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ABSTRACT

iNTRoDUCTION  Inflammation plays a significant role in the pathogenesis of pulmonary arterial hyperten-
sion (PAH). Soluble receptor activator of nuclear factor-«B ligand (SRANKL) and osteoprotegerin (OPG)
are tumor necrosis factor a family members of immunomodulatory activity.

0BJECTIVES The aim of the study was to evaluate SRANKL and OPG concentrations in patients with
PAH as potential factors contributing to the development of the disease.

PATIENTS AND METHODS We studied 26 patients with PAH, 31 volunteers, and 24 stable patients with
chronic systolic left ventricular heart failure (LVHF) without pulmonary hypertension. The PAH group was
followed up for 6 months for clinical deterioration or death.

RESULTS sRANKL levels were higher in the PAH group compared with controls and the LVHF group
(5.6 [interquartile range, 3.9-7.9) vs. 2.0 [0.9-4.4] pmol/l; P = 0.0001, and 2.4 [1.3-4.2] pmol/l; P =
0.001, respectively). OPG levels were higher in PAH patients compared with controls (4.07 =1.9 vs. 3.27
+0.95 pmol/l; P = 0.048). We found significant correlations between sRANKL levels and parameters
of ventilatory efficiency during exercise in the PAH group. OPG levels correlated with brain natriuretic
peptide levels and with invasive hemodynamic parameters. Patients with clinical deterioration during
6-month follow-up (n = 9) showed higher baseline OPG levels compared with stable patients (n = 17,
5.09 +£2.6 vs. 3.52 +=1.19 pmol/l; P = 0.043). In the univariate analysis, the elevated OPG concentration
at baseline was associated with an increased risk and earlier occurrence of clinical deterioration (hazard
ratio, 1.43; 95% confidence interval, 1.06-1.9; P = 0.017).

concLusions  Concentrations of SRANKL and OPG are elevated in patients with PAH and are associ-
ated with indicators of disease severity and prognosis. SRANKL is a better discriminant between PAH
and LVHF than OPG. The baseline OPG concentration is significantly associated with adverse outcomes
in patients with PAH.

INTRODUCTION  Pulmonary arterial hyperten-
sion (PAH) is a rare and progressive disease char-
acterized by pulmonary vascular remodeling, lead-
ing to increased pulmonary arterial pressure and,
subsequently, to right ventricular (RV) failure
and death.! Chronic inflammation has been im-
plicated in the development and progression of
the disease.

Numerous studies have documented that pa-
tients with PAH have altered plasma levels or pul-
monary expression of some cytokines and che-
mokines, eg, interleukin (IL)-1pB, IL-6, tumor ne-
crosis factor o (TNF-a) and TNF-a superfamily
members, and osteopontin as well as activation
and infiltration into the vessel wall of inflamma-
tory cells such as macrophages, T cells, B cells,
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TABLE 1  Characteristics of the study groups
Parameter PAH group LVHF group Control group
(n = 26) (n = 24) (n=31)

age, y 51.1 =17.8 59.6 =11.3 49.9 +13.5
women, n (%) 18(69.2) 3(12.5) 58 (18)
WHO/NYHA class, I 6(23.1) 4(16.7)

n (%) Il 14(53.8) 18 (75)

v 6(23.1) 2(8.3)

BMI, kg/m? 23.6 =3.7 29.4 =4¢ 258 =35
systolic blood pressure, 120 £16 121 £12 126 £15

mmHg

Data are presented as mean =+ standard deviation or number (percentage).

a P <0.05 vs. the PAH group

Abbreviations: BMI — body mass index, LVHF — left ventricular heart failure, NYHA —
New York Heart Association, PAH — pulmonary arterial hypertension, WHO — World

Health Organization
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and dendritic cells.?® Recently, we have report-
ed decreased serum levels of sSTWEAK together
with elevated concentrations of its scavenger re-
ceptor, sCD163, in patients with PAH, suggest-
ing the role of these molecules in the pathobiol-
ogy of the disease as components of the complex
inflammatory process.

