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ABSTRACT

INTRODUCTION  Calcific aortic valve disease is associated with inflammation and calcification, thus the
osteoprotegerin (OPG), receptor activator of nuclear factor kB (RANK) and its ligand (RANKL) system
involved in osteoclastogenesis and inflammation may play a significant role in valve degeneration.
0BJECTIVES The aim of this study was to assess whether circulating OPG, sRANKL, and other bone
metabolism markers can predict the presence of osteoclasts in stenotic valves and to evaluate their
impact on the mode of degeneration.

PATIENTS AND METHODS  The study involved 60 patients with aortic stenosis who underwent valve replace-
ment surgery and subsequently were divided into 2 groups: osteoclastic (n = 12) and nonosteoclastic (n
= 48), according to the presence or absence of intravalvular osteoclasts. Before the surgery, we measured
serum levels of OPG, sRANKL, osteocalcin, osteopontin, tumor necrosis factor a (TNF-a), interleukin
(IL) 1B, and IL-6. Immunohistochemistry and morphometry were used to determine the extent of valve
calcification, lipid accumulation, neovascularization, and the number and phenotype of macrophages.
REsuLTS Compared with the nonosteoclastic group, patients with intravalvular osteoclasts had lower
levels of OPG (P = 0.0006) and TNF-a (P = 0.02) and less frequently had diabetes (P = 0.04). Their
valves showed higher incidence of ossification (P = 0.002), higher total (P = 0.008) and M2 macrophage
counts (P = 0.0002), increased neovascularization (P = 0.003), and lower accumulation of lipids (P =
0.04). They also showed a negative correlation between valve calcification and age (r = -0.79, P =
0.002), which was not observed in patients without osteoclasts. In a multivariate analysis, low circulat-
ing OPG levels and the absence of diabetes were predictors of intravalvular osteoclastic differentiation.
concLusions The presence of osteoclasts in stenotic valves associated with low circulating OPG levels
and an enhanced proportion of M2 macrophages can represent a variant of calcific aortic valve disease
with a specifically regulated calcification process.

INTRODUCTION  Calcific aortic valve disease,
the main cause of valve replacement in elder-
ly patients, is regarded as an active process akin
to atherosclerosis, involving mechanisms that
can undergo modifications with disease progres-
sion."? The process is associated with the appear-
ance of cells with osteoblastic and osteoclastic
features.-> The majority of studies focused on

osteoblastic differentiation of valvular or vascu-
lar cells, as well as those describing osteoclas-
tic differentiation, concerned a broader range
of osteoclastic-like cells, that is, both multi- and
mononuclear cells expressing osteoclastic mark-
er (tartrate-resistant acid phosphatase [TRAP]).3

TRAP-positive cells are not, however, a homo-
geneous population. TRAP is indeed characteristic
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FIGURE 1  Characteristic features of valve tissue remodeling associated with the presence of osteoclasts; A — tar-
trate-resistant acid phosphatase (TRAP)-positive / cathepsin K (Cath K)-positive osteoclasts (arrow) located between
the ossified area (dotted line) and dystrophic calcification (asterisk); B — confocal microscopic image of osteoclasts
shown in A; cell nuclei stained with DAPI; bars, 50 um (A) and 10 um (B); C—H — differences between osteoclastic
(OCG) and nonosteoclastic (NOCG) groups: patients with ossification, number of total macrophages, M2 macrophages
and their proportions, microvessel density and lipid area; a P <0.05; b P <0.01; ¢ P <0.001

for cells undergoing osteoclastic differentiation,
but can also be expressed by other cells belong-
ing to the monocyte and macrophage lineage,’
so mononuclear TRAP-positive cells only partly
represent early differentiating osteoclasts. That
is why, in the present study, we analyzed only
fully differentiated, multinuclear TRAP-positive
osteoclasts.

