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Abstract

Activin A, a member of TGF- superfamily, has been implicated in the
pathogenesis of pulmonary artery hypertension (PAH). PAH due to congenital
heart disease (CHD-PAH) is a major problem in developing countries. Activin
A may have a role in PAH development and progression among uncorrected
Funding information CHD. In this comparative study, serum activin A level was significantly
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increased in subjects with uncorrected CHD without the presence of PH and
were more significantly risen in CHD-PAH, as compared to control. The
utilization of serum activin A measurement seems promising to identify
uncorrected CHD patients with PAH development and progression.
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INTRODUCTION

Pulmonary artery hypertension (PAH) is characterized
by constant pulmonary vasoconstriction, concentrical
vascular remodeling, occlusive intimal lesions, luminal
thrombosis, and vascular smooth muscle thickening
which lead to increased pulmonary artery pressure and
resistance.” Three common pathways of vascular dis-
array, namely endothelin, nitric oxide, and prostacyclin

pathways, have been recognized which led to successful
targeted PAH-therapy.' In addition to these pathways,
transforming growth factor beta (TGF-§) superfamily is
known to play a part in PAH pathogenesis, especially in
the heritable form of PAH.>® Activin A, one of its
members, is a glycoprotein which is implicated in the
pathogenesis of PAH and mediates TGF-f superfamily
signaling imbalance, bone morphogenetic protein
(BMPR)II downregulation, and macrophage activation.*
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In vitro study shows that activin A increases apoptosis in
endothelial cells and prevents vascular wall formation.’
Meanwhile study with pulmonary artery smooth muscle
cells from PAH patients treated with activin A inhibitor
shows a reduction in cells' growth and proliferation.’

Among clinical classifications of PAH, congenital
heart disease-associated PAH (CHD-PAH) is the most
common form encountered in developing countries,
which is related to the underdiagnosis and lack of
treatment of CHD.®’ Most adults with CHD visit medical
services with complaints related to increasing pulmonary
artery pressure or pulmonary hypertension (PH).” Our
previous studies have identified several biomarkers
associated with the development and progression of
PAH in adult uncorrected CHD patients.® ' Since activin
A is involved in PAH pathogenesis, we aimed to measure
serum activin A level and correlate it with other
biomarkers, endothelin-1, and NT-pro BNP, in patients
with CHD and CHD-associated PAH to elaborate its
potential clinical role into PAH development and
progression in these populations.

METHODS

A cross-sectional method was used for this study. The
subjects were patients diagnosed with CHD without PH
(CHD-noPH), CHD-associated PAH (CHD-PAH), and
idiopathic or hereditary PAH (I/HPAH). The subjects
were participants of The COngenital HeARt Disease in
adult and Pulmonary Hypertension (COHARD-PH)
registry,” from which clinical and hemodynamic param-
eter data was retrieved. The transthoracic echo-
cardiography (TTE), transesophageal echocardiography
(TOE), and right heart catheterization (RHC) were
performed for diagnostic modalities. The PAH diagnosis
criteria were based on RHC results in accordance with
current recommendations.”’ Based on the diagnostic
criteria, the subjects were categorized as CHD-noPH,
CHD-PAH, and I/HPAH. Sample size calculation yielded
a minimum of five subjects in each control (no-PAH) and
PAH group for activin A comparison. Therefore, we
randomly selected nine subjects from the COHARD-PH
registry in each category for this study. A simple random
sampling was performed to select the subjects from the
registry. The type of CHD in this study was uncorrected
atrial septal defects (ASD). The data of subject character-
istics, including biomarker levels, were obtained from the
index of diagnosis (after the RHC procedure), before
PAH-specific treatments were given. Nine healthy con-
trols with similar ages and sex were recruited. Among
these controls, the TTE was performed to exclude the
CHD and measure the estimated pulmonary artery

pressure. Those with normal echocardiogram were
enrolled for this study, as the control group.

Blood samples for examination of biomarkers,
namely NT-pro BNP, endothelin-1, and activin A, were
withdrawn from the peripheral veins at the time of RHC
procedure as part of the COHARD-PH registry protocol.
In controls, the blood samples from peripheral veins
were collected. Then, the serum was isolated and frozen
at —800C freezer in the Biobank Unit Faculty of
Medicine, Public Health, and Nursing Universitas
Gadjah Mada, until biomarkers were assayed. For
NT-proBNP measurement, the electrochemiluminescence
immunoassay (Elecsys®ProBNP II) and a Cobas e immu-
noassay analyzer (Roche Diagnostics) was utilized. For
endothelin-1 measurement, a human endothelin-1 ELISA
kit (RAB1039, Sigma-Aldrich) and its protocol were
applied. For activin A measurement, human/mouse/rat
activin A Quantikine® ELISA Kit (DACO00B, R&D
Systems) and its protocol were used. The NT-proBNP
measurement was performed in Dr. Sardjito Hospital
Central Laboratory. The endothelin-1 and activin A
measurements were conducted in the Integrated Research
Laboratory (Laboratorium Riset Terpadu) Faculty of
Medicine, Public Health and Nursing Universitas Gadjah
Mada. This research protocol has been approved by
Medical and Health Research Ethics Committee of the
Faculty of Medicine, Public Health and Nursing Uni-
versitas Gadjah Mada and Dr. Sardjito Hospital, Yogya-
karta, Indonesia.

