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Abstract Aims/hypothesis: Extracellular matrix modifi-
cations and linear medial calcifications are elements of
diabetic macroangiopathy. We hypothesised that the bone-
related protein osteoprotegerin (OPG) may occur in altered
amounts in the arterial wall in diabetes, putatively associated
with altered synthesis from vascular cells. Methods: The
amount of OPG in the thoracic aorta, obtained at autopsy
from 21 diabetic and 42 sex- and age-matched controls, was
measured in tissue extracts by an ELISA. The production of
OPGwas estimated in conditioned media by an ELISA, and
OPG mRNA was estimated by RT-PCR in vascular cells
grown in vitro. Results: The content of OPGwas increased
in tunica media samples from diabetic individuals. No dif-
ferences between diabetic and non-diabetic subjects were
observed in tunica intima. Human vascular smooth muscle
cells (HVSMCs) produced approximately 30 times more
OPG than human umbilical vein endothelial cells. The OPG
production into the medium decreased dose- and time-
dependently after insulin treatment (maximal effect ∼60%
of control) in HVSMCs, whereas TNF-α supplement gave
rise to increased OPG synthesis in a time- and dose-
dependent manner (maximal effect ∼200% of control).
Similar effects on OPG mRNA expression were observed.
Addition of growth hormone (10 ng/ml) or extra glucose (25
mmol/l) to the growth medium had no effect. Conclusions/
interpretation: Increased OPG concentrations in the arte-
rial wall in diabetes may be part of generalised matrix
alterations, putatively related to the development of vascular
calcifications. Altered arterial OPG content may be a con-

sequence of the effects of hormones and cytokines, like
insulin and TNF-α.
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Introduction

The high incidence of cardiovascular diseases in diabetes
may, at least partially, be due to the presence of diabetic
macroangiopathy as a fertile soil for atherogenesis [1]. Sev-
eral potentially pre-atherosclerotic alterations delineate
the macroangiopathy, which comprises histomorphometric
changes [2], matrix alterations [3, 4], accumulation of gly-
cated proteins [5], endothelial dysfunction [6], altered bio-
mechanical properties [7] and medial calcifications [8].

Medial artery calcifications have frequently been ob-
served in diabetes and are related to the degree of glucose
intolerance [8] and to the presence of neuropathy [9]. Two
prospective studies have shown that the occurrence of
medial artery calcifications in type 2 diabetes is a strong
independent predictor of cardiovascular mortality [10, 11].
The medial calcifications are not believed to play indepen-
dent pathophysiological roles but may be markers for the
presence of generalised arterial changes in diabetes. How-
ever, the causative relations behind the association between
medial artery calcifications and cardiovascular disease are
not known.Moreover, the pathogeneticmechanisms leading
to the calcifications are enigmatic, but have been suggested
to relate to the presence of generalised arterial matrix
alterations in diabetes [12].

Some of the molecular mechanisms operating in the
processes of vascular calcifications, in general, have been
unravelled during the last few years. The expression of
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bone- and cartilage-related extracellular matrix proteins in
arterial tissue seems to play a pivotal role [13, 14], since
experimental modulations of the amounts of matrix-Gla-
protein and osteopontin in the arterial wall have led to
severe generalised vascular calcifications [14, 15]. It is
therefore of great interest that a few studies seem to indicate
that accumulation of bone- and cartilage-related molecules,
i.e. osteopontin [16], hyaluronic acid [17] and bone-Gla-
protein [18], occurs in the arterial wall in human diabetes.
Similar findings of accumulation of bone- and cartilage-
related gene products have been described in animals with
experimentally induced conditions, mimicking type 2 dia-
betes [19, 20], but the data in this research field are still
limited.

Osteoprotegerin (OPG) is a recently described bone-
related molecule that inhibits osteoclast differentiation and
therefore displays anti-bone-resorptive activity [21]. OPG
is a secreted member of the TNF-R family and it exerts its
effect through binding and neutralisation of receptor ac-
tivator of nuclear factor-κB ligand (RANKL), a strong
inducer of osteoclast differentiation [21]. An experimental
study has shown that OPG is also present in the arterial wall
[22], but the function of OPG in the vasculature is not clear.
The bone-related OPG ligand RANKL is not present [22], at
least not in normal arteries. However, experimental studies
have suggested that OPG may nonetheless work as an
inhibitor of vascular calcifications, since mice, genetically
engineered to lack OPG, develop arterial calcium deposits
[23]. Alternatively, the apparent impact of OPG on arterial
calcifications may be mediated through secondary effects
due to severe osteoporosis in the OPG knock-out mice, as
suggested by Price et al. [24]. Both vascular smooth muscle
cells [25] and endothelial cells [26] have been shown to
produce OPG in vitro, but only a few details are known
about its regulation. In addition to the localisation of OPG in
bones and vasculature, the molecule circulates in small
amounts in plasma, and interestingly, three independent
studies have reported increased amounts in patients with
diabetes [27–29].

