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Abstract

Although a large number of studies have well documented a key role of toll-like receptor (TLR)4
in atherosclerosis, it remains undetermined if TLR4 antagonist attenuates atherogenesis in mouse
model for type 2 diabetes. In this study, we induced type 2 diabetes in low-density lipoprotein
receptor-deficient (LDLR™/") mice by high-fat diet (HFD). At 8 weeks old, 20 mice were fed HFD
and 20 mice fed regular chow (RC) for 24 weeks. In the last 10 weeks, half HFD-fed mice and
half RC-fed mice were treated with Rhodobacter sphaeroides lipopolysaccharide (Rs-LPS), an
established TLR4 antagonist. After the treatment, atherosclerotic lesions in aortas were analyzed.
Results showed that the HFD significantly increased bodyweight, glucose, lipids including total
cholesterol, triglycerides and free fatty acids, and insulin resistance, indicating that the HFD
induced type 2 diabetes in LDLR™/~ mice. Results also showed that Rs-LPS had no effect on
HFD-increased metabolic parameters in both nondiabetic and diabetic mice. Lipid staining of
aortas and histological analysis of cross-sections of aortic roots showed that diabetes increased
atherosclerotic lesions, but Rs-LPS attenuated atherogenesis in diabetic mice. Furthermore,
immunohistochemical studies showed that Rs-LPS reduced infiltration of monocytes/macrophages
and expression of interleukin (IL)-6 and matrix metalloproteinase-9 in atherosclerotic lesions of
diabetic mice. Finally, the antagonistic effect of Rs-LPS on TLR4 was demonstrated by our in
vitro studies showing that Rs-LPS inhibited IL-6 secretion from macrophages and endothelial cells
stimulated by LPS or LPS plus saturated fatty acid palmitate. Taken together, our study
demonstrated that TLR4 antagonist was capable of attenuating vascular inflammation and
atherogenesis in mice with HFD-induced type 2 diabetes.
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Introduction

Toll-like receptors (TLRs) serve as key host sensors for pathogen-associated molecular
patterns (PAMPs) and lipopolysaccharide (LPS) is an important PAMP molecule for TLR4
(Dalpke and Heeg, 2002). Upon binding TLR4, LPS triggers signaling cascades, most
notably the nuclear factor kappa B (NF«B) and mitogen-activated protein kinase (MAPK)
pathways, and upregulates pro-inflammatory genes such as cytokines and chemokines
(Brown, et al., 2011) that contribute to atherosclerosis (Curtiss and Tobias, 2007, den
Dekker, et al., 2010). The important role of TLR4 in atherosclerosis is strongly indicated by
the studies showing that deficiency of TLR4 or MyD88, an adaptor protein for the TLR4
signaling pathway, in apolipoprotein E-deficient mice is associated with a significant
reduction of atherosclerosis (Michelsen, et al., 2004, Bjorkbacka, et al., 2004, Higashimori,
etal., 2011).

In addition to atherosclerosis, it has been reported that deficiency of TLR4 also attenuates
pro-inflammatory state in mouse with diabetes (Grieco, et al., 2011, Zipris, 2010, Devaraj, et
al., 2011). In consistent with this finding, it was reported that monocytes isolated from
diabetic patients have increased TLR4 expression and that TLR4 expression is correlated
with serum levels of glycosylated hemoglobin and NF«B (Devaraj, et al., 2008). Thus,
TLR4 appears to be critically involved in both atherosclerosis and diabetes, which are
strongly associated with inflammation (Dandona, et al., 2003, Ray, et al., 2009, Theuma and
Fonseca, 2003).

