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Abstract Visfatin, a newly identified proinflammatory

adipokine, has been linked to coronary artery disease (CAD).

The -1535C[T polymorphism (rs61330082) located in the

visfatin gene promoter is reportedly associated with proin-

flammatory status. However, it is unclear whether this

polymorphism correlates with plasma levels of inflamma-

tory markers including visfatin, hs-CRP, IL-6 and TNF-a in

CAD patients. The present study was to investigate the

potential association of the -1535C[T polymorphism with

plasma levels of visfatin, IL-6, C reactive protein (hs-CRP)

and TNF-a in patients with CAD. We conducted a hospital

based study with 171 CAD patients to examine the associ-

ation between the -1535C[T polymorphism and plasma

levels of visfatin, hs-CRP, IL-6 and TNF-a. Plasma visfatin

levels were markedly different between patients with stable

angina pectoris (SAP, 11.91 ± 0.70 ng/l) and those with

unstable angina pectoris (UAP, 17.49 ± 0.20 ng/l) or acute

myocardial infarction (AMI, 16.63 ± 0.22 ng/l; SAP versus

UAP or AMI, P \ 0.05). Compared with the CC genotype,

variant genotypes CT and TT correlated with significantly

lower levels of visfatin, hs-CRP, IL-6 and TNF-a in the SAP

group (P \ 0.05), with lower levels of hs-CRP and IL-6 in

the UAP group (P \ 0.05), and with lower levels of visfatin

in the AMI group (P \ 0.05) after adjustment for age,

gender, smoking, hypertension, diabetes, dyslipidemia and

medication. Our results suggest that the -1535C[T poly-

morphism is associated with decreased plasma levels of

inflammatory markers in CAD patients, reflecting that this

polymorphism might provide a useful marker for predicting

the development of CAD events.
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Introduction

Coronary artery disease (CAD) is a major cause of mor-

tality worldwide [1]. Many studies have revealed the cen-

tral position of inflammation in the pathogenesis of

atherosclerosis, which is the main cause of CAD [2]. The

mechanisms of atheroma plaque instability are a new focus

of interest to understand the pathophysiology of develop-

ment of CAD [3]. Visfatin (also known as pre-B cell col-

ony enhancing factor), was originally cloned as a growth

factor that enhances differentiation of pre-B cells in syn-

ergy with interleukin 7 (IL-7) and stem cell factor [4].

Recent studies have reported that serum visfatin levels are

correlated with the serum levels of CRP, IL-6 and TNF-a,

indicating that circulating visfatin may reflect inflamma-

tory status [5, 6]. Visfatin has also been shown to poten-

tially play a role in plaque destabilization [7]. In addition,
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one recent study showed that visfatin might be an inde-

pendent risk factor for acute coronary syndrome (ACS) [8].

It has been reported that a visfatin promoter polymor-

phism is linked to acute and low-grade inflammation [9,

10]. The -1535C[T polymorphism (rs61330082), was

shown to be associated with the regulation of visfatin gene

expression and serum lipid level [10–12], although some

conflicting results were also reported [10, 11]. However,

our previous study demonstrated that this genetic variant is

associated with a decreased risk of CAD in a Chinese

population [13]. The aim of the present hospital-based

study was to investigate the potential association of the

-1535C[T polymorphism with plasma levels of visfatin,

IL-6, hs-CRP, and TNF-a in patients with CAD.

Materials and methods

Study population

From May 2008 to December 2008, the study enrolled

171 consecutive unrelated patients with CAD admitted to

the First Affiliated Hospital of Nanjing Medical Univer-

sity. The diagnosis of CAD was certified by coronary

angiography performed with the Judkins technique via a

quantitative coronary angiographic system [14]. CAD was

defined as luminal narrowing of more than 50% in one or

more main coronary arteries. Two cardiologists who

assessed the angiograms were blinded to the patients’

histories. Patients were divided into three subgroups: sta-

ble angina pectoris (SAP 41 patients), unstable angina

pectoris (UAP, 96 patients), and acute myocardial

infarction (AMI, 32 patients), which were defined as

previously described [15]. All subjects enrolled were of

Han Chinese origin and resided in or near Jiangsu Prov-

ince. Patients were excluded if they had a history of sig-

nificant concomitant diseases, including cardiomyopathy,

bleeding disorders, renal failure, previous thoracic irradi-

ation therapy, or malignant diseases. Hypertension was

defined as resting systolic blood pressure [140 mmHg

and/or diastolic blood pressure [90 mmHg or if the

patient was actively treated with antihypertensive agents.

