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Abstract

Background In patients with cirrhosis, beta-adrenoceptors expressed on peripheral blood mononuclear cells have a reduced
response to catecholamine stimulation. This study aimed to determine if chronic treatment with beta-blockers influences
these changes.

Methods Blood samples were collected from patients with cirrhosis treated in outpatient clinics. Differences in cyclic
AMP production before and after stimulation of mononuclear cells with epinephrine and/or N-Formylmethionine-leucyl-
phenylalanine (fMLP) was used as a marker of beta-adrenoceptors activity in patients treated (N=19) versus not treated
(N=155) with beta-blockers. In addition, we studied the gene expression of different types of adrenoceptors and possible
associations with the activity of beta-adrenoceptors, the serum concentrations of catecholamines and cytokines, and the
presence of bacterial antigens such as DNA or gram-negative bacterial endotoxin in patients’ blood.

Results The increase in intracellular cAMP concentrations after stimulation of adrenergic receptors with epinephrine was
significantly higher in samples from patients treated with beta-blockers. Older patients showed lower responses to epinephrine
stimulus, while the response increased linearly with the duration of the beta-blocker treatment. mRNA expression levels of
adrenoceptors B1, B2, f3 and al-A, B and D showed no significant differences according to treatment with beta-blockers.
Neither serum cytokines nor catecholamines levels were significantly associated with the intracellular production of cAMP
after adrenergic stimulation.

Conclusion Chronic treatment with beta-blockers in patients with cirrhosis enables beta-adrenoceptors to respond to cat-
echolamine stimulation irrespective of the degree of systemic adrenergic or immune activations of the patient at the time
of sampling.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s12072-020-10083-5) contains
supplementary material, which is available to authorized users.
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Introduction

The hyperdynamic circulatory state characteristic of patients
with cirrhosis and portal hypertension is the result of
splanchnic and peripheral vasodilation and increased plasma
volume due to an excessive production of vasodilators [1].
Patients with cirrhosis present an increased activity of the
sympathetic nervous system (SNS) during decompensation
episodes in the form of ascites [2, 3]. However, this higher
SNS activity fails to reverse the vasodilation, attributed to
the large and sustained increase of vasodilators such as a
nitric oxide (NO) [1] and the existence of dysfunctional
alpha and beta-adrenergic receptors [4—6]. The presence of
bacterial DNA fragments (bactDNA) circulating in blood
and ascites in patients with cirrhosis and non-infected ascites
is a surrogate marker for episodes of bacterial translocation
[7-9]. In these patients, the presence of bactDNA is associ-
ated with a soluble immune response not related to endo-
toxin [10] but equivalent to that observed in patients with
spontaneous bacterial peritonitis [11]. Moreover, circulating
bactDNA fragments during an episode of ascitic decompen-
sation are associated with decreased survival the following

year [12]. Our group has shown that systemic inflammatory
and phagocytic activity during an ascites episode was higher
in patients with cirrhosis and presence of bactDNA and
chronically treated with non-selective beta-blockers (NSBB)
[13], suggesting the participation of adrenergic activation
in the immune response to bacterial translocation. Indeed,
treatment with NSBB has been associated with lower rates
of infection in these patients [14].

Stimulation of beta-adrenergic receptors (B-AR) on
immune cells by systemic catecholamines is involved in
cytokines production and regulation of immune homeosta-
sis [15]. Mitogen-induced in vitro production of interferon-
gamma (IFN-y) and other cytokines by peripheral blood
mononuclear cells (PBMC) is partly suppressed by catecho-
lamines, and this effect is reverted in the presence of a beta-
blocker [16]. Beta-adrenergic receptors couple to Gg protein
and activate adenylyl cyclase, leading to the accumulation
of cyclic AMP (cAMP), a potent negative regulator of T cell
immune function [17]. In monocytes and most other immune
cells, intracellular cAMP is degraded mostly by phospho-
diesterase 4. Evidence has been obtained in immune cells
showing that cAMP level is increased by activation of 3-AR
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and also by activation of histamine, prostaglandin E, and
adenosine receptors. Activation of these receptors results in
the inhibition of TNF-a and IL-12 while increasing IL-10
production [18].

A previous study from our group showed that f-AR
expressed on erythrocyte membranes from patients with
cirrhosis and esophageal varices have a reduced ability to
produce cAMP in response to catecholamine stimulation
compared with healthy volunteers or from patients without
esophageal varices. Included patients were either untreated
or discontinued beta-blockers treatment at least 7 days before
the f-AR functionality was analyzed [5]. In a second study,
the functionality of B-AR of PBMC was also reduced in
both patients with cirrhosis and patients with osteoarthritis
compared with healthy volunteers [6]. Neither osteoarthritis
patients nor healthy volunteers were treated with NSBB and
it was not possible to analyze whether treatment with these
drugs influences changes in B-AR functionality.