Type 2 diabetes accounts for 90 to 95% of the incidence of diabetes (American Diabetes
Association, (2014). Furthermore, the metabolic disorders contributing to atherosclerosis in
type 2 diabetes are different from those in type 1 diabetes (Lee, 2014, Zeadin, et al., 2013).
Type 1 diabetes is associated with hyperglycemia that plays a crucial role in promoting
atherosclerosis while type 2 diabetes is associated with not only hyperglycemia, but also
dyslipidemia (Zeadin, et al., 2013). In consistence with the features of human diabetes, the
animal models for type 1 and type 2 diabetes also manifest different metabolic disorders. For
examples, the mouse model for streptozotocin-induced type 1 diabetes had hyperglycemia,
but no significant changes of plasma lipids when compared with the nondiabetic mice (Lu,
etal., 2013). In contrast, mouse model with high-fat diet (HFD)-induced type 2 diabetes had
not only hyperglycemia, but also dyslipidemia (Lyngdorf, et al., 2003). Therefore, it is
important to determine if administration of TLR4 antagonist in animal models with type 2
diabetes is effective to reduce atherosclerosis.

In this study, we employed LDL receptor-deficient (LDLR™/") mice as an animal model for
atherosclerosis and induced type 2 diabetes with HFD. Using this mouse model, we
determined the effect of Rhodobacter sphaeroides LPS (Rs-LPS), an established TLR4
antagonist (Aida, et al., 1995, Kirkland, et al., 1991, Hammad, et al., 2009, Hutchinson, et
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al., 2010, Baker, et al., 1990), on atherosclerosis. We found that Rs-LPS attenuated
atherogenesis in mice with HFD-induced type 2 diabetes.

Materials and Methods

Animals, diet and treatments

Forty 8-week old male LDLR ™'~ mice were purchased from Jackson Laboratory (Bar
Harbor, ME) and housed at the animal facility of VA Medical Center in Charleston, SC. The
animal protocol was approved by the Institutional Animal Care and Use Committee
(IACUC). All mice were maintained on a 12-hour light-dark cycle in a pathogen-free
environment and had ad libitum access to water and food. Half of mice were fed regular
chow (RC) (D12450J) and half of mice fed HDF (D12492, Research Diets, Inc. New
Brunswick, NJ) to induce type 2 diabetes. The mice were randomly divided into 4 groups: 1.
RC-fed mice without Rs-LPS treatment; 2. RC-fed mice with Rs-LPS treatment; 3. HFD-fed
mice without Rs-LPS treatment; 4. HFD-fed mice with Rs-LPS treatment. Rs-LPS was
purchased from InvivoGen (San Diego, CA). Mice were fed RC or HFD for 24 weeks.
During the last 10 weeks of the feeding, the mice in Groups 2 and 4 were treated with Rs-
LPS (1 ug/mouse in phosphate-buffered saline (PBS) twice a week, intraperitoneal injection)
while the mice in Group 1 and 3 were given equivalent amount of PBS. This dose of Rs-LPS
was reported to be effective in blocking TLR4 by the previous studies (Hammad, et al.,
2009, Baker, et al., 1990).

Metabolic measurements

Blood samples were obtained under the fasted condition and glucose level was determined
using a Precision QID glucometer (MediSense Inc., Bedford, MA). Serum cholesterol and
triglycerides were assayed using Cholestech LDX Lipid monitoring System (Fisher
Scientific, Pittsburgh PA). Serum fatty acids were determined using the EnzyChrom™ free
fatty acid kit (BioAssay systems, Hayward, CA). Serum fasting insulin was assayed using
the Ultra Sensitive Insulin ELISA Kit (Crystal Chem, Inc., Downers Grove, IL, USA).
Fasting whole-body insulin sensitivity was estimated with the homeostasis model
assessment of insulin resistance (HOMA-IR) according to the formula [fasting plasma
glucose (mg/dL) x fasting plasma insulin (uU/mL)]/405.