Diabetes was defined as fasting blood glucose[7.0 mmol/

l or a diagnosis of diabetes needing diet or antidiabetic

drug therapy. Dyslipidemia was defined as total choles-

terol level of [5.72 mmol/l or if the patient was being

treated with cholesterol-lowering medication. Information

on smoking status (current smoker versus nonsmoker) was

obtained from a questionnaire. Individuals who formerly

or currently smoked C10 cigarettes per day for at least

2 years were defined as smokers. This study was approved

by the First Affiliated Hospital of Nanjing Medical

University Ethics Committee, and informed consent was

obtained from each participant.

DNA extraction and genotyping

Peripheral venous blood was drawn from each subject.

Genomic DNA was extracted with the AxyPrep DNA

Blood kit (Axygen Scientific Inc, Union City, CA, USA).

The -1535C[T (rs61330082) polymorphism was geno-

typed by the polymerase chain reaction–ligase detection

reaction (PCR–LDR) sequencing method, as reported pre-

viously [13]. Additionally, about 10% of the samples were

randomly selected and retested, and the results were 100%

concordant.

Laboratory measurements

A fasting venous blood was drawn from each subject and

anticoagulated with EDTA (dipotassium salt). Samples were

separated immediately after collection by centrifugation at

2,000 9 g for 15 min and stored at -70�C until analysis.

The plasma levels of total cholesterol (TC), triglyceride

(TG), high-density lipoprotein cholesterol (HDL-C), low-

density lipoprotein cholesterol (LDL-C), fasting blood glu-

cose, and high-sensitivity CRP (hs-CRP) were measured

asdescribed previously [16]. Plasma visfatin levels were

determined by ELISA method [Human visfatin ELISA

kit, Phoenix Pharmaceuticals, Belmont, CA, USA; sensi-

tivity (minimum detectable concentration), 2.30 ng/ml;

IntraCV \ 5% and InterCV \ 12%]. Plasma IL-6 levels

were measured by ELISA method (Human IL-6 ELISA

kit, R&D Systems Inc. Minneapolis, MN, USA; range, 4.7–

300 pg/ml; sensitivity \ 0.5 pg/ml). Plasma TNF-a levels

were assessed by ELISA method (Human TNF-a ELISA kit,

R&D Systems Inc.; range, 15.6–1000 pg/ml; sensitivity \
2 pg/ml). To eliminate inter-assay variability, all samples

were tested in a single assay.

Statistical analysis

Statistical analyses were carried out with Stata ver. 8.0

(STATA Corp., College Station, TX) and SPSS 13.0

(SPSS Inc., Chicago, IL). Non-normally distributed

variables were expressed as median (range), and normally

distributed variables were expressed as mean ± SEM as

appropriate. To normalize the skewed distributions, log-

transformations were applied when needed (hs-CRP,

TNF-a, IL-6 and visfatin). Normality was tested using

the Kolmogorov–Smirnov test. The Student’s t-test was

used to estimate the differences in continuous variables

without skew (presented as mean ± SEM). Differ-

ences in continuous variables departing from the normal

820 Mol Biol Rep (2011) 38:819–825

123



distribution even after transformation (presented as

median and interquartile range) were analyzed by Mann–

Whitney U-test. Pearson v2-test was used to compare

allele distribution and qualitative variables represented as

frequencies. Hardy–Weinberg equilibrium was assessed

by a v2 goodness-of-fit test. Pearson’s correlation was

performed to examine association of visfatin with

hs-CRP, TNF-a and IL-6. Multivariate analysis of vari-

ance (MANOVA) using general linear model was per-

formed to test correlations between variant genotypes and

plasma levels of hs-CRP, IL-6, TNF-alpha and visfatin

(log-transformation) after adjustment for age, sex, smok-

ing, hypertension, diabetes, dyslipidemia and medication.

A two-tailed P-value \0.05 was considered to be statis-

tically significant.

