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	 Background:	 Regulated upon activation, normal T cells expressed and secreted (RANTES) is associated with inflammation 
and atherosclerosis. We investigated the effect of fenofibrate, a peroxisome proliferator-activated receptor-a 
(PPAR-a) agonist, on RANTES in type 2 diabetes mellitus (T2DM) patients with hypertriglyceridemia.

	 Material/Methods:	 This study evaluated cross-sectional and interventional studies of 25 T2DM patients with hypertriglyceridemia 
(group A) and 32 controls (group B). Group A was treated with fenofibrate (200 mg/day) for 8 weeks. Serum 
RANTES and clinical characteristics were examined.

	 Results:	 Serum RANTES was significantly higher in group A compared with group B (59.04±16.74 vs. 38.57±12.98 ng/ml, 
P<0.001) and correlated with triglycerides (TG) (r=0.535, P<0.001), fasting blood glucose (FBG) (r=0.485, P<0.001), 
glycosylated hemoglobin (HbA1c) (r=0.485, P<0.001), homocysteine (Hcy) (r=0.520, P<0.001), and high-sensitiv-
ity C-reactive protein (hsCRP) (r=0.701, P<0.001). In multiple regression analysis after controlling for confound-
ers, increased hsCRP levels (b=7.430, P<0.001) and T2DM with hypertriglyceridemia (b=11.496, P=0.002) were 
independently related to high serum RANTES levels. After 8 weeks of fenofibrate treatment, serum RANTES 
significantly decreased in group A compared with baseline (52.75±17.41 vs. 59.04±16.74 ng/ml, P=0.018).

	 Conclusions:	 Fenofibrate decreased serum RANTES levels in T2DM patients with hypertriglyceridemia, indicating that PPAR-a 
agonists may play an important role in inhibiting inflammatory responses.
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Background

Many type 2 diabetes mellitus (T2DM) patients suffer from dia-
betes-related cardiovascular complications, which are the major 
cause of death in patients with T2DM. Atherosclerosis, a ma-
jor risk factor for cardiovascular diseases, is a chronic disease 
characterized by two fundamental hallmarks: lipid accumula-
tion and inflammation [1]. The interaction between these two 
processes defines the principal pathogenesis and distinguish-
es atherosclerosis from other chronic inflammatory disorders.

The dyslipidemia in T2DM is characterized by increased low-
density lipoprotein cholesterol (LDL-C), elevated triglycerides 
(TG), and decreased high-density lipoprotein cholesterol (HDL-C), 
and it is associated with an increased risk of coronary artery 
disease [2]. Statins, which decrease LDL-C levels and inhib-
it inflammatory responses, have been conclusively proven to 
significantly reduce cardiovascular events in many high-risk 
patients [3]. However, the residual risk remains after patients 
have achieved their target LDL-C levels through statins treat-
ment [2]. Combined with statins, fenofibrate has been shown 
to have highly beneficial effects on protecting against cardio-
vascular events in patients with type 2 diabetes associated 
with dyslipidemia [4].

Fenofibrate is known as an important peroxisome prolifera-
tor-activated receptor-a (PPAR-a) agonist, which is effective 
at decreasing TG levels, increasing HDL-C levels, and changing 
LDL particle morphology. Moreover, fenofibrate plays a pivotal 
role in regulating insulin resistance, fatty acid oxidation, cellu-
lar differentiation, and immune responses, such as inflamma-
tion or vascularization related to diabetic complications [5]. 
Thus, PPAR-a agonists may reduce cardiovascular morbidity 
and mortality [6] through lipid-lowering-dependent and lipid-
lowering-independent mechanisms [7,8].