Differentiation and recruitment of osteoclasts
in skeletal tissues is mainly controlled by osteo-
protegerin (OPG), receptor activator of nuclear
factor kB (RANK), and its ligand (RANKL) sig-
naling system. By integrating the regulation of
bone tissue metabolism as well as immune and
inflammatory processes, the OPG/RANK/RANKL
system can be an important player in calcific aor-
tic valve disease, since bone-associated cells and
matrix components as well as immune cells and

inflammatory mediators are involved in the dis-
ease. It was shown that serum OPG levels tend-
ed to increase with age in healthy individuals
and were elevated in patients with calcific aor-
tic valve disease®’"9; moreover, OPG revealed al-
tered expression in stenotic valves.'’ Recent pub-
lications have also suggested that circulating bio-
markers of bone turnover are associated with the
severity of stenosis and vascular calcification.® !
The involvement of OPG in cardiovascular dis-
ease is now widely discussed, with an emphasis
on its dichotomous (proatherogenic and antiath-
erogenic) role.'2"

Both local and systemic inflammation can drive
cardiovascular calcification.' Proinflammatory cy-
tokines, such as tumor necrosis factor a (TNF-a),
increase the levels of circulating OPG via the ac-
tivation of endothelial cells.’® On the other hand,
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FIGURE 2 Representative micrographs illustrating differences between the valves of
osteoclastic group (left row) and nonosteoclastic group (right row) in calcification (A and
B), total CD68-positive and M2 CD163-positive macrophage infiltration (C, D and E, F),
neovascularization (G and H), and lipid content (I and J). Note the presence of osteo-
clasts (arrows in A) and areas of ossification (outside of dotted line in A) above the
dystrophic form of calcification (asterisk), the only calcification form seen in nonosteo-
clastic group (B), also visualized by alizarin red (AR; insert in B). Asterisks in C—H mark
dystrophic calcification; dotted line in C, E, G marks ossification; bars, 500 um (A, B, B
[insert], I, J)and 50 um (C, D, E, F, G, H).

cytokines such as interleukin (IL)-1, IL-6, and
TNEF-a have been demonstrated to show osteo-
clastogenic and osteogenic activity.'s:'® Macro-
phages are the largest population of inflamma-
tory cells observed in calcific aortic valve disease.
They reveal phenotypes with “pro-” and “anti-in-
flammatory” activity, classified as M1 and M2, re-
spectively.”® Such phenotypic macrophage hetero-
geneity has been well documented in atheroscle-
rotic lesions,?? but much less is known on their
plasticity in calcific aortic valve disease. There-
fore, the aim of this study was to assess whether
circulating bone metabolism and inflammatory
markers can predict the presence of fully differen-
tiated osteoclasts in stenotic valves, and wheth-
er their occurrence can be related to specific his-
tomorphological characteristics of valve degen-
eration and to the course of valve calcification.

PATIENTS AND METHODS Characteristics of pa-
tients and tissue material Stenotic aortic valves
(n = 60) were obtained from patients undergoing
routine valve replacement surgery. Patients with
cancer, autoimmune disorders, end-stage renal
failure, or ongoing infective process were exclud-
ed from the study. Only valves without signs of
infective endocarditis or rheumatic heart disease
were examined. Data concerning demographics
and cardiovascular risk factors were collected us-
ing a standard questionnaire and previous medi-
cal documentation.

Prior to surgery, all patients underwent trans-
thoracic echocardiography and routine laborato-
ry blood tests. Additional serum samples for the
measurement of bone metabolism and inflamma-
tory biomarkers were stored at —~80°C until use.
The study protocol was approved by the Jagiello-
nian University Bioethical Committee, and all pa-
tients signed an informed consent form.

Assessment of bone metabolism and inflammatory
biomarkers The levels of OPG, osteopontin, os-
teocalcin, TNF-a, IL-1B, IL-6, and soluble RANKL
(sRANKL) were measured in serum samples by a
multiplex method and enzyme-linked immuno-
sorbent assay (SRANKL). For details, see the Sup-
plementary material online.

Assessment of valve calcification area Calcifica-
tion area was measured morphometrically in the
valve cusps examined under Stemi 2000C ste-
reomicroscope (Zeiss, Germany) with the use of
AnalySIS-FIVE" (Soft Imaging System GmbH,
Miinster, Germany) image analysis system and
expressed as percentage of the total cusp area.

Histochemistry and immunohistochemistry Valve
sections were stained routinely with hematox-
ylin and eosin, with Oil red O to reveal lipids,
and with Alizarin red to visualize calcified ar-
eas. Osteoclasts, macrophages, and blood vessels
were visualized by immunofluorescent detection
of cell-specific antigens: TRAP and cathepsin K
double staining for osteoclasts, CD68 for total
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TABLE 1 Comparison of clinical and biochemical parameters in osteoclastic and nonosteoclastic groups