Results

Demographic information

The baseline characteristics of study subjects are shown in

Table 1. Patients with UAP (65 ± 1 year) were older than

those with SAP (61 ± 2 year). Patients with AMI had

higher TG and circulating inflammatory marker levels,

such as hs-CRP, TNF-a and IL-6 than those patients with

SAP and UAP. In particular, plasma visfatin levels were

markedly lower in patients in the SAP subgroup compared

with the levels in patients in the UAP and AMI subgroups

(SAP, 11.91 ± 0.70 ng/l; UAP, 17.49 ± 0.20 ng/l; AMI,

16.63 ± 0.22 ng/l, SAP versus UAP or AMI; P \ 0.05).

No significant differences were observed in gender, body

Table 1 Baseline clinical characteristics of study population

Variable Stable angina

pectoris (n = 41)

Unstable angina

pectoris (n = 96)

Acute myocardial

infarction (n = 32)

Age (years) 61 ± 2 65 ± 1* 64 ± 2

Men (%) 31 (75.6) 77 (80.2) 25 (78.1)

BMI (kg/m2) 24.8 ± 0.47 25.4 ± 1.13 25.5 ± 0.71

Hypertension (%) 18 (43.9) 33 (34.4) 19 (59.4)�

Diabetes mellitus (%) 6 (14.6) 20 (20.8) 7 (21.9)

Dyslipidemia (%) 14 (34.1) 31 (32.3) 9 (28.1)

Smoking (%) 10 (24.4) 35 (36.5) 10 (31.3)

b-Blocker use (%) 23 (56.1) 57 (59.4) 22 (68.8)

Ca-Blocker use (%) 21 (51.2) 52 (54.2) 20 (62.5)

Statin use (%) 24 (58.5) 59 (61.5) 18 (56.3)

ACEI or ARB use (%) 23 (56.1) 65 (67.7) 18 (56.3)

Nitrate use (%) 26 (63.4) 59 (61.5) 20 (62.5)

TC (mmol/l) 4.37 ± 0.17 4.33 ± 0.13 4.72 ± 0.29

TG (mmol/l) 1.62 ± 0.16 1.55 ± 0.07 2.06 ± 0.21*�

HDL (mmol/l) 1.21 ± 0.06 1.11 ± 0.04 1.05 ± 0.05

LDL (mmol/l) 2.96 ± 0.17 2.71 ± 0.08 2.63 ± 0.16

Glucose (mmol/l) 5.27 ± 0.24 6.01 ± 0.39 5.73 ± 0.28

hs-CRP (mg/l)a 3.33 ± 0.72 6.23 ± 0.97* 11.31 ± 3.32**�

IL-6 (pg/l)a 9.55 ± 1.38 11.54 ± 0.90* 15.64 ± 1.67**��

TNF-alpha (mg/l)a 21.92 ± 1.47 26.03 ± 1.12 36.07 ± 2.86**��

Visfatin (ng/l)a 11.91 ± 0.70 17.49 ± 0.20** 16.63 ± 0.22**

Visfatin genotype

CC 13 (31.7) 33 (34.4) 19 (59.4)*�

CT 16 (39.0) 47 (49.0) 9 (28.1)

TT 12 (29.3) 16 (16.7) 4 (12.5)

Age and BMI are expressed as means ± SEM and were compared using Student’s t-test. Other data are expressed as frequencies and percentages

and were compared using v2-test

ACEI angiotensin converting enzyme inhibitor, ARB angiotensin receptor blocker, BMI body mass index, hs-CRP high-sensitivity C-reactive

protein, HDL high density lipoprotein, LDL low density lipoprotein, TC total cholesterol, TG triglycerides
* P \ 0.05, ** P \ 0.01 for AMI and UAP versus SAP
� P \ 0.05, �� P \ 0.01 for AMI versus UAP
a Tested after log-transformation
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mass index (BMI), hypertension, diabetes mellitus, TC,

HDL-C, LDL-C, or smoking status among the three sub-

groups. In addition, no differences were evident among the

three subgroups regarding use of medications, including

beta-blockers, calcium channel blockers, statins, angio-

tensin converting enzyme inhibitors, and angiotensin

receptor blockers.

Distribution of the visfatin genotype

The genotype distribution in our study subjects showed no

deviation from Hardy–Weinberg equilibrium (P [ 0.05).

