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The atherosclerosis that appears in coronary, cerebrovascular and
peripheral arterial disease is responsible for most cardiovascular
diseases. It is characterized by chronic arterial inflammation caused
and exacerbated by disorders of the lipidic metabolism and other
clearly identified risk factors [1]. Calcification, which is initiated by an
active process in which inflammatory cytokines and other mediators
that regulate the phospho-calcium metabolism intervene, is char-
acteristic of atherosclerosis [2]. Thesemechanisms can intervene in an
opposite phenomenon that takes place at the level of the bone
characterized by a reduction in bone mineral content and alterations
in the microarchitecture that define osteoporosis. The association
between the two diseases, which share mechanisms but have a
different expression, is noteworthy.

The Wnt-LPR5 signalling pathway plays an important role in
skeletal homeostasis, especially in regulating osteoblastic activity. It is
formed by a series of elements, WnT ligands, and a receptor complex,
which is constituted by the Frizzled protein and LPR5-6 [3]. Recently, a
missense mutation in LPR6 that codifies a coreceptor has been
described in an Iranian family. Cysteine is replaced by arginine,
damaging in vitro Wnt signalling. These patients have a greater risk of
coronary disease, low bone mineral density (BMD) and osteoporotic
fracture, suggesting that the two diseases may be pleiotropic
consequences of the alteration of the Wnt signalling pathway [4].

Wnt signalling pathway activation is regulated by various
inhibitors, including DKK1, which interacts with a transmembrane
protein, kremen, to prevent the activation of the LPR5 coreceptor,
leading to internalization of the DKK/LPR complex with a loss of the
Wnt signal [5]. Studies in experimental animals have shown a possible
role of DKK1 in the regulation of bone homeostasis, although there are
few studies in humans and in patients with acute coronary syndrome.

The objective of this study was to evaluate DKK1 levels in patients
with acute myocardial infarction, the response to atorvastatin and the
relationship with bone mass.

Patients with acute myocardial infarctionwere included. Exclusion
criteria were chronic alcohol abuse, neoplasia, chronic renal failure,
hyper- and hypocalcaemia, hyperparathyroidism and the use of drugs

modifying BMD. Patients were allocated to low (10–20 mg) and high
doses (40–80 mg) of atorvastatin according to baseline levels of
cholesterol and triglycerides and the index of vascular risk. Measure-
ments were made at baseline and at 12 months of follow up. The
control group was patients of the same age and sex without coronary
disease.

Blood samples were obtained after 8 fasting hours. DKK1 was
determined by immunoassay (Biomedica, Wien, Austria) with a 9%
interassay coefficient of variation. Densitometric studies were con-
ducted in the lumbar spine (L2–L4) and femoral neck and trochanter
using an X-ray densitometer (DXA, Lunar Corporation, Madison,
Wisconsin, USA).

The results are expressed asmean±standard deviation. All variables
were analyzed using descriptive statistics. Comparisons of the mean
were made using the paired t-test and the Mann–Whitney nonpara-
metric U test. The statistical analysis used SPSS (SPSS, Chicago, Ill; Base
11.4 for Windows) Twenty-one patients with acute coronary syndrome
and twenty-three controls with a mean age of 61±9 years were
included. Patients had higher levels of DKK1 than controls, (111±
41 nmol/l versus 84±27 nmol/l, p=0.014). The prevalence of osteo-
porosis (T score b−2.5 in the lumbar spine and/or hip) was 20%. There
were significantly significant differences in DKK1 in patients with or
without osteoporosis, (137.5±33 nmol/l versus 95.4±36 nmol/l,
p=0.021). Analysis of the response to atorvastatin showed reduced
DKK1 levels without differences between patients and controls, (90±
39 nmol/l versus 84±27 nmol/l, p=0.551). There were no differences
in the response of bonemass to atorvastatin according to the drug dose.

The patients with acute coronary syndrome had high levels of
DKK1 than the control group. In addition, when patients were divided
into osteoporotic and nonosteoporotic groups, DKK1 differed sig-
nificantly. The effect of atorvastatin showed a significant reduction at
12 months of follow up compared with baseline levels.