Our previous studies have demonstrated that fenofibrate im-
proved vascular endothelial function and regulated metabo-
lism through comprehensive mechanisms [9–11]. Vascular en-
dothelial dysfunction changes vascular permeability, allowing 
circulating monocytes and T cells to migrate into the subendo-
thelial space. The continued presence of immune cells, togeth-
er with migration and proliferation of vascular smooth mus-
cle cells, serves to perpetuate the inflammatory response and 
promote atherosclerotic plaque formation. An advanced ath-
erosclerotic plaque typically contains a mixture of proliferating 
smooth muscle cells, macrophages and T cells, and connective 
tissue, overlaid with a fibrous cap consisting of smooth mus-
cle cells and matrix [12].

Chemokines are inflammatory cytokines, which may lead to 
atherosclerosis and plaque destabilization not only by recruit-
ing activated leukocytes into the lesion, but also by directly 

contributing to plaque rupture and thrombus formation. The 
role of chemokines in atherosclerosis is further supported by 
several studies suggesting that chemokines may represent a 
link between lipids and inflammation in atherogenesis [13]. 
Regulated upon activation, normal T cells expressed and secret-
ed (RANTES), also known as C-C chemokine ligand 5 (CCL5), be-
longs to the C-C chemokine family, which is secreted by many 
cell types, such as endothelial cells, smooth muscle cells, mac-
rophages, platelets, and activated T cells. RANTES plays a crit-
ical role in chronic inflammatory processes and progression of 
atherosclerosis [14]. Our previous studies demonstrated that 
the circulating levels of RANTES were elevated in hyperho-
mocysteinemia patients compared with controls and that up-
regulated RANTES from monocytes in hyperhomocysteinemia 
patients was involved in hyperhomocysteinemia-induced ath-
erosclerosis [15]. RANTES administration has been proposed 
as a potential therapeutic strategy to protect the cardiovas-
cular system [16–18]; thus, it may have implications for de-
creasing cardiovascular risk of T2DM.

Although PPAR-a agonists have been proven to reduce diabet-
ic cardiovascular complications [7], its underlying mechanisms 
are still not fully clear. The concept that atherosclerosis is an 
inflammatory disease is no longer controversial; nevertheless, 
the regulation of the inflammatory processes and the patho-
genic consequences remains uncertain. PPAR-a has been re-
ported to regulate RANTES expression in vitro and in animal 
studies [19–22]. However, to the best of our knowledge, the 
effect of PPAR-a agonist fenofibrate on RANTES in diabetes pa-
tients has not been reported. Therefore, in the present study, 
we aimed to examine whether fenofibrate affected circulat-
ing RANTES levels in T2DM patients with hypertriglyceridemia.

Material and Methods

Subjects

All participants (both males and females), ranging in age 
from 30 to 70 years, were recruited from September 2013 to 
January 2014.

Twenty-five type 2 diabetes mellitus patients with hypertriglyc-
eridemia (group A) were recruited for this study from a group 
of outpatients at the Department of Endocrinology, Beijing 
Chao-Yang Hospital, Capital Medical University, Beijing, China. 
Patients diagnosed with type 2 diabetes mellitus, as defined by 
the World Health Organization (WHO) criteria, and with stable 
hypoglycemic treatment for at least 3 months, fasting blood 
glucose (FBG) levels <9 mmol/L, and glycosylated hemoglobin 
(HbA1c) levels <8%, were eligible for the study. Additionally, 
the patients had been treated with 20 mg/day atorvastatin 
for more than 3 months, but their TG levels were still greater 
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than 1.7 mmol/L. The following exclusion criteria for group A 
were applied: known type 1 and other specific types of diabe-
tes (e.g., genetic defects of the b-cell, genetic defects in insu-
lin action, diseases of the exocrine pancreas, endocrinopathies, 
drug- or chemical-induced diabetes, infections, uncommon 
forms of immune-mediated diabetes, or other genetic syn-
dromes associated with diabetes) according to the WHO clas-
sification of diabetes mellitus, genetic conditions affecting lip-
id metabolism (e.g., familial hypercholesterolemia, lipoprotein 
lipase deficiency), changes in hypoglycemic drugs or lipid-low-
ering drugs during the 3 months preceding the screening vis-
it, any acute cardiovascular event within last 3 months, and 
contraindicating treatment with fenofibrate.