The distribution of the CC genotype among patients with

AMI was significantly different than that in the SAP and

UAP subgroups (AMI, 59.4%; SAP, 31.7%; UAP, 33.4%;

AMI and UAP versus SAP, P \ 0.05; AMI versus UAP,

P \ 0.05) as shown in Table 1.

Association of visfatin with hs-CRP, TNF-a, and IL-6

Plasma visfatin level was positively correlated with plasma

levels of hs-CRP (r = 0.663, P \ 0.001), IL-6 (r = 0.410,

P = 0.008), and TNF-a (r = 0.279, P = 0.077) in the SAP

subgroup (Fig. 1). However, no significant correlation

between plasma visfatin concentration and plasma levels of

hs-CRP, IL-6 or TNF-a was found in the UAP and AMI

subgroups (data not shown).

Association of the -1535C[T polymorphism

with plasma levels of inflammatory markers

Figure 2 presents the association of the -1535C[T variant

with the concentrations of visfatin, hs-CRP, IL-6, and

TNF-a. Compared to the CC genotype, variant genotypes

CT and TT were independently correlated with lower

levels of visfatin, hs-CRP, IL-6, and TNF-a in the SAP

subgroup (P \ 0.05), but only with levels of hs-CRP and

IL-6 in the UAP subgroup (P \ 0.05), and only with

visfatin in the AMI subgroup (P \ 0.05).

Discussion

In the present study, we analyzed the association between

the -1535C[T polymorphism and plasma levels of

inflammatory mediators, including visfatin, hs-CRP, IL-6

and TNF-a in patients with CAD. According to our data,

the -1535 C to T variant was associated with reduced

plasma levels of visfatin, hs-CRP, IL-6 and TNF-a in

subgroups of SAP, UAP and AMI in a Chinese population.
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Fig. 1 Correlation of visfatin with hs-CRP, TNF-a and IL-6 in SAP

subgroup. Pearson’s correlation was performed to examine associa-

tion of visfatin with hs-CRP, TNF-a and IL-6 after log-

transformations
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In addition, plasma levels of visfatin, hs-CRP and IL-6

were significantly elevated in the UAP and AMI subgroups

compared with those in the SAP subgroup (P \ 0.05).

Mounting evidence shows that CAD and ACS are dis-

eases with multifactorial causes. Recent studies revealed

that proinflammatory cytokines and genetic factors con-

tribute to the development of CAD and ACS [17–19].

Markedly increased concentrations of hs-CRP and IL-6 are

also found in patients with ACS [20]. These results support

the hypothesis that proinflammatory cytokines might not

only play key roles in the development of CAD, but also

might provide useful markers for predicting the develop-

ment of CAD events.

Visfatin, a 52-kDa protein, appears to be predominantly

produced by the visceral adipose tissue and seems to have

insulin-like actions [21]. Visfatin expression was upregu-

lated in amniotic epithelial cells by cytokines including

IL-1b, TNF-a and IL-6 [22]. Conversely, recombinant

visfatin increases the expression of IL-6 and IL-8, sug-

gesting a complex interaction between visfatin and other

inflammatory cytokines [23]. We found a significantly

positive correlation between plasma concentrations of

visfatin and hs-CRP (r = 0.663, P \ 0.001) and IL-6

(r = 0.410, P = 0.008) in the SAP subgroup. Although not

significant, we also observed a trend for an association

between plasma levels of visfatin and TNF-a (r = 0.279,

P = 0.077) in the SAP subgroup. These findings indicate

that visfatin might be associated with proinflammatory

response. However, there were no significant correlations

between plasma levels of visfatin and hs-CRP, IL-6 and

TNF-a in the subgroups of UAP and AMI (data not shown).

The precise reason for that is yet to be known.

Visfatin also induces endothelial vascular endothelial

growth factor (VEGF) and matrix metalloproteinase

(MMP) production and activity [24], suggesting that it has

a vital role in the pathogenesis of vascular inflammation.

Moreover, visfatin also has been shown to be localized to

foam cell macrophages within unstable atherosclerotic

lesions [7]. Liu et al. [8] also reported that plasma visfatin

levels were significantly correlated with CAD independent

of other traditional CAD risk factors. Thereby, visfatin

could potentially play a role in plaque destabilization,

which is the most frequent cause of ACS from a pathologic

and angioscopic perspective [25, 26]. In our study, plasma

visfatin levels were markedly different between patients

with SAP and patients with UAP or AMI, demonstrating

that visfatin potentially plays an important role in the

development of CAD.