It is still unknown whether these changes in the function
of the adrenoceptors and in the production of cAMP by the
immune cells of cirrhotic patients are related in vivo to fac-
tors such as treatment with NSBB, PAMPs-induced immune
response or the severity of cirrhosis and portal hypertension.
It is also unclear whether the immunomodulatory effects of
NSBB reported in these patients are associated with changes
in f-AR activity on immune cells.

The aim of this study was to characterize -AR activity on
PBMC in response to catecholamine stimulation in cirrhotic
patients with or without NSBB treatment.

Material and methods

We included patients treated for cirrhosis in the outpatient
clinics at Hospital General Universitario de Alicante. Cir-
rhosis was diagnosed by histology or by the clinical, labo-
ratory, and/or ultrasonographic findings. Exclusion criteria
were the presence at baseline of hepatorenal syndrome or
organic renal insufficiency, multinodular hepatocellular car-
cinoma and/or portal thrombosis, previous liver transplanta-
tion, transjugular intrahepatic portosystemic shunt (TIPS),
alcoholic hepatitis, and refusal to participate in the study.

After signing informed consent, blood samples were col-
lected from the patients after spending at least 30 min in a
supine position in a quiet atmosphere. Blood samples were
inoculated, under aseptic conditions, in rubber-sealed sterile
Vacutainer SST II tubes (BD Diagnostics, Belgium), which
were never exposed to free air. One aliquot of plasma was
treated with ethylenediaminetetraacetic acid (EDTA; final
concentration 1 mM) and sodium metabisulfite (final con-
centration 4 mM) to prevent catecholamine degradation.
Serum and plasma samples were stored at — 80 °C until
analysis.
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Adenylate-cyclase activity in PBMC

Adenylate-cyclase activity in PBMC was evaluated by
determining cAMP production before and after stimula-
tion with epinephrine and/or with the polymorphonuclear
leukocyte chemotactic factor and macrophage activator
N-formylmethionine-leucyl-phenylalanine (fMLP). Briefly,
human PBMC were isolated using a Ficoll gradient. Cells
(0.5% 10° cells/mL) were then suspended in 1 mL 48-well
plates filled with phosphate-buffered saline (PBS) contain-
ing the competitive non-selective phosphodiesterase inhibi-
tor isobutyl-methyl-xanthine 10~ M (IBMX). The non-
selective beta-adrenergic antagonist propranolol (1 uM) was
added according to the experimental protocol, and plates
were incubated for 30 min at 37 °C. The adrenergic agonist
epinephrine (10 uM), the immune activator fMLP (1 uM)
or both were added and incubated for 15 min at 37 °C. Sam-
ples were sonicated three times for 10 s and centrifuged for
3 min at 13,000 rpm at 4 °C. The supernatant was frozen
and stored at—80 °C. Levels of cAMP were measured in
50 pL of supernatant using an ELISA assay (581,001, Cay-
man Chemical Company, Ann Arbor, Michigan, USA) and
recorded as pmol/mL. Results of each experimental con-
dition (stimulation with epinephrine, fMLP or epineph-
rine 4+ fMLP in the presence or absence of propranolol) are
expressed as the log of the fold increase in cAMP concentra-
tion over baseline conditions.

Serum epinephrine, norepinephrine, and dopamine were
measured as biomarkers of in vivo sympathoadrenal acti-
vation by commercially available immunoassays in EDTA
plasma (catecholamines) according to the manufacturer’s
recommendations: plasma epinephrine, norepinephrine and
dopamine were determined using the 3-CAT RESEARCH
ELISA (E-5600, Labor Diagnostica Nord GmbH & Co. KG,
Nordhorn, Germany; lower limits of detection: 50 pg/mL,
20 pg/mL and 50 pg/mL for A, NA and D, respectively).

To detect the presence of bactDNA fragments in blood,
a broad-range polymerase chain reaction (PCR) was per-
formed according to the methodology described previously
[7]. PCR amplicons were loaded onto DNA Laboratory-
on-chips (Agilent Technologies, Palo Alto, CA, USA) and
quantified in an Agilent 2100 BioAnalyzer (Agilent Tech-
nologies). Samples and reagents were handled in an airflow
chamber and processed with pyrogen-free material tested
by manufacturers.

The endpoint chromogenic Limulus Amebocyte Lysate
test was used to quantify gram-negative bacterial endotoxin
(LPS) in serum using a commercially available kit, accord-
ing to the manufacturer’s protocols (QCL-1000, Lonza
Group Ltd., Basel, Switzerland).

Enzyme-linked immunosorbent assays (ELISAs) for the
quantitative measurement of TNF-a, IFN-y, IL-10, IL-6
and TGF-betal levels were carried out in serum specimens
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using Human Quantikine kits (R&D Systems, Minneapolis,
US), according to manufacturer’s instructions. All samples
were tested in triplicate and read at 490 nm in a microplate
reader. Lower limits of detection of all cytokine assays
were between 0.5-5 pg/mL. NOx levels in serum samples
were calculated by measuring the conversion of NO*~ to
NO?~ by the enzyme nitrate reductase using an ELISA assay
(KGEQO01, R&D Systems, Minneapolis, USA) based on the
Griess reaction that absorbs visible light at 540 nm. Standard
curves were generated for each plate, and the average zero
standard optical densities were subtracted from the rest of
the standards, controls and samples to obtain a corrected
concentration for all cytokines.

