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Atherosclerosis is a chronic inflammatory disorder. Macrophage migration inhibitory factor (MIF) is a
potent cytokine that plays an important role in the regulation of immune responses. Polymorphisms
including five- to eight-repeat CATT variants ((CATT)5–8) and G-173C in the promoter region of the MIF
gene are associated with altered levels of MIF gene transcription. The purpose of the study is to investi-
gate the relationship between promoter polymorphisms of the MIF gene and the severity of carotid artery
atherosclerosis (CAA). The severity of CAA was assessed in 593 individuals with a history of ischemic
stroke by using sonographic examination, and the MIF promoter polymorphisms of these individuals
were genotyped. The carriage of (CATT)7 (compared to genotypes composed of (CATT)5, (CATT)6, or both),
carriage of C allele (compared to GG), and carriage of the haplotype (CATT)7-C (compared to genotypes
composed of (CATT)5-G, (CATT)6-G, or both) were significantly associated with an increase in the severity
of CAA. We conclude that polymorphisms in the MIF gene promoter are associated with CAA severity in
ischemic stroke patients. These genetic variants may serve as markers for individual susceptibility to
CAA.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

Atherosclerosis is a chronic inflammatory disorder [1]. Endothe-
lial damage caused by vascular risk factors triggers a series of cel-
lular responses which, coupled with the actions of chemical
mediators such as cytokines, can lead to the development of ath-
erosclerotic lesions. Epidemiological studies have found a link be-
tween inflammation, or immune response, and atherosclerosis.
Chronic bacterial infection, particularly with Chlamydia pneumo-
niae or Helicobacter pylori, has been found to be significantly asso-
ciated with the development of atherosclerosis [2], unstable angina
[3], myocardial infarction [4] and stroke [5,6]. Systemic autoim-
mune diseases are associated with a significant increase in the risk
of cardiovascular disease that cannot be explained solely by tradi-
tional risk factors [7,8]. Therefore, investigating the factors govern-
ing the responsiveness of the immune system could be a new
strategy for identifying innate risk factors for atherosclerosis.

Macrophage migration inhibitory factor (MIF) is a cytokine that
was originally isolated from T lymphocytes and identified as an
inhibitor of the random migration of macrophages [9]. The secre-
tion of MIF from inflammatory cells can be induced by exposure
to oxidized low-density lipoprotein [10] or other cytokines, such
ll rights reserved.
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as tumor necrosis factor-a and interleukin-c [11]. MIF has been
shown to play a pivotal role in the regulation of both the innate
and adaptive immune responses [12]. In addition to macrophages
and lymphocytes [13], MIF is also constitutively expressed by
smooth muscle cells [14] and endothelial cells [15] in normal blood
vessels.

The MIF gene, located at chromosome 22q 11.2, is a small gene
consisting of three exons that are 205, 173, and 183 base pairs in
length (UCSC Genome Browser, http://genome.ucsc.edu/cgi-bin/
hgGateway). The MIF promoter contains a CATT short tandem re-
peat (STR) at position �794. This repeat is polymorphic and can
contain five- to eight-repeat variants ((CATT)5–8). A higher repeat
number is associated with an increase in basal and stimulus-in-
duced MIF gene expression [16]. In addition, the 50-flanking region
has a single nucleotide polymorphism (SNP), G-173C (rs755622).
The functional significance of this polymorphism has been con-
firmed using transient transfections in the T lymphoblast cell line,
in which the �173C transfected cells had a significant increase in
MIF expression [17].

Given the role of MIF as a crucial mediator of host immune re-
sponses, genetic factors governing its expression could contribute
to individual susceptibility to inflammatory disease and athero-
sclerosis. The purpose of this study was to investigate the relation-
ship between polymorphisms in the MIF gene and the severity of
carotid artery atherosclerosis (CAA) in a cohort of Taiwanese pa-
tients with ischemic stroke.

http://genome.ucsc.edu/cgi-bin/hgGateway
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2. Material and methods

The study protocol was approved by the Institutional Review
Board of Chang Gung Memorial Hospital (No. 97-0443B). Informed
consent was obtained from all participants.