For statistical analysis, the test of normality
for continuous variables was conducted with the
Shapiro-Wilk test. For normally distributed variables,
their mean differences among groups were tested using a
one-way analysis of variance (ANOVA) test and contin-
ued with post hoc analysis, whereas the mean differ-
ence between two groups was analyzed with student
T-test. For nonnormally distributed variables, the
nonparametric statistics were used. Subsequently, the
correlation between continuous variables was analyzed
with Pearson or Spearman correlation tests. The statisti-
cal significance was accepted at p < 0.05.

RESULTS AND DISCUSSION

The characteristics of each subject group are depicted in
Table 1. Subjects with PAH, both CHD-PAH and I/
HPAH, had higher right atrial (RA) area, right ventricu-
lar (RV) diameter, tricuspid valve gradient (TVG), and
tricuspid regurgitant velocity (TRV), whereas the tri-
cuspid annular plane systolic excursion (TAPSE) value
was lower when compared to subjects without PAH,
namely CHD-noPH and controls. The mean pulmonary
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TABLE 1 Comparison of characteristics among subjects with congenital heart disease (CHD)-noPH, CHD-pulmonary artery
hypertension (PAH), and I/HPAH as compared to control.

Characteristics
Females

Age (years)

BMI (kg/m?)

RA area (cm?)

RV diameter (mm)
TAPSE (mm)

TVG (mmHg)
TRV (m/s)

LVEF (%)

mPAP (mmHg)
PVRi (Wood Unit.m?)

Control (n=9)

6 (66.7)
26.6 +2.7
21.9+29
N.M

30.6 +4.1
N.M

N.M

N.M

68.6 + 5.2
N.M

N.M

CHD-noPH (n=9)

6 (66.7%)
31.6+8.9
20.6 +1.7
17.4+32
42.8+5.5
243445
40.9 +33.0
26403
64.6 + 9.4
16.67 +2.5
1.4+0.9

CHD-PAH (n=9)
9 (100%)
33.9+9.1
19.1+4.1
23.5+6.7
51.0+9.6
20.8 +3.0
86.8 +33.8
4.6 +0.9
74.7 £8.5
56.33 +8.11
147 +4.2

I/HPAH (n=9)
9 (100%)
36.0 +7.6
21.5+3.1
259456
53.0+53
151+3.7
73.4+13.1
41+0.5
67.4+11.9
57.78 +13.70
29.1 + 14.4

p-value
1.0
0.069
0.207
0.022
<0.001
<0.001
0.013
<0.001
0.137
<0.001
<0.001

Note: All the numerical data were shown as mean + standard deviation (SD), and all the categorical data were shown as number (%).

Abbreviations: BMI, body mass index; LVEF, left ventricle ejection fraction; mPAP, mean pulmonary artery pressure; N.M, not measured; PVRI, pulmonary vascular
resistance index; RA, right atrial; RV, right ventricular; TAPSE, tricuspid annular plane systolic excursion; TRV, tricuspid regurgitant velocity; TVG, tricuspid valve

gradient.

TABLE 2 The comparison of serum biomarkers among subject groups.

Serum biomarkers

NT-pro BNP (pg/mL) N.M
Endothelin-1 (pg/mL) N.M

Activin A (pg/mL)

Control (n=9)

274.85+49.42

CHD-noPH (n=9)

153.07 +£118.54
14.20 +1.10
366.02 + 68.56

CHD-PAH (n=9)
1948.42 + 2681.07
1531 +1.38
503.68 + 179.69

I/HPAH (n=9)
2489.11 + 2012.64
14.93 +0.91
695.04 + 305.12

p-value
0.001%
0.207°

<0.001°¢
0.01¢

Note: All the numerical data were shown as mean + standard deviation (SD).

Abbreviation: N.M, not measured.

CHD-noPH, n =6; CHD-PAH, n=_8; [/HPAH, n=8.

"Kruskal-Wallis test.

“One-way analysis of variance (ANOVA) among all groups including control.

d0ne-way ANOVA excluding control.
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FIGURE 1 The incremental increase of serum activin A level among subject groups (p value from the Student T test, analyzed between groups).
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FIGURE 2 (a) Positive correlation between activin A and NT-proBNP levels in subjects with congenital heart disease (CHD) (both
CHD-noPH and CHD-PAH) (r=0.876, p < 0.001). (b) Positive correlation between activin A and NT-proBNP levels in subjects with

CHD-pulmonary artery hypertension (PAH) (r=0.900, p < 0.001).

artery pressure (mPAP) and pulmonary vascular resist-
ance index (PVRi) values, measured by RHC, were
higher in PAH subjects. Subjects with I/HPAH had more
severe hemodynamic consequences of increased pulmo-
nary artery pressure and resistance, as indicated by
reduced RV function (lower TAPSE value) and higher
mPAP and PVRi, when compared to CHD-PAH.

