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Chronic renal failure, vascular calcification
and the RNK/RANKL/OPG system

ardiovascular complications are among
the most important clinical challenges
in patients with chronic kidney failure
(CKF). These are frequent processes
that present high morbidity and morta-
lity. As an example, around 50% of

patients with terminal CRF die from this disease1.
Renal patients present two types of vascular calcifi-
cations: calcification of the tunica media, also called
Mönckeberg sclerosis, in which the mineral is
deposited within the layer of smooth muscle. The
second type is calcification of the intima, in which
the calcium deposit occurs after the accumulation
of cholesterol under the damaged endothelial
monolayer2. Calcification of the tunica media,
where vascular smooth muscle cells (VSMC) and
elastic fibers are found, is not related to cholesterol
levels or the existence of atheromatous plaques
and causes the hardening and decrease in the arte-
ries’ distensibility. Atherosclerotic calcification of
the intima may also occur in patients with CRF. In
these cases, intimal calcification is associated with
the subintimal deposit of lipids and lipoproteins,
which may stimulate the development of immune
responses, both innate and adaptive, inducing
endothelial cells and the VSMC to express inflam-
matory molecules, which stimulate tumor-infiltra-
ting monocyte/macrophage. 
As a result, increased inflammation, oxidized lipids
and fibrous matrix secretion in atherosclerotic
lesions further accelerate vascular calcification,
which eventually leads to atherosclerotic plaque
rupture1-3. In patients with CKF, both atherosclerotic
intimal calcification and tunica media calcification,
independent of atherosclerosis, are associated with
an increase in cardiovascular mortality compared to
patients with CKF who do not present it4.
Initially this was considered a secondary disorder
to the passive deposit of calcium and phosphorus
in the vascular wall. However, more recently vas-
cular calcification has been found to be a perfectly
regulated process by which VSMC undergo mole-
cular and phenotypic changes. With these altera-
tions they acquire some of the functions that cha-
racterize osteo-chondrocitary strain cells1,2, and
lead to the release by vesicular VSMC structures
containing hydroxyapatite5. In this process of
"osteo-chondrocyte transdifferentiation" different
factors involved in the differentiation of bone cells,

such as Runx2, bone morphogenic proteins
(BMPs), RANK/RANKL/OPG system or Wnt path-
way would intervene. Furthermore, in patients
with CKF and in animal models of this disease,
increased vascular calcification is accompanied by
a reduction in bone mass, suggesting that the sig-
nals involved in bone and vascular wall minerali-
zation may behave differently depending on the
tissue microenvironment in which they act6,7.
CKF is characterized by changes in bone metabo-
lism that, in addition to being detrimental to the
skeleton -renal osteodystrophy- favor calcification
of soft tissues and vessels. Hypercalcemia and
hyperphosphatemia, hyperparathyroidism, increa-
sed fibroblast growth factor 23 (FGF23), increased
oxidative stress and decreased inhibitors of calci-
fication such as fetuin-A and pyrophosphates
could all play a role in the vascular calcification
process1,2,6,7.
Hyperphosphatemia, as well as hypercalcemia, are
two of the main factors associated with the deve-
lopment of vascular calcification in CRF8. The diet
with high phosphorus content increases vascular
calcification and reduces bone mass in rats with
chronic renal failure. On the other hand, treat-
ments with high calcium and/or phosphate content
induce the calcification of VSMC in experimental
animals. Although the mechanisms involved in this
process have not yet been accurately found,
hyperphosphatemia has been shown to induce
vascular calcification, favoring osteogenic expres-
sion such as Runx2 or BMP29,10. Some authors have
shown that, unlike normal vessels, the arteries of
CKD patients express Runx21,2,9,10. On the other
hand, the uremic serum increases the expression
of Runx2 and the calcification of the VSMC. In
addition, hyperphosphatemia activates the Wnt
pathway, favoring β-catenin translocation in the
smooth muscle cell nucleus, thereby stimulating
the expression of direct target genes such as cyclin
D1, axin 2 and VCAN/versican10. Finally, hyper-
phosphatemia also increases the levels of FGF23,
which, together with its co-receptor klotho, may
play a pathogenic role in arterial calcification and
in the alteration of skeletal mineralization11.
The role of PTH is also complex. In hemodialysis
patients, increased PTH is associated with vascu-
lar calcification and, in rats with renal failure, both
aortic calcification and loss of bone mass are asso-
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ciated with increased phosphorus and PTH12.
However, in other studies it has been pointed out
that PTH is not able to directly induce vascular
calcification, but would have a synergistic effect
with phosphate, which would be related to incre-
ased osteoclastic activity and bone remodeling
that this hormone determines. This increase in
bone remodeling favors calcium and phosphorus
loss from the bone, thus stimulating vascular cal-
cification. It is one of the determinants of the most
frequent forms of renal osteodystrophy, osteo-
pathy with high remodeling or secondary hyper-
parathyroidism. At other times, as with adynamic
bone, the low bone remodeling determines an
alteration in bone formation and mineralization,
with the consequent reduced use of excess cal-
cium and phosphorus, which also favors vascular
calcification13,14.
The increase in oxidative stress observed in
patients with CRF would also be closely associa-
ted with the development of vascular calcification.
As with hyperphosphatemia, this effect would be
mediated through the expression of Runx2 in the
VSMC15. In addition, a recent study carried out in
postmenopausal women found that increased oxi-
dative stress was associated with an increased risk
of hip fracture, suggesting that there would be an
inverse relationship between oxidative stress and
mineral metabolism1,5.
Along with increased levels of calcium and phos-
phorus, the decrease in some of the inhibitors of
calcification, such as fetuin-A and pyrophosphate,
which can be observed, can contribute to the incre-
ase of vascular calcification in these patients1,2,6.
In this issue of the Journal of Osteoporosis and
Mineral Metabolism, Martínez Arias et al.16 analy-
zed the effects of the RANK/RANKL/OPG system
on bone demineralization and vascular calcifica-
tion in CRF. These authors use in vivo and in vitro
models of vascular calcification to verify that rats
with chronic renal failure and a diet high in phos-
phorus present decreased bone mineral density,
together with aortic calcifications that are accom-
panied by an increase in RANKL gene expression
and a decrease in OPG. In the tibia of these ani-
mals both RANKL and OPG expression increased,
although the increase in OPG occurred at earlier
stages. In the VCAM, the addition of uremic serum
and calcifying medium induced an increase in cal-
cium content and RANKL and OPG expression,
while the addition of OPG and the silencing of
RANK inhibited this phenomenon. Therefore,
these authors’ results confirm the
RANK/RANKL/OPG axis involvement in the vas-
cular calcification process and probably also in the
loss of bone mass that accompanies CRF. This
opens the door to new research lines in this area.
As the authors16 comment, there is a great deal of
scientific evidence linking the RANK/RANKL/OPG
system to vascular calcifications1,2,7,16-20. The first
derivative of the OPG-null mouse study conduc-
ted a few years ago by Bucay et al.17, who
demonstrated that OPG-deficient mice exhibited
vascular calcifications, as well as an intense decre-