The receptor activator of nuclear factor-xB li-
gand (RANKL) and its soluble decoy receptor—
osteoprotegerin (OPG)—are TNF-a receptor fam-
ily members involved in regulating bone turn-
over. OPG competitively inhibits an interaction
between RANKL and its receptor resulting in in-
hibition of bone resorption.” Recent studies have
reported elevated OPG levels in patients with high
risk of atherosclerotic cardiovascular complica-
tions as well as in the PAH population and em-
phasized the prognostic significance of OPG.8°

RANKL is expressed mainly by osteoblasts, but
also by activated T helper cells and is thought to
be involved in dendritic cell maturation and reg-
ulation of T cell-dependent immune response."
RANKL is a surface-bound molecule, but the sol-
uble form (sSRANKL) can be measured in serum.
RANKL expression is regulated by various cyto-
kines including IL-1, IL-6, IL-11, and TNF-a."?
From the PAH perspective, there is a particular-
ly interesting association between bone morpho-
genic proteins (BMPs) and RANKL. Impaired BMP
signal transduction, particularly via the BMP-2
receptor, has been shown to predispose to PAH.!
One of the described actions of the BMP-2 re-
ceptor is the induction of expression of RANKL,
which might be important for PAH pathobiolo-
gy; however, its importance has not been stud-
ied so far.”

Although growing evidence demonstrates the
role of inflammatory processes in PAH pathogene-
sis, the knowledge regarding this issue is still lim-
ited. We hypothesized that OPG and RANKL play
arole in the pathogenesis of PAH and their inter-
action may be important in the evaluation of pa-
tients with PAH and affect their prognosis. The
aim of the present study was to evaluate SRANKL

and OPG concentrations in patients with PAH as
potential factors contributing to the development
and progression of the disease.

PATIENTS AND METHODS We investigated 26
subjects with PAH in functional classes II-IV ac-
cording to the World Health Organization (WHO).
These patients represented the whole popula-
tion of patients who were diagnosed with PAH
in north-eastern Poland and referred to the Uni-
versity Hospital of Bialystok (Bialystok, Poland)
between 2010 and 2013. The diagnosis of PAH
was confirmed by right-sided heart catheteriza-
tion on the basis of mean pulmonary artery pres-
sure (mPAP) exceeding 25 mmHg and pulmonary
capillary wedge pressure (PCWP) of less than 15
mmHg.

The reference cohort included 24 stable pa-
tients with chronic systolic left ventricular heart
failure (LVHF) with no elevation in estimated
mPAP and preserved systolic RV function, as-
sessed by transthoracic echocardiography. The
underlying cause of LVHF was classified as isch-
emic (n = 11) or idiopathic dilated cardiomyop-
athy (n = 13). The control group consisted of 31
volunteers (from outpatient clinics and general
practice between 2010 and 2013) without pul-
monary hypertension assessed by transthoracic
echocardiography and without LVHF, matched
for age, sex, body weight, and comorbidities with
PAH subjects. Patients with acute infection, ma-
lignancy, and chronic obstructive pulmonary dis-
ease were not included in the study.

Study protocol All patients underwent the
same diagnostic assessment: initial determina-
tion of the WHO and New York Heart Associ-
ation (NYHA) functional class, physical exami-
nation, transthoracic echocardiography, cardio-
pulmonary exercise test (CPET), 6-minute walk
test (6MWD), and fasting venous blood tests. Pa-
tients with PAH were on modern specific therapy
for PAH during 6-month follow up. Clinical dete-
rioration (change in the WHO class; the need for
escalation of therapy) and death were prespecified
endpoints for clinical analysis in this study. The
study was approved by the local research ethics
committee and conducted according to the Dec-
laration of Helsinki, and all subjects gave written
informed consent to participate.

