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Summary

Functional C(-260)—T polymorphism in the promoter of the CD14 gene has been reported to be associated with
coronary heart disease (CHD). The functional role of the polymorphism, however, is still a matter of debate, since
several studies have not proved its effect on clinical outcomes associated with atherosclerosis. Cardiovascular-related
morbidity and mortality was assessed in a post-hoc approach four years after baseline characterization of patients
(male/female n = 36/32) with angiographically proven coronary heart disease. CD14 C(-260)—T promoter genotype
was determined at baseline. Seventeen out of 20 CHD patients with non-lethal cardiovascular events carried at least one
T-allele. CD14 T-260 allele carriers have a 3.59-fold (95 % confidence interval: 1.11-6.75) increased risk for non-lethal
cardiovascular events (Kaplan-Meier plot: log rank test p = 0.029). All patients with lethal outcomes (n = 6) were also
T-allele carriers. Multivariate logistic regression analysis among CHD patients including age, established risk factors
and the C(-260)—T polymorphism as covariates and non-lethal events as a dependent variable confirmed the
independent prospective effect of the T-allele on cardiovascular outcomes in this subset. Further evidence is provided
for the role of CD14 C(-260)—T promoter polymorphism as a genetic susceptibility marker of atherosclerosis in
patients with an advanced clinical course of the disease. Due to the small sample size and post-hoc character of the
study large-scale prospective studies that monitor patients with proven CHD are needed to confirm these findings.
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Introduction myocardial infarction (Hubagek et al. 1999, Unkelbach et
al. 1999, Shimada er al. 2000, Hohda et al. 2003,

The T allele at position -260 (sometimes referred ~ Morange et al. 2005). This epidemiological evidence was

to as position -159 according to the transcription starting  further substantiated at the molecular level. Promoters
site) of the CDI14 lipopolysaccharide receptor gene  containing the CD14/-260T sequence show an increase in
(CD14) has recently been proposed as a risk factor for  activity, which is paralleled by a decreased affinity
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between the Spl, 2, and 3 proteins and the polymorphic
GC box (LeVan et al. 2001). Increased promoter activity
is accompanied by a higher surface expression of CD14
on primary monocytes in T/T homozygotes (Hubacek et
al. 1999, Eng et al. 2004). The most important CD14
signaling co-receptor is the toll-like receptor 4 (TLR4),
which activates, among others, the nuclear factor kB
(NF-kB) inflammatory pathway. Besides its role in innate
immunity and host defense, the proinflammatory
expressed upon TLR4/NF-xkB pathway
activation exert proatherogenic effects (Kiechl er al

cytokines

2003). In addition, highest binding of enzymatically
degraded low density lipoproteins is achieved by a subset
of monocytes with high CD16 and high CD14 expression
(Kapinsky et al. 2001). Homozygous carriers of the
T allele have a significant increase in serum levels of
sCD14 and a concomitant decrease in total serum IgE
(Baldini et al. 1999), suggesting that CD14 may also play
a role in the regulation of IgE synthesis and IgE-mediated
diseases such as allergy and asthma. Recently, there have
been several reports that associated CD14 C(-260)—>T
promoter polymorphism to a variety of other diseases that
possess an immunopathogenic component (Shih et al.
2005, Chao et al. 2005, Meiler et al. 2005). Inconsistent
results were also published about the association between
this variant and plasma cholesterol levels (Eilertsen et al.
2003, Hubacek et al. 2004).

However, several reports have not supported the
association  between  this  polymorphism  and
cardiovascular events (Nauck et al. 2002, Koch et al.
2002, Longobardo et al. 2003). Only a few prospective
studies have been published, but these are also
conflicting. Morange et al. (2004) did not find any
association between the CDI14 C(-260)—T promoter
polymorphism and coronary heart disease (CHD) events,
while Elghannam et al. (2000) observed a higher
incidence of new coronary occlusions in the C/C
genotype group. Shimada et al. (2004) observed a higher
rate of in-stent restenosis in patients with T/T genotype.