Isolation of RNA and quantitative real-time PCR

PBMC were stabilized in RNAlater (Qiagen, Hilden, Ger-
many) for subsequent RNA isolation using a RNeasy Mini
Kit according to the manufacturer’s instructions. For gene
expression analysis, 10 ng of RNA sample was then used
for one-step qPCR using QuantiTect SYBR Green RT-PCR
kit. GAPDH expression was used as internal reference in
all experiments, and all samples were tested in duplicate.
RT-PCR primers for each specific target gene were designed
based on their reported sequence (Supporting Information
Table S1). Calculation of mRNA fold induction was per-
formed using the 2~ AACt (Cycle threshold) method. The
average ACt of the control group in each experiment was
used as the reference value to calculate the AACt for each
individual sample in each group. Results are expressed as
the log of the AACt.

Statistical analysis

Continuous variables are reported as mean + standard devia-
tion and categorical variables as frequency or percentages.
Statistical differences between groups were analyzed using
the chi-square test for categorical data and the Student’s ¢
test for quantitative data. Statistical differences between
more than two groups were analyzed using the ANOVA test
and Bonferroni correction. Linear regression was used to
study the association between different variables and the
times increase in cAMP concentration.

We used log-transformed data for our analysis since the
fold increase in cAMP concentration and the level of cat-
echolamines and cytokines were positively skewed. Visual
inspection showed that transformed data fitted well to nor-
mal distribution. Log-transformed data are expressed as geo-
metric mean and 95% confidence intervals (CI).

A propensity score matching using the nearest neighbors
method and a one-to-one matching approach was performed
to compare patients treated and not treated with NSBB with
similar severity of the disease. All clinical and demographic

variables that showed statistically significant differences
between patients treated and not treated with NSBB were
included as covariates in the propensity score matching.

All reported p values are two sided, and p values lower
than 0.05 are considered to indicate significance. All analy-
ses were carried out in R software (Core Team (2014). R:
A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/).

Results

Seventy-four patients with cirrhosis were included in the
study, 19 (26%) of whom were being treated with NSBB
(18 with propranolol at a dose ranging from 20 mg/day to
80 mg/day and 1 with carvedilol at a dose of 12.5 mg/day),
with a median treatment duration of 15 months (interquar-
tile range [IQR] 19.5 months). The characteristics of the
included patients are detailed in Table 1. All patients treated
with NSBB had gastroesophageal varices, compared with
64% (35/55) of participants not receiving NSBB. Patients
treated with NSBB had significantly higher liver stiffness,
as assessed by FibroScan, and lower counts of platelets and
Quick index values than patients not on NSBB. Moreover,
the NSBB group received proton pump inhibitors (PPIs)
more frequently than patients not treated with beta-blockers.
The bacterial DNA detection rate was nearly 20% and simi-
lar in both groups.

Adenylate-cyclase activity in PBMC of patients
with cirrhosis

The mean cAMP production of PBMC obtained from
patients was 4.0 (C1 95% 3.2-4.9) pmol/mL. This figure did
not change according to NSBB treatment or the presence
of bactDNA in blood. The increase in intracellular cAMP
concentrations after stimulation of adrenergic receptors on
PBMC membranes with epinephrine was significantly higher
in samples from patients chronically treated with beta-block-
ers (5.0 vs. 2.5 times; Fig. 1a). This effect was suppressed
by the presence in the medium of propranolol, showing that
most of the epinephrine-induced c-AMP increase is due to
beta-adrenergic stimulation. On the other hand, the stimu-
lation with the polymorphonuclear leukocyte chemotactic
factor and macrophage activator fMLP produced minimal
changes on basal cAMP production and did not change the
stimulant effect of epinephrine. Increases in cAMP concen-
trations after epinephrine or fMLP stimulus were similar
in PBMC from patients with and without the presence of
bactDNA fragments in plasma (Fig. 1b).

Very similar increases (4.9 vs. 2.9 times; supplemen-
tary Fig. 1) in intracellular cAMP concentrations after
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Table 1 Patient characteristics according to treatment with non-selec-
tive beta-blockers