Thirty-two healthy people (group B) were recruited as the con-
trol group from the community or from the group of people 
undergoing routine medical check-ups. None of them had a 
history of prediabetes (including impaired glucose tolerance 
and impaired fasting glucose), diabetes, hyperlipidemia, or 
cardiovascular disease.

Moreover, people with hypertension, endocrine disease, sys-
temic inflammatory disease, infectious disease, cancer, chron-
ic kidney disease (i.e., serum creatinine [CR] >120 μmol/L), 
hepatic enzymes (i.e., aspartate aminotransferase [AST] and 
alanine aminotransferase [ALT]) >1.5 times the upper normal 
limits, creatine kinase (CK) >1.5 times the upper normal limit, 
a history of alcohol abuse, using heparin within last 3 months, 
pregnancy, and lactation were also excluded from both groups.

Study design

Participants in group A were required to attend 3 study visits: 
the screening visit, visit 1, and visit 2 (spaced 8 weeks apart), 
while participants in group B attended the screening visit. 
Starting at visit 1, the group A participants who fulfilled the 
inclusion criteria (without any exclusion criterion) were ad-
ministered fenofibrate 200 mg/day for 8 weeks. The capsules 
were counted at visit 2, and compliance was considered to be 
satisfactory if >90% of capsules were taken.

Blood samples and the data on the medical history, height, 
weight, and blood pressure were collected at the screening vis-
it (groups A and B) and at visit 2 (group A) under fasting con-
ditions, as described below. At visit 1, all participants in group 
A received instructions to maintain their usual nutritional and 
exercise habits and to not modify any drug treatment through-
out the study. Participants in group A were asked to immedi-
ately report the development of unusual muscle soreness or 
pain throughout the study. In addition, any adverse event in 
each group A participant was recorded at visit 2.

The study protocol was approved by the Medicine and Pharmacy 
Ethics Committee of Beijing Chao-Yang Hospital, Capital Medical 
University. Written informed consent was obtained from each 
participant prior to the performance of any study procedure.

Data collection and laboratory tests

A complete medical history, including duration and treatment 
of any disease, was obtained from each participant; height and 
weight were determined using a standardized protocol. Body 
mass index (BMI) was calculated as weight (kg)/[height (m)]2. 
Blood pressure was measured using a calibrated standard mer-
cury sphygmomanometer. All readings were measured after a 
5-min rest, with the patients in sitting position.

Fasting blood samples were collected in the morning after an 
8-h overnight fast. Total cholesterol (TC), HDL-C, TG, FBG, homo-
cysteine (Hcy), high-sensitivity C-reactive protein (hsCRP), AST, 
ALT, CR, CK, and HbA1c were measured in the central labora-
tory of Beijing Chao-Yang Hospital, Capital Medical University. 
LDL-C was calculated using the Friedewald formula (LDL=CHOL–
[TG/5+HDL]). Serum samples from all participants were prompt-
ly placed on ice after blood collection and were centrifuged at 
4°C within 30 min. They were aliquoted and stored at –80°C 
immediately after centrifugation, and we avoided any repeat-
ed thawing and freezing. Serum RANTES concentrations were 
measured in duplicate at the same time using enzyme-linked 
immunosorbent assay (ELISA) kits (R&D Systems, Minneapolis, 
MN, USA) for quantitative detection with an automated ELISA 
reader (VARIOSKAN FLASH-5250040, Thermo Scientific, USA).

Adverse events were recorded throughout the study. The safe-
ty parameters included serum AST, ALT, CR, and CK.

