGGCATGGACTG 
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inflammatory signaling (Zhang et al., 2004). Therefore, 

decreased CD200R on the cell surface may increase the 

inflammatory response in inflammatory diseases. Indeed, 

 

 

 

 

 

 

 

in the microglia of patients with Alzheimer's disease, a type 

of chronic inflammation, the expression of CD200R is de- 

creased (Walker et al., 2009). Furthermore, CD200-deficient  

Fig. 1. TG induces up-regulation of M1 macrophage markers in THP-1 monocytes. (A) THP-1 monocytes were treated with TG (1.0 
mg/mL) for the indicated time periods (0, 24, 48, or 72 h). (B) THP-1 monocytes were treated with TG (0, 0.2, 0.5, or 1.0 mg/mL) for 48 h.
RT-PCR was performed to assess the mRNA levels of CD40, CD80, and CD86 after treatment for the indicated time periods using the 
indicated concentrations of TG. GAPDH was used as an internal control. A densitometric analysis was performed and the expression level 
of THP-1 monocytes without TG treatment was set as 1.0. RT-PCR images are representative of three independent experiments. Significant
differences were determined using the Student's t-test. *P < 0.05 
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mice showed enhanced macrophage activity with increased 

mortality (Snelgrove et al., 2008). Here we found that TG 

decreases the expression of CD200R on THP-1 cells. It may 

 

 

 

 

 

 

 

cause increase of inflammatory responses in the development 

of atherosclerosis. 

Fig. 2. TG decreases the expression of CD200R. (A) THP-1 monocytes were treated with TG (1.0 mg/mL) for the indicated time periods
(0, 24, 48, or 72 h). (B) THP-1 monocytes were treated with TG (0, 0.2, 0.5, or 1.0 mg/mL) for 48 h. RT-PCR was performed to assess the 
mRNA levels of CD163, CD200R, and CD206 for the indicated time periods and in the indicated concentrations of TG. GAPDH was used
as an internal control. A densitometric analysis was performed and the expression level of THP-1 monocytes without TG treatment was set 
as 1.0. RT-PCR images are representative of three independent experiments. Significant differences were determined by the Student's t-test.
*P < 0.05 
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CD40 is not associated with cell death in TG-treated 

THP-1 monocytes. 

CD40 is a member of the tumor necrosis factor receptor 

(TNFR) superfamily and is expressed on B cells and antigen-

presenting cells (Noelle et al., 1992). CD40 has also been 

detected on the surfaces of M1 macrophages (Li et al., 2012). 

Since CD40 functions as a transmembrane signal transducer, 

it plays a critical role in the regulation of immune responses 

(Kawabe et al., 2011). Previous studies have reported that 

CD40 activation via interactions with its ligand (CD40L) 

induces cell death in various cell types (Afford et al., 1999; 

Elmetwali et al., 2010). Meanwhile, there were reports 

suggesting that CD40 is associated with atherosclerosis. 

Blocking the interaction between CD40 and CD40L causes 

a decrease in atherosclerosis (Mach et al., 1998). Since we 

found that TG up-regulates CD40 which is known to be 

involved in cell death or atherosclerosis, we investigated 

whether CD40 induces cell death in TG-treated THP-1 cells. 

We measured the viability of TG-treated THP-1 monocytes 

in the absence or presence of the CD40 ligand. Cell viability 

was not changed in response to CD40L (Fig. 3). These results 

show that CD40 expressed in TG-treated THP-1 monocytes 

is not involved in cell death. It may be possible that CD40 

expressed in TG-treated cells may be associated with athero- 

sclerosis, not cell death. 

In conclusion, TG enhances the expression of M1 macro- 

phage markers including CD40, CD80 and CD86 in THP-1 

cells and decreases the expression of M2 macrophage 

markers, CD200R. Based on these results, we suggest that 

TG affects differentiation of monocytes into M1 macro- 

phages which may be involved in pro-inflammatory re- 

sponses in the development of atherosclerosis. 
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