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Plasma concentrations of Gasé (growth arrest
specific protein 6) and its soluble tyrosine kinase
receptor sAxl in sepsis and systemic inflammatory
response syndromes
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Abstract

Introduction: Gas6, the protein product of the growth arrest specific gene 6, is present in human circulation at
subnanomolar concentrations. It is secreted by endothelial cells and is important for the activation of endothelium
during inflammation. Axl, the tyrosine kinase receptor for Gasé, is also present in endothelium and can be cleaved
and released into the circulation. The soluble of form Axl (sAxl), which is present in plasma, can bind Gas6 and
inhibit Axl-mediated cell signalling.

Methods: We have developed reproducible and accurate enzyme-linked immunosorbent assays for both Gas6 and
sAxl and used them to investigate plasma samples from 70 patients with severe sepsis, 99 patients with sepsis, 42
patients with various infections causing fever but no systemic inflammatory response syndrome (SIRS), 20 patients
with SIRS without verified infection, and 100 blood donors that served as controls. Correlations between Gas6 and

sAx| concentrations and other commonly used analytes were investigated.

Results: The patients with severe sepsis, sepsis, infection or SIRS had all increased concentrations of Gas6,
approximately double compared to what was found in the controls. The concentrations of sAxl were also
increased in the patient groups compared to the controls. Gas6 correlated with C-reactive protein, procalcitonin
and interleukin 6, whereas sAx| correlated to bilirubin and procalcitonin.

Conclusions: We can confirm results of earlier studies showing that circulating Gas6 is increased in sepsis and
related syndromes. sAxl is increased, but less pronounced than Gas6. The concentrations of Gas6 and sAx| correlate
with a number of inflammatory markers, suggesting a role in systemic inflammation.

Introduction

Gasb is a vitamin K-dependent protein, which was initi-
ally described as a protein expressed during growth
arrest [1]. It is structurally related to the anticoagulant
protein S, the two proteins having 44% amino acid iden-
tity [2]. Both Gas6 and protein S bind the TAM family
of tyrosine kinase receptors that comprises Tyro3, Axl
and Mer [3]. The binding of Gas6 to Axl induces Axl
phosphorylation and activation of the PI3 kinase/Akt
pathway, which has prosurvival and antiapoptotic effects
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[4]. Gas6 has also been shown to be important for pha-
gocytosis of apoptotic cells [5,6]. Gas6 can regulate the
inflammatory response by downregulating TNFa, IL-6
and interferon secretion in dendritic cells [7], and, inter-
estingly, animals lacking the TAM family of receptors
develop autoimmune diseases [8]. Gas6 and Axl are
involved in activating the endothelium in response to
inflammation, increasing the leucocyte extravasation and
rejection of transplants [9].

The membrane-bound Axl can be shed from the cell
membrane as a result of proteolysis, and Axl is therefore
present in circulation in a soluble form (sAxl) that con-
sists of the extracellular region of the protein. The pre-
sence of sAxl in plasma has been demonstrated in mice
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[10], and we have recently found that sAxl is normally
in excess of Gas6 and that Gas6 is bound to sAxl in
normal human serum and plasma [11].

Sepsis includes a complex clinical syndrome, the sys-
temic inflammatory response syndrome (SIRS), resulting
from a harmful or damaging host response to infection.
The incidence of sepsis is approximately 3 cases per
1,000 individuals and the overall mortality is 10 to 50%
[12]. SIRS can also develop independently of any infec-
tion, for example, in cases of pancreatitis, trauma, or
immune complex disease [13]. Two previous studies
have found increased concentrations of Gasé6 in sepsis,
but its relation to sAxl concentrations has not been
investigated [14,15]. The aim of this study was to inves-
tigate the Gas6 and sAxl concentrations in plasma in a
large cohort of patients with sepsis and related inflam-
matory syndromes. We can report that the plasma Gas6
was increased approximately two-fold in all patient
groups.

