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Abstract

BACKGROUND—We reported that high-fat diet (HFD)-induced metabolic syndrome (MetS) 

exacerbates lipopolysaccharide (LPS)-stimulated periodontitis and palmitate, the major saturated 

fatty acid in the HFD, amplified LPS-stimulated gene expression in vitro. Since CD36 is a major 

receptor for fatty acids, we investigated periodontal CD36 expression in mice with periodontitis 

and MetS, and the role of CD36 in inflammatory genes in macrophages stimulated by palmitate.

METHODS—MetS and periodontitis were induced in mice by HFD and periodontal injection of 

LPS, respectively. The periodontal CD36 expression and its relationship with alveolar bone loss 

were studied using immunohistochemistry, real-time PCR, and correlation analysis. The role of 

CD36 in upregulation of inflammatory mediators by LPS and palmitate in macrophages was 

assessed using pharmacological inhibitor and small interfering RNA.

RESULTS—Periodontal CD36 expression was higher in mice with both MetS and periodontitis 

than that in mice with periodontitis or MetS alone and was correlated with osteoclastogenesis and 

alveolar bone loss. In vitro studies showed that CD36 expression in macrophages was upregulated 

by LPS and palmitate, and targeting CD36 attenuated palmitate-enhanced gene expression.

CONCLUSION—CD36 expression is upregulated in mice with periodontitis and MetS, and 

involved in gene expression in macrophages stimulated by palmitate and LPS.
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Introduction

Metabolic syndrome (MetS) is a cluster of cardiovascular risk factors including central 

obesity, atherogenic dyslipidemia, hypertension, insulin resistance, and proinflammatory 

state (Grundy et al., 2004). It has been estimated that 34% of adult population in USA have 

MetS and the prevalence is increasing with age (Amihaesei & Chelaru, 2014). MetS is 

associated with type 2 diabetes since insulin resistance, an important element of MetS 

(Shanik et al., 2008), is a powerful predictor of type 2 diabetes (Grundy, 2012, Grundy et al., 

2004, Dandona et al., 2005).

It is well known that diabetes is associated with periodontitis (Yalda et al., 1994). 

Hyperglycemia, a key diabetes-associated metabolic disorder, is considered as a major factor 

contributing to diabetes-related periodontitis (Lalla et al., 2000). Interestingly, a large 

number of studies have indicated that MetS is also associated with periodontitis (Watanabe 

& Cho, 2014, Bullon et al., 2009, Thanakun et al., 2014). A meta-analysis on 20 studies with 

36,337 subjects confirmed a positive relationship between MetS and periodontitis (Nibali et 

al., 2013). Since most patients with MetS have dyslipidemia, but not hyperglycemia, 

dyslipidemia such as increased triglycerides and fatty acids is likely to play a key role in 

MetS-exacerbated periodontitis. However, the impact of dyslipidemia on periodontitis has 

not been well defined.

To study the relationship between dyslipidemia and periodontitis, we recently developed a 

mouse model with high-fat diet (HFD)-induced MetS and LPS-induced periodontitis (Li et 

al., 2015). The metabolic analysis showed that the mice had MetS since they had obesity, 

dyslipidemia including high triglycerides and high free fatty acids, and insulin resistance. 

The studies using histology and micro-computed tomography (μCT) showed that MetS was 

associated with an increased periodontal inflammation and alveolar bone loss (Li et al., 

2015). To explore the underlying mechanisms by which MetS boosted LPS-induced 

periodontal inflammation, we focused on the role of saturated fatty acids (SFAs) in 

periodontitis since the HFD used to induce MetS in our animal studies was enriched with 

SFAs, which are known to play an important role in the pathogenesis of MetS (Phillips et al., 

2012) and MetS-associated systemic inflammation (Kennedy et al., 2009). Interestingly, our 

in vitro study showed that palmitate, the most abundant SFA (Mayer & Belsham, 2010), 

markedly enhanced LPS-induced expression of inflammatory mediators such as interleukin 

(IL)-6, IL-1α, IL-1β, tumor necrosis factor (TNF)α, monocyte chemoattractant protein 

(MCP)-1, and colony-stimulating factor (CSF) (Li et al., 2015), which are known to play 

pivotal roles in the development of periodontitis (Garlet, 2010, Souza & Lerner, 2013, 

Marques-Rocha et al., 2015).