An echocardiography was performed to as-
sess morphology and function of the right and
left heart. Quantification of 2-dimensional and
Doppler echocardiography data, including the RV
basal diameter, right atrial area, left heart dimen-
sions, degree of tricuspid regurgitation, and es-
timation of systolic pulmonary artery pressure
were performed in a standard manner. RV sys-
tolic function was assessed by measuring the tri-
cuspid annular plane systolic excursion (TAPSE)
and percent fractional area change. Left ventric-
ular systolic function was quantified by measur-
ing left ventricular ejection fraction (LVEF) us-
ing the Simpson’s method. Only patients with
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TABLE 2 Hemodynamic data in patients with pulmonary arterial hypertension

systolic pulmonary artery pressure, mmHg 92.6 +30.7
mean pulmonary artery pressure, mmHg 59.2 +23
pulmonary capillary wedge pressure, mmHg 10.1 £2.9
right atrial pressure, mmHg 9.1 +3.8
cardiac output, I/min 4.1 +1.1
cardiac index, [/min/m? 25 =038
pulmonary vascular resistance, Wood units 12.3 6.9
arterial oxygen saturation, % 92.6 =41
mixed venous oxygen saturation, % 70.7 9.2

Data are presented as mean =+ standard deviation.

TABLE 3 Biochemical, echocardiographic, and functional data

Parameter

biochemical data
BNF, pg/ml

PAH group

LVHF group
(n = 24)

Control group

(n = 26) (n=31)

266.5 (94-498) 108 (62-323) 27 (15-47)2b

eGFR, ml/min/1.73m? 77 =18 75 =18 87 +14b
uric acid, mg/dl 6.25 +2.4 6.54 =1.4 4.6 +1.52b
total cholesterol, mg/dl 167 =41 176 =43 219 £372b
LDL cholesterol, mg/dI 105 =37 109 =36 140 362>
triglycerides, mg/dI 100 =36 144 +712 121 =63
echocardiographic data

RV basal diameter, cm 48 1.2 3.3 £0.9° 3.3 £0.5°
right atrial area, cm? 271 €12 14 52 11 =32
FAC, % 20 =94 41 +8.32 43 +3¢
TAPSE, mm 18 +3.9 24 +5.6° 26 =42
eSPAP mmHg 715 +24.2 23.2 +6.2¢ 13.4 £7.42b
LVEF, % 58 =5.3 24 530 63 =2.5°
exercise capacity

peak VO,, ml/kg/min 15.9 6 17 £4.8 28.3 £6.5%
6MWD, m 367 =124 392 =86 510 +£532b
ventilatory response to exercise

VENCO, 49 +13 32 =40 26 =420
VENCO, slope 50.8 +14.9 32 +4.9° 25.7 £3.720
peak PetCO, mmHg 221 74 33.3 £4.1° 39.6 =6.420

Data are presented as mean =+ standard deviation or median (interquartile range).

a P <0.05 vs. the PAH group

b P <0.05 vs. the LVHF group

Abbreviations: 6MWD — 6-minute walk test, BNP — B-type natriuretic peptide, eGFR —
estimated glomerular filtration rate, eSPAP — estimated systolic pulmonary artery
pressure, FAC — fractional area change, LDL — low-density lipoprotein, LVEF — left
ventricular ejection fraction, peak VO, — peak oxygen consumption, PetCO, — end-tidal
partial pressure of carbon dioxide, RV — right ventricular, TAPSE — tricuspid annular
plane systolic excursion, VCO,— ventilation equivalent for carbon dioxide, VCO, slope—
slope of expired ventilatory flow vs. carbon dioxide production, others — see TABLE 1

normal RV parameters were included in the LVHF
and control groups.

Exercise capacity and gas exchange parame-
ters were obtained from CPET. It was performed
using the maximum symptom-limited treadmill
exercise with ramp protocol, as described previ-
ously." The parameters used for analysis includ-
ed peak oxygen uptake (peak VO,), ventilation

equivalent for carbon dioxide (VE/VCO,), peak
end-tidal partial pressure of CO, (PetCO,) and the
slope of the VE/VCO, relationship from the initi-
ation to peak exercise (VE/VCO, slope).

