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Abstract: Heart failure (HF) is classified according to the degree of reduction in left ventricular
ejection fraction (EF) in HF with reduced, mildly reduced, and preserved EF. Biomarkers could
behave differently depending on EF type. Here, we analyze the soluble form of the AXL receptor
tyrosine kinase (sAXL) in HF patients with reduced and preserved EF. Two groups of HF patients
with reduced (HFrEF; n = 134) and preserved ejection fraction (HFpEF; n = 134) were included in this
prospective observational study, with measurements of candidate biomarkers and functional, clinical,
and echocardiographic variables. A Cox regression model was used to determine predictors for
clinical events: cardiovascular mortality and all-cause mortality. sAXL circulating values predicted
outcome in HF: for a 1.0 ng/mL increase in serum sAXL, the mortality hazard ratio (HR) was 1.019
for HFrEF (95% CI 1.000 to 1.038) and 1.032 for HFpEF (95% CI 1.013 to 1.052). In a multivariable Cox
regression analysis, sAXL and NT-proBNP were independent markers for all-cause and cardiovascular
mortality in HFpEF. In contrast, only NT-proBNP remained significant in the HFrEF group. When
analyzing the event-free survival at a mean follow-up of 3.6 years, HFrEF and HFpEF patients in the
higher quartile of sAXL had a reduced survival time. Interestingly, sAXL is a reliable predictor for
all-cause and cardiovascular mortality only in the HFpEF cohort. The results suggest an important
role for AXL in HFpEF, supporting sAXL evaluation in larger clinical studies and pointing to AXL as
a potential target for HF therapy.

Keywords: heart failure; biomarker; receptor tyrosine kinase; sAXL; prognosis; cardiovascular
disease; preserved ejection fraction

1. Introduction

Heart failure (HF) is a clinical syndrome caused by a deterioration of the heart’s
function [1]. HF is a growing health concern linked to an aging population and the
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increasing prevalence of cardiovascular risk factors [2,3]. The most common HF causes
include myocardial dysfunction due to coronary artery disease (CAD), hypertension, and
valve disease, among other less prevalent causes. Its initial diagnosis is based on the
presence of clinical symptoms and signs associated with cardiac dysfunction [1]. However,
this lacks sufficient accuracy or specificity. Therefore, most clinical practice guidelines
recommend the measurement of blood biomarkers such as natriuretic peptides to confirm
HF diagnosis [4]. This area of research has been very active in recent years, as indicated by
a large number of studies and reviews on this topic [5–7].

HF is classified into three main subtypes depending on left ventricular ejection fraction
(EF). HF with reduced EF (HFrEF) is characterized by an EF ≤ 40%. However, roughly 50%
of HF patients present an EF > 40%. This group of patients has been recently subdivided
into two, those with preserved EF (≥50%; HFpEF) and an intermediate group named HF
with mildly reduced EF (EF 41–49%; HFmrEF). The definition has important implications
for the characteristics, prognosis, and treatment of HF. HFmrEF and HFrEF have a higher
frequency of underlying CAD compared to those with HFpEF [8]. HFpEF is more frequently
associated with hypertension and is more prevalent in women and older patients [9,10].
However, one should consider that EF is a continuous variable with a normal distribution
in the population [11].

The use of cardiac markers with high prognostic value in HF evaluation is crucial for
patient triage. Brain natriuretic peptide (BNP) and NT-proBNP, the products of the cleavage
of pre-proBNP, have been the gold standard biomarkers in HF [12]. Elevated natriuretic
peptide concentration associates with abnormal hemodynamics at the heart ventricle
and cardiac dysfunction in HF. Employing the level of different natriuretic peptides in
the diagnosis of acute HF is well established and included by guidelines in the clinical
practice [1,13,14]. However, these guidelines mention that the use of other biomarkers apart
from BNP or NT-proBNP should be considered for risk stratification in the management
of HF [14]. The use of blood biomarkers is especially relevant in HFpEF, as natriuretic
peptides are less elevated. In this context, we have proposed sAXL as a candidate to take
on this role [15].

AXL is a receptor tyrosine kinase with functions in immune regulation and tissue
homeostasis [16]. AXL is processed in the extracellular membrane of cells by ADAM10/17
proteolysis, releasing the extracellular portion of the molecule, known as soluble AXL
(sAXL) [17]. Previous studies have shown that sAXL is increased in HF patients with
reduced ejection fraction (HFrEF), correlating with an increased AXL abundance in cardiac
tissue [15]. High sAXL levels are associated with a worse prognosis in HFrEF [15,18,19].
Furthermore, in patients suffering myocardial infarction with ST-segment elevation, sAXL
levels are increased in patients undergoing adverse left ventricular remodeling [20].

