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ABSTRACT

Introduction and objectives: Pulmonary regurgitation (PR) is a frequent complication after repair of
congenital heart disease. Lymphocyte expression of adrenoceptors (1 and 32) and kinases (GRK2,
GRK3, and GRKS5) reflects the neurohumoral changes that occur in heart failure (HF). The main objective
of this study was to describe the gene expression of these molecules in circulating lymphocytes in
patients with severe PR.
Methods: A prospective study was conducted to analyze lymphocyte expression of these molecules in
patients with severe PR and compare it with expression in healthy controls and patients with advanced
HF.
Results: We studied 35 patients with severe PR, 22 healthy controls, and 13 patients with HF. Multiple
comparisons analysis showed that 32-adrenoceptor gene expression levels were higher in the control
group than in patients in the PR and HF groups and that expression in the latter 2 groups was similar
(748.49 [rank 1703.87] vs 402.80 [rank 1210.81] vs 287.46 [rank 685.69] P =.001). Similar findings were
obtained in gene expression of GRK2 (760.89 [rank 1169.46] vs 445.17 [rank 1190.69] vs 284.09 [rank
585.27] P <.001). There were no differences in expression levels of these molecules according to clinical
variables in patients with PR.
Conclusions: The gene expression pattern of GRK2 and [32-adrenoceptor as molecular markers of cardiac
dysfunction was altered in patients with severe PR compared with controls and was similar to
expression in patients with advanced HF.

© 2018 Sociedad Espafiola de Cardiologia. Published by Elsevier Espaiia, S.L.U. All rights reserved.

Cambios en la expresion de adrenoceptores y GRK en pacientes con insuficiencia
pulmonar valvular cronica

RESUMEN

Introduccion y objetivos: Lainsuficiencia pulmonar (IP) es una complicacion frecuente tras la intervencion
de cardiopatias congénitas. La expresion en leucocitos mononucleares circulantes (LMC) de los
adrenoceptores (31y 32)y de las cinasas (GRK2, GRK3 y GRK5) refleja los cambios neurohumorales que
se producen en la insuficiencia cardiaca (IC). El objetivo principal es describir la expresiéon génica de
dichas moléculas en LMC de pacientes con IP grave.

Metodos: Estudio prospectivo que analizo la expresion de las moléculas descritas en LMC de pacientes
con IP grave en comparacion con controles sanos y pacientes con IC avanzada.

Resultados: Se estudi6é a 35 pacientes con IP grave, 22 controles y 13 pacientes con IC. El analisis de
comparaciones multiples mostro que en los controles la cantidad de ARN mensajero de adrenoceptor (32
era mayor que el que presentaban los pacientes con IP y con IC, con similar expresion en estos 2 grupos:
748,49 (intervalo, 1.703,87) frente a 402,80 (1.210,81) frente a 287,46 (685,69) (p = 0,001). Estos mismos
hallazgos se obtuvieron en la expresion génica de GRK2: 760,89 (1.169,46) frente a 445,17 (1.190,69)
frente a 284,09 (585,27) (p < 0,001). No hubo diferencias en la expresion de estas moléculas segiin las
variables clinicas de los pacientes con IP.
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Conclusiones: El patron de expresion génica de GRK2 y del adrenoceptor (32 de los pacientes con IP grave,
como marcadores moleculares de disfuncién cardiaca, se encuentra alterado respecto a los controles y es
similar al de los pacientes con IC avanzada.

© 2018 Sociedad Espaiiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Abbreviations

CMLs: circulating mononuclear leukocytes
HF: heart failure

PR: pulmonary regurgitation

PVR: pulmonary valve replacement

RV: right ventricular

INTRODUCTION

Chronic pulmonary regurgitation (PR) is a frequent complica-
tion in patients who have undergone surgical repair of congenital
heart disease. Over time, the regurgitation causes right ventricular
(RV) volume overload and progressive dysfunction,! which are
associated with reduced exercise capacity and increased risk of
arrhythmias and sudden cardiac death.?

Although pulmonary valve replacement (PVR) is a low-risk
intervention,® multiple reinterventions are required due to
subsequent degeneration of the implanted bioprosthesis or
homograft.* Clinical practice guidelines®® recommend surgery
for severe PR in symptomatic patients or those with moderate-
severe RV dilatation/dysfunction.”® However, most of the series
analyzed showed no evidence of a postoperative increase in
exercise capacity or RV systolic function or a prognostic improve-
ment,® and consequently many authors recommend earlier
performance of the PVR.'°