2.1. Study population

This study included 593 consecutive patients admitted to the
Department of Neurology at the Chang Gung Memorial Hospital,
Kaohsiung, following ischemic stroke (acute neurological
symptoms with corresponding acute ischemic lesions on diffu-
sion-weighted brain MR images) or a transient ischemic attack.
Demographic and clinical data about vascular risk factors including
age, gender, status of cigarette smoking, hypertension, diabetes
mellitus, and cardiac disease (coronary artery disease, arrhythmia,
valvular heart disease, or congestive heart failure) were obtained.
Patients’ body weight and height were measured upon admission,
and the body mass index was calculated. The levels of total choles-
terol, high-density lipoprotein cholesterol (HDL-C), and triglycer-
ides in the blood were measured within 24 h of admission, with
the subjects in a fasting state. The blood level of low-density lipo-
protein cholesterol (LDL-C) was calculated using the Friedewald
equation [18].

2.2. Sonographic study of the carotid arteries

A real-time B-mode sonographic examination was performed to
assess plaques in the carotid arteries. A plaque was defined as an
area of focal wall thickening P 0.13 cm. The number of plaques
and extent of lumen diameter reduction in the segments of the
common carotid artery, the carotid bulb and the internal carotid
artery were recorded. The severity of the plaques in each segment
was evaluated using grading criteria proposed by Sutton-Tyrrell
et al. [19]: grade 0, no plaque; grade 1, one small plaque (thickness
<30% lumen diameter); grade 2, one medium plaque (30–50% ves-
sel diameter) or multiple small plaques; grade 3, one large plaque
(>50% vessel diameter) or multiple plaques with at least one med-
ium plaque; and grade 4, complete occlusion. The severity of ath-
erosclerotic plaques in the carotid arteries in an individual was
represented by a plaque score that was the sum of grades in the
six (three on each side) arterial segments.

2.3. Genetic study

Genomic DNA was extracted from peripheral blood leukocytes
using commercial kits (QIAamp DNA Blood Mini Kit, QIAGEN).
Table 1
Demographic and clinical characteristics in the study population.

All Subjects Carotid Arte

Mild

Case number 593 167
Age (years) 65.3 ± 11.1 59.3 ± 11.5
Male gender (%) 62.7 63.5
Diabetes mellitus (%) 41.8 31.1
Hypertension (%) 71.8 63.5
Cardiac disease (%) 23.4 19.2
Cigarette smoker (%) 31.0 34.7
Body mass index (kg/m2) 24.8 ± 3.4 25.3 ± 3.5
HDL-cholesterol (mg/dl) 40.2 ± 10.8 41.0 ± 11.3
LDL-cholesterol (mg/dl) 129 ± 36 123 ± 33

Continuous variable expressed as the mean ± standard deviation.
a Comparisons among the three groups of different severity of carotid artery atherosc
Genotyping for the CATT STR was carried out as described
previously [17]. SNP G-173C was genotyped with the AB 7500
Real-Time PCR System using the TaqMan� assay following the
manufacturer’s conditions (Applied Biosystems, Foster City, CA,
USA). Samples with ambiguous genotypes that were not separated
by discrete clusters were re-genotyped.
2.4. Statistical analysis

Subjects in the study population were classified into three
groups: mild (plaque score = 0 or 1; N = 167, 28.2%), moderate (pla-
que score = 2–4; N = 212, 35.8%), or severe CAA (plaque score = 5 or
higher; N = 214, 36.0%).

Genotype distribution was tested for the Hardy–Weinberg equi-
librium. The PHASE program was implemented to reconstruct the
haplotypes of the two polymorphisms [20]. Linkage disequilibrium
between the two polymorphisms was determined using EH Plus
software [21]. Univariate analysis was performed using the chi-
square test to compare allele, genotype and haplotype distribu-
tions in subjects with mild, moderate or severe CAA. Genotype
(or haplotype)-related risks were tested assuming a dominant rela-
tionship between the risk allele (or haplotype) and CAA severity
(i.e., ‘‘carriage of the risk-conferring allele (or haplotype)’’ vs.
‘‘homozygous for the reference allele (or haplotype)’’). Multinomial
logistic regression, adjusted for age, gender, diabetes, hyperten-
sion, cardiac disease, cigarette smoking, body mass index, and
HDL-C and LDL-C levels, was used to calculate the odds ratios
(ORs) and 95% confidence intervals (CIs) of the likelihood of either
moderate or severe CAA relative to mild CAA for the risk-conferring
genetic variant. A p-value < 0.05 was considered to be statistically-
significant. All data were analyzed with SPSS version 12.0 software
(Chicago, IL, USA).
3. Results

