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Abstract

Background: Inflammatory process plays an important role in the pathogenesis of coronary heart disease (CHD). With the

growing use of gemfibrozil and other fibrates, their anti-inflammatory effects have been noted. But little is known about the

effect of gemfibrozil on tumor necrosis factor (TNF)-a secretion in peripheral blood mononuclear cells (PBMC) from patients

with coronary heart disease. Methods: PBMC were obtained from CHD patients (n = 16) and healthy controls (n = 13). PBMC

(2� 106 cells/ml) were cultured in 24-well plates with or without Ang II (10� 8, 10� 7, 10� 6 mol/l), or Ang II (10� 6 mol/l) plus

gemfibrozil (10� 6, 10� 5, 10� 4 mol/l). After 24-h incubation, the supernatants were separated, and TNF-a was measured by an

enzyme-linked immunosorbent assay (ELISA). Results: Spontaneous release of TNF-a was 299.2F 110.7 pg/ml in PBMC

from CHD patients and 179.3F 78.2 pg/ml in PBMC from control subjects (P< 0.05). Incubated with Ang II (10� 8, 10� 7,

10� 6 mol/l), TNF-a secretion was 307.7F 141.8, 318.9F 135.6, 328.6F 123.9 pg/ml in PBMC from CHD patients, and

225.3F 135.4, 224.1F141.0,218.7F 134.8 pg/ml in PBMC from control subjects, respectively. Ang II did not significantly

trigger TNF-a secretion in both groups. Compared with that incubated with Ang II (10� 6 mol/l) alone, release of TNF-a

intervened by gemfibrozil (10� 6,10� 5,10� 4 mol/l) decreased to 279.4F 132.2, 268.0F 132.7, 226.6F 102.7 pg/ml in PBMC

from CHD patients, and 177.6F 94.4, 156.1F 69.4, 105.3F 52.7 pg/ml in the control group, respectively. Gemfibrozil

(10� 5,10� 4 mol/l) significantly inhibited TNF-a secretion in both groups (P< 0.05). Conclusions: Our data demonstrated that

gemfibrozil reduced release of TNF-a in PBMC both from CHD patients and controls. This effect may partially be relevant to

the clinical benefits of gemfibrozil in the treatment of dyslipidemia and atherosclerosis.
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1. Introduction

The pathophysiology of coronary artery atheroscle-

rosis is complex and multifactorial. Evidence is

increasing that inflammatory process plays an impor-

tant role in the pathogenesis of coronary heart disease

(CHD) and in the prognosis of CHD patients [1–3].
s reserved.
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Risk for the development and progression of CHD is

strongly associated with increased concentrations of

biochemical markers of inflammation, including tumor

necrosis factor (TNF)-a, interleukin-6, C-reactive pro-

tein, modified low-density lipoprotein [4–6]. Recent

studies have shown that increased concentrations of

TNF-a are expressed in atherosclerotic plaques. TNF-

a accompanied by other inflammatory cytokines may

cause migration of leucocytes into the intima, which is

a central step in the development of atherosclerosis.

And they may also have biological effects on other cell

types, modulating functions of endothelial cell, fibro-

blasts and proliferation of smooth muscle cell (SMC)

[7,8]. Furthermore, persistent overexpression of TNF-

a after ischemia might be relevant to adverse coronary

outcomes, cardiomyopathy, left ventricular dysfunc-

tion, and advanced heart failure [9].

Fibrates, also known as fibric acids, are capable of

modulating the serum concentrations of triglyceride

and cholesterol and are successfully used to treat

dyslipidemia and atherosclerosis. Several clinical tri-

als demonstrated that gemfibrozil and other fibrates

reduced the mortality and morbidity of cardiovascular

diseases [10–12]. A number of additional effects have

been noted including their anti-inflammation effects

[13–15], but little is known about the effect of fibrates

on TNF-a secretion in peripheral blood mononuclear

cells (PBMC) from patients with coronary heart dis-

ease patients.
2. Methods

2.1. Subjects

Sixteen patients with coronary heart disease were

studied, including male (n = 10) and female (n = 6)

patients, aged 46 to 74 years (mean 60.4 years). The

patients had new-onset ischemic chest pain within 15

days, and had been stable >3 days before the partic-

ipation. Transient ST-T segment depression and/or T-

wave inversion was present in all cases, but no

evidence of myocardial necrosis was detected by

cardiac enzyme measurements. The diagnosis of cor-

onary artery disease was confirmed in all patients by

coronary angiography, showing at least one main

coronary artery lesion (>75% narrowing of luminal

diameter). Exclusion criteria were myocardial infarc-
tion (old or acute), ECG abnormalities invalidating

ST-segment analyses, thrombolytic therapy, lipid-low-

ering therapy using statins, anti-inflammation and

anti-infection therapy during previous 15 days. All

patients with heart failure, inflammatory manifesta-

tions (e.g., acute or chronic infectious and autoim-

mune disorders), neoplasm, hematological, liver or

kidney disease, diabetes, hypertension, or with severe

hyperlipidemia, needed to be treated with drugs

immediately, were also excluded.