Homeostatic regulation of the cardiovascular system is
controlled by the autonomic nervous system, with continuous
interaction between the 2 systems. Heart failure (HF) patients
have increased concentrations of circulating catecholamines,
which alter the expression and activity of adrenoceptors and G
protein-coupled receptor kinases (GRKs); agonist binding to
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adrenoceptors triggers their activation and phosphorylation by
GRKs. Several isoforms (GRK2, GRK3, and GRK5) are found in the
heart and in circulating mononuclear leukocytes (CMLs); once
these kinases phosphorylate 3-adrenoceptors, they are internal-
izedinto the cell and are no longer active in the cell membrane!!:'2
(Figure 1). The expression of [3-adrenoceptors and GRKs
(particularly GRK2 and GRKS5) is altered by the hemodynamic
changes occurring in HF>~1¢ and can thus be used for disease
monitoring. Initially, these changes in the expression of
B-adrenoceptors and GRKs were determined in material
of cardiac origin (endomyocardial biopsies, cardiac explants),
but their expression can also be studied in CMLs,'>!”"!8 allowing
the use of these cells in peripheral blood samples as biomarkers.
Indeed, because the CML expression of GRK2'® has been used as a
molecular marker in the study of HF, a similar approach could be
useful in PR.

In the present work, a molecular approach was used to improve
the understanding of the pathophysiological process underlying PR
and to help establish the optimal moment for PVR. Our main
objective was to determine the CML expression of adrenoceptor
and GRK genes in patients with severe PR as a sequela of congenital
heart disease surgery and to compare their expression levels with
those of controls and patients with HF. Secondary objectives were
to compare the expression of adrenoceptors and GRKs among
patients with severe PR according to the presence of symptoms and
RV dysfunction or significant dilatation, because these are the
surgical indications.

METHODS
Patients diagnosed with severe PR followed up in the Adult

Congenital Heart Disease Unit were prospectively selected from
December 2011 to July 2015. Severe PR was diagnosed according to
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Figure 1. Regulation of adrenoceptors and G protein-coupled receptor kinases (GRKs). 1: 3-adrenoceptor location; 2: activation; 3: signaling through G proteins
with adenylate cyclase (AC) activation; 4: phosphorylation by GRKs; 5: endocytosis; 6: location of endosomes; 7: recycling to the membrane; 8: degradation in

lysosomes.
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standard echocardiographic criteria?® and was confirmed by
cardiac magnetic resonance imaging. Patients with PR and left
ventricular dysfunction or another severe valve disease were
excluded.

After participants signed an informed consent form, a
peripheral blood sample was taken for analysis of the CML gene
expression of adrenoceptors and GRKs. Clinical (New York Heart
Association [NYHA] functional class) and electrocardiographic
(heart rate and QRS width) data were also collected and RV
assessment was performed via cardiac magnetic resonance
imaging (ventricular ejection volume and fraction).

The study included 22 healthy volunteers, matched for age and
sex with the included patients, and 13 patients with advanced HF
of nonischemic origin; these individuals also underwent a single
blood extraction for the analysis of adrenoceptor and GRK gene
expression. Patients with inflammatory processes that could alter
the expression of these molecules were excluded.

The study was carried out in accordance with the Declaration of
Helsinki and was approved by the Ethics Committee of Hospital
Universitario y Politécnico de La Fe.

Analysis of Adrenoceptor and GRK Gene Expression in Pe-
ripheral Blood Circulating Mononuclear Leukocytes

The biological material studied was a sample of fresh blood
(10 mL) obtained by venipuncture and preserved in a tube with
anticoagulant (EDTA). Immediately after the extraction, CMLs were
isolated using a Ficoll gradient.?' Samples were stored at -80 °C
until processing. In a first phase, RNA was isolated by centrifuga-
tion according to the Tripure Isolation Reagent protocol (Roche).
Once the RNA was isolated, quality assurance was carried out with
the StdSens RNA Experion system (Bio-Rad), which assesses
sample quality, purity, and integrity, setting as a requirement an
RNA quality indicator (RQI) > 0.75. In a second phase, real-time
quantitative reverse transcription-polymerase chain reaction was
performed with the TagMan Gene system in a GeneAmp 7500 Fast
System thermocycler (Applied Biosystems) following a previous
experimental protocol.’’ The mRNA encoding the adrenoceptors
and GRKs was quantified, with glyceraldehyde 3-phosphate
dehydrogenase as internal control, with the following TagMan
probes: 31-AR, Hs00265096_s1; [32-AR, Hs00240532_s1; GRK2,
Hs00176395_m1; GRK3,Hs00178266_m1; GRK5,Hs00178389_m1;
and glyceraldehyde 3-phosphate dehydrogenase, Hs99999905_m1
(Applied Biosystems).