Table 2 and Figure 1 show the biomarker levels
among subject groups. Serum activin A level was
incrementally increased in subjects with PAH (both
CHD-PAH and I/HPAH). Subjects with I/HPAH had the
highest level of serum activin A. In subjects with CHDs,
CHD-PAH had a significantly higher level of serum

activin A as compared to CHD-noPH. Control subjects
had the least serum activin A level. Our study clearly
showed that activin A level was increasing in the serum
of subjects with PAH, as compared to subjects without
PAH. Similar results were previously reported in subjects
with IPAH, collagen tissue disease-associated PAH,
portopulmonary hypertension and HIV-related PAH."?
Our study broadens the findings by involving CHD-
associated PAH, which also showed significant increas-
ing in serum activin A level. The connection between
activin A and PAH has been recognized. Activin A was
substantially expressed in endothelial and smooth
muscle cells of pulmonary vasculatures *'* as well as
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TABLE 3 The correlation between activin A and other
biomarkers and pulmonary artery hypertension (PAH)
hemodynamic parameters.

Congenital heart

disease (CHD)-noPH CHD-PAH and

and CHD-PAH I/HPAH

n=18 n=18
Parameters r-value p-value r-value  p-value
NT-pro BNP 0.876 <0.001 0.195 0.437
Endothelin-1*  0.625 0.017 0.428 0.098
mPAP 0.428 0.077 —0.388 0.112
PVRi 0.464 0.060 —0.203 0.419

Abbreviations: mPAP, mean pulmonary artery pressure; PVRI, pulmonary
vascular resistance index.

2CHD-noPH and CHD-PAH, n = 14; CHD-PAH and IPAH, n = 16.

in the lung macrophages,'” in patients with PAH. It
mediates the pulmonary vascular remodeling prevailing
in PAH pathogenesis which can be reversed by
ACTRIIA-Fc, a potent activin ligand trap.'® Six subjects
in this study were males. Compared to females there was
no significant difference in activin A level.

In subjects with CHD, both CHD-noPH and CHD-
PAH, serum activin A was significantly correlated
with other PAH biomarkers such as NT-pro BNP with
which it is strongly correlated (Figure 2a). It also had a
moderate correlation with endothelin-1, a biomarker
implicated in PAH pathogenesis. However, serum
activin A did not correlate with mPAP and PVRIi in
subjects with CHD. In subjects with PAH, both CHD-
PAH and I/HPAH, there was no significant correlation
between serum activin A level and other biomarkers
and hemodynamic parameters (Table 3). A strong
correlation between serum activin A and NT-proBNP
was specifically found in CHD-PAH (r=0.900,
p <0.001) (Figure 2b). In other groups, there was no
correlation between activin A and NT-proBNP (CHD-
noPH: r=0.219, p=0.571) and I/HPAH: r=-0.390,
p =0.299).

Previous studies showed, among patients with
PAH, higher serum activin A was associated with
mortality and may serve as an accurate prognostic
indicator."»'* The positive significant correlation
between activin A and NT-pro BNP was shown in
subjects with CHD, especially in CHD-PAH, which
may indicate the presence of PAH in this population,
whereas among subjects who had already developed
PAH there was no correlation found. In an experi-
mental study, activin A promoted endothelin-1 over
expression in pulmonary artery smooth muscle and in
human PAH, serum activin A level was significantly
correlated with serum endothelin-1 level.'* In our

study, the significantly positive correlation between
activin A and both biomarkers, endothelin-1 and NT-
pro BNP, was found only in subjects with CHD. It may
be an indication of PAH development as a natural
history of volume and pressure overload occurring in
patients with uncorrected CHD. It is intriguing to
suggest that by measuring serum activin A level, we
may detect the progression of uncorrected CHD
haemodynamic into PAH and activin A as a differen-
tiator between CHD-no PH and CHD-PAH.

We concluded from the results of our study that
serum activin A level was increased in patients with
PAH. The elevated levels of activin A were detected in
subjects with CHD without the presence of PH and
were increased in CHD with the presence of PAH
(CHD-associated PAH). Furthermore, among CHD
patients, serum activin A significantly correlated with
other biomarkers implicated in the presence of PAH,
namely NT-pro BNP and endothelin-1. This finding
indicated that activin A may serve as a biomarker for
detection of the presence of PAH among subjects with
uncorrected CHD. The utilization of serum activin A
measurement seems promising since the prevalence of
uncorrected CHD is still significantly high in develop-
ing countries and PAH is a pathway of the natural
history of this disease which has been significantly
associated with adverse outcomes and mortality.
Further study with a larger sample size and prospec-
tive follow-up is necessary to corroborate these
preliminary findings.
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