In the present investigation, we measured the amount of
OPG in arterial tissue from diabetic and non-diabetic
individuals. Moreover, we analysed the production of this
molecule from vascular cells and determined whether
insulin, growth hormone, glucose and TNF-α influence its
secretion.

Materials and methods

AortasThis study is based on examinations of mid-thoracic
aortic samples, obtained from autopsy vessels, that were
analysed in a previously published investigation [4]. The
descending part of the aorta was collected from nine type 1
diabetic individuals and 12 type 2 diabetic individuals, as
well as from two groups of sex- and age-matched control
persons (Table 1). The tissue was separated into areas with
and areas without visible fibrous atherosclerotic plaques
and dissected further into intima and media specimens [4].
Areas of the tissue with faint yellow intima without ele-

vations were considered to be non-atherosclerotic, whereas
regions with elevated white areas without ulcerations, an-
eurysm or thrombosis were considered to be uncomplicated
fibrous plaques. Separation of tissue was confirmed by mi-
croscopy of several specimens [4]. Samples were lyophi-
lised, defatted by chloroform–ethanol (3:1) treatment, dried,
and pulverised in a RetschMill. All samples had been stored
at −80°C for several years. Analysis of the tissue was ap-
proved by the local ethics committee.

Tissue extraction and quantitation of total protein and
calcium In pilot experiments, pools of defatted, dried, and
pulverised aortic tissue were extracted using 2 ml of one of
the following: (1) 2 mol/l guanidium HCl (GnHCl) in PBS,
pH 7.4; (2) 2 mol/l urea in PBS, pH 7.4; (3) 1 mol/l NaCl in
10 mmol/l phosphate, pH 7.4; (4) 1% Triton X-100 in PBS,
pH 7.4; or (5) 0.3 mol/l HCl. All solutions contained
protease inhibitors (0.5 mmol/l ethylmaleimide, 0.5 mmol/l
phenylmethylsulphonyl fluoride, 1 mmol/l benzamidine)
and extraction was done for 24 h with constant magnetic
stirring at 4°C. Extracts were cleared by centrifugation at
10,000×g for 20 min at 4°C. Protein content in the extracts
was determined by Micro BCA protein assay from Pierce,
using bovine serum albumin as standard. The determina-
tion of calcium was done as described for bone tissue [30].
Next, 5 to 10 mg arterial powder was hydrolysed in 1 mol/l
HCl for 48 h. Calcium was subsequently measured in
cleared supernatants by a coulometric (o-cresolphthalein)
method from Sigma (587-A).

Cultures of endothelial and vascular smooth muscle cells
Human vascular smooth muscle cells (HVSMCs) were
established from explants of normal aortic tissue, obtained
from excess donor vasculature at kidney transplantations
[31]. Human umbilical vein endothelial cells (HUVECs)
were obtained from collagenase-digested umbilical veins,
as previously described [32]. HVSMCs were maintained
in minimal essential medium (Invitrogen) containing 10%
newborn calf serum, while HUVECswere grown inDMEM

Table 1 Patient characteristics

Diabetic
individuals

Non-diabetic
individuals

Number 21 42
Age (years)a 66±12 67±12
Sex (F/M) 7/14 14/28
Cause of death
Cardiovascularb 14 20
Neoplasia 4 11
Otherc 3 11
Diabetes type
(type 1/type 2)

9/12

Duration of diabetes
(years)a

21±14

aMeans±SD
bAcute myocardial infarction, cardiac insufficiency and stroke
cInfections, accidents, etc.
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(Invitrogen), 10% fetal bovine serum, 40 μg/ml endothelial
cell growth factor, and 15 U/ml heparin. Endothelial cells
were grown on gelatin-coated plates (0.65 μg/cm2). All
media contained 50 μg/ml gentamicin sulphate, 2 μg/ml
fungillin, 100 μg/ml pentrexyl, and 2 mmol/l L-gluta-
mine, and the cells were maintained at 37°C in an atmo-
sphere of 5% CO2, 95% atmospheric air. The cells were
subcultured after detaching with trypsin solution and re-
plating. Cell counts were performed after trypsination using
a Bürker–Türk chamber. The production of OPG was
determined in experiments where cells were seeded at a
density of 6,000/cm2 and left for a few days, at which time
the cultures were confluent. Two designs were used: in one
type, the accumulation of OPG in conditioned media was
measured after incubation for 24 h. In other experiments,
OPG production per hour was estimated using cells treated
with test substance for various time periods and then
washed with prewarmed (37°C) PBS and left for 1 h with
growth medium at 37°C (5% CO2) without serum and test
substance. OPGwas subsequently measured in thesemedia.
The growing of cells was approved by the local ethics
committee.