These clinical studies suggested that AXL could influence multiple aspects of cardio-
vascular physiology via its diverse effects on vascular and immune cells [21]. Multiple
studies suggest that after engaging its ligand GAS6, AXL drives vascular remodeling
by regulating the biology of leukocytes, VSMCs, ECs, and pericytes, thereby facilitating
pathological processes such as neointima proliferation in the vasculature induced by redox
stress [22,23], flow [23] or mechanical injury [24–26]. More recently, several studies using
animal models have shown that AXL influences on the response of the heart to damage. In
rats subjected to thoracic transverse aortic constriction, axl expression increased, correlating
with left ventricular hypertrophy. This rise was matched by the appearance of the soluble
form of AXL in blood, which only increased in the initial hypertrophy group [27]. In a
mouse strain where axl is depleted in myeloid cells, there is a reduction in proinflammatory
cytokines after reperfusion in a myocardial infarction model [28], similar to what has been
observed in livers subjected to profibrotic stimuli [29]. Inhibition of AXL while maintaining
MerTK, a second GAS6 receptor, improves cardiac healing in those models [28]. AXL
has also a prominent role in cardiac allograft vasculopathy. AXL-deficient recipient mice
displayed fewer immune cells and reduced neointima formation in grafted vessels. This
function was linked to AXL expression in myeloid cells [30]. Interestingly, gas6 knockout
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animals also show an improved allograft heart survival, suggesting that GAS6 interaction
with AXL is mediating this effect [31]. Indeed, the lack of GAS6 reduces leukocyte extrava-
sation in different models of local inflammation [31]. All these studies employing different
preclinical models suggest that AXL is a substantial player in heart physiology, especially
in response to a chronic damage, as those involved in the development of HF.

An aspect that has not been evaluated yet in the literature is the specific role of AXL in
HF with preserved ejection fraction. Therefore, here, we intend to study the prospect of
sAXL as a prognostic biomarker in the context of HF. The specific objectives of the present
study were (1) to define the value of sAXL as a biomarker in patients with chronic HFpEF
patients compared to a similar cohort of HFrEF patients, (2) to compare its predictive
performance of clinical outcomes with NT-proBNP measurements, and (3) to validate the
prognostic sAXL value in HFrEF patients with a different cohort from our previous studies.
First, we determined the serum sAXL concentration in a cohort of patients with HFpEF
and compared the sAXL serum concentration with their concentrations in similar patients
with HFrEF. Clinical outcomes were studied, including the endpoint of all-cause death
(as the primary endpoint) and cardiovascular death or re-admission due to HF (as the
secondary endpoint).

2. Materials and Methods
2.1. Study Design, Study Population and Ethics

Samples and data from patients included in this study were handled and provided
by the Biobank HUB-ICO-IDIBELL (PT20/00171), integrated into the ISCIII Biobanks and
Biomodels Platform. They were processed following standard operating procedures with
the appropriate approval of the Ethics and Scientific Committees. The study population de-
rives from DAMOCLES (Definition of the neuro-hormonal Activation, Myocardial function,
genomic expression, and clinical OutComes in heart faiLurE patientS), an observational,
prospective cohort study of 1236 consecutive chronic HF patients. The cohort was recruited
between January 2004 and January 2013 at a single center. The methodology of the DAMO-
CLES study has been published previously [32,33]. Briefly, the inclusion criteria for the
patients included consisted of a diagnosis of chronic HF following the European Society
of Cardiology (ESC) criteria, to have had at least one recent acute decompensation of HF
requiring intravenous diuretic therapy (either hospitalized or in the day-care hospital),
and to be in stable condition at the time of inclusion in the study. Exclusion criteria were:
significant primary valvular disease, clinical signs of fluid overload, pericardial disease,
restrictive cardiomyopathy, hypertrophic cardiomyopathy, hemoglobin (Hb) concentration
below 8.5 g/dL, chronic liver disease or active malignancy. The patients were recruited
regardless of their percentage of left ventricular EF. The study was approved by the local
ethics committee for clinical research and was conducted following the principles of the
Declaration of Helsinki. All patients gave written informed consent before their inclusion
in the DAMOCLES study.

2.2. Definition of Study Cohorts and Selection Criteria

Using samples from the DAMOCLES study, we selected two different nested cohorts
of patients with HF for the purpose of the present investigation. The two cohorts consisted
of 134 HF patients from the DAMOCLES cohort study matching the criteria of HFrEF and
HFpEF, respectively. A collection of 20 samples of unrelated, healthy blood donors from
the same geographical area were used as a reference group.

2.3. Clinical Assessment at the Time of Inclusion

A baseline assessment was performed for all DAMOCLES participants at the study
entry. This detailed evaluation included the collection of information about demographic
characteristics, exhaustive medical history to gather clinical and disease-related factors:
New York Heart Association (NYHA) functional class was recorded at enrollment in
DAMOCLES based on patient symptoms, comorbidities, laboratory information, medical
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treatment, and the most recent determination of left ventricular EF (Table 1). The sources
of information employed in order to generate the database of the study consisted in the
patient’s medical history and standardized questionnaires.

Table 1. Baseline characteristics of heart failure patients with reduced (HFrEF) and preserved (HFpEF)
ejection fraction.