Statistical Analysis

Qualitative variables are expressed as percentage and quanti-
tative variables as mean + standard deviation. Adrenoceptor and
GRK levels are expressed as median (range) because they failed to
meet normality assumptions. Three groups were analyzed: controls,
patients with severe PR, and patients with advanced HF.
A descriptive analysis was performed and the expression levels of
adrenoceptors and GRKs in the 3 groups were compared by a
Kruskal-Wallis test using multiple comparisons among groups,
given the sample size and the distribution of the gene expression
variables.

Subsequently, the expression levels of adrenoceptors and GRKs
were compared within the group of patients with PR according to
their clinical status and the RV assessment data through the
Wilcoxon nonparametric W test.

P < .05 was considered statistically significant. SPSS 15 and
STATA 13.1 statistical packages were used for all analyses.

RESULTS
Study Population

Thirty-five patients with severe PR were included (54.3% men;
mean age, 32.2 years). Regarding the underlying heart disease,
65.7% had tetralogy of Fallot and 25.7% had valvular pulmonary
stenosis; additionally, 1 patient had valvular agenesis and
2 patients underwent interventions for other heart diseases that
led to PR during follow-up. The pulmonary valve had been repaired
in 94.3% of the patients. A myectomy/valvulotomy alone was
performed in 8.6%, and a transannular patch or RV outflow tract
augmentation was placed in 82.9%.

At baseline, 77.1% of patients were in NYHA functional class I;
91.4% were in sinus rhythm, with a mean QRS duration of 142.4 +
29.3 milliseconds. Additionally, 37.1% had RV dysfunction according
to cardiac magnetic resonance imaging criteria (RV ejection fraction <
45%) and 65.7% had significant RV dilatation (RV end-diastolic volume
index on cardiac magnetic resonance imaging > 150 mL/m?).

Comparisons were made with 22 controls (62% men; mean age,
36.7 years) and 13 patients with advanced HF (76.9% men; mean
age, 47.5 years). Patients with HF had nonischemic cardiomyopa-
thies (mean left ventricular end-diastolic diameter, 67.6 +
13.7 mm; mean left ventricular end-systolic diameter, 57.5 4
15 mm), with a mean left ventricular ejection fraction of 22.5% +
16.6%.

The clinical characteristics of the patients with PR and HF are
compared in Table 1. Patients with PR had a better clinical status
and lower levels of N-terminal pro-B type natriuretic peptide. The
beta-blocker treatment rate in the HF group was low because these
patients were at an advanced disease stage, with poor hemody-
namic tolerance.

Analysis of Adrenoceptor and GRK Gene Expression
in Peripheral Blood Circulating Mononuclear Leukocytes

The expression levels of adrenoceptors and GRKs in CMLs
obtained from blood samples were compared among the 3 study
groups: controls, patients with severe PR, and patients with HF.
The median (range) mRNA values of the adrenoceptors and GRKs
are shown in Table 2 according to study group.

As shown in Figure 2, and according to the results of the
multiple comparison analysis, significant differences were found in
the expression of the 32-adrenoceptor in the control group vs the
PR and HF patient groups: 748.49 (rank, 1703.87) vs 402.80 (rank,
1210.81) vs 287.46 (rank, 685.69) (P = .001). The expression of
32-adrenoceptor was significantly lower in the PR and HF groups
than in the control group (PR vs control, P = .025; HF vs control,
P =.001). Similar results were obtained for the gene expression of
GRK2, with significantly higher GRK2 mRNA values in the control
group than in the PR and HF groups: 760.89 (rank, 1169.46) vs
445.17 (rank, 1190.69) vs 284.09 (rank, 585.27) (P < .001); this
finding was confirmed in the results of the group analysis (PR vs
controls, P < .001; HF vs controls, P < .001).

In contrast, no differences were observed among the groups in
terms of GRK3 gene expression. Furthermore, although significant
differences were found in the expression of the 31-adrenoceptor
and GRK5 in the statistical analysis, the multiple comparison
analysis found no differences in the expression of the PR group vs
controls.

Subgroups of Patients With Pulmonary Regurgitation

The secondary objective was to compare the gene expression of
adrenoceptors and GRKs between symptomatic patients with
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Table 1
Baseline Characteristics of Patients with Severe Pulmonary Regurgitation and Heart Failure
Pulmonary regurgitation Heart failure P
Men, no. (%) 19 (54.3) 10 (76.9) 154
Age, y 32.2 £109 475 +£17.1 .005
NYHA
I 27 (77.1) 0(0.0)
1l 8(22.9) 0(0.0) < .001
-1v 0(0.0) 13 (100.0)
Cardiovascular risk factors
Hypertension 7 (20.0) 5(38.5) 263
Dyslipidemia 4(11.4) 2(15.4) .656
Diabetes mellitus 0(0.0) 3(23.1) .069
Smoking history 3(8.6) 7 (53.8) .002
Treatment
Diuretics 4(11.4) 10 (76.9) <.001
Beta-blockers 10 (28.6) 5(38.5) .509
ACE inhibitors/ARBs 7 (20.0) 8 (61.5) 012
Inotropic agents 0 (0.0) 5(38.5) .001
NT-proBNP, pg/mL 237.7 + 3014 23459 + 975.8 < .001

ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blockers; NT-proBNP, N-terminal pro-B type natriuretic peptide; NYHA, New York Heart Association.