Treatment with NSBB  p value
No Yes
(N=55) (N=19)
Age (years), mean=+SD 58.6+7.7 58.0+7.6 0.789
Female, N (%) 15(27.3) 3(15.8) 0.487
Etiology of cirrhosis, N (%) 0.478
Alcohol 25(45.5) 8(42.1)
Alcohol + virus 6(10.9) 4(21.1)
Virus 21(38.2) 5(26.3)
Others 3(5.5) 2 (10.5)
Previous episodes of
Ascites, N (%) 21(382) 9474 0.666
Encephalopathy, N (%) 1(1.8) 2(10.5) 0.325
Upper digestive bleeding, N (%) 11 (20.0) 6 (31.6) 0.473
Child—Pugh score, mean +SD 57+1.2 62+1.4 0.111
Ascites, N (%) 1(1.8) 2 (10.5) 0.325
Gastroesophageal varices, N (%) 35 (64) 19 (100) 0.006
Stiffness Fibroscan (kPa) 38.6+7.5 48.1+11.8 0.007
mean + SD
Diuretics at inclusion, N (%) 13 (23.6) 9(47.4) 0.097
PPIs at inclusion, N (%) 10(18.2) 9474) 0.027
SID at inclusion, N (%) 2 (3.6) 0(0.0) 0.982
Hemoglobin, g/dL, mean+ SD 13.8+2.1 13.6+2.2 0.723
Hematocrit, %, mean + SD 422455 40.6+6.2 0.305
Platelets, X 10%/mm>, mean+SD  145+63 99 +34 0.004
Leukocytes per mm>, mean+SD  6.3+2.2 5.7+3.0 0.361

80.4+16.8 71.3+152 0.046
3.78+0.59 3.47+0.69 0.073

Quick index, mean +SD
Albumin, g/dL, mean +SD

ALT, IU/L, mean+ SD 25.8+16.7 30.6+26.9 0.376

Creatinine, mg/dL, mean + SD 0.85+0.44 0.83+0.23 0.873

Glucose, mg/dL, mean +SD 112+35 101+20 0.214

Serum sodium, mEq/L, 140.4+29 139.7+19 0.329
mean + SD

Serum potassium, mEq/L, 444+044 434+045 0417
mean + SD

Total bilirubin, mg/dL, 1.09+£094 1.67+1.85 0.086
mean+SD

Presence of bactDNA, N (%) 10 (18.2) 4 (21.1) 1.000

PPIs proton pump inhibitors, SID selective intestinal decontamina-
tion, ALT alanine aminotransferase, bactDNA bacterial DNA, NSBB
non-selective beta-blockers

stimulation of adrenergic receptors with epinephrine were
observed when comparing the 19 patients treated with
NSBB with 19 untreated patients matched by clinical and
demographic variables at baseline (supplementary Table 1).

In univariate linear regression analysis, the magnitude
of increase in intracellular cAMP levels after epinephrine
stimulation was significantly associated with the treat-
ment with NSBB ($=3.6, p=0.0008), the age of patients
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(= —-0.19, p=0.0013) and the days of treatment with
NSBB (#=0.0068, p <0.0001). In multivariate analysis, the
significance of patient age (f= —0.10, p=0.0454) and the
duration of NSBB treatment (#=0.0066, p <0.0001) were
maintained. Older patients showed lower responses to epi-
nephrine stimulus (Fig. 2a). Conversely, the production of
cAMP after epinephrine stimulation of PBMC from patients
treated with NSBB increased linearly with the duration of
the treatment (Fig. 2b).

Adrenoceptor expression on PBMC of patients
with cirrhosis

Levels of mRNA expression for adrenoceptors 1, 52, 53
and al-A, B and D in PBMC showed no significant differ-
ences according to NSBB treatment (Table 2). A significant
decrease in the mRNA expression of 3-adrenoceptors was
observed only in PBMC from samples of patients without
bacterial DNA presence in serum, although the magnitude
of this difference was small (Table 2).

Relationship between systemic adrenergic
activation and adenylate-cyclase activity in PBMC
of patients with cirrhosis

No significant differences in serum concentrations of cat-
echolamines were observed according to NSBB treatment
or the presence of serum bacterial DNA (Table 3). None
of the descriptive variables of the patient characteristics
(Table 1) were significantly related to the concentrations
of catecholamines. There were no significant relationships
between the concentrations of the different catecholamines
and the production of cAMP in PBMC after epinephrine- or
fmlp-epinephrine stimulation.In addition, no association was
observed between the concentrations of catecholamines and
cytokines studied.

Systemic immune activation and adenylate-cyclase
activity in PBMC of patients with cirrhosis

Serum levels of TGF-p1 were lower in patients treated
with NSBB (p =0.058; Table 3). In univariate regression
analysis, TGF-f1 levels were significantly associated with
variables related to the severity of cirrhosis in addition to
the treatment with NSBB (meld score, platelets, albumin,
gastroesophageal varices, creatinine). In the multivari-
ate analysis, only platelet counts maintained a significant
association (f=5.48, p <0.0001), suggesting that the dif-
ference observed according to NSBB treatment was really
a marker of clinical severity and not a direct consequence
of treatment. None of the studied cytokines and immune
parameters were significantly associated with the produc-
tion of cAMP in PBMC after adrenergic stimulation.
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Fig. 1 Adenylate-cyclase activity in PBMC of patients with cirrho-
sis treated (N=19) vs. not treated with NSBB (N=55), expressed
as the number of times increase in cAMP concentration over base-
line conditions after adrenergic or fMLP stimulus. Each condition
was evaluated in 0.5 10° cells/mL suspended in 1 mL 48-well plates
filled with PBS containing IBMX 10~ M. a Comparison between
treated and untreated patients with NSBB. b Comparison between
patients with and without bacterial DNA in blood. Data are geomet-