Parameter Osteoclastic group Nonosteoclastic group P value
demographic and clinical parameters

age, y 63.08 =12.72 67.94 =8.74 0.1
male sex 8 (67) 26 (54) 0.5
aortic mean gradient, mmHg 52.42 =15.13 54.17 =16.44 0.7
aortic peak gradient, mmHg 85.17 +27.22 87.33 +£23.72 0.8
AVA, cm? 0.82 =0.17 0.77 =0.2 0.5
bicuspid aortic valve 8 (67) 23 (48) 0.3
aortic valve insufficiency 4 (33) 15 (31) 1.0
coronary artery disease 3(25) 20 (42) 0.3
history of myocardial infarction 2(17) 8(17) 1.0
atrial fibrillation 2(17) 9(19) 1.0
hypertension 10 (83) 39 (81) 1.0
BMI, kg/m? 30.03 +£5.95 28.95 +4.49 0.5
hyperlipidemia 8 (67) 40 (83) 0.2
diabetes 1(8) 21 (44) 0.04
chronic renal failure 3(25) 5(10) 0.2
statins 5(42) 24 (50) 0.8
biochemical markers

OPG, ng/ml 0.19(0.15-0.29) 0.38 (0.25-0.54) 0.0006
sRANKL, pmol/I 135.4 (85.72-231.0) 118.5 (72.37-155.0) 0.4
OPG/sRANKL, x 100 0.15(0.11-0.26) 0.35(0.19-0.51) 0.003
OPN, ng/ml 6.71 (4.69-1.49) 10.31 (4.22-15.07) 0.4
OCN, ng/ml 5.21(2.93-7.99) 5.78 (2.96-9.29) 0.5
TNF-a, pg/ml 1.86 (1.8-3.42) 3.58(2.17-6.32) 0.02
IL-1B, pg/ml 0.24 (0.17-0.28) 0.24 (0.17-0.33) 0.6
IL-6, pg/ml 1.17 (0.57-1.67) 1.37 (0.82-5.01) 0.09
calcium, mmol/l 2.29 =0.06 2.31 =0.08 0.4
phosphorus, mmol/l 1.24 £0.13 1.24 £0.21 1.0

Data are presented as means + standard deviation, medians (lower and upper quartiles), or number (percentage)

of patients.

Abbreviations: AVA, aortic valve area; BMI, body mass index; IL-1p, interleukin 1B; IL-6, interleukin 6; OCN, osteocalcin;
OPG, osteoprotegerin; OPN, osteopontin; SRANKL, soluble receptor activator of nuclear factor kB ligand; TNF-a, tumor

necrosis factor a

macrophages, CD163 for M2 macrophages, and
CD34 for microvessels. For details, see the Sup-
plementary material online.

Microscopy, confocal microscopy, and morphometry
Tissue sections were examined under a laser
scanning (confocal) fluorescence microscope
(FluoView FV1200, Olympus, Tokyo, Japan) and
an Olympus BX50 bright field/fluorescence micro-
scope equipped with a computer-assisted image
analysis system. Macrophages (total and M2) were
expressed as cell number per high power field;
microvessels, as the number of profiles per high
power field; and the area occupied by lipids, as
the percentage of the total cusp section area. For
details, see the Supplementary material online.

Statistical analysis ~ Statistical analyses (see the
Supplementary material online) were performed
using Statgraphics Centurion XVI (StatPoint
Technologies INC, Warrenton, Virginia, United

States) software. All tests were 2-tailed with a
P value of less than 0.05 considered as statisti-
cally significant.

RESULTS Identification of osteoclasts Large mul-
tinucleated TRAP+/cathepsin K+ cells, regarded
as differentiated osteoclasts and located in calci-
fied or ossified areas (FIGURES 1 and 2), were found
in the valves of 12 patients. These patients and
their valves (classified as the osteoclastic group)
were compared with patients whose valves did
not contain intravalvular osteoclasts (nonosteo-
clastic group, n = 48).

Characteristics of osteoclastogenic milieu The
valves with osteoclasts more frequently showed
osteogenic metaplasia, higher number of to-
tal and M2 macrophages, higher proportion
of M2/total macrophages, higher microvessel
density, and lower valve area occupied by lip-
ids (FIGURES 1 and 2). There was no significant
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TABLE 2 Final model of stepwise multivariate logistic regression for the occurrence

of osteoclasts

B SE P value
OPG levels (low) 2.745 1.115 0.017
diabetes -2.2717 1.130 0.014

The model was adjusted for age, sex, and aortic valve morphology (bicuspid).
TNF-a and IL-6 were tested as potential covariates.

