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ABSTRACT

Gas6 (growth arrest-specific 6) belongs structurally to the family of plasma vitamin K-dependent proteins. Gas6 has a high structural homology with

the natural anticoagulant protein S, sharing the same modular composition. Interestingly, despite the presence of a g-carboxyglutamic acid domain

in its structure, no role in the coagulation cascade has been identified for gas6. Gas6 has been shown to be involved in vascular homeostasis and

more precisely is involved in proliferation, apoptosis, efferocytosis, leukocyte migration, and sequestration and platelet aggregation. It is also involved

in the activation of different cell types, from platelets to endothelial and vascular smooth muscle cells. Thus, it has been shown to play a role in

several pathophysiological processes such as atherosclerosis, cancer, and thrombosis. Interestingly, studies using gas6 nullmice highlighted that gas6

may represent a novel potential target for anticoagulant therapy, because these animals are protected from lethal venous thromboembolism

without excessive bleeding. However, the mechanism in thrombus occurrence remains to be further explored. In the present review, we will focus

on the role of gas6 in innate immunity, atherosclerosis, thrombosis, and cancer-related events. Adv. Nutr. 3: 196–203, 2012.

Introduction
Gas6 is a VKD5 protein that was discovered in 1988 through the
screening of genes whose expression was upregulated in growth
arrest embryonic mouse fibroblast (1). The gene was sequenced
in 1993 (2) and shares 44% homology with protein S, another
VKD protein. Despite its structural similarity, gas6 tissue ex-
pression is clearly different from that of protein S. Whereas
protein S is mainly expressed in the liver and by EC, gas6 is
more widely expressed and has been found in the lung,
heart, kidney, intestine, EC, bone marrow, VSMC, and mon-
ocytes and at very low levels in the liver (2–4). More recently,
using an ELISA-based method, gas6 was detected in human
plasma (5). Its concentration is quite low (w20–50 mg/L)
and is much lower than the concentration of the VKD pro-
teins involved in hemostasis, whose concentrations vary
from 10 nmol/L for factor VII to 1.5 mmol/L for prothrom-
bin. Moreover, protein S and gas6 functions are clearly dif-
ferent. As reviewed by Castoldi et al. (6), protein S is an

anticoagulant protein and plays a role in thrombin genera-
tion; in contrast, no role in thrombin generation has been
found for gas6. Gas6 seems to exert a pleiotropic role in a
wide range of cell types. It was identified in growth-arrested
cells, thus suggesting its involvement in cellular homeostasis.
Gas6 plays a role in leukocyte sequestration and migration,
platelet aggregation and hematopoiesis, proliferation, apo-
ptosis, and phagocytosis and is generally associated with
conditions of injury, inflammation, and repair. The role of
gas6 in innate immunity, vascular biology, and cancer will
be the focus of the present review.

Current status of knowledge
Structure of gas6
Gas6 is a multidomain protein with a molecular weight of
75 kDa. At the N terminus, gas6 contains a domain of amino
acids containing Gla that is referred to as the Gla domain. The
Gla domain confers to VKD proteins the ability to bind to an-
ionic phospholipids at the cell surface (7). In resting cells, an-
ionic phospholipids are localized in the inner leaflet of the
plasma membrane. Exposition of anionic phospholipids at
the cell surface is a feature of cell injury, activation, and apo-
ptosis. In such conditions, these lipids provide a docking plat-
form for the binding of VKD proteins and their activity (8).
Consequently, Gla domains target gas6 to apoptotic or ac-
tivated cells that occur in a wide range of pathologies. The

1 Supported by the Canadian Institutes of Health Research.
2 Author disclosures: S. Laurance, C. A. Lemarié, and M. D. Blostein, no conflicts of interest.
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Gla domain is followed by a loop maintained by a disulfide
bridge. Contrary to the protein S loop, the gas6 loop seems
to be insensitive to the action of serine proteases. In the
case of protein S, this loop is essential for its interaction
with activated protein C (9) and is inactivated by thrombin
or factor Xa-specific cleavage (10,11). The primary structure
of gas6 after the loop contains 4 epidermal growth factor do-
mains, 2 of them containing calcium-binding consensus se-
quences, followed by a SHBG-like domain. This domain
contains 2 subdomains with a similar structure to the globu-
lar modules of laminin A (LamG). This type of globular
structure is usually found in proteins interacting with heparin
sulfates, steroids, or integrins (Fig. 1A).