ase in bone mineral density (BMD) and one High
incidence of fractures. It was later found that tre-
atment with recombinant OPG significantly redu-
ced vascular calcification in mice deficient in LDL
receptors18. On the other hand, the studies carried
out in patients with CKD indicate that the levels of
RANKL and OPG increase as do those of PTH and
phosphate, and it has been pointed out that the
increase of Runx2 increases the expression of
RANKL in VCAM. In animal models, increased
RANKL induces a loss of bone mass and vascular
calcification, while the addition of OPG has the
opposite effect. The pathway by which RAKL
would promote calcification would be through
binding to its RANK receptor, with the consequent
activation of the NF-kB alternative pathway and
the bone morphogenic proteins 2 and 4 (BMP2
and BMP4), favoring the osteogenic transition of
the VSMC1,2,19,20. On the other hand, RANKL could
also act indirectly by stimulating the release of
pro-cytokines by macrophages.
Finally, and as might be expected, the Wnt path-
way also appears to be involved in this process.
We have already commented that hyperphospha-
temia would activate this pathway in the VCAM10.
On the other hand, the expression of sclerostin
increases in arteries with vascular calcification.
Levels of sclerostin and other Wnt pathway inhibi-
tors, such as Dickkopf-1 (DKK1) or soluble frizz-
led receptor (SFR), increase as renal function dete-
riorates and correlate inversely with histological
parameters of bone remodeling and with the num-
ber and function of osteoblasts21,22. It has recently
been pointed out that the increase of FGF23,
which accompanies renal function deterioration,
could also act to inhibit this system11. Therefore,
sclerostin and other inhibitors of the Wnt system,
released into the medium from the vessels, could
act to impair the bone structure and retard the
mineralization process. These alterations, along
with those of the RANK/RANKL/OPG system,
hyperphosphatemia and other factors discussed
here, could help medical researchers to unders-
tand the complex relationship between vascular
calcification and bone loss and increased fractures
in patients With CRF (Figure 1).
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Figure 1. Regulation of vascular calcification in chronic renal disease

Pi: phosphorus; Ca: calcium; Mo: monocyte-macrophage; VSMCs: vascular smooth muscle cells; OCC: osteo-
chondrocyte cells.
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