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Abstract Growth arrest-specific 6 (Gas6) is widely expressed
in leukocytes, platelets, endothelial cells, and monocytes. It
regulates various processes including granulocyte adhesion to
the endothelium, cell migration, thrombus stabilization, and
cytokine release. In humans, increased plasma Gas6 levels
have been described in patients with sepsis and septic shock.
In this study, Gas6 concentrations were measured in postmor-
tem serum from femoral blood in a series of sepsis-related
fatalities and control cases. The aims were twofold: first, to
determine whether Gas6 can be reliably determined in post-
mortem serum; and second, to assess its diagnostic potential in
identifying sepsis-related deaths. Two study groups were pro-
spectively formed, a sepsis-related fatalities group (24 cases)
and a control group (24 cases) including cases of deep vein
thrombosis and fatal pulmonary embolism, cases of systemic
inflammatory response syndrome in severe trauma, cases of
end-stage renal failure, and cases of hanging (non-septic, non-
SIRS, non-end stage renal failure cases). The preliminary re-
sults of this study seem to indicate that Gas6 can be effectively
measured in postmortem serum. However, Gas6 levels
in sepsis-related fatalities do not appear to be clearly
distinguishable from concentrations in pulmonary embo-
lism, severe trauma, and end-stage renal failure cases.
These findings tend to support previous reports that in-
dicated that Gas6 behaves as an acute phase reactant
and can be considered a general marker of inflammation
rather than a specific biomarker of sepsis.
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Introduction

Protein growth arrest-specific 6 (Gas6) is a 75-kDa protein
structurally related to protein S, a cofactor for the protein C
anticoagulant pathway. Gas6 belongs to the family of plasma
vitamin K-dependent proteins and is widely expressed in leu-
kocytes and platelets as well as terminally differentiated cells
in numerous organs such as vascular smooth muscle cells,
endothelial cells, fibroblasts, bone marrow stromal cells,
monocytes, and neurons [1-3].

Gasb6 interacts with receptor tyrosine kinases of the TAM
(Tyro-3, Axl, Mer) family and up- or downregulates various
processes including survival and proliferation in different cell
types, granulocyte adhesion to vascular endothelium, cell mi-
gration, thrombus stabilization after platelet activation, cyto-
kine release, and protection from cellular death [2—6].

Among its numerous functions, the Gas6/TAM system ap-
pears to be involved in interactions between endothelial cells
(EC), leukocytes, and platelets. Moreover, EC and leukocytes
have been shown to express Gas6 and TAM receptors, espe-
cially in conditions of inflammation [2, 5, 7, 8].

The role of the Gas6/TAM system has been found to be
important in innate immunity control, inflammatory disease,
autoimmune disease, and cancer. Experimental research has
revealed that mice lacking TAM receptors (TAM —/— mice)
have a high susceptibility to developing endotoxic shock (with
an exaggerated elevation of tumor necrosis factor alpha
(TNF-) and interleukin 6 (IL-6) production after the lipo-
polysaccharide (LPS) challenge), unregulated immunity, au-
toimmunity, and inflammation. In humans, increased plasma
Gas6 levels have been described in patients with sepsis and
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septic shock, in which Gas6 concentrations appear to correlate
with disease severity and increased mortality [1-3, 5, 7, 8].

Severe sepsis and septic shock remain the leading causes of
death in critically ill patients in intensive care units. Hence,
early identification of patients at risk for developing sepsis and
septic shock continues to represent a critical step in clinical
management during intensive care [9, 10].

In the realm of forensic pathology, the diagnosis of sepsis
as the cause of death still remains challenging despite signif-
icant improvements in sample collection during postmortem
examination and diagnostic strategies over recent decades.
Thus, extensive efforts have been devoted during the past
years to identifying the biochemical marker or the combina-
tion of biological parameters with the highest diagnostic value
after death [11].