En face analysis

Mice were euthanized and aortas from heart to the iliac arteries were dissected out, soaked
for 24 h in 4% paraformaldehyde for fixation, excised longitudinally, and then stained with
0.5% of Sudan 1V as described previously (Lloyd, et al., 2011). After staining, the aortas
were laid onto the sponge block surface with the intimal surface up and pined down using
the Minutien (Fine Science Tools, Inc., San Francisco, CA). The images of the aortas were
taken using an EPSON Perfection 2450 photo scanner and analyzed with the Photoshop
software as described (Schuyler, et al., 2011).

Histological analysis of atherosclerotic lesions

The tissues of aortic root were embedded in Tissue-Tek® OCT™ compound (EMS, Hatfied,
PA), immediately frozen on dry ice and stored at —80°C. Starting from the aortic root,
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cryosetions with 6 um thickness were cut and sections with a distance of 480 um were
collected and mounted on slides. Slides were fixed in 10% of formaline for 10 minutes,
stained with Harris modified hematoxylin (Sigma-Aldrich, St. Louis, MO) for 10 minutes
and then rinsed in deionized water. Staining of hematoxylin was then developed in tap water
for 5 minutes and differentiated in 1% acid ethanol and bluing the staining for 50 seconds.
Slides were stained with eosin Y solution (Sigma-Aldrich) for 2 minutes. Slides were placed
in Coplin jars with 95% ethanol three times for 5 minutes each and the process was then
repeated with 100% ethanol. Slides were further dehydrated in 99.5% xylene (Sigma
Aldrich) and mounted in Permount mounting media (Fisher Scientific). Photomicrographs of
tissue sections were taken using an Olympus BX53 digital microscope with Cellsens digital
image software (Olympus American Inc., Center Valley, PA). The area with positive
staining was quantified using a computer based morphometry software (Image-Pro Plus 6,
Media Cybernetics, Bethesda, MD) as described previously (Patel, et al., 2010). The area of
intima was expressed as the percentage of the total aortic area including intima, media, and
lumen.

Immunohistochemical analysis of protein expression

Aortic roots were fixed in 4% paraformaldehyde for 10 min and frozen sections were made
using a cryostate. Sections were rinsed in 0.01 M PBS, pH 7.4, and then incubated in 0.3%
H,0,/methanol for 30 minutes to quench endogenous peroxidase. After being rinsed with
0.01 M PBS, sections were incubated with 3% normal serum in 0.01 M PBS for 1 hour to
block nonspecific binding. Sections were then blocked with avidin-biotin solution from the
ABC Elite kit (Vector Laboratories, Burlingame, CA) for 30 minutes and incubated with
primary antibodies: Rabbit anti-IL-6 antibody (1:300) (Abcam, Cambridge, MA), goat anti-
matrix metalloproteinase (MMP)-9 antibody (1:100) (R&D Systems, Minneapolis, MN) or
rat anti-CD68 antibody (1:300) (AbD Serotec, Raleigh, NC) overnight at 4°C. Sections were
incubated with secondary biotinylated-antibody (1:250) from the ABC Elite kit (\VVector
Laboratories) for 1 hour and then the ABC reagent (Vector Laboratories) for 30 minutes.
Slides were rinsed in 0.01 M PBS and covered with diaminobenzidine peroxidase substrate
solution from the Impack DAB kit (Vector Laboratories) for 2 minutes and then rinsed in
water. Counterstaining was performed with hematoxylin solution, Gill No. 2 (Sigma-
Aldrich). Slides were then dehydrated using increasing concentrations of ethanol and
xylenes and mounted. Staining with normal 1gG was used as a negative control. Images
were taken and analyzed as described above for the histological analysis.