It is known that dietary SFAs are not only essential fuels, but also ligands for both 

membrane and nuclear receptors that are involved in proinflammatory signaling activation, 

leading to cell stress, apoptosis, insulin resistance and tissue inflammation (Cascio et al., 
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2012). The major membrane receptors for free fatty acids include CD36, GPR40 and 

GPR120 (Febbraio et al., 2001, Hara et al., 2011). However, these receptors have different 

tissue distributions and fatty acid preference. CD36, also called fatty acid translocase (FAT), 

is expressed by a variety of cells including monocytes, macrophages, endothelial cells, 

platelets, cardiac and skeletal muscle, adipocytes and epithelial cells, and involved in innate 

immunity, inflammation, atherosclerosis, oxidative stress and lipid metabolism (Febbraio et 

al., 2001, Park, 2014). GPR40 is mainly expressed by pancreatic β cells to mediate free fatty 

acid-promoted insulin secretion (Ichimura et al., 2014), and is undetected in macrophages 

(Oh et al., 2010). Although GPR120 is expressed by macrophages and many other types of 

cells, it serves as functional receptor for omega-3 unsaturated fatty acids and mediates anti-

inflammatory response (Hara et al., 2011). Therefore, CD36 is a potential receptor 

responsible for SFA-enhanced inflammatory signaling in macrophages.

In the current study, we determined if periodontal CD36 expression is associated with 

periodontitis in mice with MetS. We also determined how LPS and palmitate regulate CD36 

expression and if CD36 is involved in the stimulation of inflammatory mediators by 

palmitate and LPS in macrophages.

Methods

Animal treatments

As shown in Fig. 1, 6 weeks old male C57BL/6 mice (Taconic Farms, Hudson, New York, 

USA) were fed regular chow (D12450B, 10% kcal% fat) or high-fat diet (HFD) (D12492, 60 

kcal% fat) (Research Diets, Inc., New Brunswick, NJ) for 16 weeks (14 mice fed regular 

chow; 14 mice fed HFD). The D12492 diet contains high SFA (81.5 g/kg) as compared to 

the D12450B diet (9.9 g/kg) (Research Diets, Inc.). The mice were housed with a 12-hour 

light/12-hour dark cycle and had free access to water and food. All animal-related work was 

performed in accordance with the National Institute of Health Guidelines. All experimental 

protocols were approved by the Institutional Animal Care and Use Committee at the 

Medical University of South Carolina. Since our study focuses on the role of LPS in 

periodontitis in mice with or without MetS, we used a mouse model with LPS-induced 

periodontitis (Yu et al., 2011, Rogers et al., 2007, Jin et al., 2014). During the last 4 weeks of 

regular chow or HFD feeding, 7 mice fed regular chow and 7 mice fed HFD were injected 

with LPS isolated from A. actinomycetemcomitans (strain Y4, serotype B) (20 μg of LPS 

per mouse) through both left and right sides of the palatal gingiva between the maxillary 1st 

and 2nd molars, 3 times per week. For control, 7 mice fed regular chow and 7 mice fed HFD 

were injected with phosphate-buffered saline (PBS), the vehicle for LPS.