Gas6-receptor interactions
Gas6 is the ligand for the TAM family of receptors, which is
composed of 3 members: Tyro3, Axl, and Mer (12,13). Axl
has the highest affinity for gas6 followed by Tyro3 and Mer
(14). These receptors belong to the large family of type I trans-
membrane receptor tyrosine kinase. Their extracellular do-
main contains 2 Ig-like domains, which are characteristic of
adhesion molecules, followed by 2 fibronectin type III-like
motifs. The cytoplasmic tail contains a tyrosine kinase do-
main (Fig. 1B). Axl was first identified in 1991 as a product
of a transforming gene in a T-cell leukemia cell line and
was named Axl from the Greekword “anexelekto,” meaning
uncontrolled (15). Axl is a 140-kDa protein ubiquitously ex-
pressed. Independently of its ligand gas6, it has been shown
that Axl has a transforming activity and its intracellular do-
main is able to induce tumors in nude mice (16). Moreover,
it seems to be overexpressed in a wide variety of human can-
cers (17). In addition to its role in cancer, several studies have
suggested a role in cell adhesion for Axl due to its extracell-
ular domain, independently of the tyrosine kinase domain
(18,19). However, the functional relevance of Axl adhesion
potency remains to be explored. Tyro3 was identified by sev-
eral groups in 1994 and is predominantly expressed in the
brain and central nervous system. Mer was identified in
1994 and is almost exclusively expressed in the monocytic
cell lineage. Contrary to Axl, there is little data concerning a
possible role of Tyro3 and Mer in cancer. Important insights
concerning the biologic functions of the TAM receptors come
from the study of triple knock-out mice (20), where Tyro3,
Axl, and Mer are all deleted, suggesting a redundancy in
receptor function. These mice were viable but presented sev-
eral degenerative troubles related to an inefficient phagocyto-
sis of apoptotic cells, leading to several abnormalities in
spermatogenesis and immunity.

To date, many studies have found an activation of PI3K
following gas6/Axl binding (21). PI3K/Akt activations are re-
quired for the antiapoptotic function of gas6 in several cell
types such as EC, VSMC, fibroblasts, chrondrocytes, oligo-
dendrocytes, neurons, and several cancer cells (22–31). Acti-
vation of Akt leads to the inactivation of Bad, a proapoptotic
mediator, and to an increase of the antiapoptotic protein Bcl-
2 by an NFkB-dependent mechanism (31–34). Interestingly,
C1-TEN, a phosphatase with a similar structure as PTEN, a

PI3K/Akt inhibitor, has been shown to bind to Axl. However,
the biologic relevance of this interaction remains to be ex-
plored (35). Src is also involved in gas6-mediated survival or
mitogenic effect and a docking site has been identified for
Src on Axl (21,36). Axl also provides a docking platform for
the adaptor protein Grb2, which might be involved in the
Ras-mediated ERK1/2 activation (36,37). The Ras/ERK1/2
pathway is essential for mediating gas6 mitogenic activity.
More recently, Gallicchio et al. (38) have highlighted a cross-
talk between the gas6/Axl pathway and vascular endothelial
growth factor type 2 that signals through the SHP-2 phospha-
tase. PLCg has also been shown to interact with TAM, in the
process of efferocytosis, inducing cytoskeletal rearrangements
(39,40). Finally, other signaling molecules have been suggested
to be involved in gas6 signaling such as the stress-activated pro-
tein kinase/c-Jun NH2-terminal kinase (JNK/SAPK), p38, and
the janus kinase-signal transducer and activator of transcrip-
tion (JAK/STAT) pathways (33,41,42).