Collagen staining

Collagen staining using Sirius red was performed as described previously (He, et al., 2006).
Briefly, after stained nuclei with hematoxylin, the tissue sections were incubated with 1.3 %
Sirius red F3BA in saturated picric acid for 1 hour and then rinsed with 0.5% acetic acid
solution for 1 minute twice. The sections were then dehydrated and mount in a mounting
media. The area with positive staining in atherosclerotic lesions was quantified using
software Image-Pro Plus 6 as described above.
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Cell culture and treatment

Human monocytes were isolated as described previously from blood obtained from healthy
donors (Seager Danciger, et al., 2004). The blood donation for monocyte isolation was
approved by the Medical University of South Carolina Institutional Review Board. Human
monocytes were differentiated into macrophages by incubation with RPMI 1640 medium
(Life Technologies, Grand Island, NY) containing 10% human serum, 1% minimum Eagle’s
medium nonessential amino acid solution, and 0.6 g/100 ml HEPES for 7 days. Human
aortic endothelial cells (HAECS) (Life Technologies) were grown in Medium 200
supplemented with low serum growth supplement (LSGS) (Life Technologies) containing
2% fetal bovine serum, hydrocortisone, human epidermal growth factor, basic fibroblast
growth factor and heparin. The HAEC cultures were 100% confluent before the treatments.
For cell treatment, LPS from E. coli and palmitic acid (PA) (Sigma, St. Louis, MO) were
used. The LPS was highly purified by phenol extraction and gel filtration chromatography
and was cell culture tested. PA used in this study was bovine serum albumin-free as
described previously (Schwartz, et al., 2010). To prepare PA, PA 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.

Enzyme-linked immunosorbent assay

IL-6 in medium was quantified using sandwich enzyme-linked immunosorbent assay
(ELISA) kits according to the protocol provided by the manufacturer (Biolegend, San
Diego, CA). Mouse serum IL-1f3 and TNFa were quantified using ELISA kits manufactured
by R&D System (Minneapolis, MN).

Statistic analysis

Data were presented as mean + SD. Student t tests were performed to determine the
statistical significance of differences of intimal lesion size and protein expression among
different experimental groups. A value of P< 0.05 was considered significant.

Results

Rs-LPS has no effect on glucose and lipid changes induced by high-fat diet

The HFD markedly increased bodyweight, fasting blood glucose, plasma lipids including
cholesterol, triglycerides, free fatty acids, insulin and HOMA-IR as compared with feeding
with the RC (Fig. 1 and Table 1), indicating that the HFD induced type 2 diabetes in
LDLR™~ mice. Furthermore, the metabolic data showed that Rs-LPS had no significant
effect on the metabolic parameters in mice fed the HFD or RC (Fig. 1 and Table 1).

Rs-LPS inhibits atherosclerosis in diabetic LDLR™~ mice

To determine the effect of Rs-LPS treatment on atherosclerosis, we performed both lipid
staining on the en face aortas and HE staining on the cross-sections of aortic roots. As
shown in Fig. 2A and 2B, the lipid staining showed that the surface area with positive
staining on the en face aortas of diabetic LDLR™~ mice was significantly increased when
compared with that of nondiabetic LDLR™~ mice, and the treatment with Rs-LPS
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significantly reduced the en face lesions in both nondiabetic and diabetic mice. Furthermore,
the HE staining showed that the intimal size of atherosclerotic lesions in the cross-sections
of aortic roots from diabetic mice was larger than that from nondiabetic mice and Rs-LPS
reduced the intimal size in diabetic mice (Fig. 2C and 2D).

Rs-LPS reduces monocytes and macrophages in atherosclerotic lesions in diabetic
LDLR™~ mice

Monocytes and macrophages in atherosclerotic plagues were detected by
immunohistochemical staining of CD68, a marker for cells in the macrophage lineage,
including monocytes, dendritic cells and histiocytes (Holness and Simmons, 1993). Results
showed that diabetic mice had significantly increased content of monocytes and
macrophages as compared to nondiabetic mice, but Rs-LPS treatment reduced the content in
both nondiabetic and diabetic mice (Fig. 3A and 3B).