Control subjects in the study were healthy volun-

teers. They were matched to subjects according to age

(mean 55.2 years) and gender (seven men and six

women). The protocol for the present study was

approved by the regional committee of medical ethics.

2.2. Reagents

Flat-bottomed 24-well trays were from Corning.

Isopaque-Ficoll and endotoxin-free fetal calf sera were

from Sangong. Gemfibrozil was from Xiangjiang

Pharm. Dimethyl sulfoxide (DMSO), Roswell Park

Memorial Institute (RPMI) 1640 medium and angio-

tensin II was from Sigma. TNF-a enzyme-linked

immunosorbent assay (ELISA) kits were from Jingmei.

2.3. Laboratory assays

Blood samples for measurement of lipids, cardiac

enzymes, renal function and liver function were drawn

after a 12-h fast. Serum was separated by centrifuga-

tion of the blood samples from CHD patients and

controls. All serum samples for each individual were

stored at � 70 jC and were measured at the same time

to avoid variation of assay conditions. Biological

markers were measured with established methods [16].

2.4. Isolation and culture of human peripheral blood

mononuclear cells

Peripheral blood mononuclear cells were isolated

as described previously [17]. Briefly, peripheral blood

mononuclear cells (PBMC) were obtained from hep-

arinized blood by Isopaque-Ficoll gradient centrifu-

gation. The cells were washed three times with

phosphate buffered saline (PBS), and were incubated

in 24-well trays (2� 106 cells/ml, Costar, Corning),

resuspended in RPMI 1640 medium (Sigma) supple-
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mented with 10% heat-inactivated fetal calf serum

(FCS), penicillin 100 U/ml, and streptomycin 100 mg/

ml, and cultured at 37 jC in a humidified 5% CO2

atmosphere. Cell viability was always >95%, as

measured by trypan blue exclusion.

2.5. Peripheral blood mononuclear cells culture and

intervention

Angiotensin II (Ang II)was dissolved in sterilewater

of triple distillation. Gemfibrozil were dissolved in

0.1% DMSO. This concentration of DMSO did not

influence the production of cytokines by PBMC.
Table 1

Characteristics of participants

CHD group (n= 16)

Demographic

Male/female (number) 10/6

Age (year) 60.4F 7.9

Height (cm) 165.6F 5.6

Weight (kg) 64.3F 6.9

Systolic blood pressure (mm Hg) 137.7F 20.6

Diastolic blood pressure (mm Hg) 78.0F 9.1

Liver function tests

Alanine amiotransferase (U/l) 27.2F 16.0

Aspartate amiotransferase (U/l) 27.3F 9.4

Total protein (g/l) 69.2F 5.8

Prealbumin (g/l) 282.4F 51.9

Albumin (g/l) 44.5F 2.8

Globulin (g/l) 24.8F 4.1

Total bilirubin (Amol/l) 13.4F 7.8

Direct bilirubin (Amol/l) 5.3F 2.8

Total cholic acid (Amol/l) 6.7F 5.7

Renal function tests

Blood urea nitrogen (mmol/l) 6.2F 1.2

Creatinine (Amol/l) 106.9F 11.5

Uric acid (Amol/l) 412.3F 81.7

Lipid parameters

Triglyceride (mmol/l) 1.60F 0.80

Total cholesterol (mmol/l) 4.38F 0.66

HDL-C (mmol/l) 1.15F 0.15

LDL-C (mmol/l) 2.63F 0.58

Apoprotein A1 (g/l) 1.43F 0.11

Apoprotein B (g/l) 0.69F 0.24

Lipoprotein (a) (mg/l) 237.87F 128.48

Fasting blood glucose (mmol/l) 5.7F 0.7

Cardiac markers

Lactate dehydrogenase (U/l) 167.3F 65.8

Creatine kinase (U/l) 63.1F 28.1

CK-MB (U/l) 13.4F 8.1

Myoglobin (U/l) 43.1F12.7

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipopro
PBMC (2� 106 cells/ml) were cultured in 24-well

plates with or without Ang II (10� 8, 10� 7, 10� 6 mol/

l), or Ang II (10� 6 mol/l) plus Gemfibrozil (10� 6,

10� 5, 10� 4 mol/l). After 24-h incubation, the super-

natants were separated from cells by centrifugation,

harvested and stored at � 70 jC until performance of

the cytokine assay. None of the agents affected mono-

cyte viability, verified by staining with trypan blue.