The role of the Gla domain in the regulation of gas6-in-
duced receptor activation is very intriguing and still a matter
of debate. In fact, several studies have demonstrated the impor-
tance of the Gla domain in gas6 function. Gla domain-deleted
gas6 is still able to bind Axl in solution (43). Nevertheless,
Nagata et al. (14) have shown that decarboxylated gas6 is un-
able to stimulate Axl activation in CHO cells. The Gla domain
is also required for a gas6-mediated mitogenic effect on VSMC
(44), mesangial cells (42), and the growth of cardiac fibroblasts
(45). More recently, Hasanbasic et al. (46) showed that g car-
boxylation is required for gas6-mediated EC survival as well as
Akt phosphorylation. Consequently, the gas6 Gla domain
seems to be required for signaling pathway activation but is
not necessary for gas6 binding to Axl, which is mediated by
the SHBG domain. How gas6 Gla domain affects Axl and
downstream signaling pathways remains unclear and requires
further investigation.

Gas6/Axl in innate immunity
In vivo studies using deficient mice for the TAM receptors
highlight the involvement of gas6 receptors in immunity.

Figure 1 Gas6 and TAM receptor structure. (A) Gas6 is
composed of, from N to C terminus, a Gla domain, a loop
maintained by a disulfide bridge, 4 EGF domains, and 2 LamG
subdomains containing the SHBG domain. (B) TAM receptors are
composed of 2 Ig-like domains, 2 FN III domains, a TM, and a TK
domain. EGF, epidermal growth factor; FN III, fibronectin type III-
like; SHBG, sex hormone binding globulin; TAM, Tyro3, Axl, and
Mer; TK, tyrosine kinase; TM, transmembrane domain.
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After birth, these mice show an abnormal growth of peripheral
lymphoid organs such as the spleen and lymph nodes and
demonstrate a delayed clearance of apoptotic cells. Moreover,
they develop awide spectrum of autoimmune diseases (20,47).
They develop a lupus-like syndrome and present high levels of
circulating auto-antibodies against DNA, collagen, and phos-
pholipids. The Mer receptor seems to be the most important
TAM receptor in the regulation of innate immunity. For
example, LPS administration in Mer-deficient mice induces an
excessive production of TNFa leading to endotoxic shock
(48). These data are reinforced by in vitro studies showing
that the activation of murine APC as well as the production
of TNFa, IL-6, and IL-1 in monocytes/macrophages was in-
hibited by recombinant gas6, probably by a negative regula-
tion of the inflammation response induced by Toll-like
receptors (49–51). Gas6/TAM interactions also inhibited ac-
tivation of dendritic cells (52). Biochemical analyses showed
that the TAM receptors act as negative regulators for Toll-
like receptors 3, 6, and 9 in dendritic cells. Interestingly,
TAM receptor expression is detected on APC from both pe-
ripheral blood and tissue but is not found on granulocytes
and lymphocytes. Consequently, the activation state of lym-
phocytes in TAM-deficient mice is probably due to a lack of
an inhibitory signal from APC. The above data highlight that
gas6 might act as an antiinflammatory mediator by regulating
the clearance of apoptotic cells and innate immunity.

However, these data are counteracted by in vivo analysis
showing that gas6 promotes inflammation. Tjwa et al. (53)
have shown that gas6 amplified EC activation and promoted
recruitment of platelets and leukocytes on EC surface as well
as leukocyte extravasation through a P-selectin–dependent
mechanism. These observations were confirmed by the
fact that leukocyte recruitment in the neointima is decreased
after vascular injury in Axl-deficient mice (54). Moreover,
gas6 null mice appear to be protected against inflammation
in models such as sepsis or vasculitis (53). More recently,
gas6 has been also shown to be proinflammatory in a model
of chronic liver disease in gas6 null mice (55).