In the study herein described, Gas6 concentrations were
measured in postmortem serum from femoral blood in a series
of sepsis-related fatalities and control cases that underwent
medicolegal investigations. Our aim was to determine whether
Gas6 could be reliably determined in biological samples col-
lected during autopsy and assess its diagnostic potential in
identifying sepsis-related deaths in the postmortem setting.

Materials and methods
Study design

The present study was performed during 2010-2014 and was
designed as a prospective study involving two academic hos-
pitals. All cases collected for this study underwent medicole-
gal autopsies as requested by the inquiring authorities (the
public prosecutor). Laboratory analyses, including Gas6 mea-
surement, were performed as part of the medicolegal
investigations.

Study populations

Two study groups were prospectively formed, a sepsis-related
fatality group and a control group. The sepsis-related fatality
group consisted of 24 forensic autopsy cases (16 males and 8
females between 36 and 78 years of age). No cases of neonatal
sepsis were included in this group. All patients had been ad-
mitted to the intensive care unit of two academic hospitals,
where they subsequently died. All cases had a documented,
clinical diagnosis of sepsis in vivo (duration of sepsis between
16 and 58 h).

Sepsis was diagnosed based on evidence of endocarditis,
peritonitis, upper urinary tract infections, pleural empyema,
pneumonia, and other respiratory infections, along with the
presence of systemic inflammatory response syndrome
(SIRS) according to the definition by the American College
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of Chest Physicians/Society of Critical Care Medicine
(ACCP/SCCM) [12].

All cases included in the septic group underwent complete
medicolegal autopsies. Intervals after death ranged between
12 and 48 h.

Pleura/lung/respiratory tract infections (eight cases), endo-
carditis (two cases), pyelonephritis (six cases), and peritonitis
following surgical anastomosis dehiscence, gastrointestinal
perforation, or intraabdominal abscess rupture (eight cases)
were the infectious foci identified by means of autopsy and
histology.

Sepsis and multiple organ dysfunction syndrome (MODS)
were postulated as the causes of death based on autopsy, his-
tology, and biochemical investigations.

Procalcitonin (PCT), C-reactive protein (CRP), IL-6, LPS
binding protein (LBP), and soluble triggering receptor
expressed on myeloid cells type 1 (STREM-1) were measured
in all cases. Alternative causes of death were excluded based
on further postmortem investigations.

The control group consisted of 24 age-, race-, and gender-
matched forensic autopsy cases (16 males and 8 females be-
tween 35 and 76 years of age). All subjects selected for this
group originated from forensic practice and included:

—  Six cases of deep vein thrombosis and fatal pulmonary
embolism (sudden death outside hospital in all cases).

—  Six non-septic intensive care unit patients (SIRS in trau-
ma). All these patients were admitted to hospital, where
they subsequently died, with no documented, clinical di-
agnosis of sepsis. Diagnosis at admission was thoracic
and/or abdominal trauma (blunt trauma) in all these cases.
The survival time was known and within 12 h of major
injury in all these patients.

—  Six cases of end-stage renal failure (death outside hospital
in all cases).

—  Six non-septic, non-SIRS, non-end stage renal failure
cases (death outside hospital in all cases). The cause of
death was hanging in all these cases.

Intervals between deaths and autopsies ranged from 12 to
40 h.

Histology, toxicology, microbiology, and biochemistry
were performed in all sepsis and control cases. Specimens
for microbiological analyses were collected from at least two
different sampling sites and always included cardiac blood.
Postmortem serum from femoral blood was the biological
sample chosen for inflammation/infection biomarker
measurement.

Sample collection

Femoral blood samples were collected from the femoral
vein(s) immediately prior to autopsy. Blood was drawn after
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clamping the vein(s) at the proximal end and lifting the lower
limb(s) for several minutes and subsequently collected by as-
piration using a sterile needle and syringe. Blood was stored in
tubes containing gel serum separator and centrifuged immedi-
ately post collection at 3000g for 15 min. After centrifugation,
the separated supernatant (postmortem serum, between 1 and
5 ml) was collected and stored in preservative-free tubes. All
samples were transferred to the laboratories immediately post
collection. When analyses were delayed, samples were stored
at —20 °C. No specimens were excluded due to insufficient
sample volume.

