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Plasma levels of soluble Axl correlate with severity
of community-acquired pneumonia
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Abstract. The aim of this study was to examine the plasma
level changes of soluble Axl (sAxl) prior to and following
treatment with antibiotics in hospitalized adult patients with
community-acquired pneumonia (CAP), and to investigate the
correlating clinical and laboratory manifestations of CAP with
plasma sAxl levels. Blood samples were obtained from 61 adult
CAP patients (prior to and following treatment with antibiotics)
and 60 healthy controls in order to measure the plasma concen-
trations of sAxl using the enzyme-linked immunosorbent assay.
The plasma-soluble Axl concentration level was markedly
elevated in patients with CAP prior to treatment, compared with
the controls, and decreased markedly following treatment. The
levels of white blood cells, neutrophils, and C-reactive protein
decreased markedly following treatment with antibiotics and
did not correlate with the concentration level of sAxl. However,
the plasma concentration of sAxl correlated with the severity
of CAP with the pneumonia severity index score (r=0.350,
P=0.006, n=61), the CURB-65 score (r=0.281, P=0.028, n=61)
and the acute physiology and chronic health evaluation II score
(r=0.313, P=0.014, n=61). In conclusion, plasma sAxl may be
involved in the clinical assessment of the severity of CAP,
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which may guide the development of treatment strategies and
predict the clinical outcome.

Introduction

Pneumonia is an inflammatory condition of the lung that
involves lung parenchyma. Community-acquired pneumonia
(CAP) is one of several diseases that results in lung infections
in individuals who have not recently been hospitalized. CAP
may be caused by bacterial, viral, fungal or parasitic agents
with the additional complication of upper respiratory tract
infections (1,2). Furthermore, CAP is the most frequently
occurring infectious disease worldwide, with high morbidity
and mortality rates (3). Timely diagnosis and optimized
antibiotic treatment are critical for reducing CAP morbidity
and mortality. Early diagnosis and recognition of the severity
of CAP is required for early treatment in order to increase the
survival rate of CAP patients (4).

Growth arrest-specific protein 6 (Gas6) is a
vitamin K-dependent protein, which was initially described as
a protein expressed during growth arrest. Gaso6 is also crucial
for phagocytosis of apoptotic cells (5-7). Axl is the receptor
tyrosine kinase (RTK) for Gas6 and belongs to a subfamily
of RTKs (8). Axl is present in the endothelium and is capable
of being cleaved and released into circulation; it is crucial
for endothelial activation during inflammation. The soluble
form of Axl (sAxl), which is present in plasma, binds Gas6
and inhibits Axl-mediated cell signaling. Numerous studies
have demonstrated that the Gas6-Axl system is capable of
regulating cell survival, proliferation, migration, adhesion
and phagocytosis (5-8). Gheita er al (8) indicated that plasma
concentrations of sAxl correlate positively with systemic
lupus erythematosus (SLE) and Behget's disease. Ekman et al
reported that Gas6 and sAxI correlate with numerous inflam-
matory markers, suggesting a role in systemic inflammation,
including SLE and critical limb ischemia (CLI) diseases (5,0).
Therefore, the inflammation severity and survival rate of these
diseases may be indirectly predicted by sAxl levels, which
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Table I. Laboratory data of controls and patients with community-acquired pneumonia (CAP) prior to and following treatment®.

Controls (n=60)

Pre-treatment (n=61)

Post-treatment (n=61)

Clinical P-value P-value
variables Median (range) Median (range) Median (range) UT/CP UT/T*
Age (years) 59.38+11.45 59.52+20.46 0.963
Gender
Male 36 (60%) 37 (60.7%) 0.941
Female 24 (40%) 24 (39.3%)
CRP (mg/dl) 0.30 8.63 0.94 0.001 0.001
(0.02-1.65) (0.69-27.40) (0.30-11.30)
WBC (/mm?®) 5860 10890 8450 0.001 0.001
(3110-10190) (3560-32480) (3460-22340)
Neutrophils (/mm?) 3530 8673 5484 0.001 0.001
(1738-6046) (1032-29686) (1518-21155)
PSI score 79.03+38.91¢
CURB-65 score! 0.88 +0.85°
APACHE II score 922 +5.57°