Rs-LPS inhibits IL-6 and MMP-9 expression in atherosclerotic plaques in diabetic LDLR™~

mice

To determine the effect of Rs-LPS on vascular inflammation, we focused on IL-6 and
MMP-9 expression since both of them have been shown to play an important role in
atherosclerosis (Hamirani, et al., 2008). Results showed that diabetic LDLR™~ mice had
significantly increased expression of IL-6 (Fig. 4A and B) and MMP-9 (Fig. 4C and D) in
atherosclerotic plaques as compared to nondiabetic mice and Rs-LPS treatment reduced the
expression of IL-6 and MMP-9 in both nondiabetic and diabetic LDLR™~ mice.

Rs-LPS reduces collagen content in diabetic mice

Smooth muscle cell (SMC) proliferation and SMC-derived collagen accumulation in the
intima are important early changes in atherosclerosis (Kunz, 2007). Therefore, we
determined the effect of Rs-LPS on collagen content in the intima of atherosclerosis. Results
showed that collagen content was markedly increased in atherosclerotic lesions in diabetic
mice, but Rs-LPS abolished the stimulatory effect of diabetes on the collagen content (Fig.
5).

Diabetes increases serum inflammatory cytokine levels, but Rs-LPS has no effect

To determine if Rs-LPS has effect on systemic inflammation, we quantified the serum levels
of inflammatory cytokines IL-18 and TNFa. Results showed that serum levels of IL-1f (Fig.
6A) and TNFa (Fig. 6B) increased significantly in diabetic mice when compared to those in
nondiabetic mice, but Rs-LPS had no effect on the serum levels of IL-1p and TNFq,
suggesting that Rs-LPS is effective in controlling inflammation in inflamed tissues such as
atherosclerotic plaques, but has no effect on the serum cytokine levels.

Rs-LPS inhibits IL-6 secretion by macrophages and vascular endothelial cells

The above findings indicate that Rs-LPS inhibited atherosclerosis by suppressing vascular
inflammation in mouse with type 2 diabetes. To further validate the antagonistic effect of
Rs-LPS on TLR4-mediated proinflammatory cytokine expression, we employed human
monocyte-derived macrophages and vascular endothelial cells. Since we have shown

Immunobiology. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Luetal.

Page 7

previously that LPS and PA, the most abundant saturated fatty acid, synergistically stimulate
IL-6 expression in macrophages (Jin, et al., 2013), we treated macrophages with LPS, PA, or
LPS plus PA in the absence or presence of Rs-LPS. Results (Fig. 7A) showed that while PA
had no effect on IL-6 secretion from macrophages, LPS strongly induced it and the
combination of LPS and PA further stimulated it. Interestingly, Rs-LPS attenuated the
stimulatory effect of LPS or LPS plus PA on IL-6 secretion. We also assessed the effect of
Rs-LPS on IL-6 secretion from vascular endothelial cells. Results (Fig. 7B) showed that
either LPS or PA stimulated IL-6 secretion and the combination of LPS and PA
synergistically increased IL-6 secretion. Similar as the finding in macrophages, Rs-LPS
inhibited IL-6 secretion from vascular endothelial cells in response to LPS or LPS plus PA.

Discussion

In the present study, Rs-LPS was used as TLR4 antagonist since it competes with LPS for
the same binding site on TLR4 (Kaltashov, et al., 1997, Visintin, et al., 2005). Previous
studies have well demonstrated that Rs-LPS effectively and specifically blocks a number of
TLR4-mediated pathological effects (Aida, et al., 1995, Kirkland, et al., 1991, Hammad, et
al., 2009, Hutchinson, et al., 2010, Baker, et al., 1990). To determine the effect of Rs-LPS
on type 2 diabetes-related atherosclerosis, we utilized LDLR™~ mice with HFD-induced
type 2 diabetes that have been used by many studies to investigate the pathogenesis of
atherosclerosis associated with type 2 diabetes (Wu, et al., 2006, Nguyen, et al., 2013,
Radonjic, et al., 2013). Our findings from the control mice clearly showed that HFD-induced
type 2 diabetes was associated with accelerated atherosclerosis in aortas. By quantifying
both en face atherosclerotic lesions in whole aortas and intimal lesions in cross-sections of
the aortic roots, our findings showed that Rs-LPS inhibited atherosclerosis in mice with type
2 diabetes. Since TLR4 antagonist Rs-LPS was given to mice 14 weeks after HFD feeding,
this study indicates that Rs-LPS is capable of attenuating the early stage of atherosclerosis
development.