Laboratory assays

PCT, CRP, IL-6, LBP, and STREM-1 levels were determined
according to the techniques previously described [13—15]. Re-
sults were expressed in microgram per liter (pg/l), milligram
per liter (mg/1), picogram per milliliter (pg/ml), microgram per
milliliter (ng/ml), and picogram per milliliter (pg/ml),
respectively.

Gas6 levels in postmortem serum were determined using a
commercialized enzyme-linked immunosorbent assay
(ELISA) kit according to manufacturer protocol. Results were
expressed in picogram per milliliter.

Statistical analysis

Increased postmortem serum PCT, CRP, LBP, and sTREM-1
levels suggesting the presence of generalized inflammation
and bacterial infections were chosen based on former medico-
legal investigation results (2 pg/l, 10 mg/l, 10 pg/ml, and
90 pg/ml, respectively). IL-6 cutoff value was set at 200 pg/
ml, according to the findings reported by Llewelyn et al. [10].

Gas6 values in postmortem serum suggesting generalized
inflammation and bacterial infections were not preliminarily
identified due to the unavailability of previous studies on post-
mortem material for comparison.

A two-group comparison was performed non-
parametrically by the Mann-Whitney U test. P values less than
0.05 were considered statistically significant. Spearman’s rank
correlation was used to evaluate the correlation between Gas6
and PCT in septic cases as well as between Gas6, IL-6, and
CRP in the control cases. Graphpad Prism 4.0 (Graphpad
Software, La Jolla, CA, USA) was used for statistics.

Ethics

All relevant ethical issues were identified and discussed with
the local ethical committee. All cases collected for this study
underwent medicolegal autopsies as requested by the public
prosecutor. Postmortem serum from femoral blood is system-
atically collected in our facility prior to or during autopsy and
biochemical investigations are routinely performed. All

postmortem serum samples were anonymized prior to analy-
sis. No further ethical approval was necessary to perform bio-
chemical investigations in the cases included in the study
herein.

Results

There were no gender-related or age-dependent differences in
Gas6 levels in either sepsis or control cases. No correlation
between Gas6 concentrations and postmortem interval was
observed in either sepsis or control cases. No correlation be-
tween Gas6 concentrations and survival time was noticed in
the group of thoracic and/or abdominal trauma patients.

As expected, postmortem serum PCT, CRP, sSTREM-1, IL-
6, and LBP values were significantly higher in the sepsis
group compared to the controls (P<0.0001).

No statistically significant differences were found in post-
mortem serum Gas6 concentrations among sepsis, pulmonary
embolism, trauma, or end-stage renal failure cases. Converse-
ly, statistically significant differences were observed between
hanging cases and the sepsis group (P<0.0001) as well as
between hanging cases and each of the other subcategories
in the control group (P<0.0001 for each comparison).

In the sepsis group, a significant positive correlation was
found between PCT and Gas6 concentrations (75,=0.63,
P<0.05).

In the control group (pulmonary embolism, trauma, and
end-stage renal failure cases), a significant positive correlation
was found between Gas6 values and 1L-6 levels (r,=0.59,
P<0.05) as well as between Gas6 values and CRP levels
(rp=0.60, P<0.05).

These preliminary findings seem to indicate that Gas6 can
be effectively measured in postmortem serum from femoral
blood obtained during autopsy. However, Gas6 levels in
sepsis-related fatalities do not appear to be clearly distinguish-
able from concentrations in pulmonary embolism, severe trau-
ma, and end-stage renal failure cases, at least as far as its
determination in biological samples collected after death in
cases originating from the forensic practice is concerned.