“P<0.05 was considered to be a statistically significant difference. *The statistical difference was analyzed by Mann-Whitney U test. “The sta-
tistical difference was analyzed by Wilcoxon signed ranks test. “A six point score, one point each for confusion, blood urea nitrogen >19 mg/dl,
respiratory rate >30/min, low systolic (<90 mmHg) or diastolic (<60 mmHg) blood pressure, and aged >65 years. “Mean + standard deviation.
CRP, C-reactive protein; WBC, white blood cell; C, controls; UT, patients with CAP prior to treatment; T, patients with CAP following treat-

ment; PSI, pneumonia severity index; APACHE II, acute physiology and chronic health evaluation II.

may be useful markers for inflammation severity. However,
the correlation between sAxl and pneumonia has not been
examined. Therefore, the plasma sAxI concentrations of CAP
patients prior to and following treatment with antibiotics and
the normal controls were compared. In addition, it was deter-
mined whether the severity correlated with the expression of
sAx] or was associated with CAP susceptibility.

Materials and methods

Participants and diagnosis. This study was performed on a
group of 121 individuals, comprised of 61 CAP patients and
60 healthy controls, between February, 2009 and December,
2009. Venous blood samples from CAP patients were obtained
through routine venipuncture at Chung Shan Medical
University Hospital (Taichung, Taiwan), prior to and following
treatment with antibiotics. This study was approved by the
Chung Shan Medical University Hospital Institutional Review
Board and each patient provided informed consent. The demo-
graphic characteristics, comorbidities, symptoms and signs of
pneumonia, laboratory results and previous antibiotic treatment
of each patient were recorded once they had been admitted.
The diagnostic criteria for CAP were based on the guidelines of
the Infectious Diseases Society of America/American Thoracic
Society (9). The guidelines for CAP diagnosis included a
typical infiltration change on chest X-ray films within one day
of symptom occurrence and at least one clinical manifesta-
tion, including a cough, thick yellow sputum, or a high fever
(>37.8°C); or at least two minor criteria, including tachypnea,
dyspnea, pleural pain, chest pain, confusion or disorienta-
tion, lung consolidation, or white blood cell (WBC) counts of
>12000 cells/ml. Exclusion criteria included outpatient status;

transfer from another hospital or hospital admission within the
previous three weeks; other acute conditions, including pulmo-
nary edema, pulmonary embolism, or malignancy appearing
during follow-up; pneumonia caused by tuberculosis or
malignancy; severe immunocompromisation, including severe
neutropenia (WBC count <1.0x10° cells/l); organ or bone
marrow transplant and human immunodeficiency virus infec-
tion. Pneumonia severity was assessed using the pneumonia
severity index (PSI) (10), acute physiology and chronic health
evaluation IT (APACHE II) (11) and CURB-65 (12) tests.

Participants and blood specimen collection. In total, 61 CAP
patients and 60 healthy individuals, to serve as a control group,
were recruited. All CAP patients were treated with empirical
antimicrobial agents. Blood samples were obtained from all
CAP patients in order to test the WBC, neutrophil cell count,
C-reactive protein (CRP) concentration, and plasma concentra-
tion of sAxl prior to and following treatment with antibiotics.
Blood samples for the control group were also obtained and
analyzed. The blood samples were placed in tubes containing
EDTA and were immediately centrifuged (3,000 x g, 10 min)
and stored at -80°C. Depending on the severity of their condi-
tions, CAP patients were treated with effective and common
antibiotics, including cefuroxime, ceftizoxime, and clarithro-
mycin. Table I provides a summary of the clinical data and
demographics of the patients and controls.