It has been universally accepted that ACS, including

UAP and AMI, could cause much more serious cardiac

events than SAP. In the present study, the distribution of

the -1535C[T genotype was significantly different among

the three subgroups. Genotypes with variants CT and TT

were less frequent in the UAP and AMI groups compared

to the SAP group. It is possible that the T variant might

present a protective effect, whereas the C allele might

increase risk with respect to severity of CAD. This result is

consistent with that of our previous study [13].

It has been reported that circulating inflammatory

mediator levels are substantially influenced by environ-

mental and genetic factors [27]. In addition, investigators

have suggested that inflammatory genetic polymorphisms

also contribute to the variation in plasma levels of

inflammatory markers such as hs-CRP, IL-6 and TNF-a in

patients with CAD [19, 28]. We also noted that variant

genotypes CT and TT were more significantly correlated
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Fig. 2 Levels of hs-CRP, IL-6, TNF-alpha and visfatin in SAP (a),

UAP (b) and AMI (c) according to visfatin genotypes. Data are

presented as means ± SEM. Multivariate analysis of variance

(MANOVA) using general linear model was performed to test

correlations between variant genotypes and plasma levels of hs-CRP,

IL-6, TNF-alpha and visfatin (log-transformation) after adjustment

for age, sex, smoking, hypertension, diabetes, dyslipidemia and

medication (* P \ 0.05, ** P \ 0.01 for CT?TT versus CC)

Mol Biol Rep (2011) 38:819–825 823

123



with lower levels of visfatin in SAP and AMI subgroups

(P \ 0.05) than CC genotype after adjustment for con-

founding factors including age, gender, BMI, smoking,

hypertension, diabetes, dyslipidemia, and medication

usage. The fact that patients with genotypes CT and TT had

significantly lower plasma visfatin levels in the SAP and

AMI subgroups, probably results from this variant having

lower transcriptional activity. Ye et al. [10] showed that the

T variant in the T-1535C SNP (described as C-1543T in

their study) resulted in nearly a twofold decrease in the

reporter gene expression and transcription of visfatin was

decreased in patients with the T variant. Therefore, the T

allele might have lower levels of visfatin gene transcription

and enzymatic activity than C allele. Furthermore, Liu

et al. [29] also confirmed that, compared to the C allele, the

T allele significantly attenuated its binding to an IL-1b
induced unknown transcription factor in pulmonary vas-

cular endothelial cells, which might reduce expression of

PBEF. In contrast, study by Tokunaga et al. [11] suggested

that this variation might be not functional. This discrep-

ancy maybe accounted for by differences in experimental

conditions, ethnicity and geography. However, the reason

for the lack of association between the -1535C[T poly-

morphism and plasma visfatin level in the UAP subgroup

might be the relatively small number of patients. Addi-

tional studies are needed to clarify the relationship.

In this study, we also observed a significant relation

between the -1535C[T variant and decreased plasma

levels of hs-CRP, IL-6 and TNF-a in the subgroups of SAP

and UAP. It is possible that this functional variant produces

lower expression of plasma visfatin levels. Accordingly,

these lower concentrations might down-regulate the

expression of hs-CRP, IL-6, and TNF-a [6, 22, 23]. Any-

way, this hypothesis needs to be verified with further

investigation.

This study has several limitations. First, the relatively

small sample size may underpower the results of our study.

Second, selection bias in the present study is likely to affect

our results. Third, to evaluate the association between the

polymorphism and the CAD prognosis, it is preferable to

conduct a prospective study to justify this result. Four, the

present study lack the direct biochemical evidence indi-

cating whether the variation could be functional or not.

Finally, our study was performed in a Chinese population.

Data should be extrapolated to other regions and ethnic

groups cautiously. However, these limitations do not

detract from the main conclusions.

To the best of our knowledge, this study demonstrates

for the first time that the -1535C[T polymorphism cor-

relates with reduced plasma levels of inflammatory mark-

ers, including visfatin in CAD patients. To enhance

understanding of the relationship between this polymor-

phism and plasma levels of visfatin, hs-CRP, IL-6 and

TNF-a in CAD patients, additional large scale studies are

required in other populations.
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