Discussion

Initial evidence suggesting involvement of Gas6 in modulat-
ing neutrophil functions and neutrophil-mediated host re-
sponses in inflammation and bacterial infection was reported
by Borgel et al. [16]. These authors observed that severe sepsis
and, to a lesser extent, patients with non-septic organ failure
were characterized by increased plasma Gas6 concentrations.
In severe sepsis, Gas6 plasma levels correlated positively with
the number of failing organs and disease severity. Moreover,
within the sepsis cases, Gas6 concentrations were
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significantly higher in those with septic shock. Based on these
findings, Borgel et al. [ 16] hypothesized that Gas6, through its
anti-apoptotic function, might contribute to delaying neutro-
phil apoptosis at inflammation sites, thereby maintaining re-
lease of toxic granule components and production of reactive
oxygen metabolites from neutrophils, both responsible for tis-
sue injury and organ failure.

Gibot et al. [7] measured Gas6, sSTREM-1, and PCT levels
in a series of 45 septic shock patients and observed plasma
Gasb6 concentrations ranging from 5 to 95 pg/ml upon admis-
sion (median 51 pg/ml) to hospital. Positive correlations were
noticed between acute renal failure and Gas6 levels as well as
between hepatic dysfunction and plasma Gas6 concentrations.
A strong correlation was found between plasma PCT and
Gaso6 levels as well as between plasma sSTREM-1 and Gas6
values. Conversely, no relation was identified between plasma
Gas6 concentrations and other clinical or biological features,
including gender, age, infection site, or microorganisms re-
sponsible for sepsis.

Based on the results obtained from in vivo and in vitro
investigations, Tjwa et al. [8] speculated that Gas6 amplifies
EC activation in response to inflammatory stimuli, accelerat-
ing circulating leukocyte and platelet sequestration. In addi-
tion, it promotes leukocyte extravasation, inflammation, and
thrombosis in mouse models of endotoxemia, thus confirming
a pivotal role for Gas6 in enhancing interactions between ECs
and circulating cells during inflammation.

Ekman et al. [17] analyzed plasma concentrations of Gas6
and its soluble tyrosine kinase receptor sAxl in a series of
subjects with severe sepsis, sepsis, infection without SIRS,
SIRS without infection, and control cases. They observed that
all patients had significantly increased plasma Gas6

concentrations compared to control cases, irrespective of the
presence of infection, thus suggesting that Gas6 behaves as an
acute phase protein. Additionally, patients with severe sepsis
had significantly increased plasma Gas6 concentrations when
compared to sepsis cases. Gas6 concentrations correlated with
those of IL-6, PCT, the number of failing organs, and disease
severity in all patients considered together as well as in severe
sepsis and sepsis patients evaluated separately. Moreover, in
these latter, plasma Gas6 concentrations correlated inversely
with CRP levels.

Gas6 has been demonstrated to be involved in vas-
cular hemostasis in both animal and human studies.
Gas6 null (—/—) mice have been shown to be protected
from lethal venous and arterial thrombotic challenges,
suggesting that Gas6 plays a prothrombotic role through
defects in platelet aggregation [18-21]. More recently,
Blostein et al. [18] provided the first evidence that ele-
vated plasma Gas6 levels are associated with venous
thromboembolic disease in humans.

Lastly, Lee at al. [2] found that Gas6 concentrations were
significantly higher in patients with chronic kidney disease
(CKD) compared to control individuals and postulated that
dysregulation in the Gas6 pathway might contribute to vascu-
lar disease and chronic inflammation in renal failure.

Though further studies are required to confirm the prelim-
inary findings herein stated, the results of our analyses seem to
indicate that Gas6 is measurable in postmortem serum collect-
ed during autopsy. Moreover, as in the clinical setting, statis-
tically significant differences in Gas6 concentrations were
found between sepsis-related fatalities, fatal pulmonary embo-
lism associated with deep vein thrombosis, end-stage renal
failure patients, and control cases.