Biochemical analysis Serum aliquots of 1.5 ml,
after sample collection, were stored at —80°C
for future analysis. Concentrations of OPG and
sRANKL were measured by an enzyme-linked im-
munosorbent assay with commercially available
kits (Biomedica, Austria). All measurements were
performed in duplicate. The lower limits of detec-
tion were 0.07 pmol/l for OPG and 0.02 pmol/l
for sSRANKL. Serum diluted 1:10 was used for
the assessment of the SRANKL concentration.
Since OPG has been described as a decoy recep-
tor for sSRANKL signaling, we also analyzed the
sRANKL/OPG ratio as a potential marker of free
sRANKL signaling.

Statistical analysis To determine differences be-
tween the groups, 1-way analysis of variance with
the Fisher’s post hoc analysis and Mann-Whitney
or Kruskal-Wallis with the Dunn’s post hoc anal-
ysis were used depending on the distribution of
variables. The Pearson or Spearman correlation
coefficient was used to examine correlations be-
tween variables, as appropriate. To measure the
associations between clinical outcome and OPG,
the logistic regression model was used. The Cox
proportional hazards analysis was performed to
evaluate associations between the baseline val-
ues of numerous parameters and clinical deteri-
oration during 6 months of follow-up (univariate
analysis). Receiver operating characteristic (ROC)
curves were used to establish the optimal values
for differentiation of the analyzed subgroups. A
Pvalue of less than 0.05 was considered statisti-
cally significant.

RESULTS The PAH group comprised patients
with idiopathic PAH (46.2%, n = 12) as well as
with PAH associated with connective tissue dis-
eases and congenital heart diseases (26.9%,n =7,
both groups). Of these patients, 61.5% (n = 16)
were prevalent cases receiving targeted treat-
ment (7 patients on prostanoids); the rest (38.5%,
n = 10) were incident cases. They were predomi-
nantly women. Patient characteristics are sum-
marized in TABLE 1; hemodynamic data in the PAH
group, in TABLE 2; and biochemical, functional, and
echocardiographic data, in TABLE 3.

There were no significant differences in me-
dian brain natriuretic peptide (BNP) concentra-
tions, mean 6MWD, and peak VO, consumption
between the PAH and LVHF groups. Most patients
had WHO/NYHA class III functional limitations.
In an echocardiographic examination, PAH pa-
tients were characterized by indices of impaired
RV morphology and global function with high-
er systolic pulmonary artery pressure and LVEF
(ABLE 3). They also manifested a significantly low-
er ventilatory efficiency during exercise, charac-
terized by elevated VE/VCO, and VE/VCO, slope
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FIGURE 1  Osteoprote-
gerin concentrations in
patients with pulmonary
arterial hypertension
(PAH), left ventricular
heart failure (LVHF), and
the control group

FIGURE 2 sRANKL
concentrations in
patients with pulmonary
arterial hypertension
(PAH), left ventricular
heart failure (LVHF), and
the control group

FIGURE 3 sRANKL/
osteoprotegerin (OPG)
ratio in patients with
pulmonary arterial
hypertension (PAH), left
ventricular heart failure
(LVHF), and the control

group

FIGURE 4 Osteoprote-
gerin concentrations in
patients with pulmonary
arterial hypertension in
relation to clinical out-
come during a 6-month
follow-up
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together with lower peak PetCO,, when compared
with the LVHF and control groups.