HFrEF HFpEF p

Number 134 134

Demographics

Age (years) 71 (61–78) 78 (71–82) <0.001
Female, n (%) 41 (30.6) 87 (64.9) <0.001

Risk Factors, n (%)

Diabetes, n (%) 63 (47.0) 73 (54.5) 0.222
Ischemic etiology, n (%) 68 (50.7) 26 (19.4) <0.001

Clinical characteristics and outcomes

BMI (kg/m2) 27.3 (24.4–30.8) 29.5 (26.3–33.3) 0.001
NYHA FC I-II / III-IV, n (%) 89 (66.4)/45 (33.6) 70 (52.2)/64 (47.8) 0.018

EF 32 (31–33) 62 (60–64) <0.001
SBP (mmHg) 120 (107–130) 129 (115–141) <0.001

Comorbodities number > 4, n (%) 59 (44.4) 69 (53.4) 0.088
All-cause mortality 64 (47.8) 53 (39.6) 0.175

Cardiovascular mortality 20 (14.9) 20 (14.9) 1.000
Re-admission 49 (36.6) 42 (31.3) 0.367

Re-admission or exitus
(all-cause) 80 (59.7) 75 (56.0) 0.536

Re-admission or exitus (CV) 54 (40.3) 51 (38.1) 0.707

Laboratory variables

eGFR 60.6 (47.0–76.3) 52.5 (38.0–68.7) 0.009
sAXL (ng/mL) 37.2 (28.4–46.8) 37.9 (30.0–44.5) 0.612

NT-proBNP 3.22 (2.78–3.54) 3.06 (2.78–3.43) 0.061

Medications (%)

ACE/ARB, n (%) 111 (82.8) 90 (67.2) 0.003
β-blocker, n (%) 128 (95.5) 109 (81.3) <0.001

Hydralazine, n (%) 23 (17.2) 31 (23.1) 0.235
Data are presented as median (IQR) or n (%). The p-value is calculated for continuous parameters with the
Mann–Whitney U test, and for categorical parameters with the chi-square test or exact Fisher text; p < 0.05 is
considered significant. BMI, body mass index; NYHA FC New York Heart Association functional class; EF
ejection fraction; SBP, systolic blood pressure; eGFR, Creatinine clearance measured as MDRD; sAXL soluble
AXL; NT-proBNP, N-terminal pro brain natriuretic peptide; ACE, angiotensin converting enzyme inhibitor; ARB,
angiotensin receptor blocker.

2.4. Blood Sample Management

Laboratory data and blood sample management methods have been previously re-
ported by our group [32]. Blood samples were collected in serum tubes, immersed in ice,
and immediately processed in aliquots of 250–500 µL. The resulting serum samples were
frozen and stored at −80 ◦C using the Micronics® (High Wycombe, UK) system. Samples
and data from patients included in this study were provided by the Biobank HUB-ICO-
IDIBELL (PT20/00171), integrated with the Spanish Biobank Network. Samples and data
were processed following standard operating procedures with the appropriate approval of
the Ethics and Scientific Committees.

2.5. Clinical Laboratory Determinations

Serum N-terminal pro b-type natriuretic peptide (NT-proBNP) concentration was
measured in pg/mL using an immunoassay based on chemiluminescence with the Elecsys
System (Roche®, Basel, Switzerland). This determination employs a two-step sandwich
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assay and was performed in Cobas® analyzers. sAXL was measured in serum using a
commercial sandwich ELISA, consisting of a capture monoclonal antibody recognizing the
extracellular domain of AXL and a biotinylated polyclonal antibody linked to biotin for
the detection step as previously described [34]. The ELISA was purchased from R and D
systems and has been validated in [35]. Samples were diluted 1:50 in a solution containing
1% bovine serum albumin in phosphate-buffered saline (pH = 7.4). Hemoglobin levels in
g/dL were obtained by laser-based impedance colorimetry. The glomerular filtration rate
(GFR) was calculated from the determination of serum creatinine using the Modification
of Diet in Renal Disease Study Group (MDRD) equation, a widely used parameter for
measuring excretory kidney function [36]. Weight was recorded upon inclusion in order to
estimate the body mass index (BMI) using the formula: BMI = weight (kg)/height (m2).

2.6. Follow-Up and Major Heart Failure Events Ascertainment

DAMOCLES study participants were followed for a median of 2.93 years (mean
3.3 years). Follow-up was conducted by trained study personnel and lasted until November
2015. The data on mortality and the cause of death were obtained from hospital and primary
care electronic medical records, and/or by direct interview with the patients’ relatives.

2.7. Statistical Methods

All analyses were performed using the SPSS software (version 28.0; IBM, New York,
NY, USA). Cross-sectional and longitudinal descriptive analyses were performed using the
baseline and follow-up data from the DAMOCLES cohort [32,33]. Demographic character-
istics, results from clinical laboratory tests and clinical characteristics, as well as laboratory
tests results were summarized using basic descriptive statistics according to HF with
reduced or preserved EF.

For categorical variables, number and percentage were reported, and for continuous
variables median and interquartile range was used. χ2, Student’s T, and non-parametric
tests were used to compare characteristics across strata.