Metabolic measurements

Blood samples were obtained under the fasted condition and glucose, cholesterol, 

triglycerides, free fatty acids (FFAs) and insulin were assayed as described previously (Li et 

al., 2015). Fasting whole body insulin sensitivity was estimated with the homeostasis model 

assessment of insulin resistance (HOMA-IR) by using the following formula: fasting plasma 

glucose (mg/dl) × fasting plasma insulin (μU/ml)]/405 (Agil et al., 2012).
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Immunohistochemical analysis of CD36 expression in mouse periodontal tissue

Gingival tissues were fixed, immersed in paraffin and processed for sectioning as described 

previously (Jin et al., 2014). The sections were then incubated with 5% normal goat serum in 

0.01 M PBS for 1 hour to block nonspecific binding and incubated with rabbit anti-CD36 

antibody (1:500) (Novus biological, Littleton, CO) overnight at 4°C. Sections were 

incubated with secondary biotinylated-antibody (1:250) from the ABC Elite kit (Vector 

Laboratories, Burlingame, CA) for 1 hour and then the ABC reagent (Vector Laboratories) 

for 30 minutes. Counterstaining was performed with hematoxylin. Photomicrographs were 

taken using an Olympus BX53 digital microscope with Cellsens digital image software 

(Olympus American Inc., Center Valley, PA). Quantification of cells with CD36 staining was 

performed with software Image-Pro Plus 6.0 (Media Cybernetics, Rockville, MD).

Micro-computed tomography (μCT) and bone volume fraction (BVF) analysis

The micro-computed tomography (μCT) and bone volume fraction (BVF) analysis were 

performed as described previously (Li et al., 2015).

Tartrate-resistant acid phosphatase (TRAP) staining and quantification of osteoclasts

Tartrate-resistant acid phosphatase (TRAP) staining and quantification of osteoclasts were 

performed as described previously (Li et al., 2015). The region for counting TRAP positive 

cells is the entire region under the crown of the first molar and the second molar for each 

section. Three sections per sample were counted.

RNA isolation and quantitative real-time polymerase chain reaction

RNA was extracted from gingival tissue surrounding the injection sites and quantitative real-

time polymerase chain reaction (PCR) was performed as described previously (Li et al., 

2015). The IL-6 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) primers for real 

time PCR were purchased from Qiagen [IL-6, catalog #: PPM03015A-200; GAPDH, 

catalog #: PPM02946E-200]. The CD36 primers (forward: TGCTGGAGCTGTTATTGG 

TG; reverse: CATGAGAATGCCTCCAAA CA) were synthesized (Integrated DNA 

Technologies, Inc., Coralville, IA). Data were analyzed with the iCycler iQ™ software (Bio-

Rad Laboratories). The average starting quantity (SQ) of fluorescence units was used for 

analysis. Quantification was calculated using the SQ of targeted cDNA relative to that of 

GAPDH cDNA in the same sample.

Cell culture

RAW264.7 macrophages were purchased (American Type Culture Collection, Manassas, 

VA) and grown in DMEM (American Type Culture Collection) supplemented with 10% 

heat-inactivated fetal calf serum (HyClone, Logan, UT). The cells were maintained in a 

37 °C, 90% relative humidity, 5% CO2 environment.

Palmitate preparation

To prepare palmitate from palmitic acid for cell treatments, palmitic acid was dissolved in 

0.1 N NaOH and 70% ethanol at 70°C to make 50 mM. The solution was kept at 55°C for 10 

min, mixed and brought to room temperature.
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Enzyme-linked immunosorbent assay (ELISA)

IL-6 in medium were quantified using sandwich ELISA kits according to the protocol 

provided by the manufacturer (Biolegend, San Diego, CA).

RNA interference

RAW264.7 cells were transfected with 10 nM of targeting mouse CD36 Stealth siRNA or 

the scrambled control siRNA (Stealth RNAi™ siRNA Negative Controls) using 

Lipofectamine® RNAiMAX transfection reagent (Invitrogen, Grand Island, NY) for 48 h 

according to the manufacturer’s instructions. After the transfection, RAW264.7 cells were 

treated with or without 1 ng/ml LPS, 100 μM palmitate or LPS plus palmitate for 24 h.