Patients with PAH had significantly higher
mean serum OPG levels (4.07 1.9 pmol/] vs.
3.27 +0.95 pmol/l; P = 0.048) compared with
the control group (FIGURE 1). There was no signif-
icant difference in OPG concentrations between
PAH and LVHF subjects (3.66 +1.06 pmol/]; P =
0.37). Median sRANKL levels were significantly
higher in the PAH group compared with controls
and the LVHF group (5.2 [3.9-7.8] pmol/l vs. 2.0
[0.9-4.4] pmol/], P = 0.0001, and 2.4 [1.3-4.2]
pmol/l, P = 0.001, respectively, FiGure 2). There
was no difference in the concentrations of OPG
and sRANKL between the LVHF and control co-
horts. The SRANKL/OPG ratio was significantly
higher in the PAH group compared with the oth-
er groups: median, 1.51 (0.3-15.34) in the PAH
group vs. 0.65 (0.085-6.1) in the control group,
P =0.004, and vs. 0.68 (0.1-2.74) in the LVHF
group, P = 0.003 (FiGuRE 3). C-statistics obtained
from the ROC curve analysis (in a pooled study
population) showed that both the sSRANKL con-
centration and sSRANKL/OPG ratio have good
diagnostic power for determining the presence
of PAH (0.809, 95% confidence interval [CI],
0.714-0.904, with a cut-off value of 2.51 pmol/l
for 92% sensitivity and 62% specificity, and 0.76,
95% CI, 0.653-0.866, with a cut-off value of 1 for
81% sensitivity and 71% specificity, respectively).
OPG concentrations, however, did not differen-
tiate patients with PAH and LVHE.

There were no significant differences in se-
rum OPG and sRANKL concentrations and the
sRANKL/OPG ratio between the groups of pa-
tients with different etiologies of PAH, between
prevalent and incident cases (OPG, 4.14 +2.27
vs. 3.93 +1.2 pmol/l; sSRANKL, 5.19 [interquartile
range (IQR), 2.5-15.9] vs. 6.85 [IQR, 1.36-37.4]
pmol/l; sSRANKL/OPG 1.48 [IQR, 0.65-10.8] vs.
1.68 [IQR, 0.3-15.3]; P >0.05) as well as in rela-
tion to the functional WHO class and sex.

We observed statistically significant correla-
tions in the PAH group between sRANKL con-
centrations and right atrial pressure (RAP) (r =
0.46; P <0.05), low-density lipoprotein cholester-
ollevels (r = —0.41; P <0.05), total cholesterol lev-
els (r = -0.42; P <0.05), and parameters of ven-
tilatory efficiency during exercise: VE/VCO, (r =
0.45; P <0.05) VE/VCO, slope (r = 0.49; P <0.05),
and peak PetCO, (r = -0.47; P <0.05). OPG levels
positively correlated with BNP concentrations
(r=0.7; P <0.05) and with hemodynamic param-
eters: cardiac output (CO; r = -0.43; P <0.05),
pulmonary vascular resistance (PVR) (r = 0.43;
P <0.05), mixed venous oxygen saturation (r =
-0.53; P <0.05), and RAP (r = 0.49; P <0.05). Such
correlations of sSRANKL and OPG concentrations
with biochemical and CPET parameters were not
found in patients with LVHF and controls. No cor-
relation was found between serum sRANKL and
OPG concentrations in either group.

After 6 months of follow-up, clinical deteri-
oration was observed in 9 patients (including
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TABLE 4 Differences in baseline parameters between patients with pulmonary
arterial hypertension with clinical deterioration and stable patients

to report a significant correlation between OPG
and numerous hemodynamic markers of disease
severity: CO, PVR, RAP, and SvO,. Moreover, these
data show that the baseline OPG concentration is
a significant determinant of an adverse outcome

Patients with clinical Stable patients, P value

deterioration,n = 9 n=17

OPG, pmol/| 5.09 +2.6 352 +1.19 0.043 : ¢ _

RANKL m 63 (58979 4.5 (3897 81 NS in a short-term follow-up of patients with PAH.
s . pmol/ 3(589-7.9) -5 (3:89-7.81) It appears that the SRANKL concentration is as-
BNF, pg/ml 498 (377-1138) 121 (42-304) 0.009 sociated more closely with the presence of PAH,
6MWD, m 317 +128 410 +91 0.047 whereas OPG is less specific for this disease but
VE/VCO, slope 62 +14.5 455 +12.2 0.011 carries more prognostic information, possibly
peak VO, ml/kg/min 12 +3.7 17.7 +6 0.03 ow;r‘lAgh;Ic;its closel;iaslsoci.a’;:iion with RV fu;lr(I:‘tiOE.
SV0,, % 652 +10.1 738 +73 0.02 can modulate inflammatory and 1-cell-