Discussion

According to previous studies by our group, f-AR of
patients with cirrhosis have a reduced ability to respond
to adrenergic stimulation [5, 6]. In these studies, patients
were not treated with NSBB or the treatment had been
discontinued before starting the study, so it was unknown
whether NSBB treatment interfered with the adrenergic
signal in PBMC.

fmlp fmlp_Epi

fmlp_'Epi_p

ric mean=+95% confidence interval. PBMC peripheral blood mono-
nuclear cells, cAMP cyclic AMP, NSBB non-selective beta-blockers,
Epi epinephrine (10 pM), fmlp N-formylmethionine-leucyl-pheny-
lalanine (1 pM), Epi_p epinephrine (10 pM)+ propranolol (1 uM),
fmlp_Epi fMLP (1 uM)+epinephrine (10 uM), fmlp_Epi_p tMLP
(1 uM)+epinephrine (10 pM)+ propranolol (1 pM). Significant p
values between NSBB-treated and non-treated groups are represented.

Experimental studies have shown that f-AR stimula-
tion by catecholamines, and the consequent intracellular
elevation of cAMP, suppresses LPS-stimulated production
of TNF-a, IL-1p and IL-12 and the expression of surface
markers involved in regulating T helper-cell differentiation
and balance (I-CAM1, CD40, and CD14) in PBMC [15, 19].
From these data, it is reasonable to hypothesize a possible
immunomodulating role of catecholamine-stimulated f-AR
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Fig.2 Relationship between age and: a length of treatment with
NSBB (in days); and b the increase in intracellular cAMP levels (data
are logarithmic values) after epinephrine stimulus (10 pM) in PBMC
from patients with cirrhosis. NSBB: non-selective beta-blockers;
PBMC: peripheral blood mononuclear cells. In b, values of increases

in immune cells of patients with cirrhosis. However, it is
unknown whether this immunomodulatory action is involved
in the differential rate of infections and tumors reported in
patients treated with NSBB [14, 20, 21].
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in intracellular cAMP levels corresponding to patients treated with
NSBB are represented as dots while values corresponding to patients
non-treated with NSBB are resumed as boxplot on the right side of
the plot. Regression equation and Pearson correlation coefficient are
shown in the figures

We observed that PBMC obtained from patients with
cirrhosis and chronically treated with NSBB (mostly pro-
pranolol) enabled them to better respond to beta-adrenergic
stimulation compared with patients who were not on NSBB.



Hepatology International (2020) 14:858-868 865

Table2 mRNA levels for f1, Treatment with NSBB p value Presence of bacterial DNA

B2, B3, alA, alB y alD-

adrenoceptors, in peripheral No Yes No Yes p value

blood mononuclear cells from (N=55) (N=19) (N=60) (N=14)

patients with cirrhosis
Bl-adrenoceptors 3.3 (1.7-6.7) 2.0(0.6-7.2) 0478 2.8(1.5-5.3) 3.3(0.4-264) 0.866
B2-adrenoceptors 2.1 (1.8-2.3) 2.1(1.7-2.6) 0996 2.1(1.9-2.4) 1.8(1.3-2.3) 0.226
p3-adrenoceptors 2.6 (2.2-3.1) 20(1.4-2.7) 0.129 2.6(2.2-3.00 1.7(1.1-2.5) 0.047
alA-adrenoceptors  11.5 (7.2-18.1) 7.1 (3.8-13.3) 0.209 9.7 (6.4-14.8) 11.0 (4.7-26.0) 0.782
alB-adrenoceptors 8.0 (4.8-13.3) 5.0 (2.2-11.0) 0.302 6.2(3.9-9.9) 12.1(3.4-42.3) 0.291
alD-adrenoceptors 2.3 (2.0-2.8) 1.6 (1.1-2.3)  0.059 2.1(1.8-24) 2.1(0.8-5.4) 0.977

Data are geometric mean (95% confidence interval). Data were calculated as 2-AACt ys GAPDH as refer-

ence gene

These changes were not associated with variations in the
expression of adrenergic receptors (beta and alpha).

This increased response was significantly related to
patients’ age and the duration of treatment with NSBB.
Neither clinical variables such as Child score nor analytical
parameters are suggestive of a more developed disease cor-
related with this increased response. Further, this increased
response observed in patients chronically treated with NSBB
compared with those not treated was maintained after con-
trolling for confounding or background variables using a
propensity score matching. According to previous stud-
ies by our group, B-AR of patients with cirrhosis have a
reduced ability to respond to adrenergic stimulation [5, 6].
Data from the present study show the ability of chronic treat-
ment with NSBB to reverse this condition at a cellular level.
Specific studies carried out in non-cirrhotic patients treated
with NSBB are needed to know if this effect is exclusive to
patients with cirrhosis or can occur in other pathologies.