PCR array

Mouse toll-like receptor (TLR) signal pathway PCR array (Qiagen, Santa Clarita, CA) was 

used to profile gene expression according to the instructions from the manufacturer. RNA 

isolated from duplicate wells was combined and converted to cDNA and then amplified by 

PCR. Data analysis is based on the delta delta threshold cycle (ΔΔCt) method as described in 

the instructions from the manufacturer. Briefly, the ΔCt was calculated by subtracting Ct for 

GAPDH from Ct for genes of interest and the ΔΔCt was calculated by subtracting the ΔCt 
for control cells from ΔCt for treated cells. The fold change was calculated as 2−ΔΔCt.

Statistic analysis

GraphPad Instat statistical software (Version 3.1a) (GraphPad Software, Inc. La Jolla, CA) 

was used for statistical analysis. One-way ANOVA was performed to determine the 

statistical significance of differences of alveolar bone loss, osteoclast number and gene 

expression level among three experimental groups, and data were presented as mean ± SD. 

The correlation of CD36 with osteoclasts or BVF was calculated using Pearson correlations. 

A value of P< 0.05 was considered significant.

Results

High-fat diet induces MetS in C57BL/6 mice

Bodyweight and fasting glucose were determined at 12 weeks before LPS treatment and at 

16 weeks after LPS treatment. Results showed that before LPS treatment, mice fed HFD had 

significantly increased bodyweight and fasting glucose as compared with those fed regular 

chow (Fig. 2A and B). After LPS treatment, bodyweight of mice fed HFD remained 

increased as compared with that of mice fed regular chow. The metabolic parameters other 

than bodyweight and fasting glucose were determined at 16 weeks after LPS treatment. As 

shown in Fig. 2, mice fed HFD had significant increases in insulin (C), insulin resistance 

index HOMA-IR (D), cholesterol (E), triglycerides (F) and free fatty acids (G) as compared 

to mice fed regular chow, indicating that HFD induced MetS since these mice had obesity, 

hyperglycemia, dyslipidemia, hyperinsulinemia, and insulin resistance.
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Increased expression of periodontal CD36 in mice with both MetS and periodontitis

We performed immunohistochemistry to detect CD36 protein in periodontal tissue samples. 

As shown in Fig. 3A, the gingival epithelial cells, fibroblasts, and infiltrated leukocytes all 

expressed CD36, but the latter were the predominant cells expressing high level of CD36. 

Results from CD36 protein quantification (Fig. 3B) showed that CD36 expression was 

increased in mice with either MetS or periodontitis alone as compared to the control mice 

and was significantly higher in mice with both MetS and periodontitis than that in mice with 

MetS or periodontitis alone.

In addition to CD36 protein, we also quantified CD36 mRNA in periodontal tissues using 

quantitative real-time PCR. Results showed that CD36 mRNA level was increased in mice 

with MetS or periodontitis alone as compared to the control mice and was significantly 

higher in mice with both MetS and periodontitis than that in mice with MetS or periodontitis 

alone (Fig. 4), which is consistent with the findings from CD36 protein quantification (Fig. 

3).

CD36 expression in macrophages is upregulated by LPS and palmitate

The Fig. 3 and Fig. 4 showed that periodontal CD36 expression is upregulated in mice after 

HFD feeding and LPS injection. To investigate the mechanisms by which CD36 expression 

is upregulated by HFD feeding, we hypothesized that SFA in the HFD plays a role in 

upregulating CD36 since SFA is rich in the HFD and known to play an important role in the 

pathogenesis of MetS (Phillips et al., 2012). As we found that the infiltrated leukocytes had 

high periodontal CD36 expression in mice with both MetS and periodontitis (Fig. 3), we 

employed mouse RAW264.7 macrophages and treated them with palmitate, the most 

abundant SFA (Mayer & Belsham, 2010), LPS or palmitate in combination with LPS. We 

quantified CD36 mRNA expression after the treatment and results showed that while LPS or 

palmitate alone increased CD36 mRNA level, the combination of LPS and palmitate 

increased CD36 mRNA expression to a higher level (Fig. 5).