Measurement of WBCs, neutrophils and CRP concentra-
tions. Staff members who were unaware of the source of the
samples (blinded to the study) measured WBCs, neutrophils
and CRP concentrations by enzyme immunoassays in a
clinical laboratory.
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Measurement of plasma sAxl level by enzyme-linked immu-
nosorbent assay (ELISA). ELISA was used to measure
the plasma concentrations of sAxl in all blood samples
(Aviscera Bioscience, Santa Clara, CA, USA). For each plasma
sample, 100 pl was directly transferred to the microtest strip
wells of the ELISA plate and subsequently incubated for 2 h
at room temperature. Following four washing steps to remove
unbound protein, the detection antibody (anti-sAxl; Aviscera
Bioscience, Santa Clara, CA, USA) was added and the reaction
system was incubated for 2 h at room temperature. Antibody
binding (anti-sAxl) was detected with streptavidin-conjugated
horseradish peroxidase and developed with a substrate solu-
tion. The reaction was stopped and the optical density was
determined using a microplate reader (Molecular Devices,
Sunnyvale, CA, USA) set at 450 nm. sAx] concentrations
were quantitated with a calibration curve using a human sAxl
standard. Each plasma sample was assayed according to the
manufacturer's instructions, and the values were within the
linear portion of the standard curve.

Statistical analysis. Statistical analyses were performed using
SPSS 15.0 statistical software (SPSS Inc., Chicago, IL, USA).
All continuous variables were expressed as the mean + stan-
dard deviation. In order to compare the untreated patients
and the healthy controls, the statistical differences between
the demographic and clinical data were analyzed using the
Mann—Whitney U test for continuous variables not following
a parametric distribution. The Wilcoxon signed-rank test was
used to compare untreated and treated patients for categorical
variables. Linear regression analysis was used to examine the
correlation between the sAxI of all clinical and laboratory
variables of CAP patients. P<0.05 was considered to indicate a
statistically significant difference in the two-tailed test.

Results

Demographic and clinical characteristics. Table I provides a
summary of the demographic and clinical characteristics. The
analysis was based on a sample of 121 individuals; the age
and percentage of male participants did not differ significantly
between the CAP patients and the control group. The blood
cell counts of WBCs and neutrophils and CRP levels were
significantly elevated in patients with CAP prior to treatment,
compared with the healthy controls (P<0.001; Table I) and
patients with CAP following treatment (P<0.001; Table I).

ELISA analysis. Fig. 1 demonstrates the plasma-soluble
Axl concentration levels (pg/ml) of 61 CAP patients
and 60 control participants obtained using ELISA
analysis. The plasma-soluble Axl concentration level
was significantly elevated in CAP patients prior to treat-
ment (18,143.2+7,551.5 pg/ml) compared with the controls
(8,328+1,909.4 pg/ml) (P<0.001), and decreased significantly
following treatment (14,799.9+6,762.8 pg/ml) (P<0.001).

Correlation between plasma-soluble Axl expression and
WBC and neutrophil counts, and C-reactive protein levels.
No significant correlations were observed with plasma-soluble
AxI concentrations (Fig.2). Fig. 3 reveals correlations among
PSI, CURB-65, APACHE 1I scores, and plasma-soluble AxI
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Figure 1. Levels of plasma-soluble Axl concentrations (pg/ml) in 61 patients
with community-acquired pneumonia (CAP) and 60 control participants
obtained using enzyme-linked immunosorbent assay analysis. The plasma
soluble Ax1 concentration levels were significantly elevated in patients with
CAP prior to treatment, compared with participants in the control group
(P<0.001), and decreased significantly following treatment (P<0.001).
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Figure 2. Analysis of the correlation between plasma-soluble Axl expression
with white blood cells, neutrophil counts, and C-reactive protein. No signifi-
cant correlations were observed with plasma-soluble Ax1 concentrations.
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Figure 3. Correlations were observed among the pneumonia severity
index (PSI), CURB-65, acute physiology and chronic health evaluation II
(APACHE 1I) scores and plasma-soluble Axl concentrations in commu-
nity-acquired pneumonia (CAP) patients prior to treatment. Significant
correlations were observed between plasma-soluble Axl concentrations
and (A) PSI; Spearman correlation coefficients: r=0.350, P=0.006, n=61,
(B) CURB-65; Spearman correlation coefficients: r=0.640, P=0.028, n=61,
and (C) APACHE II; Spearman correlation coefficients: r=0.313, P=0.014,
n=61.

concentrations in CAP patients prior to treatment. Significant
correlations were observed between plasma-soluble Axl
concentrations and PSI (Spearman correlation coefficients:
r=0.350, P=0.006, n=61; Fig. 3A), CURB-65 (Spearman
correlation coefficients: r=0.640, P=0.028, n=61; Fig. 3B),
and APACHE II (Spearman correlation coefficients: r=0.313,
P=0.014, n=61; Fig. 3C).