Gas6/Axl in the vasculature
Strong evidence suggested that gas6/Axl signaling is impor-
tant in the vasculature. Axl is involved in the integrity of
the vasculature and its expression is upregulated at the site
of vascular injury, suggesting a role for Axl in vascular remod-
eling (56). In 1995, Nakano et al. (3) were the first to demon-
strate that gas6, isolated from conditioned media of VSMC,
potentiated the growth response of VSMC treated with angi-
otensin II. Shortly thereafter, Melaragno et al. (24) found that
Axl expression increased after balloon injury of rat carotid ar-
teries. Axl and gas6 expression were temporally correlated
with neointima formation. In cultured VSMC, Axl expression
and activation were induced by thrombin and angiotensin II
(56). Activation of Axl has also been shown to be partially in-
dependent of gas6 in VSMC treated with H2O2 (57). More re-
cently, the same group demonstrated that gas6 increased
reactive oxygen species production and Axl association to
nonmuscle myosine IIB in VSMC (58). In another study, in

VSMC, gas6/Axl interactions lead to activation of different
signaling pathways depending on glucose concentration. In
conditions of high glucose, gas6/Axl induces ERK1/2. A role
for gas6/Axl has also been described in flow-induced vascular
remodeling. Genetic deletion of Axl significantly attenuated
intima-media thickening of the mouse carotid by increasing
cellular apoptosis and altering vascular inflammation. An im-
portant finding was that the gas6/Axl pathway regulated the
function of several cell types in the vessel wall and appeared
to act in an autocrine/paracrine fashion. Remodeled carotids
from Axl2/2 mice had significantly altered inflammatory re-
sponses compared with Axl+/+ mice. Specific alterations in-
cluded relatively more monocytes than VSMC, decreased
macrophages and neutrophils in the intima, and increased
neutrophils in the adventitia (54). Finally, gas6/Axl interac-
tions have been shown to play a role in vascular calcifications.
Axl was found to be specifically expressed by confluent peri-
cytes and its expression was downregulated in postconfluent
cultures containing mineralized nodules. Pericytes also se-
crete gas6 and the inhibition of activity of endogenous Axl
in pericytes enhanced their differentiation along the osteo-
genic pathway (59). Statins have been found to prevent apo-
ptosis of aortic smooth muscle cells by restoring the gas6/Axl
pathway, thus inhibiting calcification (60).