CD36 expression is correlated with osteoclast formation and alveolar bone loss

Although the above studies showed that periodontal CD36 expression is upregulated by 

HFD feeding and LPS injection, it remains unknown if CD36 is involved in HFD-

exacerbated periodontitis. Since we have reported previously that MetS is associated with an 

increased osteoclastogenesis and alveolar bone loss in mice with LPS-induced periodontitis 

(Li et al., 2015), we determine if periodontal CD36 expression is associated with osteoclast 

formation and alveolar bone loss. Results showed that LPS induced alveolar bone loss by 

4.9% in mice fed regular chow and HFD feeding induced alveolar bone loss by 6.5%. 

Strikingly, the combination of LPS and HFD led to bond loss by 19.4% (Table 1). Results 

also showed that periodontal CD36 expression had a positive correlation with the number of 

osteoclasts and a negative correlation with the alveolar bone volume fraction that reflects 

remaining bone in the maxillae samples after the treatment (Fig. 6). These results reveal a 

close association between periodontal CD36 expression and alveolar bone loss, suggesting 

that CD36 is involved in the alveolar bone resorption.
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CD36 is involved in the enhancement by palmitate of LPS-induced IL-6 expression

Our previous in vitro study has shown that palmitate enhances LPS-stimulated expression of 

proinflammatory mediators (Li et al., 2015), which are known to contribute to periodontal 

inflammation and alveolar bone loss (Souza & Lerner, 2013). To understand how CD36 is 

involved in the alveolar bone loss, we determine if CD36 contributes to the enhancement of 

proinflammatory mediator expression by palmitate using pharmacological inhibitor and 

siRNA. Results showed that while palmitate markedly enhanced LPS-induced IL-6 secretion 

from macrophages, sulfosuccinimidyl oleate (SSO), a selective CD36 inhibitor (Coort et al., 

2002), robustly attenuated the enhancement by palmitate of LPS-induced IL-6 secretion 

(Fig. 7). Interestingly, SSO also inhibited the induction of IL-6 secretion by LPS (Fig. 7). 

Similarly, the study targeting CD36 expression using siRNA (Fig. 8A) showed that CD36 

knockdown also significantly attenuated the enhancement by palmitate of LPS-induced IL-6 

mRNA expression (Fig. 8B) and secretion (Fig. 8C).

CD36 inhibition attenuates the enhancement by palmitate of LPS-induced expression of 
proinflammatory molecules

In addition to IL-6, we further investigated how CD36 inhibition affects the enhancement of 

other inflammatory molecule expression by palmitate using a PCR array system. As shown 

in Table 2, while palmitate enhanced LPS-stimulated expression of several genes such as 

IL1β, IL8, MAPK2K3, MYD88, and RIPK2, CD36 inhibition by SSO effectively attenuated 

the enhancement by palmitate of LPS-stimulated gene expression in macrophages.

Discussion

We have reported recently that HFD-induced MetS exacerbates LPS-stimulated periodontal 

inflammation and alveolar bone loss in C57BL/6 mice (Li et al., 2015). Since our research 

focus in this study is the role of the interaction between LPS and lipid metabolites in the 

development of periodontitis in vivo, we utilized an established mouse model in which 

periodontitis is induced by periodontal injection of LPS isolated from A. 

actinomycetemcomitans (Yu et al., 2011, Rogers et al., 2007, Jin et al., 2014). A. 

actinomycetemcomitans LPS, but not P. gingivalis LPS, was used since A. 

actinomycetemcomitans LPS is a more potent inducer of bone resorption than P. gingivalis 
LPS (Nishida et al., 2001).

In the present study, we showed that mice with periodontitis and MetS had an increased 

periodontal CD36 expression. This finding is in agreement partially with a recent report by 

Shikama et al. that gingival fibroblasts of mice with HFD-induced type 2 diabetes had 

increased CD36 expression (Shikama et al., 2015). In addition to gingival fibroblasts, our 

study showed that the infiltrated leukocytes are the predominant cells expressing high level 

of CD36 in the periodontal tissue of mice with periodontitis and MetS (Fig. 3).