Abbreviations: NS — nonsignificant, OPG — osteoprotegerin, SRANKL — soluble receptor
activator of nuclear factor-«B ligand, Sv0, — mixed venous oxygen saturation, others —

see TABLE 3

2 deaths), while 17 patients remained stable. Pa-
tients with clinical deterioration showed signifi-
cantly higher baseline OPG concentrations com-
pared with stable subjects (FIGURE 4). There was
no difference in baseline SRANKL levels between
these groups. Differences in key baseline parame-
ters between PAH patients with clinical deteriora-
tion and the stable group are presented in TABLE 4.

In a univariate logistic regression analysis,
the concentration of OPG showed a trend to-
wards prediction of clinical deterioration (P =
0.04 for the model and P = 0.089 for OPG). A
more detailed univariate Cox analysis of propor-
tional hazard showed that a higher OPG concen-
tration at baseline was associated with increased
risk and earlier occurrence of clinical deteriora-
tion during 6 months of follow-up (hazard ra-
tio, 1.43; 95% CI,1.06-1.9; P = 0.017). Other fac-
tors associated with adverse prognosis in a uni-
variate Cox analysis were: SvO, (HR, 0.88; 95%
CI, 0.81-0.96; P = 0.004), BNP (HR, 1.0; 95% CI,
1-1.002; P = 0.006), uric acid (HR, 1.52; 95% CI,
1.14-2.03; P = 0.004), peak VO, (HR, 0.86; 95%
(I, 0.76-0.99; P = 0.036) and VE/VCO, slope (HR,
1.05; 95% CI, 1.01-1.1; P = 0.017). Neither the
sRANKL or sRANKL/OPG ratio was associated
with prognosis in any of the analysis.

DISCUSSION  To the best of our knowledge, this
is the first study to report elevated sSRANKL levels
in patients with PAH, compared with functional-
ly similar patients with LVHF and controls. In ad-
dition, increased serum levels of SRANKL signif-
icantly correlated with the parameters of venti-
latory efficiency during exercise and RAP, which
are of prognostic significance and reflect disease
severity.""® Independently, SRANKL concentra-
tions inversely correlated with the concentrations
of total and LDL cholesterol, which may reflect
the metabolic status of patients and peripheral
organ dysfunction.

Since OPG is considered to be a decoy receptor
for proinflammatory RANKL signaling, we decid-
ed to study both molecules simultaneously. In line
with the previous studies,’® we observed that pa-
tients with PAH have significantly higher serum
OPG levels than controls but our study is the first

-dependent immune response, for example, by
increasing endothelial-leukocyte cell interaction
and endothelial permeability. Moreover, it was
suggested to mediate inflammatory pathways
during myocardial remodeling in heart failure.'s”
With regard to PAH patients, describing the role
of this molecule in the pathobiology of the dis-
ease is challenging owing to lack of relevant ex-
perimental and clinical studies. Thus, our data are
innovative and might be epidemiologically impor-
tant. Considering the available studies, as well as
our data, we suggest that adaptive immune reac-
tions occurring in the pulmonary vasculature in
PAH are affected by sSRANKL.

On the other hand, we showed significant cor-
relations of SRANKL with the parameters of ven-
tilatory efficiency during exercise. The studies in
patients with chronic heart failure showed that
reduced CO and associated chronic pathologies
(neurohormonal, metabolic, and inflammatory
imbalance) lead to skeletal and respiratory mus-
cle damage and loss that augment exercise intol-
erance and ventilatory inefficiency.”®' Heart fail-
ure leads not only to myocyte damage but also to
adipose tissue and bone loss.'®? RANKL activates
osteoclasts, the cells involved in bone resorption.
We showed inverse correlations of sSRANKL with
cholesterol levels, which may indirectly suggest or
reflect metabolic disturbances (concerning mus-
cle, adipose, and bone tissue loss) in the course of
heart failure in patients with PAH. This could be
supported by correlations of sSRANKL and CPET
parameters in the context of enhanced ventila-
tory response, intensified by muscle insufficien-
cy. Interestingly, despite comparable clinical state
in terms of the functional class in patients with
LVHF, we observed neither elevation of sSRANKL
nor its correlation with ventilatory parameters
and cholesterol. On the other hand, our LVHF pa-
tients had significantly higher mean body mass,
suggesting less prevalent cachexia, and they more
often received statins, which may inhibit RANKL
expression.?!