Material and methods

Gas6 and sAx| ELISAs

Blood samples for the analyses of plasma proteins and
lactate were collected from subjects at enrollment in the
study in 5 ml plastic vacutainer tubes containing 0.5 ml
0.129 mol/l sodium citrate, as previously described [16].
The Gas6 [17] and sAxl [11] ELISAs have been
described earlier. In short, maxisorb (Nunc) plates were
coated with a catching polyclonal antibody before block-
ing with 3% fish gelatin in 50 mM Tris-HCL, 150 mM
NaCl, pH 7.4 with 0.1% Tween 20. The samples were
diluted in the blocking buffer and incubated overnight
before washing and detection with a biotinylated sec-
ondary antibody. The signal was amplified using ABC/
HRP (Dako, Glostrup, Denmark) and visualized with
1,2-phenylenediamine dihydrochloride and hydrogen
peroxide. Sulphuric acid was added to stop the reaction
before measuring the absorbance at 490 nm. The absor-
bance of the samples was compared to a standard curve
prepared by a dilution series with known amounts of
the respective protein.

Study population

The study cohort has previously been described in
detail [16]. Briefly, 232 patients were enrolled in a pro-
spective study at the Clinic for Infectious Diseases,
University Hospital, Lund, Sweden. The inclusion cri-
teria were fever (=38°C) and a suspected infection.
Only adults (=18 years of age) were included. The
blood sampling was performed within 12 hours after
admission to the hospital. The ethics committee of
Lund University approved the project protocol, and
informed consent was obtained from all patients or
their close relatives.
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Based on the presence of SIRS criteria (body tempera-
ture >38°C, WBC >12 x 10°/1 or <4 x 10%/1, pulse rate
>90/minute and respiratory rate >20/minute [13]), or a
significant hypotension (a systolic blood pressure of
<90 mmHg or a fall of >40 mmHg from baseline),
presence or absence of organ failure, and the final diag-
nosis, the patients were categorized into various groups.
The criteria were those proposed by the American
College of Chest Physicians/Society of Critical Care
Medicine [13].

The patients were divided into the following groups:
Severe Sepsis, Sepsis, Infection and SIRS. Severe sepsis
was defined as an infectious disease, at least two SIRS
criteria, and the presence or development of hypoten-
sion and/or organ failure within 24 h of the collection
of the blood samples. Sepsis was defined as an infectious
disease, at least two SIRS criteria, but no presence or
development of organ failure. Infection was defined as
an infectious disease without SIRS. SIRS was defined as
a non-infectious disease with at least two SIRS criteria.
Renal failure was defined using the RIFLE criteria [18].

Statistical analysis

Nonparametric tests were used throughout the study.
The Mann-Whitney U test was used for evaluating the
difference between different groups, and Spearman’s
rank correlation coefficient for evaluating correlations.
For all tests P < 0.05 was considered significant. Graph-
pad Prism 4.0 (Graphpad software, La Jolla, CA, USA)
was used for statistics.

Results

Patients

Two hundred and thirty-two patients were included.
Seventy patients were diagnosed with severe sepsis, 99
patients with sepsis, 43 patients with infection without
SIRS, and 20 patients with SIRS without infection.
Detailed patient demographic data and diagnoses have
been presented elsewhere [16]. Pneumonia and urinary
tract infections were common and also overrepresented in
the severe sepsis and the sepsis groups. Infected patients
without SIRS suffered mostly from upper respiratory infec-
tions. The 20 patients with non-infectious SIRS suffered
from various diseases such as vasculitis, cardiac failure,
gastrointestinal bleeding, pulmonary embolism and pan-
creatitis. The over-all mortality rate was 3.4%. In the
severe sepsis group, the mortality rate was 10%, and out of
the 26 patients with septic shock, 19% died.