To elucidate the potential mechanisms whereby periodontal CD36 expression was 

upregulated in mice with MetS and periodontitis, we performed in vitro studies using 

macrophages since macrophages are part of the infiltrated leukocytes and play an important 

role in the pathogenesis of periodontitis (Charon et al., 1981, Huang et al., 2016, Kukita et 
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al., 2012). We tested our hypothesis that SFA, which is rich in the HFD used in our animal 

study and involved in the pathogenesis of MetS (Phillips et al., 2012), acts with LPS to 

upregulate CD36 expression in macrophages. The finding from this study supports our 

hypothesis as it showed that while either palmitate or LPS stimulated CD36 expression, 

which is in agreement with the previous reports (Li et al., 2013, Pararasa et al., 2014, 

Chabowski et al., 2013), the combination of palmitate and LPS stimulated CD36 expression 

to a higher level. Since it is known that SFA is increased in MetS patients (Rivellese et al., 

2002, Tuomilehto, 2005) and MetS mice (Morselli et al., 2014), and LPS is increased in 

patients with periodontitis, palmitate and LPS are likely to act in concert to stimulate CD36 

expression in patients or mice with both MetS and periodontitis.

The upregulation of CD36 by its ligand palmitate in macrophages (Pararasa et al., 2014) 

reveals a positive feedback mechanism for CD36 expression since CD36 upregulation by 

palmitate allows more palmitate binding, resulting in a subsequent higher level of CD36 

expression. Obviously, the positive feedback mechanism on CD36 expression leads to a 

strong CD36-mediated inflammatory signaling and cellular innate immune response as 

evidenced by our findings that palmitate amplified LPS-triggered inflammatory molecule 

expression (Figs. 7-8 and Table 2). The data from the PCR array (Table 2) showed that 

palmitate not only enhanced LPS-induced expression of inflammatory cytokines such as 

MCP-1, IL-1β, IL-8 and IL-6, but also augmented LPS-stimulated expression of signaling 

molecules such as mitogen-activated protein kinase kinase 3 (MAP2K3) and receptor-

interacting serine-threonine kinase 2 (RIPK2), which are involved in LPS-activated p38 

mitogen-activated protein kinase (MAPK) and nuclear factor kappa B (NFκB) signaling 

pathways (Rossa et al., 2006, Lupfer et al., 2013).

In addition to the finding from our in vitro study that CD36 expression was upregulated by 

palmitate and LPS, we also showed the biological function of CD36 in the enhancement of 

LPS-induced inflammatory molecules by palmitate. In this study, we employed both the 

pharmacological inhibitor SSO and CD36 siRNA to target CD36 and found that either CD36 

inhibition with SSO or CD36 knockdown with siRNA markedly attenuated the effect of 

palmitate on the enhancement of LPS-induced expression of IL-6 and other inflammatory 

molecules (Figs. 7, 8 and Table 2), suggesting a role of CD36 in the innate immune response 

to palmitate in macrophages. Interestingly, Pillon et al. reported recently that CD36 

inhibition in human adipose microvascular endothelial cells did not inhibit the palmitate-

induced expression of inflammatory genes (Pillon et al., 2015), suggesting a specific 

involvement of CD36 in certain types of cells in palmitate-stimulated gene expression.

Another interesting finding from our study is that CD36 inhibition attenuates inflammatory 

molecule expression mediated by not only CD36, but also TLR4 (Figs. 7, 8 and Table 2). 

Since CD36 inhibitor SSO does not antagonize TLR4, this finding supports the postulation 

by the previous studies that CD36 and TLR4 form a complex on the cell surface and 

targeting either one will affect the other (Chavez-Sanchez et al., 2014, Stewart et al., 2010, 

Baranova et al., 2012). Chavez-Sanchez et al. reported that TLR4 block using monoclonal 

antibodies significantly reduced the stimulation by oxidized LDL (oxLDL), a ligand for 

CD36 (Stewart et al., 2010), of IL-1β and IL-6 secretion from human macrophages (Chavez-

Sanchez et al., 2014). Baranova et al. demonstrated that induction of CD36 expression in 
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HeLa cells increased LPS binding and subsequent cytokine secretion (Baranova et al., 2012). 