Our metabolic studies clearly showed that the HFD induced type 2 diabetes by increasing
bodyweight, glucose, lipids and insulin resistance. Our finding on insulin resistance in mice
fed HFD based on the HOMA-IR data is in line with the study by Wu et al., in which
glucose tolerance and insulin secretion in response to an intraperitoneal glucose load were
determined (Wu, et al., 2006). The results showed that, as compared with low-fat diet-fed
mice, HFD-fed LDLR~/- mice had impaired glucose tolerance and elevated insulin
secretion. Interestingly, Rs-LPS had no effect on HFD-altered metabolic parameters,
suggesting that Rs-LPS inhibited atherosclerosis in diabetic LDLR™~ mice through
mechanisms independent of metabolic control. Given that inflammation plays a critical role
in the initial development of atherosclerosis (Lamon and Hajjar, 2008, Lyon, et al., 2003,
Munro and Cotran, 1988), we focused on the effect of Rs-LPS on vascular inflammation to
elucidate the potential mechanisms by which Rs-LPS reduced atherosclerosis in diabetic
LDLR™~ mice. Our study showed that diabetic LDLR™~ mice had increased content of
infiltrated monocytes and macrophages, and expression of IL-6 and MMP-9 in
atherosclerotic lesions when compared with nondiabetic mice, but Rs-LPS significantly
attenuated the increase. Since IL-6 and MMP-9 play crucial roles in atherosclerosis (Moore,
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etal., 2013, Haddy, et al., 2003, Kim and Ko, 2014), these findings underscored the role of
TLR4-mediated inflammation in diabetes-associated atherosclerosis.

In addition to quantification of IL-6 and MMP-9 expression in atherosclerotic lesions, we
also quantified collagen content using Sirius red staining. Interestingly, results showed that
diabetes increased MMP-9 and collagen expression simultaneously, suggesting that the two
processes under diabetes are inter-related for the intimal remodeling that contributes to the
development of atherosclerotic plaques. The similar findings in LDLR™'~ mice fed HFD
were reported previously (Hu, et al., 2008). In contrast to the stimulatory effect of diabetes,
Rs-LPS inhibited both MMP-9 expression and collagen accumulation, which is likely to
disrupt the intimal remodeling process and thus reduce atherosclerotic lesions.

To validate the antagonistic effect of Rs-LPS on inflammatory response of vascular cells, we
demonstrated that Rs-LPS inhibited IL-6 secretion by cultured macrophages and endothelial
cells in response to LPS or LPS plus PA. We have reported previously that PA enhanced
LPS-triggered expression of IL-6 expression in macrophages (Jin, et al., 2013). Given that
the serum level of PA as the most abundant saturated fatty acid is increased in patients with
type 2 diabetes (Stahlman, et al., 2012), this observation may elucidate a mechanism
whereby type 2 diabetes is associated with increased risk of atherosclerosis. Indeed, our
current study showed that mice with type 2 diabetes had increased free fatty acids (833 vs
503 mg/dl) and it is likely that PA as a major free fatty acid was also increased in the
diabetic mice in this study. Since PA and LPS exert a synergy on IL-6 upregulation and Rs-
LPS targets the action of LPS, it is expect that Rs-LPS is capable of attenuating the
synergistic effect of LPS and PA on IL-6 secretion.