The log-rank test was used to assess the association of each individual variable with
survival. Survival curves were obtained using the Kaplan–Meier product limit estimator.
The adjusted effect of important factors on patient survival was then determined with
Cox proportional hazards regression using the forward stepwise method based on the
likelihood ratio. Cox’s regression is a semi-parametric model widely used to establish
association between predictors and time-to-event, as it makes fewer assumptions than
parametric models. Two multivariable models were employed using age and NYHA class
(model 1) and including NTproBNP and eGFR (model 2). The parameters included had
clinical relevance in the etiology of HF (age; NYHA class; NTproBNP). eGFR was included
in the multivariable model 2 as it has shown association with AXL in previous studies [21].
sAXL distribution values in quartiles were analyzed, and the 3rd quartile value was used
as a cut-off point for stratification in the Kaplan–Meier survival curves. Subdivision in
quartiles is useful analytical tool, as quantiles are less susceptible than means to long-tailed
distributions and outliers. Patients were divided in two groups with sAXL below or equal
the 3rd quartile (sAXL ≤ Q3) or above (>Q3). All statistical tests were solved fixing the
probability of type I error (alpha) at 5%, and confidence intervals (CI) were obtained for a
95% likelihood. Values of p below 0.05 were considered statistically significant.

3. Results
3.1. Characteristics of HF cohorts

The baseline characteristics of the HFrEF and HFpEF cohorts are shown in Table 1.
Their demographic and clinical characteristics are consistent with those expected for each
cohort. Patients with HFpEF had a higher proportion of women, were older and had a
higher body mass index (BMI). Systolic blood pressure (SBP) was higher in the HFpEF,
while the glomerular filtration rate (eGFR) was lower, indicative of a higher frequency of
renal dysfunction in the HFpEF group. No differences were observed in diagnostic criteria
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for diabetes. Interestingly, while the proportion of NYHA III-IV patients was higher in
the HFpEF group, there were no differences in all-cause mortality or major cardiovascular
events during the follow-up, which were similar in both groups. Additionally, HFrEF had
a higher ischemic etiology percentage, and more patients were treated with ACE/ARB and
/or β-blockers compared to HFpEF patients.

3.2. sAXL Values Are Higher than a Group of Healthy Individuals and Similar in Both HF Groups

Next, we measured the concentration of sAXL in serum of these HF samples. As there
is no reference range established for sAXL in the general population, the results of the
two groups were compared with a group of unrelated healthy individuals (n = 20) of the
same geographical area (female 40%; age 61 [43–80]). The serum concentration of sAXL
was higher in HFrEF patients, 37.2 ng/mL (IQR: 28.4–46.8; p = 0.004) and HFpEF patients,
37.9 ng/mL (IQR: 30.0–44.5; p < 0.001) compared to the healthy group, 31.5 ng/mL (IQR:
27.9–34.4; Figure 1). Both HF cohorts had similar sAXL levels (p = 0.807). HFpEF patients
with NYHA class III–IV (n = 64) had also higher serum concentration of sAXL than those
with NYHA class I–II (n = 70; p = 0.025, Figure 1).
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Figure 1. Box-plot representation of soluble AXL levels in serum by groups: healthy (H, white), HF
with reduced ejection fraction (HFrEF, light red) and preserved ejection fraction (HFpEF, dark red)
patients (left). Dots represent outliers. ANOVA analysis among groups was significant (p = 0.029).
Post hoc analysis showed significant differences of HF groups vs. healthy individuals. Right, soluble
AXL levels in HFpEF patients with lower NYHA class (I-II) compared to higher NYHA class (III-IV).
Significance is denoted by * p < 0.05; ** p < 0.01.

3.3. Patient’s Prognosis According to sAXL and NTproBNP Levels in Serum

In an adjusted Cox proportional hazards model, serum sAXL concentration showed a
significant association with all-cause mortality in both HF groups (Table 2). Interestingly,
when cardiovascular death was considered, only the HFpEF group remained significant.
No associations were observed for the end point of re-admission due to HF. Serum sAXL
concentration was significantly associated with two combined end-points: major adverse
event (re-admission due to HF or all-cause mortality), or major cardiovascular event
(readmission or cardiovascular death) in the HFpEF group. In contrast, this was not the
case in the HFrEF group, where sAXL was not significantly associated to re-admission due
to HF or to cardiovascular mortality, nor with the combined end points. For comparison, we
include in Table 2 the same analysis for NT-proBNP. The association with the different end
points was much better for NT-proBNP compared to sAXL in the HFrEF group. However,
in the HFpEF group, sAXL showed equal significance in the association with all-cause
mortality and cardiovascular mortality than NT-proBNP.
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Table 2. Cox regression value for absolute sAXL.