Statistical analysis

All analyses were performed with the Statistical Package for 
Social Sciences version 19.0 (SPSS, Inc., Chicago, IL, USA). Data 
are expressed as the means±SD. Comparisons of the baseline 
clinical and biochemical markers, as well as the RANTES lev-
els, between groups A and B were performed using an inde-
pendent samples t test. Comparisons of the pre-treatment 
and post-treatment (with fenofibrate) clinical and biochem-
ical markers, as well as the RANTES levels, in group A were 
performed with the paired t test. Proportions were analyzed 
using the chi-squared test. The association between the base-
line values of RANTES and the other baseline parameters was 
examined using Pearson’s and Spearman’s correlation coef-
ficient analyses and multiple stepwise regression analysis. In 
all statistical tests, P values <0.05 were considered to be sig-
nificant, and all tests were two-sided.
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Results

Baseline clinical characteristics of the study participants

The baseline clinical characteristics of the study participants 
are listed in Table 1. The participants in groups A and B were 
similar in sex, age, BMI, systolic blood pressure (SBP) and di-
astolic blood pressure (DBP) levels, and TC levels (P>0.05 for 
all). The LDL-C (P<0.001), TG (P<0.001), FBG (P<0.001), HbA1c 
(P<0.001), Hcy (P=0.002) and hsCRP (P=0.001) levels were 
higher and the HDL-C levels (P<0.001) were lower in group A 
compared with group B. The proportion of subjects of using 
aspirin (P<0.001), using metformin (P<0.001), using insulin se-
cretagogue (P<0.001), using thiazolidinedione (P<0.001), using 

acarbose (P<0.001), using insulin (P=0.013), and using atorvas-
tatin (P<0.001) were higher in group A compared with group B.

Baseline serum RANTES levels of the study participants

The fasting serum levels of RANTES were significantly high-
er in group A than in group B (59.04±16.74 vs. 38.57±12.98 
ng/ml, P<0.001) (Figure 1).

Correlation between serum RANTES levels and the 
baseline parameters

The following parameters were found to be significantly cor-
related with the serum RANTES levels: TG (r=0.535, P<0.001), 

Parameters
Group A
(N=25)

Group B
(N=32)

P value

Sex (M/F) 19/6 15/17 0.198

Age (years) 	 53.76±8.89 	 50.16±7.80 0.109

BMI (kg/m2) 	 26.46±4.60 	 24.84±3.60 0.142

SBP (mmHg) 	 125.00±7.65 	 121.47±10.23 0.156

DBP (mmHg) 	 74.24±8.74 	 70.53±7.82 0.097

TC (mmol/L) 	 4.62±0.66 	 4.32±0.63 0.080

HDL-C (mmol/L) 	 1.25±0.29 	 1.63±0.36 <0.001

LDL-C (mmol/L) 	 2.80±0.53 	 2.31±0.45 <0.001

TG (mmol/L) 	 3.05±0.86 	 0.73±0.28 <0.001

FBG (mmol/L) 	 7.43±1.01 	 4.99±0.35 <0.001

HbA1c (%) 	 6.88±0.72 	 5.46±0.33 <0.001

Hcy (μmol/L) 	 17.08±4.30 	 13.78±2.78 0.002

HsCRP (mg/L) 	 2.44±1.61 	 1.23±0.69 0.001

Drug usage within 3 months (n)

	 Aspirin 9 0 <0.001

	 Metformin 19 0 <0.001

	 Insulin secretagogue 12 0 <0.001

	 Thiazolidinedione 10 0 <0.001

	 Acarbose 16 0 <0.001

	 Insulin 5 0 0.013

	 Atorvastatin 25 0 <0.001

Table 1. Baseline clinical characteristics of the study participants.

Group A – type 2 diabetes mellitus patients with hypertriglyceridemia; Group B – control subjects; BMI – body mass index; 
SBP – systolic blood pressure; DBP – diastolic blood pressure; TC – total cholesterol; HDL-C – high-density lipoprotein cholesterol; 
LDL-C – low-density lipoprotein cholesterol; TG – triglycerides; FBG – fasting blood glucose; HbA1c – glycosylated hemoglobin; 
Hcy – homocysteine; hsCRP – high-sensitivity C-reactive protein.
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FBG (r=0.485, P<0.001), HbA1c (r=0.485, P<0.001), Hcy (r=0.520, 
P<0.001), and hsCRP (r=0.701, P<0.001) (Table 2).