Values represent No. (%) or mean + standard deviation.

*Chi-squared test/Fisher exact test for qualitative variables, and Mann-Whitney U test for qualitative variables.

severe PR (NYHA functional class > 2) and asymptomatic patients.
There were no statistically significant differences between the
2 groups (Table 3), although symptomatic patients showed
nonsignificantly lower expression of GRK2.

Gene expression was also analyzed according to the presence of
RV dilation and dysfunction, but there were no significant
differences in adrenoceptor and GRK expression levels according
to these parameters (Table 4 and Table 5).

DISCUSSION

In this work, we studied patients with PR from a pathophysio-
logical point of view, surmising that analysis of the molecular
changes would allow us to better understand the course of the
disease and improve its clinical management. Of the 5 genes

Table 2
Adrenoceptor and GRK Expression According to Study Group

studied, a significant decrease was found in the expression of GRK2
and [(32-adrenoceptor in the CMLs of patients with PR and with HF
vs controls; therefore, PR patients exhibit biochemical data of
cardiac damage similar to those observed in patients with
advanced HF.

PR continues to be a vitally important sequela in patients who
undergo surgical repair of tetralogy of Fallot and pulmonary
stenosis and is a highly frequent cause of reoperation. The chronic
RV volume overload caused by the presence of PR results in
pathophysiological changes that lead to its dilatation and
dysfunction, which culminate in arrhythmias, exercise intolerance,
HF, and death. The indications for PVR in asymptomatic patients
are unclear; although surgery is recommended in certain situa-
tions such as progressive RV dilatation/dysfunction,® with there is
no consensus on the optimal timing of surgical intervention.
Among the tools that could be used in decision-making, the

mRNA (Z‘ACt) Healthy controls Patients with PR

Patients with HF

Kruskal-Wallis Multiple comparisons, P

31-adrenoceptor 18.37 (183.03) 7.76 (65.46) 36.27 (189.64) 0.0016 PR vs controls .078
PR vs HF .001
HF vs controls 238
32-adrenoceptor 748.49 (1703.87) 402.80 (1210.81) 287.46 (685.69) 0.0011 PR vs controls .025
PR vs HF .149
HF vs controls .001
GRK2 760.89 (1169.46) 445.17 (1190.69) 284.09 (585.27) 0.0001 PR vs controls < .001
PR vs HF 135
HF vs controls < .001
GRK3 288.39 (579.78) 159.18 (448.21) 215.37 (436.47) 0.0542 PR vs controls .057
PR vs HF 412
HF vs controls 929
GRK5 298.53 (431.43) 192.85 (827.11) 548.07 (1055.44) 0.0004 PR vs controls .087
PR vs HF < .001
HF vs controls .091

GRKs, G protein-coupled receptor kinases; HF, heart failure; mRNA, messenger RNA; PR, pulmonary regurgitation.
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Figure 2. Multiple comparison analysis of the expression of adrenoceptor and GRK genes. GRKs, G protein-coupled receptor kinases; HF, heart failure; mRNA,

messenger RNA; PR, pulmonary regurgitation.

analysis of molecular parameters that indicate ventricular
dysfunction could help in the treatment of these patients.
Because there are alterations in the expression of [3-adreno-
ceptors and GRKs in the CMLs of patients with cardiovascular
diseases such as hypertension and HF,'#~1821-22 their use has been
proposed as biomarkers of the disease course, particularly for HF.
For this reason, it was considered appropriate to study the gene

expression of the 2 3-adrenoceptor subtypes (31 and 32) and the
3 GRK subtypes (GRK2, GRK3, and GRK5) in CMLs to determine if
their expression patterns also undergo changes in patients with PR.

For HF, changes have been found in the cardiac expression (gene
or protein) of 31-adrenoceptor, GRK2, and GRK5,'%'%23 which vary
according to the cause®* or stage®>2® of the disease. Evidence
suggests that the changes in the heart are reproduced in
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Table 3

Adrenoceptor and GRK Expression According to Symptom Presence
mRNA (Z‘A“) Asymptomatic (n = 27) Symptomatic (n = 8) Wilcoxon W
1-adrenoceptor 7.52 (60.00) 15.37 (64.37) 0.406
2-adrenoceptor 384.33 (1210.81) 408.90 (576.19) 0.475
GRK2 473.13 (1190.69) 256.60 (839.67) 0.056
GRK3 148.12 (434.55) 206.56 (321.53) 0.104
GRK5 192.85 (860.79) 189.22 (730.53) 1.000

GRKs, G protein-coupled receptor kinases; mRNA, messenger RNA.