Abbreviations: SE, standard error; others, see TABLE 1
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FIGURE 3 Correlation between osteoprotegerin (OPG) and age in the whole study
population; nonlinear fitting (thick line) and 95% confidence intervals for the fitting (thin

lines)

difference in the calcification area (45.21 +14.09
and 41.82 +16.97 for osteoclastic and nonosteo-
clastic group, respectively, P = 0.3).

Clinical and biochemical factors associated with os-
teoclastogenesis A univariate comparison of clin-
ical and biochemical parameters revealed that pa-
tients from the osteoclastic group had lower se-
rum OPG levels, OPG/sRANKL ratio, TNF-a lev-
els, and incidence of diabetes than patients from
the nonosteoclastic group (TABLE 1). A stepwise
multivariate logistic regression analysis includ-
ing the above variables and IL-6, which in a uni-
variate analysis approached significance (P <0.1),
showed that low OPG levels and diabetes were
positive and negative predictors of the presence
of osteoclasts, respectively (TABLE 2). An indepen-
dent role of diabetes was stressed by the fact that
in the group of diabetic patients with the OPG
level “permissive” for osteoclastogenesis (ie, not
exceeding the highest value found in the osteo-
clastic group), almost all patients (11 of 12) had
no osteoclasts in their valves (P = 0.03).
Moreover, our analysis showed that OPG lev-
els strongly correlated with markers of inflam-
matory status (TNF-a and IL-6, both, P <0.0001;
Supplementary material online, Table S1), and
that diabetic patients (n = 22) had significantly

ORIGINAL ARTICLE

higher body mass index and TNF-a concentra-
tions than nondiabetic ones (32.08 +4.99 kg/m?
vs 27.6 £3.93 kg/m?, P = 0.0009, for body mass
index, and 3.9 pg/ml [3.09-6.32] vs 2.9 pg/ml
[1.82-5.06], P = 0.03, for TNF-a concentrations).

Correlation between osteoprotegerin levels and age in
stenotic patients: implications for osteoclastogenesis
In the whole study group, circulating OPG levels
were significantly correlated with age (r = 0.56;
P <0.0001). A nonlinear regression model showed
arelatively slow increase in OPG levels in younger
patients and a markedly enhanced increase in old-
er individuals (FIGURE 3). It is of note that all cas-
es with osteoclasts were located below the trend
line, as depicted in the graph.

We also checked whether the occurrence of
osteoclasts might interfere with the correlation
of OPG with age. In the osteoclastic group, OPG
strongly correlated with age (r=0.9; P = 0.0001),
while in the nonosteoclastic group, the correla-
tion was weak (r = 0.39; P = 0.01) and OPG val-
ues were much more variable (FIGURE 4), suggest-
ing the effect of other factors on the OPG level.

Effect of osteoclasts and osteoprotegerin on the as-
sociation between calcification and age There was
no correlation between valve calcification area
and patients’ age in the whole study group (P =
0.2). However, the presence of intravalvular os-
teoclasts substantially altered the association be-
tween calcification and age, since the osteoclas-
tic group revealed a strong negative correlation of
calcification with age (r = -0.79; P = 0.002), not
observed in the nonosteoclastic group (r = 0.09;
P =0.5) (FIGURE 4). We also examined whether the
calcification-age relationship was influenced by
the OPG level as a predictor of osteoclastogene-
sis. Indeed, in patients with low OPG levels, per-
missive for osteoclastogenesis, calcification neg-
atively correlated with age (r = -0.5; P = 0.002),
while patients with high OPG levels showed a pos-
itive correlation with borderline significance (r =
0.41; P = 0.05) (FIGURE 5).

DISCUSSION We have shown for the first time
that low circulating OPG levels predict the occur-
rence of fully differentiated osteoclasts and that
osteoclast-containing valves differ from those
without osteoclasts. Another important finding
of our study is that the occurrence of osteoclasts
in patients with calcific aortic valve disease is re-
lated to general and local inflammatory status,
as manifested by inflammatory cytokine levels
and their associations with OPG, as well as by en-
hanced absolute and relative count of M2 mac-
rophages. OPG seems to play a pivotal role here.