HFrEF HFpEF

HR (95% CI) p HR (95% CI) p

All-cause mortality

sAXL 1.019
(1.000–1.038) 0.047 1.032

(1.013–1.052) <0.001

NT-proBNP 1.050
(1.036–1.066) <0.001 1.021

(1.021–1.050) <0.001

Cardiovascular mortality

sAXL 0.991
(0.954–1.030) 0.647 1.054

(1.025–1.083) <0.001

NT-proBNP 1.065
(1.040–1.091) <0.001 1.041

(1.020–1.063) <0.001

Re-admission

sAXL 1.000
(0.977–1.024) 0.995 1.002

(0.977–1.027) 0.904

NT-proBNP 1.037
(1.019–1.055) <0.001 1.025

(1.006–1.044) 0.011

Re-admission or exitus
(all-cause)

sAXL 1.010
(0.993–1.027) 0.27 1.020

(1.003–1.037) 0.020

NT-proBNP 1.042
(1.028–1.055) <0.001 1.030

(1.016–1.045) <0.001

Re-admission or exitus (Cardiovascular)

sAXL 1.002
(0.981–1.024) 0.832 1.022

(1.002–1.042) 0.028

NT-proBNP 1.041
(1.024–1.058) <0.001 1.032

(1.015–1.048) <0.001

Hazard ratios (HR) of sAXL or NT-proBNP for clinical end-points in heart failure (HF) patients. Patients are
divided as HF with reduced ejection fraction (HFrEF) or preserved ejection fraction (HFpEF). Data is represented
as HR (95% CI; confidence intervals). The p value is calculated with Cox proportional hazards models; p < 0.05 is
considered significant.

We performed a multivariable regression analysis (Table 3), considering as predictors
sAXL (ng/mL), age and NYHA class (model 1). Then, we included in the analysis NT-
proBNP, and eGFR (model 2). Interestingly, sAXL was a predictor of time to death (all-cause)
only in the HFpEF group, together with NT-proBNP, but not in the HFrEF group. In HFrEF,
only age and NT-proBNP in model 2 remained significant. When only cardiovascular death
was considered, the same pattern was observed, although in this case sAXL remained
a better predictor than NT-proBNP, which did not reach significance. The multivariable
model showed a similar result when additional parameters were added, including diabetes,
hemoglobin, BMI, ischemic etiology, sex and number of comorbidities (results not shown).

3.4. Patient’s Characteristics and Prognosis According to sAXL Levels in Serum

Next, we analyzed the characteristics and prognosis of both cohorts according to the
baseline sAXL serum concentration divided in quartiles. HFrEF patients with sAXL > Q3
displayed higher concentration of NT-proBNP and hemoglobin, and a marked decrease in
eGFR (Table 4). In this group, there was no difference in all-cause or cardiovascular-related
mortality. HFpEF patients in the highest sAXL quartile had increased all-cause and cardio-
vascular mortality, compared to those with lower sAXL. No differences were observed in
age, SBP, eGFR, BMI. Interestingly, patients with sAXL > Q3 had only marginally higher
NT-proBNP, and a very significant decrease in hemoglobin (Table 4).
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Table 3. Multivariable Cox regression value for absolute sAXL.

HFrEF HFpEF

Model 1 Model 2 Model 1 Model 2
HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

All-cause mortality

sAXL 1.018 (0.998–1.037) 0.073 1.005 (0.982–1.028) 0.693 1.028 (1.008–1.048) 0.005 1.024 (1.002–1.046) 0.033
Age 1.069 (1.041–1.098) <0.001 1.042 (1.046–1.076) 0.002 1.024 (0.989–1.061) 0.186 1.030 (0.868–2.959) 0.132

NYHA class 1.463 (0.877–2.441) 0.145 1.238 (0.737–2.079) 0.420 1.805 (0.993–3.280) 0.053 1.603 (0.868–2.959) 0.132
NTproBNP 1.037 (1.020–1.055) <0.001 1.026 (1.009–1.044) 0.003

eGFR 0.999 (0.988–1.010) 0.788 0.989 (0.974–1.005) 0.182

Cardiovascular mortality

sAXL 0.989 (0.951–1.029) 0.586 0.952 (0.907–1.000) 0.045 1.051 (1.022–1.081) <0.001 1.049 (1.018–1.081) 0.002
Age 1.066 (1.018–1.115) 0.006 1.023 (0.978–1.070) 0.264 1.054 (0.988–1.124) 0.103 1.077 (1.007–1.153) 0.030

NYHA class 1.625 (0.663–3.982) 0.288 1.520 (0.596–3.877) 0.429 1.706 (0.632–1.124) 0.292 1.522 (0.551–4.209) 0.418
NTproBNP 11.786 (3.61–38.46) <0.001 1.034 (1.007–1.062) 0.013

eGFR 1.004 (0.989–1.019) 0.472 1.003 (0.978–1.028) 0.833

Multivariable Cox regression analysis for sAXL; age and NYHA class (model 1) with addition of NT-proBNP;
N-terminal pro brain natriuretic peptide and eGFR: estimated Glomerular Filtration Rate (model 2) with all-cause
and cardiovascular mortality end-points. Patients are divided as HF with reduced ejection fraction (HFrEF) or
preserved ejection fraction (HFpEF). Data is represented as HR (95% CI; confidence intervals). The p value is
calculated with Cox proportional regression model using Forward Stepwise Likelihood Ratio Method; p < 0.05 is
considered significant.