CMLs,'>27-3% which would allow CMLs to be used as a mirror of
cardiac changes. This parallelism between CMLs and the heart can
be explained by considering the possible effects of circulating
catecholamines or beta-blocker therapy on the expression of
adrenoceptors and GRKs. Indeed, a sustained increase in circulat-
ing catecholamines decreases the expression of (3-adrenoceptor
subtypes but augments the expression of GRKs, whereas beta-
blockers have the opposite effect.”?®>! However, the changes
produced in the heart and the CMLs are not always concordant.
Although high concentrations of GRK2'%?! and B2-adrenoceptor?!
have been described in the myocardium of patients with dilated
cardiomyopathy, other results indicated reduced expression levels
of GRK2 and [32-adrenoceptor in the CMLs of these same patients
and that this decrease is reversed after heart transplant.!

Although the mechanisms underlying the altered expression
levels of the adrenoceptors and GRKs in CMLs and their
pathophysiological significance®? are poorly understood, various
animal models and human studies of cardiovascular disease
showed a common pattern of changes between [32-adrenoceptor
and GRK2 in each territory,?! a pattern also found here in the CMLs
of patients with PR, where both genes decrease. Notably, a similar
reduction is observed in the CMLs of patients with HF, a decrease
that is reversed after heart transplant,?! which supports their
correlation with the disease course. Therefore, the analytical value
of the CML expression levels of 32-adrenoceptor and GRK2 does
not solely lie in identifying a mirror of cardiac changes, but can also
involve their use as a biomarker of CMLs themselves, as proposed
by other authors for patients with HF.'®

Focusing on the group of patients with severe PR, our GRK2 and
[32-adrenoceptor expression pattern in CMLs was similar to that of
the HF group but significantly different from that of the control
group. Regardless of the origin of this change, this pattern indicates
that the degree of ventricular dysfunction and the corresponding
molecular changes in the CMLs of patients with PR are similar to
those of patients with advanced HF, even though patients with PR
are largely asymptomatic. If the reduction in 3-adrenoceptors in
CMLs observed in different cardiac diseases is related to a low-
intensity chronic inflammatory response,>? these findings could
indicate that there is already highly advanced RV damage in
asymptomatic PR that engenders this inflammatory response.
These data could also somewhat explain the absence of a
significant improvement in RV functional parameters after PVR

and indicate that the repair should be performed earlier. Indeed,
Hallbergson et al.*® analyzing long-term RV remodeling data,
observed that, although there was a decrease in RV volumes with a
slight reduction in RV ejection fraction in the first 2 years after PVR,
the RV volume rose again after 10 years to the pre-PVR values, with
a lower RV ejection fraction. Although these findings were related
to RV pressure overload and volume due to dysfunction of the
implanted bioprosthesis, these changes were also observed when
the graft dysfunction was not as significant, indicating that the
patients’ right ventricle was highly vulnerable to slight hemody-
namic changes, possibly because the ventricular remodeling was
already established before the PVR. Similarly, a recent study'®
showed that the improvement in RV assessment parameters and
oxygen consumption data was greater in patients surgically
treated at younger ages, probably because there was less RV
remodeling. Taken together, the RV volume and function data
obtained using cardiac magnetic resonance imaging are probably
insufficient in asymptomatic patients to determine the optimal
timing of the PVR and biomarkers are needed to support an earlier
surgical intervention. In view of the published results, the
concentration of GRK2 does show prognostic value in patients
with HF'® and, according to our results, could also be useful in
patients with PR. First, it is necessary to show that an early
intervention improves prognosis and to fine-tune the surgical
technique in order to reduce the number of reinterventions.

No studies have analyzed these biomarkers in right-sided heart
disease. A recent study identified altered expression of GRK2 and
adrenoceptors in the atrial cardiomyocytes of patients with
congenital heart disease who underwent surgical repair involving
cardiopulmonary bypass.>* These findings were linked to the
vulnerability of the myocardium to catecholamine concentrations
in this context and the myocardial damage that this can cause.
These results, although interesting, are not comparable to those of
this work because our patients were stable.