We did not observe any significant association between
serum catecholamine levels and cAMP production in PBMC
in response to adrenergic stimulus. In patients with cirrho-
sis, a positive relationship between circulating catechola-
mines and the progression of the disease has been described.
Patients with a high Child score, marked portal hypertension,
fluid retention, and hepatorenal syndrome have the highest
plasma levels of catecholamines [22]. In peripheral venous
samples of patients with decompensated cirrhosis, norepi-
nephrine levels were around 3 nmol/L while in compensated
patients these figures were lower than 2 nmol/L [2]. Norepi-
nephrine levels higher than 2.5 nmol/L have been related to
reduced survival [23], a higher degree of portal hypertension
and worse renal function [24]. Patients in our study showed
serum levels of norepinephrine around 3 nmol/L, which is
consistent with previous reports in decompensated patients,
and these levels did not change with chronic NSBB treat-
ment. This situation is different than that described 1to 2 h
after a single oral dose of 80 mg of propranolol, where an
increase of norepinephrine and epinephrine concentrations
were observed, probably due to compensatory hemodynamic

mechanisms [25]. Accordingly, our study demonstrates that
chronic administration of NSBB in patients with cirrhosis
doesn’t change the high levels of catecholamines observed
in these patients and that NSBB-induced modifications in
the activity of adrenergic receptors on immune cells are
independent of the degree of systemic adrenergic activation.

Patients treated with NSBB showed lower levels of serum
TGF-p1. These reduced levels were also associated with
other variables related to the severity of cirrhosis. In fact, in
the multivariate analysis the only variable associated with
these low levels was the platelet count. TGF-f1 is recog-
nized as a profibrogenic cytokine and also as a suppressor
in the early stages of liver cancer development, although in
later phases it may contribute to tumor progression [26—28].
Therefore, it is not surprising that patients with more
advanced disease and higher portal hypertension showed
higher variations in serum TGF-p1 levels. Consequently, a
possible effect of NSBB either directly on TGF-p1 produc-
tion or indirectly through its hemodynamic effects might
not be identified. Only a randomized clinical trial in patients
with the same degree of disease progression could elucidate
the effect of NSBB on TGF-f1.

Patients with cirrhosis treated with non-selective beta-
blockers (NSBB) show an increase in systemic inflammatory
and phagocytic activities during an ascites episode with the
presence of bactDNA in blood [13]. In our study, outpatients
were included and their disease was stable at the time of
blood sampling. Although bactDNA was detected in 18%
of these patients, the systemic inflammatory activation was
lower than that observed in patients with cirrhosis at the
time of an ascites episode [11-13]. In our work, changes in
PBMC beta-adrenoceptors activity were not related to the
presence of bacterial DNA, LPS or cytokine concentrations
in patients’ blood. In a situation of low systemic inflamma-
tion, as in our patients, we cannot rule out an added difficulty
in identifying a relationship between changes in the immune
system and the activity of beta-adrenergic receptors.

In our study, chronic NSBB treatment was not associ-
ated with changes in gene expression of beta-adrenergic
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receptors, suggesting that changes in response to the adr-
energic stimulus occur beyond the receptor, probably at the
level of G proteins or Adenylate Cyclase.

Heart failure and ageing are both conditions associated to
elevated circulating catecholamines levels similar to those
seen in cirrhosis. Studies performed in heart failure patients
have shown that chronic stimulation of cardiac beta-adreno-
ceptors reduces its responsiveness such as we have seen in
PBMC from patients with cirrhosis [29]. Cardiomyocytes
where beta-adrenoceptor system was desensitized showed
upregulation of G-protein subunit Gai and G-protein cou-
pled receptor kinase-2 (GRK?2) activities. In these studies,
exercise and beta-blockers were able to resensitize cardiac
beta-adrenoceptors [29] in a similar way to that observed
in our study in patients with cirrhosis treated chronically
with NSBB. Therefore, it is possible that NSBB treatment
restores the responsiveness of beta-adrenoreceptors through
the modulation of Gai and/or GRK2 in PBMCs.

The results of this study can be best understood by con-
sidering its limitations. The first is a consequence of the
baseline differences between treated and untreated patients
that we have tried to control by means of multivariate regres-
sion analysis and propensity score matching. Second, the
lack of a control group of non-cirrhotic patients treated with
NSBB prevents us from knowing whether the observed
effect of NSBB is generalized or limited to patients with
cirrhosis. Third, the cross-sectional nature of the study pre-
vents us from knowing whether the speed or intensity of
changes over time in the activity of the immune or adrener-
gic systems influences the magnitude of the beta-adrenergic
response observed in PBMC:s. It is also not possible to study
how this response changes over time after the start of treat-
ment with NSBB.

Chronically elevated serum catecholamine levels seen in
patients with cirrhosis have been associated with detrimen-
tal hemodynamic and immunologic changes [13]. In these
patients, the treatment with NSBB counteracts the damaging
effects of catecholamines and improves the hemodynamic
function preventing variceal bleeding. Also, a reduction
in the risk of infections and hepatocellular carcinoma has
been described [13]. Theoretically, an increased response of
beta-adrenoceptors with the NSBB chronic treatment could
worsen the clinical condition of patients subjected to stress-
ful situations with higher catecholamines concentrations that
could overpass the beta-blocker effect. In fact, an increased
risk for hepatorenal syndrome and death has been described
in patients with cirrhosis and spontaneous bacterial peri-
tonitis treated with NSBB [30]. Also, a worsening of the
hemodynamic situation of patients treated chronically with
NSBB after their withdrawal is possible.