Osteoprotegerin ELISA OPG was measured in diluted
extracts and in conditioned growth media by a sandwich
ELISA using commercially available antibodies for this
purpose (R&D Systems, Minneapolis, MN, USA; cat. no.
DY805). Microtitre wells were coated with 2 μg/ml of a
mouse monoclonal antibody for catching, and detection
was done with 50 ng/ml of a biotinylated goat antibody.
Recombinant human OPG was used as a standard. Strep-
tavidin–horseradish peroxidase was used for detection of
bound biotinylated immunoglobulin, and tetramethylben-
zidine was added as substrate. Colouring was stopped after
20 min with 2 mol/l sulphuric acid and wells were read at
450 nm.

OPG was estimated in individual aortic pulverised sam-
ples (5–10 mg) extracted with 2 mol/l GnHCl in dilutions of
1:100. After optimisation, all extracted samples (in random
order) were analysed in one analytical run in the ELISA.

RNA isolation and quantitative RT-PCR Total RNA was
extracted and isolated fromcells usingTrizol (Roche,Denmark;
0.5 ml per cell culture well) and quantified by spectropho-
tometry at 260 and 280 nm. First-strand cDNA was syn-
thesised from 1μgRNAby incubatingwith 200UMoloney
murine leukaemia virus reverse transcriptase (Gibco-BRL/
Life Technologies, Roskilde, Denmark) in a 30-μl reaction
mixture containing 50 mmol/l Tris (pH 8.3), 75 mmol/l
KCl, 3 mmol/l MgCl2, 0.5 mmol/l dATP, 0.5 mmol/l dTTP,
0.5 mmol/l dGTP, 0.5 mmol/l dCTP and 30 pmol of random
hexamers for 75 min at 37°C, followed by 15 min at 95°C.

Fig. 1 Aortic OPG concentra-
tions. Grey bars are results from
diabetic individuals and black
bars are results from non-dia-
betic individuals. “Intima” and
“Media” indicate specimens
from these arterial compart-
ments whereas “Normal” are
results from areas of the vessels
that appeared macroscopically
normal and “Plaque” are results
from areas that displayed fibrous
plaques. Results are presented as
means±SEM. *p<0.05 and
**p<0.01 vs non-diabetic group

Table 2 Aortic OPG and calcium content

Type 1
diabetes

Control Type 2
diabetes

Control

OPG (ng/mg dry defatted weight)
Normal intima 19.2±7.1 12.8±2.9 9.0±2.3 10.6±1.9
Plaques intima 9.5±2.1 14.1±3.3 12.5±3.5 14.0±2.9
Normal media 46.8±13.0a 14.4±2.4 20.5±3.4 18.0±2.9
Plaques media 21.6±7.6b 10.2±2.8 20.4±3.9c 12.2±2.0
Calcium (μg/mg)
Normal intima 5.6±0.9 3.4±0.5 11.7±4.5 5.9±1.0
Plaques intima 49.0±11.9 37.0±8.7 20.1±4.6 33.5±8.3
Normal media 18.9±3.8 13.3±1.2 11.9±2.0 15.1±3.0
Plaques media 17.8±3.7 13.8±2.8 10.6±2.1 11.5±2.5