Multiple stepwise regression analysis was performed to de-
termine the parameters that were independently associat-
ed with serum RANTES. The results showed that increased 
hsCRP (b=7.430, P<0.001) and T2DM with hypertriglyceride-
mia (b=11.496, P=0.002) were independently related to high 
serum RANTES levels after adjusting for all clinical character-
istics and drug usage. The model had an adjusted R squared 
of 0.551, F=35.407 and P<0.001 (Table 3).

Effects of fenofibrate on the clinical characteristics in 
group A

The pre-treatment and post-treatment (with fenofibrate) clinical 
parameters in group A are summarized in Table 4. Compared 
with baseline, at visit 2, the patients in group A presented sig-
nificantly lower levels of TG (P<0.001) and hsCRP (P=0.020) 
but significantly higher levels of HDL-C (P<0.001). In addition, 
no statistically significant changes were observed in BMI, SBP, 
DBP, TC, LDL, FBG, AST, ALT, CK, CR, or Hcy after 8 weeks of fe-
nofibrate treatment compared with baseline (P>0.05 for all).

Effect of fenofibrate on the serum levels of RANTES in 
group A

After 8 weeks of fenofibrate treatment, the serum RANTES 
levels in group A were significantly decreased compared with 
the baseline levels (from 59.04±16.74 ng/ml at pre-treatment 
to 52.75±17.41 ng/ml at post-treatment, P=0.018) (Figure 2).

Safety parameters

All participants completed the study, and no serious adverse 
effects were observed during the study.

Discussion

In this study we demonstrated that serum RANTES lev-
els were significantly higher in the T2DM patients with 

Figure 1. �Baseline serum RANTES levels in the study participants. 
The values are expressed as the means±SD. Group 
A: type 2 diabetes patients with hypertriglyceridemia 
(n=25); Group B: control subjects (n=32).
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Parameters r P value

Age (years) 0.208 0.120

BMI (kg/m2) 0.222 0.098

SBP (mmHg) 0.151 0.262

DBP (mmHg) 0.197 0.142

TC (mmol/L) 0.174 0.197

HDL-C(mmol/L) –0.170 0.207

LDL-C (mmol/L) 0.184 0.170

TG (mmol/L) 0.535 <0.001

FBG (mmol/L) 0.485 <0.001

HbA1c (%) 0.485 <0.001

Hcy (μmol/L) 0.520 <0.001

HsCRP (mg/L) 0.701 <0.001

Table 2. Correlation analyses of the baseline parameters associated with RANTES.

BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic blood pressure; TC – total cholesterol; HDL-C – high-density 
lipoprotein cholesterol; LDL-C – low-density lipoprotein cholesterol; TG – triglycerides; FBG – fasting blood glucose; 
HbA1c – glycosylated hemoglobin; Hcy – homocysteine; hsCRP – high sensitivity C-reactive protein.
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hypertriglyceridemia compared with the controls, and that 
serum RANTES was positively correlated with TG, FBG, HbA1c, 
Hcy, and hsCRP. After controlling for confounders, increased 
hsCRP levels and T2DM with hypertriglyceridemia were inde-
pendently related to high serum RANTES levels. Our findings 
agree with studies indicating that circulating RANTES was sig-
nificantly higher in patients with hypertriglyceridemia [23] or 
with T2DM [24] compared with controls, and was positive-
ly related to FBG [25]. Furthermore, our finding that serum 
RANTES was positively associated with Hcy support our previ-
ous result that the circulating RANTES levels were elevated in 

hyperhomocysteinemia patients compared with controls [15]. 
In addition, our finding that serum RANTES was positively cor-
related with hsCRP, a biomarker of inflammation and an inde-
pendent predictor for cardiovascular events, suggested that 
RANTES might play an important role in the inflammatory pro-
cesses and cardiovascular diseases.