Recently, the HIFMECH study revealed that the
T/T genotype was associated with higher interleukin-6
levels in CHD patients but not in controls (Morange ef al.
2005). It was postulated that a pronounced inflammatory
situation as seen in CHD patients is necessary for
demonstrating a phenotypic effect of polymorphism.

In order to obtain further evidence on the role of
this putative CHD risk marker, we re-evaluated a set of
patients with CHD four years after baseline
characterization and assessed the effect of the CD14 C(-

260)—>T promoter polymorphism on cardiovascular
events recorded over this period.

Materials and Methods

Subjects

CHD patients were defined as individuals with a
significant stenosis of > 50 % of at least one main branch
of the coronary arteries. The underlying coronary
angiography was performed no longer than two years
with
malignancies, renal, hepatic or thyroid diseases or those

before baseline. Current smokers, subjects
treated with immunosuppressive or cytotoxic drugs were
excluded. The participants were recruited during an eight-
month period. All individuals were Caucasians living in
City of Magdeburg. All

characteristics of the cohort were reported when the study

or near the baseline
was launched (Porsch-Oezcueruemez et al. 1999).

Out of 69 patients initially recruited, 68 patients
(male/female: n = 36/32) could be reinvestigated after
four years. Cardiovascular-related morbidity and
mortality was recorded and CD14 C(-260)—T promoter
genotype was determined from frozen DNA samples
isolated at baseline. Non-lethal cardiovascular events
recorded comprised myocardial infarctions, stent
implantations, coronary artery bypass grafts, significant
deterioration of angina pectoris, or significant
aggravation of coronary stenoses which appeared after a
secondary angiographic intervention.

The approval of the local ethics board and
informed consent of the participants were obtained before

the study.

Laboratory analyses

DNA was isolated from whole blood drawn at
baseline, amplified and digested with Haelll as formerly
reported (Hubacek et al. 1999). Lipids, lipoproteins and
fibrinogen were measured according to standard
protocols as recently described (Porsch-Oezcueruemez et

al. 1999).

Table 1. Allele and genotype frequencies of the
C(-260)—T CD14 promoter polymorphism in patients with
angiographically proven coronary heart disease.

Allele frequency Genotype frequency
(2n =136) (n=68)
T 0.412 T/T 16.2% n=11
C 0.588 C/T  50.0% n=34

C/IC  33.8% n=23
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Table 2. Distribution of established risk factors among patients with angiographically proven coronary heart disease stratified by
T-allele carrier status referring to the CD14 C(-260)—T promoter polymorphism.

CHD patients p-values

Overall T-allele (a) No T-allele (b) (a) vs. (b)
Male/Female ratio [n] 36/32 21/24 11/12 0.928
Age [years] 63.5+8.1 62.2+8.9 66.2+5.6 0.084
Body mass index [kg/m?] 28.7+4.2 29.2+4.6 28.1+£3.3 0.384
Systolic blood pressure [mm Hg] 148+21 150+£22 150£20 0.780
Diastolic blood pressure [mm Hg] 87+14 88£16 86+7 0.895
Total cholesterol [mmol/l] 6.7+1.3 6.6+1.7 6.2+1.1 0.504
Triglycerides [mmol/l; (95 % C.1.)] 1.8 (0.9-4.3) 1.9 (0.9-4.3) 1.7 (0.7-3.8) 0.291
LDL-cholesterol [mmol/l] 4.4+1.3 4.5+1.5 4.2+0.9 0.861
HDL-cholesterol [mmol/[] 1.4+0.4 1.4+0.4 1.4+0.3 0.756
Lipoprotein (a) [mg/dl; (95 % C.1)] 16.9 (1.1-150) 17.4 (1.4-133) 16.3 (1.1-150) 0.871
Fibrinogen [mg/dl] 358+74 355+73 362476 0.609
Ex-smoker [% (n)] 48.5 (33) 53.3(24) 39.1(9) 0.394
Diabetes mellitus [% (n)] 48.4 (30) 46.2 (18) 52.2(12) 0.845

Data are mean + S.D. or 95 % confidence interval [C.I.], respectively, as indicated.