Discussion
Axl (also known as UFO or Ark) is a 140-kD protein, origi-

nally identified in human patients with chronic myelogenous
leukemia (13). AxI is a member of the TAM family of receptor
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RTKs, consisting of Tyro3 (Sky), Axl, and Mer (13-16). Axl
is stimulated by Gas6 (product of the growth arrest-specific
gene 6) that was originally observed as a protein expressed
by growth-arrested fibroblasts (7,17). The soluble form of
AxI (sAxl) may be found in circulation. The AxI receptor
is expressed in a wide range of tissues and cell lines (18).
Overexpression of the Axl receptor occurs in several human
cancer types (16) and is crucial for the growth of human
gliomas (19) and gastric cancer (20). Furthermore, several
studies have focused on the correlation between sAxI concen-
trations and inflammation. Ekman ez al indicated that sAxI
correlates with a number of inflammatory diseases, including
SLE and CLI (5,6). In addition, Ekman et al (6) indicated
that the sAxI ligands and sAxI concentrations correlate with
numerous inflammatory markers in systemic inflammation
response syndromes and sepsis. Therefore, the number of
studies on the correlation between sAxl and inflammatory
diseases (except pneumonia) have increased.

In CAP patients, the correlation among sAxl concentra-
tions, number of WBCs, neutrophils, and CRP levels with
regard to severity remains unclear. Therefore, this study
examined the changes in the plasma concentration of sAxI,
the number of WBCs and neutrophils, and CRP levels in
CAP patients. The results revealed that the number of WBCs
and neutrophils, and the levels of CRP and sAxI decreased
considerably following treatment with antibiotics. However,
the number of WBCs, neutrophils and levels of CRP did not
correlate with the sAxI levels in CAP patients prior to treat-
ment with antibiotics. This result is similar to that obtained
by Lee et al (21), which demonstrated that CRP was not
associated with the ligands of sAxI in patients with chronic
renal failure. However, Ekman et al (22) indicated that the
concentrations of Gas6 and sAxl correlated with CRP in SLE
patients with varying degrees of disease activity. Therefore,
the correlation between the levels of sAxl and CRP may be
controversial in various disease types and various diseases
have differing correlations of sAxl and CRP levels. A greater
number of samples and experiments are required in order to
verify this concept in future studies.

The correlations between plasma sAxl levels and PSI,
CURB-65, APACHE 1I scores in CAP patients remain
unclear. These scoring systems are crucial in order to predict
the mortality rate of CAP patients as it represents the severity
of the disease. Therefore, the plasma sAxI concentrations of
CAP patients were further examined prior to treatment with
antibiotics in order to determine whether CAP severities corre-
lated with the PSI, CURB-65 and APACHE II scores. The
results demonstrated that significant correlations of plasma
sAxI concentrations with PSI, CURB-65 and APACHE II
score severity, were observed in CAP patients. However, the
number of WBCs and neutrophils, and the levels of CRP did
not correlate with the severity of CAP patients. Therefore,
altered plasma sAxI levels are a trend in inflammation severity
and endothelial dysfunction, and plasma sAxI levels may be
used as a diagnostic and prognostic serologic marker for CAP
instead of the number of WBCs, neutrophils and levels of
CRP. This result is similar to that obtained by Ekman ez al (5),
in which sAxI concentrations correlated positively with the
concentrations of known inflammatory markers and predicted
future mortality rates in CLI. To the best of our knowledge,
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this is the first study on the correlation of CAP severity with
the expression of sAXxI.

In conclusion, this study examined the correlation between
the plasma concentrations of sAxl and CAP. The results
provided valuable information with regard to the plasma
concentrations of sAxl in the assessment of CAP severity and
demonstrated that the sAxl concentration correlated signifi-
cantly with antibiotic treatment.
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