In conclusion, chronic treatment with NSBB enables
PBMC beta-adrenoceptors to respond to catecholamine

stimulation irrespective of the degree of systemic adrenergic
or immune activations of the patient at the time of sampling.

Funding This work has been supported by Grants P114/01090 from
Instituto de Salud Carlos III, Madrid, Spain. This work was awarded the
“Miguel Pérez-Mateo Regadera” Prize granted by the Royal Academy
of Medicine of the Valencian Community.

Compliance with ethical standards

Conflict of interest The authors Susana Almenara, Beatriz Lozano,
Paula Gimenez, Ivan Herrera, Cayetano Miralles, Pablo Bellot, Maria
Rodriguez, Rubén Francés, Jose M. Gonzalez-Navajas, Sonia Pascual
and Pedro Zapater have no conflict of interest.

Ethical approval This study was approved by Institutional Review
Board of Hospital General Universitario de Alicante.

Informed consent All procedures followed were in accordance with
the ethical standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki Declara-
tion of 1975, as revised in 2008. Informed consent was obtained from
all patients for being included in the study. All authors reviewed and
approved the final version of the manuscript.

References

1. Iwakiri Y, Groszmann RJ. The hyperdynamic circulation of
chronic liver diseases: from the patient to the molecule. Hepatol
Baltim Md. 2006;43:S121-131.

2. Henriksen JH, Ring-Larsen H, Kanstrup IL, Christensen NJ.
Splanchnic and renal elimination and release of catecholamines
in cirrhosis. Evidence of enhanced sympathetic nervous activity
in patients with decompensated cirrhosis. Gut. 1984;25:1034—43.

3. Floras JS, Legault L, Morali GA, Hara K, Blendis LM. Increased
sympathetic outflow in cirrhosis and ascites: direct evidence from
intraneural recordings. Ann Intern Med. 1991;114:373-80.

4. Ramond M, Comoy E, Lebrec D. Alterations in isoprenaline
sensitivity in patients with cirrhosis: evidence of abnormal-
ity of the sympathetic nervous activity. Br J Clin Pharmacol.
1986;21:191-6.

5. Hernandez FT, Zapater P, De-Madaria E, Palazén JM, Pascual S,
Irurzun J, et al. Functional status of B-2-adrenoceptor in isolated
membranes of mature erythrocytes from patients with cirrhosis
and oesophageal varices. Vascul Pharmacol. 2006;44:464-8.

6. Roca R, Esteban P, Zapater P, Inda M, Conte A, Gomez-Escolar
L, et al. f2-adrenergic receptor functionality and genotype in two
different models of chronic inflammatory disease: liver cirrhosis
and osteoarthritis. Mol Med Rep. 2018;17:7987-95.

7. SuchJ. Detection and identification of bacterial DNA in patients
with cirrhosis and culture-negative, nonneutrocytic ascites. Hepa-
tology. 2002;36:135-41.

8. Frances R. Bacterial DNA activates cell mediated immune
response and nitric oxide overproduction in peritoneal mac-
rophages from patients with cirrhosis and ascites. Gut.
2004;53:860-4.

9. Guarner C, Gonzalez-Navajas JM, Sanchez E, Soriando G, Fran-
cés R, Chiva M, et al. The detection of bacterial DNA in blood of
rats with CCl4-induced cirrhosis with ascites represents episodes
of bacterial translocation. Hepatology. 2006;44:633-9.

@ Springer



868 Hepatology International (2020) 14:858-868

10. Gonzalez-Navajas JM, Bellot P, Francés R, Zapater P, Muiioz 21. Herrera I, Pascual S, Zapater P, Carnicer F, Bellot P, Maria PJ.
C, Garcia-Pagéan JC, et al. Presence of bacterial-DNA in cirrho- The use of p-blockers is associated with a lower risk of developing
sis identifies a subgroup of patients with marked inflammatory hepatocellular carcinoma in patients with cirrhosis. Eur J Gastro-
response not related to endotoxin. J Hepatol. 2008;48:61-7. enterol Hepatol. 2016;28:1194-7.

