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Abstract
Atherosclerosis and vascular calcification often co-exist in
chronic kidney disease (CKD) patients. Although the former
has been recently recognized as an active inflammatory process, atherosclerosis-related calcification of the intima is still
viewed as a passive epiphenomenon. Recent experimental
data showed that ossification of the internal vascular wall
might also be an active inflammatory process interrelated to
atherosclerosis. Factors like RANKL (receptor activator of nuclear factor B ligand), RANK and osteoprotegerin modulate
vascular calcification and at the same time are involved in
the process of atherosclerosis. Moreover, basic calcium phosphate crystals could interact with and activate monocytesmacrophages that produce proinflammatory cytokines capable of initiating – via endothelial activation and leukocyte
adhesion – the atherosclerotic process. Thus, vascular calcification might be an active player and not simply an epiphenomenon in atherosclerosis. Should the above-mentioned
data be confirmed in future studies, calcification of the internal vascular wall and atherosclerosis might be viewed and
treated as tightly interconnected and linked by inflammation processes in CKD patients.
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Cardiovascular morbidity and mortality is known to
be increased in patients with chronic kidney disease
(CKD). Atherosclerosis, which is influenced by both traditional and non-traditional (e.g. oxidative stress, albuminuria, anemia, etc.) cardiovascular risk factors, and
has recently been characterized as an inflammatory process, is considered to be the main cause of the elevated
cardiovascular risk associated with CKD. The CKD population also often presents with vascular calcification.
Atherosclerosis-related calcification of the intima appears to be of particular clinical importance, although
the cardiac valves and medial arterial layer are also often
involved [1]. Although ossification of blood vessel walls
is no longer considered a passive process, it is still believed to follow, rather than actively participate in, the
development of the atherosclerotic plaque. Recent data
offer a novel perspective on the role of vascular calcification in atherosclerosis in patients with CKD.
Regulation of vascular calcification by the osteoclast
regulatory factors RANKL (receptor activator of nuclear
factor B ligand), its receptor RANK, and osteoprotegerin influences the inflammatory component of atherosclerosis [2]. The release of RANKL from endothelial cells is
induced by proinflammatory cytokines (tumor necrosis
factor (TNF), interleukin (IL)-1, etc.) or by adherence of
activated lymphocytes to the vascular wall at the site of
atherosclerosis. RANKL promotes osteoclastic transformation of monocytes and osteogenic differentiation of
vascular smooth muscle cells (processes involved in vas-
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in the process of atherosclerosis via inflammation. Basic calcium phosphate (Ca-P) crystals and RANKL activate endothelium,
increase adhesion and facilitate circulating monocytes’ entry in
vascular intima – the first step in the process of atherosclerosis –
in a manner similar to that of oxidized LDL (Ox-LDL) (left side
of figure). Mediators are mainly proinflammatory cytokines (IL-

1, TNF, IL-8). Osteoprotegerin counterbalances RANKL effects.
Fetuin, a negative acute phase protein frequently found to be low
in CKD patients, except from vascular calcification antagonism,
has also anti-inflammatory activities. Oxidative stress, AGEs, and
TNF not only promote atherosclerosis but also, mostly via inflammation induction, vascular calcification. MMP-9 = Metalloproteinase-9; foam cell = macrophages containing oxidized lipids.

cular calcification), and it also induces endothelial chemotactic migration of monocytes to the endothelium and
matrix metalloproteinase-9 activity in monocytes (processes essential for the development and destabilization
of the atherosclerotic plaque [3, 4]) (fig. 1). By contrast,
osteoprotegerin has anti-inflammatory and anti-atherosclerotic properties, and it exerts the opposite effects to
RANK signaling [2, 5] (fig. 1).
As mentioned above, atherosclerosis is a chronic inflammatory process [3, 6]. To dampen inflammation, activated monocytes and macrophages must be deactivat-

ed, and participating apoptotic cells must be cleared via
phagocytosis [7]. The negative acute-phase reactant fetuin-A – an inhibitor of calcium-phosphorus precipitation in soft tissues – appears to contribute to the resolution of inflammation, by enhancing the above-mentioned
processes [8, 9]. Moreover, fetuin-A is believed to have
antifibrotic activity [10, 11], and has been shown to inhibit apoptosis of vascular smooth muscle cells [3, 12], a
process known to contribute to the destabilization of atherosclerotic plaque. Taking into consideration that hepatic synthesis of fetuin-A is expected to be suppressed in

Fig. 1. Involvement of factors modulating vascular calcification
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many CKD patients – due to chronic inflammatory state
[13] – the above-described activities of this protein are
also expected to be diminished.
Vascular calcification, as part of the atherosclerotic
process, is due to the deposition in the arterial intima of
basic calcium phosphate (BCP) crystals, consisting mainly of calcium hydroxyapatite (Ca10 (PO4)6(OH)2) and
similar to those that mineralize bone. Recently, in a very
interesting study, Nadra et al. [14] showed that BCP crystals can interact with and activate human monocyte-derived macrophages, inducing a proinflammatory state.
Specifically, internalization of BCP microcrystals into
the vacuoles of macrophages was associated with secretion of proinflammatory cytokines (including TNF, IL-1
and IL-8) capable of activating endothelial cells and promoting leukocyte adhesion [14] (fig. 1). Endothelial activation and leukocyte adhesion are the initial steps in atherosclerosis [3]. These new data ‘place BCP crystal deposition at the very heart of atherosclerosis’ [15]. If calcium
phosphorus crystals act as antigens that activate the main
cell types participating in the chronic inflammatory response – namely monocytes and macrophages – these
crystals would have essentially the same stimulatory action as other well-known atherogenic factors such as oxidized LDL cholesterol (fig. 1). Thus, vascular calcification might be an active player and not simply an epiphenomenon in atherosclerosis. If so, inflammation would be
the connecting link once more.
The vascular endothelium also reacts with oxidized
LDL cholesterol, leading to increased expression of genes
that affect vascular calcification (e.g., matrix gla protein)
[16]. Factors related to inflammation and atherosclerosis,
such as advanced glycation end products (AGEs) and oxidative stress, might also be involved in this process [17,

18]. AGEs induce osteoblastic differentiation of pericytes
which are mesenchymal progenitors – and contribute to
the development of vascular calcification in diabetes [17],
while oxidative stress modulates osteoblastic differentiation of calcifying vascular cells too [18]. Furthermore,
TNF promotes calcification of vascular cells in vitro [19].
All the above findings add weight to the theory that vascular calcification is actively related to the inflammatory
process of atherosclerosis.
Atherosclerosis, inflammation and vascular calcification characterize CKD patients. Although atherosclerosis is caused by many traditional and non-traditional cardiovascular risk factors and vascular calcification is related to the abnormalities in calcium and phosphorus
metabolism that are frequently observed in this population, inflammation could be the missing link connecting
both [6]. Factors like RANKL, fetuin-A, proinflammatory cytokines and calcium-phosphorus crystals appear
to actively contribute to both vascular calcification and
atherosclerosis. As the above-mentioned data indicate,
the high prevalence of accelerated atherosclerosis in CKD
could be convincingly explained by the existence of an active interplay between vascular calcification and atherosclerosis via inflammation, against a background of severe
calcium-phosphorus disturbances.
If the above-mentioned theory is further supported by
forthcoming studies, then the treatment of all three entities (atherosclerosis, calcium-phosphorus disturbances
and inflammation) have to be instituted early, concomitantly and intensively in these patients. Medications such
as statins, angiotensin-converting enzyme inhibitors and
sevelamer hydrochloride might be a good choice mainly
due to their pleiotropic effects.
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