The same study also showed that macrophages with CD36 deficiency had 40-50% reduction 

of IL-6 secretion in response to LPS. Furthermore, Stewart et al. reported that CD36 was co-

precipitated with TLR4 and TLR6 from THP-1 monocytes after treatment with oxLDL 

(Stewart et al., 2010). However, the exact interaction between CD36 and TLR4 and how the 

interaction boosts LPS-mediated host inflammatory response are not well understood and 

more studies are warranted.

In this study, we demonstrated that the CD36 protein expression in the periodontal tissue 

was highly correlated with osteoclast formation and alveolar bone loss (Fig. 6). While our 

correlation study and the study using immunohistochemistry suggest a potential role of 

CD36 in MetS-exacerbated periodontitis, the study using loss-of-function mouse model may 

provide stronger evidence to define the role of CD36. Indeed, studies have applied CD36-

deficient mice or cells in defining the role of CD36 in pathological processes. For examples, 

Nozaki et al. used CD36-deficient macrophages to show the role of CD36 in the uptake of 

oxidized LDL (Nozaki et al., 1995) and Brundert et al. used CD36-deficient mice to show 

the role of CD36 in the uptake of high density lipoproteins (Brundert et al., 2011).

In conclusion, we demonstrated in this study for the first time that periodontal CD36 

expression was associated with MetS-exacerbated periodontitis. We also demonstrated that 

CD36 is involved in the enhancement by palmitate of LPS-induced inflammatory molecule 

expression in macrophages.
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Figure 1. 
Time course of animal feeding and treatment. Six weeks old mice were fed regular chow or 

HFD for 16 weeks. During the last 4 weeks of regular chow or HFD feeding, half of the 

mice received periodontal injection of LPS isolated from A. actinomycetemcomitans and 

another half of mice received periodontal injection of PBS, the vehicle for LPS.
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Figure 2. 
The effect of high-fat diet on bodyweight (A), fasting glucose (B), fasting insulin (C), 

insulin resistance index (HOMA-IR) (D), cholesterol (E), triglycerides (F) and free fatty 

acids (G) in mice. The bodyweight and fasting glucose were measured before and after LPS 

treatment and all other parameters were determined at the end of the study. Glucose, insulin 

and lipids were assayed after 5 h fasting. The data presented are mean ± SD (n=7).
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Figure 3. 
The periodontal CD36 protein expression in mice without MetS and periodontitis, with 

MetS or periodontitis alone, and with both MetS and periodontitis. C57BL/6 mice with or 

without HFD-induced MetS were injected with PBS or LPS in periodontal tissue. After the 

treatment, CD36 protein expression was determined by immunohistochemistry as described 

in Methods. Representative images of CD36 immunostaining in the subepithelial tissue were 

shown (A). The areas with positive CD36 staining were quantified (B) (n=7).
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Figure 4. 
The periodontal CD36 mRNA expression in mice without MetS and periodontitis, with 

MetS or periodontitis alone, and with both MetS and periodontitis. C57BL/6 mice with or 

without HFD-induced MetS were injected with PBS or LPS in periodontal tissue. After the 

treatment, RNA was isolated from the periodontal tissues and CD36 mRNA expression was 

quantified by real-time PCR as described in Methods. The data presented are mean ± SD 

(n=7).
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Figure 5. 
The CD36 mRNA expression in RAW264.7 macrophages treated with LPS, palmitate or 