To our knowledge, the link between M2 mac-
rophages associated with tissue repair and main-
tenance of its integrity?' and osteoclastic differ-
entiation in stenotic aortic valves has been re-
ported for the first time. This link was postulat-
ed in patients with periprosthetic osteolysis, in
whom M2 macrophages coincided with increased
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FIGURE 4 Correlation of osteoprotegerin (OPG) with age and valve calcification with respect to the presence of osteoclasts in the osteoclastic group
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recruitment and maturation of osteoclast precur-
sors.?? Recently published reports have supported
the association of M2 polarization with the ab-
sence of OPG?® and younger age?* in mice mod-
els. The increased neovascularization observed in
the osteoclastic group can facilitate recruitment
of macrophage and osteoclast precursors from
blood to degenerating valves.

The negative correlation between diabetes and
the presence of osteoclastic aortic valve is also a
novel finding. Type 2 diabetes mellitus has recent-
ly emerged as a significant metabolic risk factor
for calcific aortic valve disease and accelerated de-
generation of bioprosthetic valves.?526 O’Sullivan
et al?’ showed increased serum OPG levels in di-
abetic patients. Our results suggest the impact
of diabetes on the mode of calcific valve remod-
eling irrespectively of the OPG level.

It remains controversial how the presence of
osteoclasts could influence the local calcification

process in the valve. The regulatory role of osteo-
clastic-like cells in the maintenance of mineral
homeostasis within the atherosclerotic arterial
wall was postulated by Doherty et al.?® They sug-
gested that vascular calcium deposition may be
affected by the presence and activity of osteo-
clast-like cells, which are able to inhibit or even
revert the ongoing calcification. However, mouse
model studies indicated a procalcific influence
of osteoclast-like cells on the cardiovascular sys-
tem.?® Moreover, experimental data suggest that
the activity of osteoclasts is critical for effective
osteogenesis.*’

Recently, Nagy et al® reported that systemic
levels and local mRNA expression of TRAP (re-
garded as osteoclast-associated marker) posi-
tively correlated with selected echocardiograph-
ic parameters of stenosis severity. We did not ob-
serve such a correlation, but in contrast to Nagy
et al, we analyzed cases showing the presence of
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FIGURE 6 Modes of aortic valve degeneration reflecting the modifications in the local milieu. Occurrence of osteoclasts associated with low serum
osteoprotegerin (OPG) level and local milieu characterized by enhanced absolute and relative number of M2 macrophages, ossification, microvessels,
and lower accumulation of lipids promote “proresorptive” mode of valve degeneration, in which osteoclastic milieu slows down the spread of
calcification but facilitates local ossification. Elevation of OPG concentrations (preventing osteoclast formation) results in progressive calcification of
valve tissue (“procalcific” mode). This mode could also be switched on by general inflammation or diabetes and is probably more prevalvent in aged

patients due to “naturally” increasing OPG levels with age. Arrows indicate possible positive or negative (red circle) influences.
Abbreviations: TNF-a, tumor necrosis factor a

fully differentiated multinucleated osteoclasts. The association of osteoclasts with ossification
TRAP is also expressed by macrophages,® which ~ suggests an intimate coupling of these cells with
are more common in stenotic valves than ma-  the active mode of calcific remodeling, which re-

ture osteoclasts. sults in intravalvular bone formation. Thus, the

occurrence of osteoclasts seems to facilitate a
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switch of the calcification mode towards an ac-
tive “osteogenic program”. Moreover, we found
a negative correlation of calcification with pa-
tients’ age in the osteoclastic group, which might
suggest that the activity of osteoclasts could lim-
it the calcification area or that the entire milieu
characterized by the presence of osteoclasts can
promote processes oriented towards restriction
of the age-dependent progression of calcifica-
tion. On the other hand, since pathologically al-
tered valve areas rich in lipids reveal much high-
er calcium content than the areas not accumu-
lating lipids,?' the higher accumulation of lipids
in the nonosteoclastic group might contribute to
the development of less modifiable milieu and,
consequently, calcification progression with age.

The correlation of OPG with age, characterized
by a more notable increase and higher variability
of OPG in older individuals, is in line with other
reports.”® This finding can have important impli-
cations. Considering that all cases with osteoclasts
were located below the OPG trend line increasing
with age, it is possible that not the absolute serum
OPG concentration but rather its level relative to
age either permits or inhibits osteoclastogenesis
in the valves. Cases with OPG levels permissive
for osteoclastogenesis (low for age) are associat-
ed with a negative correlation between calcifica-
tion and age, resulting in lower calcification area
in patients at advanced age. This might indicate
that relatively low OPG levels and the resulting
local proosteoclastic milieu may constitute a spe-
cific “proresorptive” variant of valve degeneration
(FIGURE 6), contrary to the more frequent “procal-
cific” variant associated with elevated OPG lev-
els and a positive correlation between calcifica-
tion and age, which corresponds with the findings
from human studies.’? To establish whether any
of these variants is more beneficial for patients
is outside the scope of this study. Interestingly,
there are data indicating an association of OPG
with left ventricular and atrial remodeling and
suggesting a more favorable outcome in postop-
erative follow-up in stenotic patients with lower
preoperative OPG levels.?