The demographic and clinical characteristics of the study popu-
lation are shown in Table 1. The allele, genotype and reconstructed
haplotype distributions of MIF polymorphisms are presented in Ta-
ble 2. The most frequent CATT STR allele was (CATT)6 (47%),
whereas (CATT)8 was rare and only detected in three cases
(0.3%). The frequencies of the G and C allele of the G-173C SNP
were 81.5% and 18.5%, respectively. Genotype frequencies of the
two polymorphisms were in good agreement with the Hardy–
Weinberg equilibrium at both loci (p > 0.05, chi-square test). The
two polymorphisms were in significant linkage disequilibrium,
with the �173C allele strongly associated with (CATT)7

(p < 0.00001). The three most common haplotypes, (CATT)5-G,
ry Atherosclerosis pa

Moderate Severe

212 214
66.1 ± 10.0 69.0 ± 9.9 <0.001
60.4 64.5 0.662
48.1 43.9 0.003
72.2 78.0 0.007
19.8 30.4 0.011
27.4 31.8 0.292
24.6 ± 3.4 24.5 ± 3.2 0.037
40.6 ± 11.3 39.2 ± 9.9 0.227
128 ± 36 133 ± 38 0.018

lerosis.



Table 2
Distributions of alleles, genotypes and haplotypes of the polymorphisms with respect
to the severity of carotid artery atherosclerosis (n = 593).

All Subjects Carotid artery atherosclerosis pa

Mild Moderate Severe

(CATT)n
5 436 122 (28.0)b 161 (36.9) 153 (35.1) 0.017
6 558 177 (31.7) 191 (34.2) 190 (34.1) 0.003c

7 189 35 (18.5) 70 (37.0) 84 (44.5)
8 3 0 (0) 2 (66.7) 1 (33.3)
5/5 83 28 (33.7) 30 (36.2) 25 (30.1) 0.032
5/6 202 58 (28.7) 76 (37.6) 68 (33.7) 0.001d

6/6 134 49 (36.6) 42 (31.3) 43 (32.1)
5/7 67 8 (12.0) 25 (37.3) 34 (50.7)
6/7 86 21 (24.4) 29 (33.7) 36 (41.9)
7/7 18 3 (16.7) 8 (44.4) 7 (38.9)
5/8 1 0 (0) 0 (0) 1 (100)
6/8 2 0 (0) 2 (100) 0 (0)
G-173C
G 966 287 (29.7) 343 (35.5) 336 (34.8) 0.031
C 220 47 (21.4) 81 (36.8) 92 (41.8)
GG 395 124 (31.4) 140 (35.4) 131 (33.2) 0.013
GC 176 39 (22.2) 63 (35.8) 74 (42.0) 0.027e

CC 22 4 (18.2) 9 (40.9) 9 (40.9)
Haplotype, (CATT)n-G/C
(CATT)5-G 436 122 (28.0) 161 (36.9) 153 (35.1) 0.031
(CATT)6-G 529 165 (31.2) 182 (34.4) 182 (34.4) 0.003f

(CATT)7-C 189 35 (18.5) 70 (37.0) 84 (44.5)
(CATT)6-C 29 12 (41.4) 9 (31.0) 8 (27.6)
(CATT)8-C 3 0 (0) 2 (66.7) 1 (33.3)

a Comparisons among the three groups of different severity of carotid artery
atherosclerosis.

b Number (% in this allele or genotype groups).
c (CATT)7 compared with (CATT)5–6 (i.e., (CATT)5 and (CATT)6).
d Carriage of (CATT)7 compared with (CATT)5–6 homozygote (i.e., (CATT)5/(CATT)5,

(CATT)5/(CATT)6, and (CATT)6/(CATT)6).
e Carriage of C compared with GG.
f Carriage of (CATT)7-C compared with (CATT)5–6-G homozygote (i.e., (CATT)5-G/

(CATT)5-G, (CATT)5-G/(CATT)6-G, and (CATT)6-G/(CATT)6-G); (CATT)6-C or (CATT)8-
C were not included in the analysis.
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(CATT)6-G, and (CATT)7-C, accounted for 97.3% of the estimated
haplotypes. The three haplotypes (CATT)5-C, (CATT)7-G and
(CATT)8-G were absent in the study population.