Evaluation of the group of patients with PR according to their
symptomatic status and RV assessment parameters revealed a
nonsignificant tendency for lower GRK2 gene expression in
symptomatic patients vs asymptomatic patients. The absence of
a significant difference can be explained by the small sample size.
This finding indicates that symptomatic patients have a higher
degree of cardiac damage and that there may be an inverse
relationship between the GRK2 concentration and the degree of

Table 4

Adrenoceptor and GRK Expression According to RV Dilatation (RVEDVI > 150 mL/m?)
mRNA (Z‘AC‘) Without significant dilatation (n = 12) With significant dilatation (n = 23) Wilcoxon W
1-adrenoceptor 8.63 (64.69) 7.76 (60.00) 1.000
2-adrenoceptor 328.82 (1210.81) 415.01 (1079.25) 0.195
GRK2 298.75 (834.00) 468.80 (1190.69) 0.526
GRK3 181.79 (382.39) 152.60 (303.93) 0.327
GRK5 200.90 (821.51) 189.91 (730.53) 0.381

GRKs, G protein-coupled receptor kinases; mRNA, messenger RNA; RV, right ventricular; RVEDVI, right ventricular end-diastolic volume index.
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Table 5
Adrenoceptor and GRK Expression According to RV Dysfunction (RVED < 45%)
mRNA (2749 Without RV With RV Wilcoxon W
dysfunction dysfunction
(n=22) (n=13)
B1-adrenoceptor 8.63 (58.68) 7.76 (65.46) 0.724
32-adrenoceptor 389.53 (1207.56) 415.01 (1085.18) 1.000
GRK2 412.85 (974.70) 468.80 (1190.69) 0.625
GRK3 178.53 (413.47) 152.60 (434.55) 0.625
GRK5 190.81 (681.35) 199.29 (873.69) 0.853

GRKs, G protein-coupled receptor kinases; mRNA, messenger RNA; RV, right
ventricular; RVED, right ventricular ejection fraction.

cardiac damage. However, these differences are not present when
patients are compared according to RV damage in terms of
dilatation or systolic dysfunction. Thus, although the parameters
used for the surgical indication are the RV volume and function
values on cardiac magnetic resonance imaging, the cutoff points
used to indicate surgery may be too late and the myocardial
damage may already be established.

Limitations

Although similar to that of previous single-center studies of
patients with PR, the sample size of the study is small, reducing its
statistical power.

Patients with advanced HF may not be comparable with
patients with severe PR but represent a population with significant
cardiac damage and, in light of the results, its pathophysiology is
similar to that of patients with PR.

Various studies have found changes in gene expression in
adrenoceptors and their regulating GRKs in different cardiovascu-
lar diseases. The present study is the first to show similar gene
expression levels of 32-adrenoceptor and GRK2 in patients with PR
and advanced HF, although multicenter studies are required to
obtain a larger sample size and to determine the prognostic
implication of these findings.

CONCLUSIONS

This work examines PR from a novel molecular approach and
can aid therapeutic decision-making in these patients.

The main finding of the study is that the gene expression levels
of GRK2 and [32-adrenoceptor, as molecular markers of cardiac
dysfunction, are altered in patients with severe PR vs controls and
are similar to those of patients with advanced HF. These findings
should encourage further study of these molecular markers in this
population and analysis of their prognostic value and usefulness in
the clinical treatment of these patients.
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WHAT IS KNOWN ABOUT THE TOPIC?

- Alterations in the expression of adrenoceptor and GRK
genes in CMLs have been found for some cardiovascular
diseases and, according to some authors, may have
prognostic value in diseases such as HF. Little is known
about the molecular alterations in patients with
congenital heart disease, particularly in patients with
PR. This knowledge could provide information on the
molecular changes in these patients and help to
determine the optimal timing for PVR to preserve RV
function and improve prognosis.

WHAT DOES THIS STUDY ADD?

- We performed a molecular assessment of patients with
PR. Because our results show an altered expression of
the [32-adrenoceptor and GRK2 genes similar to that
of patients with HF, these biomarkers could be useful for
the comprehensive assessment of patients with PR in
conjunction with the tools currently in use (clinical
assessment and imaging tests). Although further studies
are required to confirm these findings and analyze
the prognostic value of these biomarkers, this work
proposes a new approach for the clinical treatment of
patients with PR.

REFERENCES

10.

11.

12.

13.

. Gregg D, Foster E. Pulmonary insufficiency is the nexus of late complications in

tetralogy of Fallot. Curr Cardiol Rep. 2007;9:315-322.

. Bouzas B, Kilner PJ, Gatzoulis MA. Pulmonary regurgitation: not a benign lesion. Eur

Heart J. 2005;26:433-439.

. Geva T. Indications for pulmonary valve replacement in repaired tetralogy of

Fallot: the quest continues. Circulation. 2013;128:1855-1857.