All values are means±SEM.
ap<0.01 vs control groups
bp=0.1 vs control groups
cp<0.05 vs control groups
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PCR was performed using 2 μl RT solution in a reaction
mixture of 25 μl using the iQ SYBR Green Supermix (Bio-
Rad, Hercules, CA, USA) containing 20 mmol/l Tris (pH
8.4), 50 mmol/l KCl, 1.5 mmol/l MgCl2, 0.2 mmol/l dATP,
0.2 mmol/l dTTP, 0.2 mmol/l dGTP, 0.2 mmol/l dCTP, 3
mmol/l MgCl2, 20 nmol/l SYBRGreen I fluorescein and 25
U/ml iTaq DNA polymerase (final concentrations). PCR
was performed with two primer sets, specific for human
OPG and for human β-actin. PCR was done with real-time
detection using the Bio-Rad iCycler iQ system (Bio-Rad).
The fluorescence threshold value was calculated using the
iCycle iQ system software. Each PCR run included a
tenfold serial dilution of a sample with a high RNA content.
The results from these dilutions were used to translate
sample-threshold values to linear arbitrary units. Moreover,
the efficiency of the PCR amplifications could be calculated
from these dilution curves. The efficiency was above 98%
in all PCR procedures. OPG results are expressed as the
ratio of OPG mRNA units/β-actin mRNA units.

Statistical analysis All results are expressed as means±
SEM. Differences between groups were tested by ANOVA
and Student’s t-test. A two-tailed p value of less than 0.05
was considered significant.

Results

Preliminary experiments with pools of pulverised aortic
tissue showed that solutions containing GnHCl extracted
OPG twice as effectively as all other attempted extraction
conditions (data not shown). Furthermore, we found that
aortic GnHCl extracts in the ELISA procedure diluted par-
allel to standard curves of recombinant human OPG in a
range of 1:100–1:2,000. The recovery of 500 pg/ml exog-
enously added OPG to GnHCl extracts, diluted 1:100, was
85±4% (n=3).

When individual samples were analysed by GnHCl ex-
traction, we found that there were no differences, in terms of
the extraction efficiency of total protein per milligram dry
defatted tissue, between diabetic and non-diabetic samples
in any of the tissue compartments (data not shown). Con-
sequently, the OPG content is expressed as ng OPG/mg dry
defatted weight. As shown in Fig. 1, a higher concentration
of OPG in tunica media was observed in samples from
diabetic individuals compared with in non-diabetic individ-
uals. This was the case under both normal-appearing intima
(p<0.01) and plaques (p<0.05). No differences between
diabetic and non-diabetic subjects were observed when
intimal tissue was compared. No statistically significant
correlation between OPG content and age or diabetes du-
ration was observed for any tissue compartment. Table 2

Fig. 3 Dose- and time-dependent effects of insulin on OPG pro-
duction from HVSMCs. Black circles show results from cells without
addition of insulin, whereas open circles are cells with 50 μU/ml
insulin, black triangles are cells with 200 μU/ml insulin and open
triangles are cells with 1000 μU/ml insulin. Results are means±SEM
(n=4–6). All values obtained with any insulin dose at 12, 24 and 48 h
are significantly different from results from cells without insulin
added (p<0.01)

Fig. 2 OPG production from
HVSMCs. Effects of 24 h of
incubation with TNF-α (TNF),
insulin (Ins) or growth hormone
(GH) using the indicated con-
centrations. Results are means±
SEM (n=8). **p<0.01 vs cells
without added substances (C)
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shows the separated results for type 1 and type 2 diabetes. As
shown, both groups showed the same tendencies as the
combined group. Some variation in the results are present
and the difference between diabetic and non-diabetic in-
dividuals in normal media is particularly strong in the type 1
group.We found increased calcium contents in plaque areas
compared with normal intima and media (Table 2), but no
differences were seen between diabetic and non-diabetic
tissue and no significant relations betweenOPGand calcium
contents were obtained in any of the tissue compartments.

In our in vitro studies, we first observed that HVSMCs
produce high amounts of OPG, whereas HUVECs produce
considerably less [93±2 vs 3.4±0.39 ng/ml (mean±SEM),
n=6, p<0.001]. In these experiments, HUVECs were grown
with the same cell density as HVSMCs. Figure 2 depicts
OPG production from HVSMCs and it is clear that this

production is modifiable by insulin and TNF-α, whereby it
is significantly increased or decreased. As seen in Fig. 3,
insulin addition to the medium leads to decreased secretion
of OPG after 6–12 h, and the production was kept at lower
levels for up to 48 h. The effect of insulin was dependent on
dose, which was as low as 50 μU/ml. Also in the case of
TNF-α, we observed a time- and dose-dependent effect,
with significantly increased values beginning at 6 h after the
addition of the cytokine (Fig. 4). No effects on OPG
production were seen when extra glucose was added to the
growth medium: the concentration of OPG after 24 h was
62±3 vs 59±3 ng/ml in 25 and 5.5 mmol/l glucose, re-
spectively (mean±SEM, n=8, p>0.1). The effects of insulin
and TNF-α on the production of OPG were paralleled by
similar alterations in mRNA expression. As seen in Fig. 5,
we observed decreased OPG mRNA expression after the