Significant differences in allele and genotype frequencies for the
CATT STR and G-173C were observed in the three groups of pa-
tients with different CAA severities (Table 2). For further analyses
related to the CATT STR, a composite allele of the 5 or 6-repeat var-
iant, (CATT)5–6, was used because of similar distributions of the
two alleles with regard to the severity of CAA (p = 0.423), and
(CATT)8 was not included because of its low frequency in the study
population. When compared with the (CATT)5–6 homozygote (i.e.,
(CATT)5/(CATT)5, (CATT)5/(CATT)6, and (CATT)6/(CATT)6), the car-
riage of 7-repeat variant [i.e., (CATT)5/(CATT)7, (CATT)6/(CATT)7,
and (CATT)7/(CATT)7] was associated with an increase in the sever-
ity of CAA (p = 0.001). For G-173C, there was a positive association
between the carriage of the C allele (combined GC and CC geno-
Table 3
Association analyses between genotypes and haplotypes of the polymorphisms and sever

Carotid atherosclerosis Moderate vs. mild

(N = 590)a (CATT)7 Positive (CATT)5-6 Homozygote
Adjusted ORb (95% CI) 1.94 (1.15–3.27) 1
(N = 593) CC + GC GG
Adjusted OR (95% CI) 1.60 (1.00–2.60) 1
(N = 561)c (CATT)7-C Positive (CATT)5–6-G Homozygote
Adjusted OR (95% CI) 1.90 (1.12–3.25) 1

Abbreviations: OR, odds ratio; CI, confidence interval.
a Cases carrying (CATT)8 not included.
b Adjusted for age, sex, diabetes mellitus, hypertension, cardiac disease, cigarette sm

lipoprotein cholesterol levels.
c Cases carrying (CATT)6-C and (CATT)8-C not included.
types compared with GG) and an increase in the severity of CAA
(p = 0.027). Multinomial logistic regression revealed that, com-
pared to the (CATT)5–6 homozygote, the carriage of (CATT)7 was
significantly associated with moderate (adjusted OR 1.94, 95% CI
1.15–3.27, p = 0.012) and severe CAA (adjusted OR 2.75, 95% CI
1.62–4.69, p < 0.001) (Table 3). The carriage of the C allele of the
G-173C SNP was significantly associated with severe CAA when
compared with the GG homozygote (adjusted OR 2.03, 95% CI
1.24–3.33, p = 0.005).

In order to evaluate the risk of haplotype-related CAA, the cases
were classified into two groups according to the carriage of the
haplotype (CATT)7-C (N = 561, accounting for 94.6% cases of the
study population; those carrying the haplotypes (CATT)6-C or
(CATT)8-C were not included for analysis due to their low frequen-
cies). The carriage of (CATT)7-C (i.e., (CATT)5-G/(CATT)7-C, (CATT)6-
G/(CATT)7-C, and (CATT)7-C/(CATT)7-C), when compared with the
(CATT) 5–6-G homozygote (i.e., (CATT)5-G/(CATT)5-G, (CATT)5-G/
(CATT)6-G, and (CATT)6-G/(CATT)6-G), was associated with an in-
creased severity of CAA (p = 0.003) (Table 2). Multinomial logistic
regression revealed that the carriage of (CATT)7-C independently
increased the probability of either moderate (adjusted OR 1.90,
95% CI 1.12–3.25, p = 0.018) or severe CAA (adjusted OR 2.55,
95% CI 1.48–4.41, p = 0.001) (Table 3).
4. Discussion

In this candidate gene association study, we used the presence
of atherosclerotic plaques as the phenotype of CAA. Although inti-
ma-media thickness is more frequently used as a surrogate marker
for atherosclerosis, it is a heterogeneous entity and in part reflects
non-atherosclerotic reactions associated with the local modifica-
tion of flow and mural tension [22]. Moreover, plaques in the car-
otid arteries are generally considered to be a marker better than
intima-media thickness in predicting future cardiovascular syn-
dromes [23,24]. In addition, the high prevalence of carotid plaques
in our study population, coupled with the grading of CAA severity
using a scoring system, also helped to increase the statistical power
of this study.