Gas6/Axl in atherosclerosis
Several lines of evidence, mostly obtained in mouse models,
suggest that gas6 may play a role in atherosclerosis. As men-
tioned above, gas6 promotes survival (61) and migration
(62) of VSMC and was reported to be overexpressed, along
with its receptor Axl, in rat arterial neointima following bal-
loon injury, with a time correlation between gas6 and Axl
expressions, and neointima formation (56). Thus, gas6 can
promote VSMC survival and accumulation within the ather-
osclerotic plaque as well as vascular remodeling, which leads
to a more stable plaque with a strengthened fibrous cap.
Gas6 can also promote apoptotic cell clearance (63), and
the Mer receptor has been shown to participate in the phag-
ocytic clearance of cholesterol-induced apoptotic murine
cells (64). Double inactivation of Mer and either Ldlr (65)
or ApoE (66) in mice resulted in an acceleration of athero-
sclerosis with accumulation of apoptotic cells in the plaques
and an increase of the necrotic core size. Thus, the gas6/Mer
axis may also be beneficial for the plaque by reducing local
inflammation caused by the accumulation of apoptotic cells,
which itself leads to the formation of the necrotic core (67).
However, other murine models showed a detrimental effect
of gas6 on atherosclerosis development. Indeed, gas6 can
promote recruitment and extravasation of leukocytes to the
arterial wall, thus enhancing plaque inflammation (53). Fi-
nally, double knock-out mice for gas6 and ApoE exhibited
more stable and less inflammatory plaques, containing more
smooth muscle cells and collagen and fewer macrophages com-
pared to ApoE2/2 mice (68). These results suggested a protec-
tive role of gas6 deletion against atherosclerosis. Fewer data are
available in human atherosclerosis plaque, but 2 recent stud-
ies have examined the expression of gas6 and its receptors in
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human atherosclerosis plaques. Results from Hurtado et al.
showed that gas6 was not differentially expressed in carotids
without atherosclerosis compared to carotids with advanced
atherosclerosis (69). At the same time, Axl and Tyro3, which
could be the receptors for gas6 in the context of the vessel wall,
are downregulated in advanced human carotid plaques. The
only TAM receptor whose expression increased in human ca-
rotid plaques was Mer, recapitulating data found in animal
models of atherosclerosis deficient forMer (65,66). A very re-
cent study from Clauser et al. (70) reported increased expres-
sion of gas6 and receptor Axl in VSMC and showed that gas6
is also able to reduce the in vitro expression of proinflamma-
tory molecules TNFa and intercellular adhesion molecule-
1 by VSMC. These discrepancies might be explained by the
different stages (advanced vs. uncomplicated) of human ath-
erosclerotic plaque between the 2 studies. (Fig. 2)

Gas6/Axl in thrombosis
Gas6/Axl signaling is involved in venous as well as arterial
disease. Gas6 null mice have been shown to be protected
from lethal VTE, suggesting a prothrombotic role of gas6
(71). The mechanisms underlying this protection remain
unclear even if an effect on platelets has been suggested.
However, in vitro studies show only a slight effect on platelet
aggregation compared to the drastic in vivo phenotype. In
gas6 null mice, platelets form less dense aggregates, suggest-
ing that gas6 is involved in thrombus stabilization, probably
by acting on the aIIbb3 integrin “outside-in” signal as well as
platelet degranulation through a PI3K-dependent mecha-
nism (72). Indeed, platelets from gas6-deficient mice show
defective platelet signaling when challenged with 5 mmol/L
ADP but not other platelet agonists such as thrombin, colla-
gen, or even higher concentrations of ADP (71,72). More re-
cently, Cosemans et al. (73) described a synergistic effect of

gas6 on the ADP pathway leading to the activation of aIIbb3

integrin. These data highlight a crucial role for the gas6-in-
duced TAM receptor signaling through a PI3K-dependent
mechanism leading to the persistence of aIIbb3 integrin acti-
vation and consequently thrombus integrity (Fig. 3). The clin-
ical phenotype of gas6 null mice is quite dramatic despite this
rather subtle platelet defect, suggesting other mechanisms may
also be involved and that gas6 probably acts on other cellular
components such as the endothelium. Indeed, it has been
shown that gas6 promotes the activation of the endothelium,
notably by promoting P-selectin expression (53). This latter
protein is the ligand for the platelet receptor PSLG-1, thus
possibly reinforcing the adhesion of the thrombus to the vas-
cular wall. (Fig. 3)

Finally, when cells are activated, they express phosphati-
dylserine, which provides a docking platform for the Gla do-
main of gas6. In addition, gas6 can bind to a TAM receptor by
its SHBG domain. Thus, one can speculate that, because of its
structure, gas6 may act as a bridge between cells expressing
phosphatidylserine and cells expressing TAM receptors.

Amost interesting finding is the absence of bleeding in gas6
null mice, meaning that gas6 could be a very attractive target
for antithrombotic therapies. Recently, Blostein et al. (74) have
shown that patients with VTE had elevated gas6 levels and that
individuals with elevated gas6 had an increased risk of VTE
compared to those with lower levels of gas6. Moreover, an as-
sociation between allelic polymorphisms in the gas6 gene and
stroke occurrence has been proposed (75).