Fig. 4 Dose- and time-depen-
dent effects of TNF-α on OPG
production from HVSMCs.
Black circles show results from
cells without addition of TNF-α,
whereas open circles are cells
with 0.04 ng/ml TNF-α and
black triangles are cells with 1
ng/ml TNF-α. Results are
means±SEM (n=4–6). All val-
ues obtained with any amount of
TNF-α at any analysed time
points are significantly different
from results from control cells
(p<0.01)

Fig. 5 OPG mRNA expression
in HVSMCs under the influence
of insulin (1,000 μU/ml) for 6
and 24 h. Black circles are
results from cells without the
addition of insulin, and open
circles are results from cells
with the addition of insulin for 6
or 24 h. Data are presented as
means±SEM (n=6–9). **p<0.01
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addition of insulin (1,000 μU/ml) to the HVSMCs. The ef-
fect was statistically significant 24 h after addition of the
hormone. The effect of TNF-α onOPGmRNAexpression is
shown in Fig. 6 where significantly increased OPG mRNA
amounts are seen 12 and 24 h after TNF-α stimulation. No
effects of insulin and TNF-α were seen when expression of
the control gene β-actin mRNAwas considered.

Discussion

The present finding of increased OPG concentrations in
the aortic media fits well with earlier observations of al-
tered matrix components in the arterial wall in diabetes. As
in previous investigations, we found changes in the tunica
media, notably in both normal and atherosclerotic parts of
the vessel wall [3, 4]. Interestingly, osteopontin [16] and
mRNA for bone-Gla-protein [18] were recently found in
increased amounts in arterial tissue from a few patients
with diabetes. Together, these results and the present data
are compatible with the notion that accumulation of bone-
related substances may be a feature of diabetic macro-
angiopathy.

No previous studies have quantitated the amounts of
OPG in the arterial wall. Compared with the concentration
of OPG in plasma we found that the content in aorta is
approximately 500 times higher [29] (assuming a water
content of arterial tissue of 80% [4]) and is at a level similar
to that reported for bone [30]. We found that the most
efficient extraction procedure was seen with solutions con-
taining GnHCl. This could indicate that OPG is associated
with anionic low-solubility components of the vascular
wall, for example proteoglycans, which is consistent with
the fact that OPG contains a heparin-binding domain [33].

A recent publication indicates that the amount of OPG in
atherosclerotic plaques may differ with plaque type (stable
vs unstable) [34]. However, it is important to note that the

present investigation of arterial tissue was primarily de-
signed to study possible generalised differences between
diabetic and non-diabetic vessels. The apparent lack of
difference between atherosclerotic vs non-atherosclerotic
and intima vs media compartments of the vessel wall with
respect to OPG concentrations in our study should there-
fore be interpreted with caution. Large local differences in
OPG amounts at the cellular level, for example in relation
to specific areas with apoptotic cells or calcifications, etc.
as previously indicated [35], may be overlooked with the
present research design. Elucidation of such putative rela-
tions demands alternative study designs. Also in this re-
spect, it should be noted that the separation of media and
intima was done rather crudely, which could give rise to a
mixing of the two layers.

Another limitation of the present study relates to the
lack of statistically significant correlations between arterial
OPG concentrations in the arterial compartments and both
age and diabetes duration. This is in light of the fact that
both the average age and duration of diabetes are rather
high and that the ranges of these parameters are narrow.
Nevertheless, these limitations do not influence our basic
finding of higher average OPG concentrations in the deeper
layers of the aortic wall in diabetes.

It has been suggested that OPG is an inhibitor of arterial
calcification, since OPG deficiency leads to calcifications in
the aorta and the renal arteries in an experimental model
[23]. This notion is not really consistent with the present
finding of increased OPG levels in arteries from individuals
with diabetes, which often display linear arterial calcifica-
tions. Several aspects regarding this discrepancy should,
however, be taken into consideration.One explanation could
be that OPG is upregulated to compensate for the presence
of calcifications in diabetes. However, we did not find
altered calcium content in the aortic media, in line with the
fact that this vessel is not known to harbour roentgen-
ologically detectable media calcifications in diabetes. The