Our results suggest a variable role of OPG in
calcific aortic valve disease, which makes it diffi-
cult to design a unified therapeutic strategy tar-
geting the OPG/RANK/RANKL system that would
be effective in a broad spectrum of patients with
calcific aortic valve disease. Indeed, the effective-
ness of denosumab, an anti-RANKL antibody
mimicking the action of OPG, has not been con-
firmed in clinical trials.3* Also, data concerning
the effect of statins, which reduce not only lipid
activity but also the levels of OPG and sRANKL,
are still inconclusive.? %

The limitation of our study is the observation-
al design, which enables us to demonstrate asso-
ciations but not causal relationships.

In conclusion, we demonstrated that the pres-
ence of differentiated osteoclasts in calcified ste-
notic aortic valves associated with a relatively low
concentration of circulating OPG and enhanced

proportion of intravalvular M2 macrophages are
the hallmarks of the local milieu with potency
to limit calcification. Therefore, serum OPG lev-
els seem to be a promising candidate for a mark-
er that could indicate the prevalent mode of val-
vular remodeling.
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STRESZCZENIE

WPROWADZENIE  Choroba kalcyfikacyjna zastawki aortalnej jest zwigzana z procesem zapalnym i wapnie-
niem, dlatego uktad osteoprotegeryna (OPG), aktywator receptora jagdrowego czynnika kB (RANK) i jego
ligand (RANKL) zwigzany z osteoklastogeneza i zapaleniem moze odgrywacé istotng role w degeneraciji
zastawki.

ceLe  Celem badania byta ocena, czy krazace OPG, sRANKL i inne markery metabolizmu kostnego mogg
by¢ predyktorami obecnos$ci osteoklastéw w zastawce stenotycznej oraz ocena ich wptywu na forme
degeneracji.

PACJENCI | METODY Do badania wtaczono 60 pacjentdw ze stenozg aortalng, u ktérych dokonano
chirurgicznej wymiany zastawki aortalnej i nastepnie podzielono na 2 grupy: osteoklastyczng (n = 12)
i nieosteoklastyczna (n = 48), zaleznie od obecnos$ci osteoklastéw lub ich braku w usunigtych zastaw-
kach. Przed zabiegiem zmierzono poziom OPG, sRANKL, osteokalcyny, osteopontyny, czynnika martwicy
guza a (tumor necrosis factor a — TNF-a), interleukiny (IL) 1b oraz IL-6 w surowicy pacjentéw. W ocenie
rozlegto$ci zwapnien w zastawkach, akumulacji lipidéw, neowaskularyzacji oraz liczby i fenotypu ma-
krofagéw stosowano metody immunohistochemiczne i morfometryczne.

WYNIKI  Pacjenci z osteoklastami w zastawce, w poréwnaniu z chorymi z grupy nieosteoklastycznej,
cechowali sig nizszym poziomem OPG (p = 0,0006), TNF-a (p = 0,02) i rzadziej chorowali na cukrzyce
(p = 0,04). W ich zastawkach cze$ciej obserwowano wystepowanie metaplazji kostnej (p = 0,002),
liczniejsza byta zaréwno catkowita populacja (p = 0,008), jak i typ M2 (p = 0,0002) makrofagéw, na-
silone tworzenie naczyn (p = 0,003) i mniejsze nagromadzenie lipidéw (p = 0,04). U pacjentéw tych
wykazano réwniez negatywng korelacje miedzy kalcyfikacja a wiekiem (r = —0,79; p = 0,002), czego
nie obserwowano u pacjentéw bez osteoklastéw. W analizie wieloczynnikowej niski poziom krazacej OPG
i brak cukrzycy byty predyktorami $rédzastawkowego powstawania osteoklastéw.

WNIosKl  Obecno$é¢ osteoklastow w zastawce stenotycznej zwigzana z niskim poziomem krazacej OPG
i wieksza proporcja makrofagéw M2 w zastawce moze stanowi¢ wariant choroby kalcyfikacyjnej zastawki
aortalnej ze szczeg6lng regulacja procesu wapnienia.
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