Previous studies suggested that OPG may act
as an indirect indicator of pulmonary vasculature
remodeling in PAH as it was found to be elevated
in serum and pulmonary vascular lesions as well
as to increase pulmonary artery smooth muscle
cell proliferation and migration.?® In our study,
the OPG concentration correlated with hemo-
dynamic parameters of right heart function and
with BNP. This findings provide a rationale for a
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hypothesis that OPG is secreted by myocytes of
the right ventricle, but this concept requires fur-
ther research. Experimental and clinical studies
in patients with LVHF showed upregulation of
OPG in the myocardium and immune system??
and association of OPG levels with higher left
ventricular mass, end-systolic volume, and low-
er LVEE?® Mizia-Stec et al.? have shown that el-
evated OPG levels characterized patients with se-
vere aortic stenosis when compared with patients
with a moderate disease. Moreover, the OPG con-
centration was higher in the presence of coro-
nary artery disease in a cohort of subjects with
mild aortic stenosis. Both these facts support the
role of OPG as a potential marker of myocardial
stress (ischemia, hypertrophy, or overload). The
potential role of OPG in PAH pathogenesis was
also supported by observations showing that OPG
expression is regulated by BMPR2, 5-HT, and IL-
1, all of which are associated with the pathogene-
sis of PAH.8 It was suggested that OPG might be
a mediator of inadequate or excessive complex
inflammatory response in PAH. It is also consid-
ered to be a soluble inhibitor of RANKL signaling,
which may promote inflammation and vascular
remodeling. Nevertheless, the available studies
do not provide a firm conclusion about the ex-
act role of OPG in PAH. However, its contribu-
tion is highly likely.

We demonstrated that the OPG concentration
is related to prognosis in a small group of pa-
tients with PAH. This supports previous reports
and strengthens the above finding as we showed
that it may be useful even in small populations.
A significant finding in our study was not only
the prognostic value of OPG, but also its rela-
tionship with numerous hemodynamic parame-
ters of disease severity, which are also indicators
of RV performance and overload. This underlines
the role of OPG in PAH pathobiology. We did not
show such an association with sSRANKL, but we
demonstrated its correlations with VE/VCO, and
VE/VCO, slope, which have a prognostic value in
patients with PAH.'" When OPG is a prognostic
parameter, SRANKL seems to act as a marker of
the disease and may serve as a complementary
molecule to OPG with respect to the pathogenic
and prognostic role of the OPG-RANKL system
in patients with PAH.

The study has several limitations including a
relatively small sample size, single-center design,
and short follow-up period. Moreover, the study
group consisted of incident and prevalent cases
and because of its small size, we were unable to
assess the effect of disease-modifying therapy
on sRANKL and OPG concentrations. Owing to
a small cohort, we did not plan or attempt to per-
form a multivariate analysis of factors indepen-
dently affecting clinical deterioration. Our ROC
analysis was performed on a pooled study popu-
lation consisting of 3 distinct groups and, there-
fore, it serves only as a preliminary analysis for
hypothesis-generating purposes.

In conclusion, our study showed elevated lev-
els of serum RANKL and OPG in the PAH pop-
ulation. Although we found both parameters
to be elevated, only OPG provided short-term
prognostic information. Considering that the
OPG-RANKL system is altered in PAH patients
and that sSRANKL is more specifically associat-
ed with PAH and with other parameters reflect-
ing disease progression, its potential prognostic
role should not be discarded but rather investi-
gated in a larger prospective trial in a nonbiased
population.
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