Ueland et al. [6] study the levels of DKK1 in patients with stable
angina, unstable angina and healthy control subjects. Patients who are
stable and particularly those who are unstable had markedly raised
serum levels of DKK1, compared with controls. Our results are similar.
There are no studies analyzing DKK1 levels and bone mineral density
in patients with acute coronary syndrome, although one study found
that patients with Wnt pathway polymorphisms had early ischemic
heart disease and a greater risk of fractures [4]. In experimental
animals, increased calcification of the aortic valve and arteries after
increasing the production of β-catenin by activation of the Wnt
pathway was observed [7]. Our study suggests the possible participa-
tion of DKK1 in osteoporosis associated with acute coronary
syndrome.

Experimental, but not human, studies have analyzed the effect of
atorvastatin on the β-catenin signalling pathway. Atorvastatin
decreases the expression of LRP5 with a reduction in β-catenin
concentrations in calcified aortic valves in rabbits, inhibiting calcifica-
tion [7]. At the skeletal level, the behaviour is inverse: a reduction in
DKK1 levels can activate the Wnt signalling pathway and increase
bone formation [8].
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Experimental studies show the mechanisms used by statins to act
on both components of bone remodelling, formation and resorption,
and demonstrate a beneficial effect on bone balance. Not all studies
conducted on humans reflect these data, which is probably due to
methodological differences and the statin dose. Our study describes a
possible new anabolic mechanism of action of atorvastatin at the level
of the bone, stimulation of the Wnt pathway through a reduction in
DKK1 levels which increases the number and activity of osteoblasts
and thereby stimulating bone formation. Further studies are necessary
to investigate the role of DKK1 in the prevention and treatment of
osteoporosis.

The authors of this manuscript have certified that they comply
with the Principles of Ethical Publishing in the International Journal of
Cardiology [9].
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Platelet reactivity (PR) inhibition is critical to prevent recurrent
thrombotic events in coronary artery disease (CAD) patients undergoing
percutaneous coronary intervention (PCI). It has been recently demon-
strated that cytochromes (CYP) 2C19 2⁎ loss of function polymorphism
affects the level of PR inhibition induced by clopidogrel [1,2]. In fact this
enzyme is critical for bio-transformation of clopidogrel into its active
metabolites bycontributing in the twosequential stepsof activation.Mega
et al. have observed that carriers of the mutant allele had reduced
generation of clopidogrel activemetabolites resulting in lower levels of PR
inhibition and thus higher rates of post-PCI thrombotic events including
stent thrombosis [2,3]. Homozygotes for the CYP 2C19 2⁎ loss of function

polymorphismmay be at particularly high risk of events since themutant
allele results in the lack of enzymatic function [4]. Interestingly, we have
recently demonstrated that increased or individually tailored loadingdose
(LD) of clopidogrel resulted in higher levels of PR inhibition in patients
with high on-treatment platelet reactivity (HTPR) and a reduced
thrombotic risk [5,6]. However the ability of such strategy to overcome
HTPR in homozygote patients for CYP 2C19 2⁎ polymorphism remains
unknown. In the present study we aimed to investigate the ability of a
strategy of individually tailored LD of clopidogrel to overcome HTPR
in homozygotes for CYP 2C19 2⁎ polymorphism.

We prospectively recruited 6 homozygotes for CYP 2C19 2⁎ poly-
morphism who were scheduled for PCI. PR was measured using the
VASodilator Phosphoprotein index (VASP index) in all patients at least 6 h
after each LD of clopidogrel and before PCI and within 24 h of blood
collection by an experienced investigator using Platelet VASP kits
(Diagnostica Stago, Asnières, France) as previously described [5,6]. PR is
expressed in this study as the VASP index corresponding to a ratio of the
VASP phosphorylation of activated platelets versus at-rest platelets and
expressed as a percentage of PR. LD adjustmentwas performed according
to the previously described strategy. Briefly, patients with a VASP b50%
after the first clopidogrel LD were considered good responders (GR).
Patients with a VASP ≥50% despite the 600 mg LD were considered to
have high on-treatment platelet reactivity (HTPR). For those patients
clopidogrel pre-treatment was adjusted individually, before PCI, to obtain
a VASP index b50% using up-to 3 additional LD of 600mg each prescribed
at 24 h intervals. The VASP index was assessed 12 h after each
administration until a VASP index b50% was obtained [3,4]. Genomic
DNA was extracted from peripheral blood lymphocytes by standard
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