Statistical analysis

The Statistical Package for the Social Science
(SPSS for Windows 6.01) was employed for statistical
analysis. Non-parametric Mann-Whitney U test was used
for comparing the distribution of a variable between two
unrelated groups. The Chi-square test was performed in
case of categorical data. Survival curves depicted as
Kaplan-Meier plots were compared by log rank tests.

P<0.05 values were considered as significant.
Results

The distribution of genotypes and allele
frequencies are given in Table 1. Patients were further
classified into those with no T-allele and those carrying at
least one T-allele (T-allele carriers, Table 2). Average age
of patients without the T-allele tended to be higher (mean
+ S.D., 66.2£5.6 years) than in T-allele carriers (62.2+
8.9 years), but without statistical significance (p = 0.084).
Among these two subgroups there were neither
differences in the prevalence of the established risk
factors hypertension, obesity (BMI >30 kg/m?), diabetes
mellitus, and history of former smoking nor in the
distribution of triglycerides, total cholesterol, LDL-
HDL-cholesterol, (a)

fibrinogen at baseline (Table 2).

cholesterol, lipoprotein and
During the follow up period, 6 lethal and 20

non-lethal cardiovascular events occurred. All deceased

participants were T-allele carriers (Fig. 1A). However,
due to the small sample size the log rank test did not
reach statistical significance. Non-lethal cardiovascular
events significantly prevailed among T-allele carriers
(n=17, Fig. 1B). A predominant portion of these events
was observed in the fourth year after baseline.
Multivariate logistic regression analysis of CHD
patients was performed by entering the above mentioned
established risk factors and age simultaneously in the
model together with the T-allele carrier status as
covariates and non-lethal cardiovascular events as
dependent variable. The CD14 promoter polymorphism
remained statistically significant (p = 0.031), while age
and established risk factors did not significantly affect
non-lethal outcomes in patients with coronary heart
disease. Non-lethal events were also equally distributed
among the two genders. As an exception, the BMI was
significantly associated with non-lethal outcomes (p =
0.019). Interestingly, patients with lower BMI were more
prone to cardiovascular events. An average BMI of 27.1
in CHD patients
cardiovascular event within the observation period, while

kg/m?> was observed with a
patients without further events were significantly more

obese (BMI =29.5 kg/m?; p = 0.030).

Discussion

Several studies investigated the association
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Fig. 1. Kaplan-Meier plots depict the time course and log ranks
of (A) lethal outcomes (n=6) and (B) non-lethal cardiac events
(n=20). Patients with angiographically proven coronary heart
disease were subdivided in T-allele carrier (n=45; solid lines) and
non T-allele carrier (n = 23; broken lines) according to the CD14
C(-260)—T promoter polymorphism.

between the CD14 C(-260)—T promoter polymorphism
and different forms and states of atherosclerosis-
associated diseases (Unkelbach et al. 1999, Hubacek et
al. 1999, Nauck et al. 2002, Hohda et al. 2003, Shimada
et al. 2004, Shin et al. 2005, Morange et al. 2005, Chao
et al. 2005). These reports are inconsistent as far as the
impact of the CDI14 promoter polymorphism on
atherogenesis and its clinical correlates is concerned.
Functional studies on the cellular and subcellular level
have proven that the C(-260)—T substitution influences
the binding of the transcription factors SP1 and SP3 and
increases thereby the surface expression of lipopoly-
saccharide receptor CD14 (Hubacek et al. 1999, Eng et
al.  2004).
expression of CD14 monocytes is associated with a

Furthermore, the genotype-dependent

significantly higher secretion of TNF-o. after stimulation

with Chlamydia trachomatis lipopolysaccharide (Kondo
et al. 2003, Eng et al. 2004). Monocytes with high CD14
and CD16 surface expression are more prone to transform
to foam cells during incubation with enzymatically
modified LDL (Kapinsky et al. 2001). Both, increased
proinflammatory properties and the susceptibility of
defined monocyte subsets to store cholesterol are major
pathophysiologic elements in the current concept of
atherogenesis. Thus, a growing body of experimental
evidence implicates that the single nucleotide
polymorphism in the CD14 promoter might contribute to
the polygenic susceptibility towards atherogenesis in
humans.