Accumulating evidence has demonstrated that PPAR-a is an im-
portant modulator of metabolic syndrome and that it might be 
useful as a therapeutic target for treating some of its features. 
PPAR-a agonist has been proven to be effective at lowering 

Parameters
Pre-treatment 

(N=25)
Post-treatment 

(N=25)
P value

BMI (kg/m2) 	 26.46±4.60 	 26.37±4.59 0.209

SBP (mmHg) 	 125.00±7.65 	 125.48±6.76 0.668

DBP (mmHg) 	 74.24±8.74 	 73.92±7.30 0.831

TC (mmol/L) 	 4.62±0.66 	 4.83±0.69 0.145

HDL-C(mmol/L) 	 1.25±0.29 	 1.47±0.27 <0.001

LDL -C(mmol/L) 	 2.80±0.53 	 2.82±0.66 0.845

TG (mmol/L) 	 3.05±0.86 	 1.84±0.76 <0.001

FBG (mmol/L) 	 7.43±1.01 	 7.32±1.00 0.215

Hcy (μmol/L) 	 17.08±4.30 	 16.24±3.88 0.283

HsCRP (mg/L) 	 2.44±1.61 	 1.59±1.39 0.020

AST (U/L) 	 22.08±7.33 	 23.84±9.04 0.322

ALT (U/L) 	 26.00±5.69 	 24.44±11.64 0.518

CR (μmol/L) 	 71.92±13.74 	 76.10±17.29 0.164

CK (U/L) 	 84.64±27.69 	 91.20±37.28 0.307

Table 4. �Pre-treatment and post-treatment clinical characteristics of type 2 diabetes patients with hypertriglyceridemia treated with 
fenofibrate.

BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic blood pressure; TC – total cholesterol; HDL-C – high-density 
lipoprotein cholesterol; LDL-C – low-density lipoprotein cholesterol; TG – triglycerides; FBG – fasting blood glucose; 
Hcy – homocysteine; hsCRP – high-sensitivity C-reactive protein; AST – aspartate aminotransferase; ALT – alanine aminotransferase; 
CR – creatinine; CK – creatine kinase.

Parameters b SE Standardized b 95% CI P value

Constant 17.930 4.856 8.194–27.665 0.001

HsCRP (mg/L) 7.430 1.364 0.549 4.695–10.166 <0.001

T2DM with hypertriglyceridemia 11.496 3.591 0.322 4.297–18.696 0.002

Table 3. Multiple regression analysis of the baseline parameters associated with RANTES.

SE – standard error; CI – confidence interval; HsCRP – high sensitivity C-reactive protein; T2DM with hypertriglyceridemia – type 2 
diabetes mellitus with hypertriglyceridemia. Adjustment for age, sex, BMI, SBP, DBP, TC, HDL-C, LDL-C, TG, FBG, HbA1c, Hcy, and usage 
of aspirin, metformin insulin secretagogue, thiazolidinedione, acarbose, insulin, and atorvastatin.
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plasma levels of glucose, insulin, triglycerides, and free fatty ac-
ids in ob/ob mice [26]. PPAR-a plays a key role in lipid metabo-
lism. Its known target genes are involved in most aspects of lip-
id metabolism and lipid transport [27]. In our study, the T2DM 
patients with hypertriglyceridemia presented significantly lower 
levels of TG but demonstrated significantly higher levels of HDL-C 
after 8 weeks of fenofibrate treatment compared with baseline.

Importantly, we report for the first time that fenofibrate treat-
ment administered to T2DM patients with hypertriglyceride-
mia for 8 weeks resulted in a significant decrease in serum 
RANTES levels, suggesting that PPAR-a agonists may lead to 
the inhibition of cardiovascular diseases, independent of their 
effects on lipid metabolism.