In the present study, we demonstrated that the genetic variants
of MIF, including the 7-repeat variant of the CATT STR, the C allele
of the G-173C SNP, and the haplotype composed of the two alleles,
are associated with an increase in the severity of carotid plaques in
patients with ischemic stroke. MIF has been shown to participate
in critical steps of the development of atherosclerotic lesions,
including promoting leukocyte adhesion and infiltration [25], up-
take of oxidized low-density lipoprotein [26], cytokine secretion
[11], the expression of matrix metalloproteinases [27], T cell acti-
vation, [12] and the migration of vascular smooth muscle cells
[28]. The expression of MIF in the lesions is up-regulated along
with the progression of atherosclerosis [10]. Blockage of MIF
activity leads to the regression of atherosclerotic plaques and the
ity of carotid artery atherosclerosis.

Severe vs. mild

p (CATT)7 Positive (CATT)5-6 Homozygote p
0.012 2.75 (1.62–4.69) 1 <0.001
p CC + GC GG p
0.050 2.03 (1.24–3.33) 1 0.005
p (CATT)7-C Positive (CATT)5–6-G Homozygote p
0.018 2.55 (1.48–4.41) 1 0.001

oking, body mass index, and high-density lipoprotein cholesterol and low-density
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attenuation of the inflammatory response in the lesion [29]. In
addition, the MIF gene polymorphisms tested in the current study
have been recognized to be functional in transcriptional activities
[16,17]. The basal serum levels of MIF are higher in carriers of
the C allele of the G-173C polymorphism, 7-repeat allele of the
CATT STR and a haplotype composed of these two alleles [17,30].
Taken together, our findings indicate that an increase in MIF
expression governed by the genetic variants in the MIF gene pro-
moter may stimulate the development of CAA.

Data on genetic variants of the MIF gene in relation to cardio-
vascular disorders are still limited. Previous studies have shown
that �173C is associated with an increased risk for coronary heart
disease in a Chinese population [31] and in females in a German
population [32], but not for myocardial infarction in Russian and
Czech populations [33]. A study on proinflammatory gene profiles
in stroke patients showed that G-173C was not associated with a
history of ischemic stroke [34]. Apart from the diversity in ethnic
groups and study designs, one important reason for the discrep-
ancy of these study results could be a difference in atherosclerosis
phenotypes in each study. To our knowledge, the present study is
the first to investigate the association between genetic variants of
MIF and CAA. As an ‘‘intermediate phenotype’’ for cardiovascular
disorders, carotid plaques could be more powerful than disease
outcome (e.g., stroke) for detecting the association with genetic
factors by avoiding the incomplete penetrance that may occur in
case-control studies.

Some limitations in this study should be noted. First, the study
was conducted on stroke patients. Our findings still need to be con-
firmed in the general population and in other atherosclerosis-
prone conditions. Second, this is a cross-sectional study. The causal
role of the MIF genepolymorphisms for CAA would be better clar-
ified by a longitudinal investigation. For the same reason, the state
of glycemic and blood pressure control, which may strongly affect
the development of carotid atherosclerosis, was not adjusted in the
statistical analysis. Third, plasma levels of MIF were not measured
in the study subjects. These data would be informative for the
physiological relevance of the tested polymorphisms.

In conclusion, we demonstrated that polymorphisms in the MIF
gene promoter are associated with CAA severity in ischemic stroke
patients. These genetic variants may serve as markers for an indi-
vidual’s susceptibility to CAA. Given the biological plausibility that
inflammation is relevant to atherosclerosis, our findings suggest
that use of polymorphisms of pro-inflammatory genes as potential
biomarkers for the risk of atherosclerosis might merit further
investigation.
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