. Oliver JM, Garcia-Hamilton D, Gonzalez AE, et al. Risk factors for prosthetic

pulmonary valve failure in patients with congenital heart disease. Am J Cardiol.
2015;116:1252-1256.

. Baumgartner H, Bonhoeffer P, De Groot NM, et al. ESC Guidelines for the manage-

ment of grown-up congenital heart disease (new version 2010). Eur Heart ].
2010;31:2915-2957.

. Warnes CA, Williams RG, Bashore TM, et al. ACC/AHA 2008 guidelines for the

management of adults with congenital heart disease: a report of the American
College of Cardiology/American Heart Association Task Force on Practice Guide-
lines (Writing Committee to Develop Guidelines on the Management of Adults
With Congenital Heart Disease). ] Am Coll Cardiol. 2008;52:e1-e121.

. Oostehorf T, van Straten A, Vliegen HW, et al. Preoperative thresholds for pulmo-

nary valve replacement in patients with corrected tetralogy of Fallot using car-
diovascular magnetic resonance. Circulation. 2007;116:545-551.

. Therrien ], Provost Y, Merchant N, William W, Colman ], Webb G. Optimal timing

for pulmonary valve replacement in adults after tetralogy of Fallot repair. Am J
Cardiol. 2005;95:779-782.

. Ferraz Cavalvanti PE, Barros Oliveira MP, Andrade Santos C, et al. Pulmonary valve

replacement after operative repair of tetralogy of Fallot: meta-analysis and meta-
regression of 3,118 patients from 48 studies. ] Am Coll Cardiol. 2013;62:2227-2243.
Borik S, Crean A, Horlick E, et al. Percutaneous pulmonary valve implantation:
5 years of follow-up. Does age influence outcomes? Circ Cardiovasc Interv.
2015;8:e001745.

Evans BA, Sato M, Sarwar M, Hutchinson DS, Summers R]. Ligand-directed signal-
ling at beta-adrenoceptors. Br | Pharmacol. 2010;159:1022-1038.

Sorkin A, von Zastrow M. Endocytosis and signalling: intertwining molecular
networks. Nat Rev Mol Cell Biol. 2009;10:609-622.

Dorn GW 2nd. GRK mythology: G-protein receptor kinases in cardiovascular
disease. | Mol Med. 2009;87:455-463.


http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0175
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0175
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0180
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0180
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0185
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0185
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0190
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0190
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0190
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0195
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0195
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0195
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0200
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0200
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0200
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0200
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0200
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0205
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0205
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0205
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0210
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0210
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0210
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0215
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0215
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0215
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0220
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0220
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0220
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0225
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0225
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0230
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0230
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0235
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0235

576

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

M. Rodriguez-Serrano et al./Rev Esp Cardiol. 2019;72(7):569-576

Vinge LE, Andressen KW, Attramadal T, et al. Substrate specificities of G protein-
coupled receptor kinase-2 and -3 at cardiac myocyte receptors provide basis for
distinct roles in regulation of myocardial function. Mol Pharmacol. 2007;72:582-591.
laccarino G, Barbato E, Cipolletta E, et al. Elevated myocardial and lymphocyte
GRK2 expression and activity in human heart failure. Eur Heart J. 2005;26:1752-
1758.

Penela P, Murga C, Ribas C, Tutor Antonio S, Peregrin S, Mayor Jr F. Mechanism of
regulation of G protein-coupled receptor kinases (GRKs) and cardiovascular dis-
ease. Cardiovasc Res. 2006;69:46-56.

Aguero ], Almenar L, D’Ocon P, et al. Correlation between beta-adrenoceptors and
G-protein-coupled receptor kinases in pretransplantation heart failure. Transplant
Proc. 2008;40:3014-3016.

Oliver E, Rovira E, Monto F, et al. Beta-Adrenoceptor and GRK3 expression in
human lymphocytes is related to blood pressure and urinary albumin excretion.
J Hypertens. 2010;28:1281-1289.

Rengo G, Pagano G, Filardi PP, et al. Prognostic value of lymphocyte g protein-
coupled receptor kinase-2 protein levels in patients with heart failure. Circ Res.
2016;118:1116-1124.

Lancellotti P, Tribouilloy C, Hagendorff A, et al. Recommendations for the echo-
cardiographic assessment of native valvular regurgitation: an executive summary
from the European Association of Cardiovascular Imaging. Eur Heart ] Cardiovasc
Imaging. 2013;14:611-644.

Mont6 F, Oliver E, Vicente D, et al. B2- and B1-adrenoceptor expression exhibits a
common regulatory pattern with GRK2 and GRK5 in human and animal models of
cardiovascular diseases. J Cardiovasc Pharmacol. 2015;66:478-486.