Gas6/Axl in cancer
The first role described for gas6 is its implication in cell growth
and proliferation. Thus, studies have investigated the role of
gas6 in the context of cancer. Gas6/Axl signaling has been
shown to regulate survival, proliferation, and migration in a

Figure 2 Role of gas6 in atherosclerosis
pathogenesis. Initially, gas6 promotes
inflammation by increasing leukocytes
extravasation. Afterwards, when an
atherosclerotic plaque ruptures, thrombogenic
factors, including gas6, are released in the
bloodstream leading to thrombus formation.
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variety of cells in vitro, including tumor-derived cell lines of
epithelial, mesenchymal, and hematopoietic origin (15,17).
In parallel, Axl has transforming properties. Indeed, expres-
sion of a truncated version of Axl in premaligant cells is suffi-
cient to induce tumors in mice (16). Axl is also highly
expressed in human tumor cells in vitro (19,76,77) as well
as in a large variety of primary human cancers, including leu-
kemia (15), gastric cancer (30), colon cancer (78), breast can-
cer (79), ovarian cancer (80), and glioblastoma (81) among
others. However, very few studies have been interested in
the role of gas6 in cancer. Gas6 is overexpressed in human
ovarian, endometrial, gastric, thyroid, and glioblastoma tu-
mors (30,80–83). In those studies, expression of gas6 was de-
tected in tumors cells, EC, and astrocytes (80–84). More
recently, Loges et al. (85) demonstrated that malignant cells
promote leukocyte infiltration inside tumors by secreting
gas6. Intratumoral leukocyte infiltrates vary in size, composi-
tion, and distribution and in most but not all cases they are
thought to promote tumor progression via several mecha-
nisms, including secretion of growth factors, proangiogenic
cytokines, and proteases (86). In this study, the authors dem-
onstrated that tumor growth was reduced in gas6-deficient
mice compared to control mice and this was associated with

a reduced proliferation rate of tumor cells. Using a bone mar-
row transplantation model, it was found that infiltrating leu-
kocytes, in particular macrophages, were educated by the
tumor microenvironment to produce elevated levels of gas6.
Importantly, this study has also extended previous data that
gas6 can be expressed by cells of the myeloid lineage (6,87)
and illustrate another level of regulation of expression that
was previously not recognized.

Conclusion
Gas6 is a novel key regulator of the vascular system, because it
has a role in both inflammation and thrombosis, which are re-
lated events involved in many cardiovascular diseases such as
VTE and atherosclerosis. Despite some discrepancies between
in vivo and in vitro data, murine models as well as preliminary
data acquired in humans confer both proinflammatory and
prothrombotic properties to gas6. The precise molecular
mechanism underlying gas6’s effect remains to be further ex-
plored, especially in relevant cell types such as EC and VSMC.
Nevertheless, all these observations suggest that gas6 should
be an attractive therapeutic target in VTE and atherosclerosis.
Targeting gas6, especially in the context of VTE, should reduce
thrombus formation without the risk of excessive bleeding,

Figure 3 Three independent mechanisms of Gas6 in thrombus formation and stabilization. 1. Gas6 exerts a synergistic effect with
ADP on “outside-in” signaling leading to the activation of aIIbb3 integrin. 2. Gas6 induces the expression of P-selectin at the surface of
the endothelium leading to the binding of platelets by P-selectin glycoprotein ligand-1-1. 3. Gas6 acts as a bridge between cells
expressing PS and a TAM receptor. PS, phosphatidylserine; TAM, Tyro3, Axl, and Mer.
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which is the main side effect of oral anti-vitamin K inhibitors
presently used in clinical settings as well as the new anticoag-
ulants, namely the factor Xa and thrombin inhibitors, being
developed. In atherosclerosis, inhibiting gas6 should stabilize
the advanced plaque, thus preventing rupture and subsequent
thrombus formation leading to myocardial infarction.
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