Table 4. Heart failure patients’ characteristics according to the sAXL quartile.

HFrEF HFpEF

sAXL ≤ Q3 sAXL > Q3 P sAXL ≤ Q3 sAXL > Q3 P

Number 101 33 101 33

AC mortality n (%) 45 (44.5) 19 (57.6) 0.136 35 (34.6) 18 (54.5) 0.035
CV mortality n (%) 3 (9.01) 17 (16.8) 0.279 11 (10.9) 9 (27.3) 0.022

NYHA III-IV 32 (31.7) 13 (39.4) 0.271 47 (46.5) 17 (51.5) 0.383
SBP (mm Hg) 120 (106–130) 120 (110-131) 0.329 129 (115-140) 129 (113-147) 0.616

Re-ad. or exitus n (%) 40 (39.6) 14 (42.4) 0.465 34 (33.7) 17 (51.5) 0.053
Sex (male) n (%) 72 (71.3) 21 (63.6) 0.268 38 (37.6) 9 (27.3) 0.193
Diabetes n (%) 45 (44.5) 18 (54.5) 0.213 54 (53.5) 19 (57.6) 0.418

eGFR 62.2 (52.5–78.2) 42.1 (23.9–66.2) <0.001 52.5 (38.5) 52.4 (34.8–69.2) 0.784
BMI 27.3 (24.1–30.8) 27.3 (24.9–30.7) 0.749 29.6 (26.3–33.0) 27.8 (25.4–35.6) 0.848

Age (years) 69 (60.0–78.0) 75 (67.5–78.5) 0.069 78.0 (71.0–83.0) 77.5 (71.5–79.5) 0.776
NT-proBNP 3.13 (2.73–3.49) 3.49 (3.15–3.96) <0.001 3.02 (2.76–3.33) 3.28 (2.84–3.63) 0.050

Hemoglobin (g/dL) 13.1 (12.3–14.2) 12.4 (10.8–13.4) 0.005 12.2 (11.05–14) 11.1 (10.0–11.9) <0.001

In a survival analysis, HFrEF patients with sAXL values in the highest quartile
(>Q3) had a poorer outcome, with a median survival of 1019 days (IQR: 573–1464),
compared to those with lower sAXL (2176 days, IQR: 1616-2735; log rank p = 0.024).
This was also observed in HFpEF patients, where sAXL > Q3 had a mean survival of
1408 days (IQR: 626–2190) compared to 2506 days (IQR: 1741–3271) in those ≤Q3 (log
rank p = 0.022). The survival curves are shown in Figure 2. Similarly, a Cox regression
univariable model, using the lowest quartile as baseline, showed that HFpEF patients
with sAXL in > Q3 had a significant association with all-cause mortality (HR of 3.6),
while the association was not significant in the HFrEF group (Table 5). Similar results
were obtained for cardiovascular mortality.

In order to evaluate the performance of serum sAXL as a valuable HF biomarker
in each group of patients, we analyzed the predictive value of NT-proBNP dividing the
cohorts in quartiles and compared the result with the performance of sAXL (Figure 2). As
expected, the natriuretic peptide was a very good marker of the severity of the disease in
both groups (Figure 2), as reflected in the HFrEF by a median survival time in the >Q3
group of 716 days (IQR: 463–969), compared with 2541 days (IQR: 1711-3371) for the rest of
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patients in the HFrEF cohort (log rank p < 0.0001). In the HFrEF cohort, NT-proBNP >Q3
was equally a very good predictor of mean survival: days 1066 (IQR:906–1226) compared
to 2718 days (IQR: 1825–3612) for those in ≤Q3 (log rank p < 0.0001).
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Figure 2. Kaplan–Meier survival curves from HF patients divided according their sAXL levels (upper
panels) and NT-proBNP levels (lower panels). The graphs represent the survival from all-cause
mortality. Left panels, Kaplan–Meier event-free survival curve from HF patients with reduced ejection
fraction (HFrEF) and right panels, Kaplan–Meier event-free survival curve from HF patients with
preserved ejection fraction (HFpEF). Survival of patients with sAXL or NT-proBNP values below the
4th quartile cut-off point is shown in black line, while survival of patients with sAXL or NT-proBNP
above the 3rd quartile is shown in red line. The differences in survival were compared with the Cox
Regression model.

Table 5. Cox regression for absolute sAXL levels in quartiles and all cause-mortality.