Gao WQ, Han CG, Lu XC, Liu YX, Hui HP, Wang H. GRK 2 level in peripheral blood
lymphocytes of elderly patients with acute myocardial infarction. J Geriatr Cardiol.
2013;10:281-285.

Sato PY, ChuprunJK, Schwartz M, Koch W]. The evolving impact of G protein-coupled
receptor kinases in cardiac health and disease. Physiol Rev. 2015;95:377-404.
Mont6 F, Oliver E, Vicente D, et al. Different expression of adrenoceptors and GRKs
in the human myocardium depends on heart failure etiology and correlates to
clinical variables. Am J Physiol Heart Circ Physiol. 2012;303:H368-H376.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Leineweber K, Rohe P, Beilfub A, et al. G-protein-coupled receptor kinase activity in
human heart failure: effects of beta-adrenoceptor blockade. Cardiovasc Res.
2005;66:512-519.

Agtiero ], Almenar L, Monto6 F, et al. Myocardial G protein receptor-coupled kinase
expression correlates with functional parameters and clinical severity in advanced
heart failure. J Card Fail. 2012;18:53-61.

Brodde OE, Kretsch R, Ikezono K, Zerkowski HR, Reidemeister JC. Human beta-
adrenoceptors: relation of myocardial and lymphocyte beta-adrenoceptor density.
Science. 1986;231:1584-1585.

Michel MC, Beckeringh JJ, Ikezono K, Kretsch R, Brodde OE. Lymphocyte beta 2-
adrenoceptors mirror precisely beta 2-adrenoceptor, but poorly beta 1-adreno-
ceptor changes in the human heart. ] Hypertens Suppl. 1986;4:5215-5S218.
Oyama N, Urasawa K, Kaneta S, et al. Chronic beta-adrenergic receptor stimulation
enhances the expression of G-Protein coupled receptor kinases, GRK2 and GRK5, in
both the heart and peripheral lymphocytes. Circ J. 2005;69:987-990.

Hata JA, Williams ML, Schroder N, et al. Lymphocyte levels of GRK2 (betaARK1)
mirror changes in the LVAD-supported failing human heart: lower GRK2 associat-
ed with improved beta-adrenergic signaling after mechanical unloading. J Card Fail.
2006;12:360-368.

Rengo G, Lymperopoulos A, Zincarelli C, et al. Blockade of 3-adrenoceptors restores
the GRK2-mediated adrenal «(2) -adrenoceptor-catecholamine production axis in
heart failure. Br ] Pharmacol. 2012;166:2430-2440.

Marino F, Cosentino M. Adrenergic modulation of immune cells: an update. Amino
Acids. 2013;45:55-71.

Hallbergson A, Gauvreau K, Powell AJ, Geva T. Right ventricular remodeling after
pulmonary valve replacement: early gains, late losses. Ann Thorac Surg.
2015;99:660-667.

Oliveira MS, Carmona F, Vicente WVA, et al. Increased atrial 3 adrenergic receptors
and GRK-2 gene expression can play a fundamental role in heart failure after repair
of congenital heart disease with cardiopulmonary bypass. Pediatr Cardiol.
2017;38:734-745.


http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0240
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0240
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0240
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0245
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0245
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0245
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0250
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0250
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0250
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0255
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0255
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0255
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0260
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0260
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0260
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0265
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0265
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0265
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0270
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0270
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0270
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0270
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0275
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0275
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0275
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0275
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0275
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0275
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0275
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0280
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0280
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0280
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0285
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0285
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0290
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0290
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0290
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0295
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0295
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0295
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0300
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0300
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0300
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0305
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0305
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0305
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0310
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0310
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0310
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0315
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0315
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0315
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0320
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0320
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0320
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0320
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0325
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0325
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0325
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0325
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0325
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0325
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0325
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0330
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0330
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0335
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0335
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0335
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0340
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0340
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0340
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0340
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0340
http://refhub.elsevier.com/S1885-5857(18)30300-1/sbref0340

	Changes in Adrenoceptor and GRK Expression in Patients With Chronic Pulmonary Regurgitation
	INTRODUCTION
	METHODS
	Analysis of Adrenoceptor and GRK Gene Expression in Peripheral Blood Circulating Mononuclear Leukocytes
	Statistical Analysis

	RESULTS
	Study Population
	Analysis of Adrenoceptor and GRK Gene Expression in Peripheral Blood Circulating Mononuclear Leukocytes
	Subgroups of Patients With Pulmonary Regurgitation

	DISCUSSION
	Limitations

	CONCLUSIONS
	FUNDING
	CONFLICTS OF INTEREST
	WHAT IS KNOWN ABOUT THE TOPIC?
	WHAT DOES THIS STUDY ADD?

	References