In our present study, the mice were not treated with LPS or Gram-negative bacteria. Thus, it
is likely that LPS and other TLR4 ligands were present in the circulation of the mice.
Indeed, studies have shown that LPS enters blood circulation via intestines and a 4-week
HFD chronically increased plasma LPS concentration two to three times, leading to a
metabolic endotoxemia (Cani, et al., 2007, Cani, et al., 2008). Studies have also shown that
metabolic endotoxemia contributes to HFD-induced obesity and diabetes (Cani, et al., 2007).
In addition to the gut-derived LPS as TLR4 ligand, it has been reported that minimally
modified LDL (mmLDL) was also capable of engaging TLR4 as an endogenous ligand
(Miller, et al., 2003, Miller, et al., 2005). Therefore, it is likely that diabetes-associated
metabolic endotoxemia and some bioactive lipids contribute to TLR4-mediated vascular
inflammation and atherosclerosis.

In conclusion, this study has shown that antagonizing TLR4 is effective to reduce vascular
inflammation and the early-stage atherosclerosis in mice with type 2 diabetes. The findings
from this study suggest that TLR4 is a potential target for anti-inflammatory therapy to
reduce cardiovascular complications in patients with type 2 diabetes.
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Abbreviations

TLR Toll-like receptor
LDLR™" mice Low-density lipoprotein receptor-deficient mice
RC Regular chow
HFD High-fat diet
LPS Lipopolysaccharide
Rs-LPS Rhodobacter sphaeroides LPS
NFxB Nuclear factor kappa B
MAPK Mitogen-activated protein kinase
PAMP Pathogen-associated molecular pattern
PBS Phosphate-buffered saline
HOMA-IR Homeostasis model assessment of insulin resistance
MMP Matrix metalloproteinase
IL-6 Interleukin-6
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Figure 2.
Reduction of atherosclerotic lesions in LDLR™~ mice by Rs-LPS. A: Sudan IV staining of

en face aortas. B: Quantification of atherosclerotic lesion area. Data show mean = SD
(n=10). C: Representative images from histological analysis of atherosclerotic lesions in
aortic roots. The arrows point to the intimal lesions. D: Quantification of intimal lesion area
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Diabetes, but not Rs-LPS, changes serum inflammatory cytokine levels. The serum levels of
IL-1B (A) and TNFa (B) in mice of 4 groups were quantified using ELISA. RC: regular
chow. HFD: high-fat diet.
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Inhibition of IL-6 secretion from macrophages (A) and vascular endothelial cells (B) by Rs-
LPS. Human macrophages and aortic endothelial cells were treated with 100 ng/ml of LPS,
100 uM of palmitic acid (PA) or LPS plus PA in the absence or presence of 100 ng/ml of
Rs-LPS for 24 h. After the treatment, IL-6 in culture medium was quantified using ELISA.
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Table 1

The effect of high-fat diet and Rs-LPS on metabolic parameters in LDLR™/~ mice

Nondiabetic mice Diabetic mice
Without Rs-LPS ~ With Rs-LPS ~ Without Rs-LPS ~ With Rs-LPS

Weight (g) 30 + 3* 28+3 57 & 4** 52+4
Glucose (mg/dl) 228 + 46* 233+19 317 £ 85** 313 £50
Cholesterol (mg/dl) 359 + 37* 378 + 67 1165 + 263** 1125+ 153
LDL (mg/dl) 242 £ 44* 284 + 84 955 * 204** 953 + 150
Triglycerides (mg/dl) 151 + 29% 165 + 65 503 + 365** 407 + 205
Free fatty acids (mg/dl) 503 + 98* 560 + 142 833 + 372** 832 + 367
Insulin (ng/ml) 2.07 £ 0.86* 1.32+0.75 9.43 + 3.57** 8.35+5.32
HOMA-IR 29.13 + 2.4* 18.99+0.9 184.53 + 18.7** 161.33 +16.4
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