HFrEF HFpEF

Q1 1 1
Q2 0.621 (0.291–1.327) 2.222 (0.883–5.592)
Q3 0.947 (0.466–1.923) 1.908 (0.776–4.690)
Q4 1.584 (0.837–2.988) 3.628 (1.499–8.782)

4. Discussion

Studies using preclinical models have shown that the AXL receptor tyrosine kinase
could be considered a potential target in cardiac diseases [21]. In particular, several reports
in the literature have suggested that modulating specifically the GAS6/AXL interaction
would improve chronic heart failure [21]. Studies of patients suffering from this condition
have also pointed to the role of GAS6/AXL in the pathological processes of a deteriorating
heart. End-stage HF patients undergoing transplantation had increased AXL in the heart,
while a group of chronic HFrEF patients had sAXL concentration in serum 25% higher
than healthy individuals [15]. Here, we observed a 23% increase in the mean concentration
of the HFrEF group from the DAMOCLES cohort (Table 1). Further, we extended this
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observation to an HFpEF group, finding a quantitatively similar elevation of the serum
sAXL concentration (26%) compared to a group of unrelated healthy individuals. In
patients that develop HF after a myocardial infarction (MI) with Killip>1, this increase
in sAXL seems to occur progressively. Interestingly, there was an association of sAXL at
seven days post MI with left ventricular remodeling [20], indicative of an activation of AXL
signaling or its processing in the initial stages of heart failure in connection with cardiac
structural changes in the initial stages of heart failure. In the context of heart transplantation,
increased sAXL after transplant could also reflect the fitness of the organ, as its levels are
higher in patients having a cardiovascular event during a three-year follow-up [37].

The concentration of sAXL in blood seems to be a valuable biomarker of prognosis in
patients with chronic HF. In this respect, the prognosis of HFrEF after one-year follow up
was worse in the group of patients with sAXL concentration in the highest quartile [15]. This
was confirmed in a prolonged follow-up (3.6 years) in the same group of patients [18]. Here
we could confirm that the association of high sAXL concentration and worse prognosis was
not restricted to reduced EF; HFpEF patients also displayed increased all-cause mortality
if the sAXL was in the highest quartile. In a multivariable analysis, the difference was
confirmed, and only the NT-proBNP and sAXL values were independent risk factors for
all-cause mortality. Clearly, in both groups, NT-proBNP was a very good prognostic marker
of survival, as has been already demonstrated in other studies [38–40]. As mentioned by
Salah et al. (2019), comorbidities could contribute relatively more to prognosis in patients
with HFpEF with lower NT-proBNP levels than in patients with HFrEF. In this context,
the determination of sAXL when a person is diagnosed with HF could provide additional
information to NT-proBNP measurements [39]. In a recent analysis of the DRAGON-HF
trial, Liu and coworkers have confirmed that sAXL could predict clinical outcomes in a large
population (>1000 symptomatic HF patients) independent of NT-proBNP [19]. Interestingly,
when only cardiovascular mortality was considered, sAXL increased its association with
survival [19]. In our study, this was found specifically in the HFpEF group. In HFpEF,
NT-proBNP was a worse predictor than sAXL for cardiovascular mortality (Table 2).

The fact that NT-proBNP and sAXL have different diagnostic and prognostic values
for HFrEF and HFpEF emphasizes the divergent etiological causes of both HF entities.
HFpEF is becoming the most common HF form due to the ageing of the population and
the increase in the prevalence of obesity, metabolic syndrome, and diabetes mellitus [3,9].
Despite this, many clinical trials, including effective HFrEF medication, have not succeeded
to identify treatments for HFpEF. A putative explanation for such failure could be that
patients with HFpEF have different pathophysiological pathways activated and therefore,
they should be treated differently [9]. Further research on whether sAXL could identify
a subset of HFpEF patients with a common phenotype is warranted with larger patient
cohorts. Our results indicate that sAXL is elevated in HFpEF patients and due to the
implication of AXL in many cardiac pathologies, as described, it could be a determinant
factor in HFpEF development. Comparing sAXL with other suggested biomarkers in HF
would be informative, including ST2 and troponins. ST2 is a fragment of the interleukin
1 receptor-like 1 [41–43]. Therefore, this molecule shares similarities with sAXL, as both
molecules originate by receptor shedding in the cellular membrane and are implicated in
immunomodulation. Troponin concentration is prognostic in acute and chronic heart failure
and has been suggested as a tool for a personalized approach to HF management [44,45].
Previously, we compared the performance of sAXL with troponin T in a chronic HFrEF
cohort and in heart transplant patients, showing that both biomarkers are independent pre-
dictors of adverse outcomes [18,37]. Further studies using these biomarkers are necessary
to establish their relative clinical utility in HF.

There are limitations in our analysis, including that the comparison of HF groups
was made to a reference group that was not related to the HF cohorts and had different
demographic characteristics. Further, as the inclusion and follow-up finished in 2015, more
recent groups of HF patients should be considered in order to include the most recent
therapies used in HF. The effect of these therapeutic regimes on the plasma biomarkers
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should be studied. The inclusion of the patients in the preserved or reduced EF groups was
performed in order to maximize the different characteristics of each group while avoiding
patients that could be considered in the intermediate group. In this sense, our groups
represent those patients with a clear diagnosis of HFpEF and HFrEF. This selection could
explain the reduced association of sAXL with mortality in the HFrEF observed in the
present study compared to previous ones with different inclusion criteria [15,18,19]. In
addition, one should be cautious in considering the role of AXL in the context of HF. AXL
activation might represent a restorative signal in the heart, with increased sAXL levels
reflecting the activation of the pathway in the context of cardiac damage. At present, it is
still necessary to acquire a better knowledge of the complex role of the GAS6/AXL system
in cardiovascular biology.