2.6. Cytokine assays

Supernatant concentrations of TNF-a were deter-

mined with a specific ELISA manufactured by Jing-
Control group (n= 13) P value

7/6 NS

55.2F 8.1 NS

164.6F 7.2 NS

62.9F 8.4 NS

121.9F 15.9 NS

76.9F 6.2 NS

22.2F 11.1 NS

24.9F 6.4 NS

68.6F 3.8 NS

278.8F 53.3 NS

44.9F 2.1 NS

23.9F 4.3 NS

16.9F 8.8 NS

6.6F 2.9 NS

8.1F11.9 NS

5.9F 1.3 NS

105.3F 15.8 NS

381.5F 115.8 NS

1.59F 1.20 NS

4.54F 0.89 NS

1.16F 0.31 NS

2.64F 0.93 NS

1.48F 0.23 NS

0.77F 0.22 NS

201.48F 164.83 NS

5.3F 0.9 NS

134.5F 29.9 NS

59.1F14.0 NS

15.2F 7.3 NS

35.9F 7.8 NS

tein cholesterol.



Table 3

Effects of Gemfibrozil on the release of TNF-a in PBMC

TNF-a in

CHD group

(pg/ml, n= 16)

TNF-a in

control group

(pg/ml, n= 13)

P

Ang II 328.6F 123.9 218.7F 134.8 < 0.05

Ang II +Gem

(10� 6 mol/l)

279.4F 132.2 177.6F 94.4 < 0.05

Ang II +Gem

(10� 5 mol/l)

268.0F 132.7* 156.1F 69.4* < 0.05

Ang II +Gem

(10� 4 mol/l)

226.6F 102.7* 105.3F 52.7* < 0.05

Ang II: angiotensin II (10� 6mol/l); TNF-a: tumor necrosis factor-a;

Gem: gemfibrozil; PBMC: peripheral blood mononuclear cells;

CHD: coronary heart disease.

*P< 0.05 vs. that incubated with Ang II alone.
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Mei. All samples were analyzed in duplicate. The

amount of cross-reactivity was assessed by compar-

ison with the concentration yielding a 50% inhibition

of binding. Sensitivity was 10 pg/ml; intra-assay and

inter-assay precision variability was < 9.6%.

2.7. Data analysis

Statistical analysis was performed by using SPSS

10.0 statistical software (SPSS). First of all, numeric

values were analyzed for the presence of normal dis-

tribution. In cases of normal distribution, testing differ-

ences between patients and controls, one-way ANOVA

was used and values were stated as meanF S.D., or

data were log-transformed before testing. The signifi-

cance of differences concerning intervention in the

same group was evaluated by paired t-test. A P < 0.05

was considered significant for all tests.
3. Results

3.1. Characterization of subjects

The characteristics of the participants in this study

were summarized in Table 1. Compared with healthy

control subjects, the patients with coronary heart

disease were slightly older and had higher systolic

blood pressure on average, but this did not reach

statistical significance. Though dyslipidemia was

established risk factor for coronary heart disease, lipid

parameters were not significantly different between

patients and controls in this study, which was partly

due to exclusion of severe hyperlipidemia. Subjects in

those two groups were well matched.
Table 2

Effects of Ang II on the release of TNF-a in PBMC

TNF-a in

CHD group

(pg/ml, n= 16)

TNF-a in

control group

(pg/ml, n= 13)

P

Baseline 299.2F 110.7 179.3F 78.2 < 0.05

Ang II (10� 8 mol/l) 307.7F 141.8 225.3F 135.4 NS

Ang II (10� 7 mol/l) 318.9F 135.6 224.1F141.0 NS

Ang II (10� 6 mol/l) 328.6F 123.9 218.7F 134.8 < 0.05

Ang II: angiotensin II; TNF-a: tumor necrosis factor-a; PBMC:

peripheral blood mononuclear cells; CHD: coronary heart disease.
3.2. Effect of Ang II on the release of TNF-a in PBMC

Spontaneous release of TNF-a in PBMC from

CHD patients and control subjects was 299.2F
110.7, 179.3F 78.2 pg/ml, respectively. Stimulated

by Ang II (10� 8, 10� 7, 10� 6 mol/l), TNF-a secretion

slightly increased, but it did not reach statistic sig-

nificance (Table 2).