Cross-sectional studies focused on differences of
the genotype and allele distributions between patients
with different clinical manifestations of cardiovascular
diseases and healthy controls. Some reports have not
confirmed the initial findings of Hubadéek et al. (1999)
who observed that the T-allele prevailed in CHD patients.
The sample included males randomly selected from the
Czech population as controls and survivors of myocardial
infarction (MI) up to 22 months ago. In contrast, other
studies compared preselected samples, in which both
patients and controls underwent coronary angiography
before recruitment. In a simultaneously published study
the CD14 promoter polymorphism was associated with a
history of myocardial infarction after excluding persons
with hypertension and smokers (Unkelbach et al. 1999).
The total study group was not matched for established
risk factors, which significantly discriminated between
patients and controls in the multivariate logistic
regression analysis.

According to recent findings of Morange et al.
(2005) a higher level of inflammation seen in CHD
patients might be necessary to observe allele-specific
This
re-evaluate our own records. The dataset is, however,

phenotypic effects. report motivated us to
limited by the relatively small number of individuals
included and the post-hoc character of the study design.
The definition of cardiovascular end-points summarized a
variety of clinical outcomes that do not comply with
criteria applied to prospective studies. Nevertheless, our
dataset provides the opportunity to obtain an insight into
the phenotype of the CDI14 C(-260)—>T promoter
polymorphism in a sample of CHD patients with
commonly established CHD risk factors.

None of these risk factors contributed to the
odds of non-lethal cardiovascular events, while the CD14
C(-260)—>T remained

promoter  polymorphism
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significant. The follow up records of CHD patients
revealed that all 6 deceased patients (Fig. 1A) and 17 out
of 20 CHD patients (Fig. 1B) carried at least one T-allele.
There was a linear association between the event
frequency and the genotype (Fig. 1B, insert) suggesting a
dominant effect of the T-allele. Shimada et al. (2004)
recently reported that the rate of in-stent restenosis after
elective coronary stenting was significantly associated
with the CD14 promoter polymorphism genotype and
that the inclusion of serum levels of solubilized CD14 in
the model further enhanced the predictive impact even in
a multivariate approach.

It is noteworthy that young children with
Kawasaki’s disease carrying the T/T CDI14 promoter
genotype develop significantly more complications due to
coronary artery lesions (Nishimura et al. 2004). The
Kawasaki disease is an acute, self-limited vasculitis in
childhood. Coronary artery aneurysms have been shown
to consist of CD8 T lymphocytes, macrophages, and IgA
plasma cells, consistent with an immune response to an
intracellular pathogen (Newburger and Fulton 2004).

These data imply that the effect of the CD14
promoter polymorphism is enhanced in patients with

References

advanced atherosclerosis or a high inflammatory burden.
An elevated load of activated macrophages might be a
precondition that leads to an enhanced stimulus in the
course of atherogenesis in T-allele carriers. This effect
might be superimposed by an impact of established
traditional risk factors in earlier states of atherosclerosis.

We conclude that, even though our data have to
be interpreted with caution, our study is in line with
recent studies that provided evidence for a role of the
CD14 C(-260)—T promoter polymorphism as a genetic
susceptibility marker of atherosclerosis. In particular, the
effect of the T-allele might be more pronounced in
patients with an advanced clinical stage of the disease.
Due to the limited sample size and the post-hoc character
of the study design larger prospective studies have to be
initiated in order to confirm the impact of the CD14
C(-260)—T promoter polymorphism on the outcome of
patients with advanced CHD.
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