PPAR-a agonists may exert positive effects on cardiovascular 
diseases. PPAR-a activators decreased atherosclerotic lesions 
in a mouse model of mixed dyslipidemia [28]. Moreover, ac-
tivation of PPAR-a protected the heart from ischemia/reper-
fusion injury [29]. The Fenofibrate Intervention and Event 
Lowering in Diabetes (FIELD) study revealed that total car-
diovascular events were significantly reduced through fenofi-
brate treatment [7]. Although PPAR-a agonists might protect 
against cardiovascular diseases, the mechanisms are still not 
fully understood. It has been reported that PPAR-a agonists 
decrease the progression of atherosclerosis, mainly by mod-
ulating metabolic risk factors and by their anti-inflammato-
ry actions on the level of the vascular wall [30]. Our previous 
study demonstrated that fenofibrate improved coronary flow 
velocity reserve and arterial stiffness in patients with hyper-
triglyceridemia [9], upregulated tetrahydrobiopterin levels by 
increasing the expression of guanosine triphosphate cyclohy-
drolase-I in human umbilical vein endothelial cells [10], and 
decreased circulating irisin levels in type 2 diabetes patients 

with hypertriglyceridemia [11]. PPAR-a agonists were reported 
to increase the expression of endothelial nitric oxide synthase 
(eNOS) and the production of nitric oxide (NO) [31]. PPAR-a 
agonists have been proven to reduce hsCRP levels [8] and to 
repress the production of some inflammatory cytokines [8,32]. 
In our present study, hsCRP levels were also significantly de-
creased in type 2 diabetes patients with hypertriglyceridemia 
after 8 weeks of PPAR-a agonist fenofibrate treatment. Based 
on these results, it appears that PPAR-a agonists have an an-
ti-atherosclerotic effect through anti-inflammation. Activation 
of PPAR-a interferes with early steps in atherosclerosis by re-
ducing leukocyte adhesion to activated endothelial cells of the 
arterial vessel wall and by inhibiting subsequent transendo-
thelial leukocyte migration. In addition, in later stages of ath-
erosclerosis, activation of PPAR-a suppresses the formation 
of macrophage foam cells and reactive oxygen species, and 
reduces associated-lipoprotein oxidative modification [33]. 
Therefore, PPAR-a agonists may inhibit the formation of ath-
erosclerotic lessons and may increase the stability of athero-
sclerotic plaques through suppressing inflammatory responses.

Recent evidence has indicated that RANTES is associated with 
cardiovascular events. However, the data have been inconsis-
tent. Most studies have supported that elevated RANTES lev-
els are related to high cardiovascular risk. Increased levels of 
RANTES were reported in patients with acute coronary syn-
dromes compared with controls [34] and were proven in pa-
tients with refractory ischemic symptoms compared with stabi-
lized patients [35]. RANTES levels were associated with carotid 
wall thickness and lipid-core volume [36], suggesting that high-
er RANTES levels might be related to extensive carotid ath-
erosclerosis and plaque at high risk of rupturing. Therefore, 
RANTES inhibition is believed to induce cardioprotective effects 
through its anti-inflammatory properties. By its ability to bind 
to its chemokine receptors expressed on T cells or monocytes, 
RANTES might lead to the adhesion and the transmigration of 
T cells and monocytes through the endothelial wall [37]; thus, 
blocking these receptors by injecting RANTES receptor antago-
nists could suppress atherosclerosis [16,17] and might reduce 
the infarct size [18]. Controversially, there have been some 
studies suggesting that low RANTES levels might be correlat-
ed with atherosclerosis [38,39]. It might be hypothesized that 
the decreased RANTES levels in patients with high frequency 
of cardiovascular events could reflect increased deposition of 
RANTES on the vascular endothelium leading to more RANTES 
receptor stimulation. It is possible that these conflicting data 
are caused by the poly-pharmacotherapy or other confound-
ing variables of the study populations, such as age, sex, and 
species of the subjects. These discrepancies might also be 
due to differences in the assays used by the different studies.