5. Conclusions

To sum up, in our study, serum concentration of sAXL is shown to be elevated in
both HFpEF and HFrEF groups, providing a significant measure for determining the
prognosis of the disease. The consistent increase in sAXL associated with HF could reflect
an increased activation of the GAS6/AXL system, paralleling the evolution of the disease.
AXL is already a valuable target in other pathologies [46,47], and several drugs have been
developed to regulate its activity specifically. Our results reveal sAXL as a predictor of time
to death (all-cause) in HFpEF patients. Of note, sAXL has a similar predictive association
to NT-proBNP in the HFpEF cohort, justifying its future evaluation in larger studies and
pointing to AXL as a promising target for HF therapy.
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43. Ponikowska, B.; Iwanek, G.; Zdanowicz, A.; Urban, S.; Zymliński, R.; Ponikowski, P.; Biegus, J. Biomarkers of Myocardial Injury
and Remodeling in Heart Failure. J. Pers. Med. 2022, 12, 799. [CrossRef] [PubMed]

44. Agdashian, D.; Daniels, L.B. What Is the Clinical Utility of Cardiac Troponins in Heart Failure? Are They Modifiable Beyond
Their Prognostic Value? Curr. Heart Fail. Rep. 2023. [CrossRef]

45. Aimo, A.; Januzzi, J.L., Jr.; Vergaro, G.; Ripoli, A.; Latini, R.; Masson, S.; Magnoli, M.; Anand, I.S.; Cohn, J.N.; Tavazzi, L.; et al.
Prognostic Value of High-Sensitivity Troponin T in Chronic Heart Failure: An Individual Patient Data Meta-Analysis. Circulation
2018, 137, 286–297. [CrossRef]

http://doi.org/10.1152/ajpheart.00253.2022
http://doi.org/10.1371/journal.pone.0217926
http://doi.org/10.1172/JCI139576
http://doi.org/10.1016/j.jcmgh.2019.10.010
http://doi.org/10.1016/j.healun.2021.03.006
http://doi.org/10.1182/blood-2007-05-089565
http://doi.org/10.1016/j.ijcard.2018.10.094
http://doi.org/10.3390/jcm10214937
http://doi.org/10.1016/j.ebiom.2021.103797
http://doi.org/10.1089/adt.2016.743
http://doi.org/10.1177/00045632221149660
http://doi.org/10.1155/2018/6243529
http://doi.org/10.1093/eurheartj/ehy421
http://doi.org/10.1136/heartjnl-2018-314173
http://doi.org/10.1093/eurheartj/ehy005
http://doi.org/10.3390/bios11060202
http://www.ncbi.nlm.nih.gov/pubmed/34205541
http://doi.org/10.1016/j.jacc.2018.08.2165
http://www.ncbi.nlm.nih.gov/pubmed/30384887
http://doi.org/10.3390/jpm12050799
http://www.ncbi.nlm.nih.gov/pubmed/35629221
http://doi.org/10.1007/s11897-023-00588-z
http://doi.org/10.1161/CIRCULATIONAHA.117.031560


J. Pers. Med. 2023, 13, 446 14 of 14

46. Tutusaus, A.; Marí, M.; Ortiz-Pérez, J.T.; Nicolaes, G.A.F.; Morales, A.; García de Frutos, P. Role of Vitamin K-Dependent Factors
Protein S and GAS6 and TAM Receptors in SARS-CoV-2 Infection and COVID-19-Associated Immunothrombosis. Cells 2020,
9, 2186. [CrossRef]

47. Bárcena, C.; Stefanovic, M.; Tutusaus, A.; Joannas, L.; Menéndez, A.; García-Ruiz, C.; Sancho-Bru, P.; Marí, M.; Caballeria, J.;
Rothlin, C.V.; et al. Gas6/Axl pathway is activated in chronic liver disease and its targeting reduces fibrosis via hepatic stellate
cell inactivation. J. Hepatol. 2015, 63, 670–678. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/cells9102186
http://doi.org/10.1016/j.jhep.2015.04.013

	Introduction 
	Materials and Methods 
	Study Design, Study Population and Ethics 
	Definition of Study Cohorts and Selection Criteria 
	Clinical Assessment at the Time of Inclusion 
	Blood Sample Management 
	Clinical Laboratory Determinations 
	Follow-Up and Major Heart Failure Events Ascertainment 
	Statistical Methods 

	Results 
	Characteristics of HF cohorts 
	sAXL Values Are Higher than a Group of Healthy Individuals and Similar in Both HF Groups 
	Patient’s Prognosis According to sAXL and NTproBNP Levels in Serum 
	Patient’s Characteristics and Prognosis According to sAXL Levels in Serum 

	Discussion 
	Conclusions 
	References