Plasma levels of Gas6 and sAxI

The plasma concentrations of Gas6 and sAxl were
determined in the acutely ill patients who were found to
suffer from severe sepsis, sepsis, infections without SIRS,
or SIRS without infection (Figure 1). When compared to
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Whitney test. *= P < 0.05, ** = P < 0.01, *** = P < 0.001.

Figure 1 Comparison of Gas6 and sAxl plasma concentrations in the different patient groups. (a) The Gas6 concentrations in patient and
control samples; (b) the sAxl concentrations. The statistical significances of the differences between the groups were evaluated with the Mann-

Fk

the controls, all patient groups had significantly
increased plasma concentrations of Gas6, the median
Gas6 concentration being 0.58, 0.50, 0.48 and 0.52 nM
for the patient groups and 0.25 nM for the controls.
The patients with severe sepsis had significantly
increased Gas6 concentrations when compared to the
sepsis group (Figure la). The median plasma sAxl con-
centrations were 1.19, 1.00, 1.14, 1.29 and 0.99 nM,
respectively. There were also statistical differences in
sAxl between the controls and the patient groups, but
they were not close to the significance levels observed
for Gas6. There were several individuals with very high
sAxl concentrations in the patient groups, but the differ-
ences between the groups were less pronounced than
what was found for Gas6 (Figure 1b).

Both Gas6 and sAxl concentrations correlated with pre-
viously measured analytes [16]. When combining all the
232 samples in one group, the concentration of Gas6 cor-
related with those of IL-6, procalcitonin and number of
failing organs. Also sAxl concentrations correlated to Gas6,
procalcitonin and number of failing organs (Table 1).

When evaluating the severe sepsis and sepsis groups
separately, Gas6 correlated to IL-6, bilirubin, INR, pro-
calcitonin and number of failing organs. sAxl correlated
to bilirubin, Gas6, number of organs in failure and
inversely to C-reactive protein (Table 2).

Gas6 was higher in patients with organ failure, kidney
failure and in patients receiving intensive care, whereas
sAxl was higher in patients with organ failure. There
was a non-significant trend towards higher Gas6 in
patients that did not survive (Table 3).

Discussion
In this study, we have determined the Gas6 and sAxl
concentrations in a large number of patients with sepsis

and related inflammatory conditions. Our data support
the previous reports of increased Gas6 during sepsis
[14,15], and we find correlations between Gas6 or sAxl
concentrations and degree of organ damage. These
results suggest that the production of Gas6 is strongly
up-regulated during severe inflammatory reactions but
also during milder infections.

Gas6 is bound to sAxl in plasma and there is a molar
surplus of sAxl compared to Gas6 [11]. The binding of
sAxl to Gas6 presumably inhibits the ability of Gas6 to
bind and stimulate cell surface bound Axl suggesting
that sAxl in blood inhibits circulating Gas6. The relative

Table 1 Correlations observed between Gas6 and sAxl in
all patient groups combined

Correlations in all patient groups combined

Gas6 correlations r P-value
Interleukin 6 0.36 < 0.0001
Procalcitonin 0.34 < 0.0001
Number of failing organs 0.27 < 0.0001
Bilirubin 0.26 0.0092
INR 0.26 0.0113
Thrombocytes -0.24 0.0021
Breathing frequency 0.18 0.0052
C-reactive protein 0.18 0.0054
Blood pressure -0.17 0.0084
sAxl| correlations r P-value
Gas6 0.26 < 0.0001
Procalcitonin 0.17 0.0108
Number of failing organs 0.16 00178
Leucocytes -0.15 0.0262
C-reactive protein -0.14 0.0404

The strength of correlation was evaluated with Spearman'’s rank correlation
test. INR, international normalized ratio.
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Table 2 Correlations between Gas6 or sAxl and other
analytes in the combined severe sepsis and sepsis group