11. Francés R, Zapater P, Gonzalez-Navajas JM, Muiioz C, Cafio R, 22. Henriksen JH, Mgller S, Ring-Larsen H, Christensen NIJ.
Moreu R, et al. Bacterial DNA in patients with cirrhosis and non- The sympathetic nervous system in liver disease. J Hepatol.
infected ascites mimics the soluble immune response established 1998;29:328-41.
in patients with spontaneous bacterial peritonitis. Hepatology. 23. Tage-Jensen U, Henriksen JH, Christensen E, Widding A, Ring-
2008;47:978-85. Larsen H, Christensen NJ. Plasma catecholamine level and portal

12. Zapater P, Francés R, Gonzélez-Navajas JM, de la Hoz MA, venous pressure as guides to prognosis in patients with cirrhosis.
Moreu R, Pascual S, et al. Serum and ascitic fluid bacterial DNA: J Hepatol. 1988;6:350-8.

a new independent prognostic factor in noninfected patients with 24. Gaudin C, Braillon A, Moreau R, Roulot D, Bacq Y, Hadengue
cirrhosis. Hepatology. 2008;48:1924-31. A, et al. Relation between plasma catecholamines, the severity

13. Gimenez P, Garcia-Martinez I, Francés R, Gonzalez-Navajas JM, of the liver disease and hemodynamics in patients with cirrhosis.
Mauri M, Alfayate R, et al. Treatment with non-selective beta- Gastroenterol Clin Biol. 1989;13:701-6.
blockers affects the systemic inflammatory response to bacterial 25. Bendtsen F, Henriksen JH, Sgrensen TI, Christensen NJ. Effect
DNA in patients with cirrhosis. Liver Int. 2018;38:2219-27. of oral propranolol on circulating catecholamines in cirrhosis:

14. Merli M, Lucidi C, Di Gregorio V, Giannelli V, Giusto M, Cec- relationship to severity of liver disease and splanchnic haemody-
carelli G, et al. The chronic use of beta-blockers and proton pump namics. J Hepatol. 1990;10:198-204.
inhibitors may affect the rate of bacterial infections in cirrhosis. 26. Fabregat I, Moreno-Caceres J, Sanchez A, Dooley S, Dewidar B,
Liver Int Off J Int Assoc Study Liver. 2015;35:362-9. Giannelli G, et al. TGF-f signalling and liver disease. FEBS J.

15. Bellinger DL, Lorton D. Autonomic regulation of cellular immune 2016;283:2219-32.
function. Auton Neurosci Basic Clin. 2014;182:15-411. 27. Hel, Liu Y. Serum TGF-B1: a potential biomarker for early detec-

16. Wahle M, Neumann RP, Moritz F, Krause A, Buttgereit F, Bae- tion of hepatocellular carcinoma. EBioMedicine. 2016;12:4-5.
rwald CGO. Beta2-adrenergic receptors mediate the differential 28. Watanabe Y, Iwamura A, Shimada YJ, Wakai K, Tamakoshi A, Iso
effects of catecholamines on cytokine production of PBMC. J H. Transforming growth factor-p1 as a predictor for the develop-
Interferon Cytokine Res Off J Int Soc Interferon Cytokine Res. ment of hepatocellular carcinoma: a nested case-controlled study.
2005;25:384-94. EBioMedicine. 2016;12:68-71.

17. Mosenden R, Taskén K. Cyclic AMP-mediated immune regula- 29. de Lucia C, Eguchi A, Koch WJ. New insights in cardiac
tion—overview of mechanisms of action in T cells. Cell Signal. p-adrenergic signaling during heart failure and aging. Front
2011;23:1009-166. Pharmacol. 2018;9:904. https://doi.org/10.3389/fphar.2018.00904

18. Elenkov 1J, Wilder RL, Chrousos GP, Vizi ES. The sympathetic (Published 2018 Aug 10).
nerve—an integrative interface between two supersystems: the 30. Mandorfer M, Bota S, Schwabl P, et al. Nonselective § blockers
brain and the immune system. Pharmacol Rev. 2000;52:595-638. increase risk for hepatorenal syndrome and death in patients with

19. Scanzano A, Cosentino M. Adrenergic regulation of innate immu- cirrhosis and spontaneous bacterial peritonitis. Gastroenterology.
nity: a review. Front Pharmacol. 2015. https://doi.org/10.3389/ 2014;146:1680-90 (el).
fphar.2015.00171/abstract.

20. Thiele M, Albillos A, Abazi R, Wiest R, Gluud LL, Krag A. Non- Publisher’s Note Springer Nature remains neutral with regard to

selective beta-blockers may reduce risk of hepatocellular carci-
noma: a meta-analysis of randomized trials. Liver Int Off J Int
Assoc Study Liver. 2015;35:2009-166.

@ Springer

jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.3389/fphar.2015.00171/abstract
https://doi.org/10.3389/fphar.2015.00171/abstract
https://doi.org/10.3389/fphar.2018.00904

	Functionality of beta-adrenergic receptors in patients with cirrhosis treated chronically with non-selective beta-blockers
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 
	Graphic abstract

	Introduction
	Material and methods
	Adenylate-cyclase activity in PBMC
	Isolation of RNA and quantitative real-time PCR
	Statistical analysis

	Results
	Adenylate-cyclase activity in PBMC of patients with cirrhosis
	Adrenoceptor expression on PBMC of patients with cirrhosis
	Relationship between systemic adrenergic activation and adenylate-cyclase activity in PBMC of patients with cirrhosis
	Systemic immune activation and adenylate-cyclase activity in PBMC of patients with cirrhosis

	Discussion
	References