Table 1  Summary of ranges, medians, and mean values for all tested parameters in both studied groups

PCT (ug/) CRP (mg/l) sTREM-1 (pg/ml) IL-6 (pg/ml) LBP (pg/ml) Gas6 (pg/ml)
Sepsis (n=24) 2.16-7.65 66-250 60-340 540-3600 14-68 190-356
3.91) (106) (160) (1150) (26) (225)
(4.06) (120) (180) (1290) 32) (240)
Pulmonary embolism (n=6) 0.06-0.18 16-29 30-80 140450 6-12 170-343
(0.08) (20) (48) (330) ™ (210)
(0.09) (22) (45) (280) ®) (220)
Trauma (n=6) 0.10-0.21 21-34 50-140 160-380 10-19 180-332
0.12) (26) (75) (240) (12) (215)
(0.14) (28) (110) (280) (15) (222)
End-stage renal failure (n=6) 0.42-0.66 2645 75-220 200410 12-22 166-340
(0.48) (30) (120) (260) (16) (206)
(0.52) (36) (136) (320) (18) (216)
Hanging (n=06) 0.06-0.14 4-9 20-59 30-180 5-10 60-170
(0.08) ®) (32 (60 (©) (85)
(0.08) (6) (306 90) 0 (90)

Abbreviations are reported in the text

@ Springer



Int J Legal Med (2015) 129:1079-1084

1083

We did not find statistically significant differences in post-
mortem serum Gas6 levels among sepsis-related deaths, pul-
monary embolism, severe trauma, or chronic kidney disease
cases. This would indicate that Gas6 can be considered a gen-
eral marker of inflammatory conditions rather than a specific
biomarker of sepsis. Indeed, as emphasized by some re-
searchers, this possible role of Gas6 would fit well with the
view of the TAM receptor system as a brake for innate immu-
nity. Gas6 itself has been shown to have anti-inflammatory
properties in certain cells, reducing or inhibiting TNF-« and
IL-6 secretion from activated macrophages, while it could also
orchestrate the course of inflammation by favoring platelet
and leukocyte interactions with the endothelium [3, 22, 23].

It must also be stressed that range, median, and mean Gas6
values in our sepsis cohort (Table 1) were markedly higher
than those described by Gibot et al. [7] in living patients with
septic shock on admission to hospital. In this study, non-
surviving patients exhibited persistently elevated Gas6 levels,
whereas survivors were characterized by progressively declin-
ing Gas6 concentrations, especially after day 7.

These results are more difficult to explain. It can be hypoth-
esized that the markedly increased Gas6 levels found in our
study in sepsis-related fatalities are the expression of the ex-
tremely severe organ dysfunction occurring shortly prior to
death. On the other hand, the significantly elevated Gas6 con-
centrations observed in our sepsis and control cohorts com-
pared to the values measured in living patients with septic
shock could also represent the result of postmortem leakage
from damaged or necrotic ECs.

Though we did not observe any correlation between Gas6
levels and the postmortem interval in either sepsis or control
cases, it cannot be excluded that rapid cell membrane break-
down after death due to decompositional changes can favor
and maintain the molecule’s release into the bloodstream. This
has already been described for other biomarkers measured in
samples collected at autopsy [24, 25].

The limitations of our study must be acknowledged. The
first is the relatively small number of subjects, which may
limit the accuracy of the research. However, precise selection
criteria were applied during sample collection. Moreover, the
recruitment process was rigorous in all groups of patients in
order to minimize heterogeneity in the study populations. Sec-
ondly, detailed studies on the behavior of Gas6 in the post-
mortem setting are unavailable at present, making our obser-
vations mostly speculative. Prospective studies including a
greater number of subjects are therefore needed to substantiate
or invalidate our findings.

To conclude, the study herein presented is the first assay of
measuring Gas6 values in postmortem samples in septic and
control cases that underwent medicolegal investigations. Even
though further analyses are required to confirm these prelim-
inary findings, our data seem to indicate that Gas6 is measur-
able in postmortem samples. However, since Gas6 levels in

sepsis-related fatalities do not appear to be clearly distinguish-
able from concentrations in other situations characterized by
generalized inflammation, its diagnostic value in identifying
sepsis-related deaths in forensic pathology routine remains
limited at present.
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