Fig. 6 OPG mRNA expression
in HVSMCs under the influence
of TNF-α (1 ng/ml) for 6, 12
and 24 h as indicated. Closed
circles are results from cells
without the addition of TNF-α
and open circles are results from
cells with the addition of TNF-α
for 6, 12 or 24 h. Data are
presented as means±SEM
(n=3–6). **p<0.01
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OPG levels and putative relations to calcium content could,
however, differ in other areas of the arterial tree, where
media calcifications are present. Another consideration re-
lates to the fact that OPG is only one of several calcifica-
tion-modifying molecules. Alterations in other calcification
inhibitors and activators could play a more dominant role
than OPG in the arterial wall in diabetes. Also, the concept
of OPG as an inhibitor of vascular calcifications may be
more complex than the initial experimental studies imply.
For example, alternative explanations that downplay the
direct effects of OPG on arterial calcifications in the ex-
periments with OPG knock-out animals but emphasise sec-
ondary arterial effects due to the influence of OPG on bone
resorption have been put forward [24]. Moreover, the ex-
perimental data regarding OPG functionality were obtained
in mice, where the mechanisms leading to vascular calci-
fications may be different from the processes in humans.
Although the function of OPG in the vasculature is thus
debatable, the present finding is compatible with the idea
that bone-related molecules, such as OPG, are upregulated
in the arterial wall in diabetes and that such alterations
may hypothetically relate to the development of medial
calcifications.

Accumulation of OPG in the arterial wall may be caused
by altered production of the molecule by HVSMCs, which
produce large amounts of the molecule. The regulation of
OPG production from HVSMCs has previously been
shown to be influenced by platelet-derived growth factor
[25] and activators of peroxisome proliferator-activated
receptor [36]. In the present study, we observed that OPG
secretion is regulated by two other factors, i.e. insulin and
TNF-α, which may be relevant for the accumulation of
OPG in arteries in diabetes. Our insulin results expand the
repertoire of reported insulin effects in HVSMCs, which
earlier mostly comprised effects on proliferative and mi-
gratory functions. However, an additional influence on the
secretion of extracellular molecules has been observed and,
in line with the current data, we previously reported that
insulin decreases the production of the cartilage-related
molecule hyaluronan [31]. The role of insulin in the de-
velopment of macrovascular disease is, however, not clear
and at present it is not known whether lack of insulin
activity and/or increased insulin action play significant
roles in the vasculature in diabetes. Our data are compatible
with the idea that lack of insulin action (either because of
insulin resistance in type 2 diabetes or periodical lack of
insulin peptide in type 1 diabetes) may be part of the
mechanism behind the accumulation of OPG. Clearly,
many other factors could also play a role, and interestingly,
we found that TNF-α strongly induces OPG production.
TNF-α is best known for its pro-inflammatory activities,
but it has also been implicated in the development of
vascular calcifications since it is capable of inducing bone-
type alkaline phosphatase in HVSMCs [37]. TNF-α has
moreover been found in increased amounts in the plasma of
patients with both type 1 [38] and type 2 diabetes [39, 40]
and a role for TNF-α in OPG accumulation in diabetes is
possible. Direct effects of high glucose concentrations and
increased growth hormone levels have been implicated in

the development of macrovascular disease in diabetes. The
present results do not support the idea that these factors are
directly involved in the accumulation of OPG.

Three independent studies have described increased
plasma concentrations of OPG among patients with dia-
betes. In one report, high values of OPG were seen in a
subgroup of diabetic women in a study primarily examining
the relation between plasma OPG and bone density and
fracture rates [27]. In another investigation of 522 men,
which describes a positive relation between coronary arterio-
sclerosis (determined by coronary angiography) and plas-
ma OPG, it was reported that diabetic men had elevated
plasma levels of OPG. The increase was independent of the
degree of coronary sclerosis [28]. More recently, we found
in a cross-sectional study of approximately 100 individuals,
that patients with type 2 diabetes, especially those with
microvascular manifestations, display increased values of
OPG [29]. Data from the present study fit well with these
reports, and it can be hypothesised that increased levels of
plasma OPG in diabetes may reflect arterial accumulation
of the molecule.

In conclusion, we have observed increased levels of OPG
in the aortic tunica media among patients with diabetes. The
OPG accumulation represents a case of upregulation of a
bone-related component in the vascular tree in diabetes,
putatively related to the development of media calcifica-
tions. Altered OPG concentrations in the arterial tissue may
be the result of the effects of insulin and TNF-α on the
production of this molecule from vascular smooth muscle
cells. By investigating OPG and other bone-related mole-
cules in relation to the arterial wall, we would gain a new
perspective on the understanding of the molecular mecha-
nisms underlying the development of macrovascular dis-
ease in diabetes.
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