It has been demonstrated that PPAR-a agonists inhibited 
RANTES expression in vitro and in animal studies. Fibrates 

Figure 2. �Serum RANTES levels in type 2 diabetes patients with 
hypertriglyceridemia after 8 weeks of fenofibrate 
treatment compared with the baseline levels. The 
values are expressed as the means±SD (n=25).
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repressed expression of RANTES induced by tumor necrosis 
factor-a and by chenodeoxycholic acid in human hepatocyte-
derived cells [19,20]. WY-14,643, a fibrate class of PPAR-a li-
gands, significantly inhibited cisplatin-induced upregulation 
of RANTES in acute renal failure mice [21]. Additionally, af-
ter treatment with PPAR-a agonist (R)-K-13675, RANTES lev-
els were significantly suppressed in human coronary endo-
thelial cells [22]. Our present study demonstrated that serum 
RANTES levels were reduced through fenofibrate treatment in 
type 2 diabetes mellitus patients with hypertriglyceridemia.

Our findings in the present study may partially explain the ben-
eficial effects of PPAR-a agonist treatment in clinical trials in 
which the favorable effects were only partly correlated with 
lipid changes [7], although further animal and clinical stud-
ies are still needed to investigate the mechanisms by which 
PPAR-a agonists protect against the cardiovascular complica-
tions of diabetes.

The limitations of our study are identified as follows. Firstly, 
our study population was limited to Chinese. Therefore, our 
findings may not be directly applicable to other populations. 
Secondly, our sample size was relatively small, so our find-
ings might not be powerful enough to account for potential-
ly confounding factors in our analysis, and our results could 
be improperly influenced by some outliers due to the sample 
size. However, we performed post hoc sample size calculation 
(with G*Power 3.1.9.2) showing that the power to compare 
the baseline RANTES levels between the type 2 diabetes pa-
tients with hypertriglyceridemia group and the control group 
was 1.00, and that the power to compare the pre-treatment 
and post-treatment (with fenofibrate) RANTES levels in the 
type 2 diabetes patients with hypertriglyceridemia group was 
0.78 (a=0.05, one-sided test, according to previous studies). 
Additionally, a small sample size may result in a type II error in 
the statistical analysis, but we have demonstrated that fenofi-
brate decreased serum RANTES levels in T2DM patients with 
hypertriglyceridemia in the present study. Therefore, the pow-
er of the analyses might be sufficient in our study. Thirdly, we 
used serum samples rather than platelet-free plasma for de-
tecting RANTES levels. However, given our precautions to pre-
vent degradation of RANTES after blood collection and during 
storage, exclusion of using heparin, and to compare the dif-
ference between the pre-treatment and post-treatment (with 

fenofibrate) RANTES levels detected by the same ELISA kits 
at the same time in the same condition, this methodological 
problem did not obviously affect the outcomes of our study. 
Moreover, some studies have demonstrated that measuring 
RANTES levels in serum and in platelet-free plasma present-
ed similar patterns of results [40]. Fourthly, fenofibrate treat-
ment was administered to T2DM patients with hypertriglycer-
idemia in our present study. Unfortunately, for several reasons 
this treatment is sometimes not appropriate (e.g., intolerance, 
adverse effects, and patient preference). Nutraceuticals and 
functional food ingredients that are also beneficial to vascu-
lar health may are useful compounds that might be able to re-
duce the overall cardiovascular risk induced by dyslipidemia in 
situations where fenofibrate cannot be used [41]. The mech-
anisms underlying such actions are not fully understood, and 
the effect of nutraceuticals and functional food ingredients 
on RANTES and inflammation remains to be further inves-
tigated. Finally, the cross-sectional design of the study pre-
vented us from determining a causal relationship, but it can 
certainly raise a credible hypothesis to be confirmed and ex-
tended by future prospective cohort and mechanistic studies. 
Despite these limitations, our results still provide strong ev-
idence for the effectiveness of fenofibrate in reducing circu-
lating RANTES levels.

Conclusions

We presented novel data that fenofibrate treatment signifi-
cantly decreased serum RANTES levels in type 2 diabetes mel-
litus patients with hypertriglyceridemia. This result indicates 
that PPAR-a agonists play an important role in preventing in-
flammatory responses. The physiologic and pathologic signif-
icance of our findings remain to be further elucidated.
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