Correlations for severe sepsis and sepsis

Gas6 correlations r P-value
Interleukin-6 0.36 < 0.0001
Bilirubin 0.31 0.0035
INR 0.31 0.0037
Procalcitonin 0.30 < 0.0001
Number of failing organs 0.28 0.0003
Thrombocytes -0.26 0.0025
Lactate 0.21 0.0062
Blood pressure -0.17 0.0307
Breathing frequency 0.15 0.0477
sAxl correlations r P-value
Bilirubin 0.27 0.0149
Gas6 0.26 0.0007
Number of failing organs 0.21 0.0073
C-reactive protein -0.20 0.0119
Lactate 0.18 0.0255
Procalcitonin 0.16 0.0356

The strength of the correlations were evaluated with the Spearman’s rank
correlation test. INR, international normalized ratio.

increase in Gas6 concentration in the patients is higher
than that of sAxl, suggesting that increased Gas6-
mediated cellular signaling occurs during sepsis, but it
remains to be determined in which cells the increased
signaling occurs.

The circulating Gas6 is presumably derived locally in
the affected tissue and the doubling in plasma we
observe during inflammatory reactions suggests that the
Gas6 synthesis may be highly increased in the locus of
inflammation. The source of the circulating Gas6 is not
clear, but both endothelium and different leukocytes
have been found to release Gas6 [9,14].

Table 3 Median Gas6 and sAxl concentrations in patients
grouped depending on organ failure, intensive care or
death

Condition n pos Gas6 pos Gas6 neg P-value
Organ failure 81 0.56 049 < 0.0001
Kidney failure 33 0.56 0.50 0.0021
Intensive care 17 0.58 0.50 0.0380
Death 10 0.56 0.50 0.1414
Condition n pos sAx| pos sAx| neg P-value
Organ failure 77 1.18 1.05 0.0216
Kidney failure 30 1.20 1.06 0.2169
Intensive care 15 1.12 1.07 0.3664
Death 9 112 1.08 04883

n positive indicates how many of the 232 patients who were included in the
positive group. Bold indicates that the distribution was statistically significant
using the Mann-Whitney U test. Gas6 and sAx| concentrations are in nM.
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The sAxl concentration is changed in the patients
compared to the controls, but not to the same magni-
tude as Gas6. As Axl is ubiquitously expressed, several
cell- and tissue-types may be the source of the sAxl in
sepsis. Both Axl and Mer have been shown to be shed
under the influence of PMA and LPS [10,19].

Gas6 correlates with IL-6, procalcitonin and the num-
ber of organs failing, whereas sAxl correlates to biliru-
bin, Gas6, procalcitonin and number of failing organs,
indicating that both Gas6 and sAxl are increased in
inflammatory states.

Gas6 and sAxl are increased during organ failure, and
Gasb is increased in patients receiving intensive care or
experiencing kidney failure, again indicating that Gasb6 is
increased in severe inflammatory states. There is a non-
significant trend to higher Gas6 in patients not surviv-
ing, but the low number of non-surviving patients
makes the analysis uncertain.

Due to the large increase of Gas6, Gas6 induced sig-
naling is presumably increased during sepsis and related
inflammatory conditions. Gasé6 is involved in several sys-
tems, which are active during sepsis. This includes pha-
gocytosis [6], maturation of immune cells [20],
endothelial activation [9] and immunoregulation [7].

The main effects of the Gas6 signaling in sepsis
remain to be determined.

Conclusions

We have measured the Gas6 and sAxl plasma concen-
trations in a large cohort of patients with severe sepsis,
sepsis, milder infections, and SIRS without infection,
and found that Gas6 increases in all patient groups, and
the concentration correlates with disease severity and
organ dysfunction. sAxl is also increased, but it does not
follow the two-fold increase observed for Gas6, indicat-
ing increased Gas6 signalling during sepsis and related
inflammatory conditions.

Key messages
+ Gas6 plasma concentrations are increased in
patients with sepsis, SIRS and infections compared
to controls.
+ Gas6 behaves as an acute phase protein.
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