LPS plus palmitate. RAW264.7 macrophages were treated with 1 ng/ml of LPS, 100 μM of 

palmitate or LPS plus palmitate for 24 h and CD36 mRNA was then quantified using real-

time PCR. The data presented are mean ± SD of three experiments.
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Figure 6. 
Correlation between periodontal CD36 protein expression and osteoclast formation and 

alveolar bone volume fraction (BVF). C57BL/6 mice with or without HFD-induced MetS 

were injected with PBS or LPS in periodontal tissue to induce periodontitis. After the 

treatment, CD36 protein expression was quantified using immunohistochemistry, osteoclasts 

were detected using tartrate-resistance acid phosphatase (TRAP) staining, and alveolar BVF 

were quantified using μCT. The correlations between CD36 expression and osteoclast 

formation (A) or alveolar BVF (B) were statistically analyzed.
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Figure 7. 
The inhibitory effect of CD36 inhibitor SSO on the enhancement by palmitate of LPS-

induced IL-6 secretion. RAW264.7 macrophages were treated with 1 ng/ml of LPS, 100 μM 

of palmitate or LPS plus palmitate in the absence or presence of 100 μM of SSO for 24 h 

and IL-6 secreted into culture medium was then quantified using ELISA. The data presented 

are mean ± SD of three experiments.
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Figure 8. 
The inhibitory effect of CD36 knockdown on the enhancement by palmitate of LPS-induced 

IL-6 expression and secretion. RAW264.7 macrophages were transfected with 10 nM control 

or CD36 siRNA for 48 h and then treated with 1 ng/ml of LPS, 100 μM of palmitate or both 

LPS and palmitate for 24 h. After the treatment, IL-6 mRNA expression and secretion was 

quantified using ELISA. A: CD36 expression in cells after transfection with control or CD36 

siRNA. B. IL-6 mRNA expression in cells treated with LPS, palmitate or LPS plus palmitate 

after transfection with either control or CD36 siRNA. C. IL-6 secretion by cells treated with 

LPS, palmitate or LPS plus palmitate after transfection with either control or CD36 siRNA. 

The data presented are mean ± SD of three experiments.
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Table 1

MetS Exacerbates LPS-induced Alveolar Bone Loss

No MetS MetS

No periodontitis 0.386 ± 0.014*
0.361 ± 0.013

+

Periodontitis 0.367 ± 0.017^
0.311 ± 0.028

#

C57BL/6 mice with or without MetS were injected with phosphate-buffered saline (PBS) or LPS in periodontal tissue to induce periodontitis. After 
the treatment, the maxillae were scanned by micro±computed tomography and bone volume fractions were quantified. The data are presented as 
means ± SD.

+
p<0.01 vs *

^
p<0.01 vs *

#
p<0.01 vs *, + or ^
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Table 2

The effect of CD36 inhibitor SSO on the expression of pro-inflammatory molecules stimulated by LPS, 

palmitate or LPS in combination with palmitate

Fold increase by LPS Fold increase by palmitate Fold increase by LPS in
combination with palmitate

Without
SSO

With
SSO

%
Inhibition

by SSO

Without
SSO

With
SSO

%
Inhibition

by SSO

Without
SSO

With
SSO

%
Inhibition

by SSO

MCP-1 12.92 3.36 74% 7.72 1.75 77% 24.65 8.05 67%

CLEC4E 5.75 2.42 58% 1.13 0.88 23% 8.47 3.45 59%

IL1B 91.86 19.24 79% 11.47 3.75 67% 206.33 100.23 52%

IL8 140.42 26.90 81% 31.42 6.69 79% 330.95 105.59 68%

MAP2K3 2.05 1.18 42% 3.26 1.68 48% 5.92 3.31 44%

MYD88 2.57 1.03 60% 1.46 0.69 53% 5.12 1.63 68%

RIPK2 2.16 1.03 52% 1.71 0.98 42% 5.29 2.02 62%

MCP-1: Monocyte chemoattractant protein-1; CLEC4E: C-type lectin domain family 4; IL1B: Interleuk 1p; IΛ8: Interleukin 8; MAP2K3: 
Mitogen-activated protein kinase kinase 3; MYD88: Myeloid differentiation primary response gene 88; RIPK2: Receptor-interacting serine/
threonin-protein kinase 2.
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