3.3. Effect of gemfibrozil on the release of TNF-a in

PBMC

Compared with that stimulated by Ang II (10� 6

mol/l) alone, release of TNF-a in PBMC both from

CHD patients and healthy controls decreased with

increased concentration of gemfibrozil. Gemfibrozil

(10� 5, 10� 4 mol/l) significantly inhibited TNF-a

secretion (P < 0.05). The effect of gemfibrozil was

dose-related (Table 3).
4. Discussion

A number of factors, including lipid accumulation

and local factors in the vascular wall, contribute to the

pathophysiology and development of atherosclerosis

[18]. Recently, it is postulated and emphasized that

inflammation is part of the process that leads to the

progression and rupture of atherosclerotic lesions. A

lot of studies have shown that the atherosclerotic

diseases have several features in common with inflam-

matory reactions [3]. A number of cytokines, including
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TNF-a, have been detected in human atherosclerotic

lesions. TNF-a is assumed to play an important role,

especially during the early phases. TNF-a is a potent

activator of endothelial adhesion molecule expression

[19], and is also known to activate SMC migration

and proliferation [20]. In addition, increased levels of

TNF-a have been detected in serum of hypercholes-

terolemic and CHD patients, compared with healthy

subjects. Persistent serum TNF-a elevation might be

found in CHD patients with adverse coronary out-

comes, cardiomyopathy, and advanced heart failure.

And those CHD patients with the highest levels of

TNF-a were found to have a three-fold increase in the

risk of recurrent MI or coronary death [4,9]. Up to

now, increased serum TNF-a concentration has been

considered as a characteristic feature of CHD and a

prediction factor for CHD outcomes. In the present

study, we found that the release of TNF-a in PBMC

from CHD patients was significantly higher than that

from healthy controls. And this may at least partially

explain that in vivo TNF-a level is higher in CHD

patients vs. healthy subjects.

The expression of TNF-a may be modulated by

several factors. TNF-a production was found to be

regulated by lifestyle such as obesity, weight loss, and

smoking [21]. Expression of TNF-a increased in cul-

tured, aortic SMCs grown in the presence of LDL.

Accumulation of LDL in the vascular wall in vivo also

resulted in the activation of TNF-a expression [8].

Oxidized LDL (ox-LDL) stimulates human monocytes

and macrophages to release TNF-a [22]. Some studies

showed that lipopolysaccharide (LPS) and Ang II

induces TNF-a biosynthesis and secretion [23,24]. It

is generally believed that Ang II provokes TNF-a

biosynthesis through a pathway that involves the

sequential activation of protein kinase C (PKC), fol-

lowed by activation of nuclear factor-kB (NF-nB). In
addition, previous study showed that activation of NF-

kB by Ang II in PBMC was due to activation of

monocytes and that Ang II did not stimulate NF-kB

activation in lymphocytes [25]; monocytes may play a

major role in regulating TNF-a secretion in PBMC

stimulated by Ang II. Since Ang II was involved in the

development of CHD [26], we used Ang II as stim-

ulation in the present study. However, we did not find

that Ang II induced the release of TNF-a in PBMC. In

accordance, Dorffel et al. [27] also found that Ang II

did not trigger TNF-a secretion in monocytes.
Interestingly, the present study has also demon-

strated that gemfibrozil reduced TNF-a secretion in

PBMC, either from CHD patients or from healthy

subjects. Gemfibrozil is one of fibrates, which are

peroxisome proliferator-activated receptor-a (PPAR-

a) activators. The PPAR family consists of three

proteins, PPAR a, h/D and g. Recent work from

several groups implicates PPAR-a and PPAR-g as

anti-inflammatory mediators in atherosclerosis-asso-

ciated cells [13,28–30], although PPAR-a and

PPAR-g activators exhibit some different function

[31,32]. Fibrates, as PPAR-a activators, negatively

interfere with NF-nB transcription activity [33,34].

While both gemfibrozil and Ang II may interfere

with NF-kB transcription, the present study showed

that the release of TNF-a in PBMC was reduced by

gemfibrozil but was not induced by Ang II. It is not

likely that gemfibrozil and Ang II share wholly the

same pathway in regulating TNF-a secretion. Cunard

et al. [35] supposed that PPAR-a activator modu-

lated inflammatory responses partly in a PPAR-a

independent manner, which provides a clue to do

further investigation.

Gemfibrozil along with other fibrates are initially

prescribed as lipid-lowing drugs. And some clinical

studies have affirmed that fibrates improve the cardi-

ovascular risk profile. Fibrate treatment decreased

incidence of cardiovascular events, such as MI, stroke,

and death [11–13,36]. The improvement of lipid

parameters, however, only partially explained the

observed benefits of gemfibrozil and other fibrates.

Recent data suggest that apart from their lipid-low-

ering effects, fibrates can act as anti-inflammatory

agents [12,13]. Potentially, reduced release of TNF-a

from PBMC due to gemfibrozil, as found in the present

study, may also account for part of such effects.

In the present study, we also demonstrated that the

effect of gemfibrozil on TNF-a secretion not only in

CHD patients, but also in healthy subjects. It is reason-

able to suppose that gemfibrozil may prevent inflam-

mation and this effectmay contribute to the benefit with

gemfibrozil in the primary prevention trials.
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