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ABSTRACT 

Background: Growth arrest specific 6 (GAS 6) is the ligand for the TAM family of receptors. The TAM acronym is for 

the three members of this family: Tyro3, Axl, and Mer. Deficiencies in GAS 6/TAM pathway are involved in chronic 

inflammation, impaired immunity and cancer development. Several studies have been made to declare the exact 

mechanisms of its work and how it can be used as a promising therapeutic target in autoimmune diseases.  

Objective: This review article aimed to summarize what recent studies revealed about GAS6 and TAM receptors and 

its role in rheumatic diseases.  

Methods: Growth Arrest Specific 6 Protein, TAM receptors, and the Rheumatic Diseases were all looked for in 

PubMed, Google scholar, and Science direct. References from relevant literature were also evaluated by the authors, 

but only the most recent or complete study from February 2004 to February 2021 was included. Due to the lack of 

sources for translation, documents in languages other than English have been ruled out. Papers that did not fall under 

the purview of major scientific investigations, such as unpublished manuscripts, oral presentations, conference 

abstracts, and dissertations, were omitted. 

Conclusion: GAS 6 and protein S are well known ligands of TAM receptors that are structurally and functionally 

similar. Plasma levels of GAS 6 and its soluble TAM receptors increase in blood of cases affected by systemic lupus 

erythematosus and lupus nephritis and can be used as markers for disease diagnosis and severity. 
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INTRODUCTION 
GAS 6 is one of vitamin K–dependent proteins 

(VKD) (1). GAS 6 is not synthesized in the liver like other 

VKD, but produced by heart, lungs, kidneys, 

endothelial, and muscle cells (2). It is present in plasma in 

concentration around 20-50 ng/mL (0.25 nmol/L) (3). 

The gene that codes GAS 6 was not discovered until 

1988 through the screening of genes increased in growth 

arrest embryonic mice fibroblasts and its name came 

from its discover. They found six genes, which were 

named GAS 1 to GAS 6. In 1993, the gene was 

sequenced and they found similarity with plasma 

anticoagulant protein S sharing 44% of its structure (4). 

Interestingly, both of them have different functions (5). 

GAS 6 protein is composed of multiple domains 

with molecular weight of 75 kDa. It has an amino 

terminal γ carboxyglutamic acid (Gla domain) that 

enables VKD proteins to bind to anionic phospholipids 

at the cell surface. Gla domain is followed by a loop, 

which is held by a disulfide bridge and followed by 4 

epidermal growth factor–like domains and in the end the 

carboxyterminal (C-terminal), consisting of 2 laminin G 

repeats, exists. They all form the sex hormone–binding 

globulin domain interacting with the TAM receptors (6). 

Tyro3, Axl, and Mer form the 3 types of the 

TAM receptors group. Gas 6 and protein S act as ligands 

for the TAM receptors (4). GAS 6 has higher affinity for 

Axl than Tyro than Mer receptors (2). Cells of 

hematopoietic, epithelial, and mesenchymal sources 

express Axl while Tyro3 exists mainly in the central 

nervous system, kidneys, ovaries, and testes. Mer is 

mainly present in ovaries, testes, prostate, lungs, and 

kidneys and less commonly in the thymus, spleen, liver, 

small intestine colon, and placenta (3).  

 

 

Proteolysis causes its shedding from the cell 

membrane to be present in the soluble form (sAxl) (7). 

sAxl binds to all GAS 6 particles and that is why blood 

sAxl level (0.6nmol/L) are higher than GAS 6 level (0.25 

nmol/L) (7). The soluble receptors inhibit signaling by 

removing the ligand from cell bound receptors (8).  

 

Function of GAS 6/TAM system: 

GAS 6 is involved in several biological processes 

such as: proliferation, migration, differentiation, 

adhesion and leukocyte sequestration, platelet 

aggregation, hematopoiesis, apoptosis, and 

phagocytosis. Additionally, it is involved in injury, 

inflammation, and repair mechanisms (9). 

 

 Anti-apoptotic and mitogenesis: 

Bassyouni et al. (6) declared that several studies have 

investigated GAS 6 role in inhibition of apoptosis and 

mitogenesis in fibroblasts, EC, VSMC, 

oligodendrocytes, Schwann cells, lens epithelial cells, 

neurons and liver cells. GAS 6 was found to decrease 

cell death after serum starvation and TNFα-treatment in 

different cell types. TAM receptors and GAS 6 protein 

levels were noticed to increase in many cancer types 

such as leukemia, cancer of the thyroid gland, lung, 

uterus, endometrium, ovary, prostate, GIT tumors, breast 

cancer, Kaposi’s sarcoma, malignant gliomas and renal 

cell carcinoma (4).  

          The interaction between GAS 6 protein and Axl in 

cancer cells is involved in different mechanisms of 

tumor progression and metastasis, including tumor cell 

proliferation, migration, invasion, survival, 
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angiogenesis, therapeutic resistance, and immune 

response (10). 

 Phagocytosis: 

As mentioned in Bassyouni et al. (6), the Gla domain of 

GAS 6 protein binds negatively charged phospholipids 

on the surface of the cell undergoing apoptosis to be 

engulfed, while the LG domains bind to the phagocytic 

cell, which has TAM receptor on its surface. 

Phosphatidylserine (PS) lies inside the cell membrane. 

PS exposure in the cell membrane occurs following cell 

injury, activation, and apoptosis. Unless dead cells are 

removed properly, secondary necrosis will occur and 

lead to inflammation. 

 

 GAS 6/TAM inflammation: 

Binding of GAS 6 protein to TAM receptors inhibits 

interleukins 1 and 6 and tumor necrosis factor alpha 

release from Toll-like receptors activated monocytes and 

macrophages and decrease inflammatory reactions in the 

activated dendritic cells by inhibiting cytokine 

production (11). 

 

 GAS 6/Axl in innate immunity: 

TAM receptors play a role in protection of innate 

immune cells (macrophages, dendritic and NK cells) 

from apoptosis and are involved in phagocytosis of 

apoptotic bodies. There are different immune strategies 

to inhibit inflammatory reactions, the interaction 

between GAS 6 and TAM receptors is an important 

mechanism. Chronic activation of monocytes and 

macrophages by inhibiting inflammatory reactions, 

mediated by Toll-like receptors and cytokine receptors, 

is prevented by TAM receptors (12). 

 

 GAS 6 and TAM in the vasculature: 

GAS 6 has a vital role in both inflammatory reactions 

and thrombosis which makes it an important regulator of 

the cardiovascular system. It is involved in repair of 

many cardiovascular diseases (4). GAS 6/Axl system 

helps the survival and proliferation of vascular smooth 

muscle cells and endothelial cells that cause formation 

of new blood vessels. Briefly, GAS 6 acts in different 

mechanisms that have direct effects on cardiovascular 

diseases (13). 

 

 GAS 6 in CNS: 

The interaction between growth arrest specific 6 and its 

receptors is important for brain development during fetal 

life. It is involved in removing cellular and myelin debris 

from inflammatory demyelination that is vital to begin 

recovery of myelin fibers. It also helps vitality of 

neurons and glial cells in the CNS, important to the 

myelination process (14).  

 

 GAS 6 and mesangial cell proliferation: 

GAS 6/Axl pathway increases proliferation rate of 

mesangial cells that cause the development of 

inflammatory renal disease (15). Levels of GAS 6 released 

from the kidney are higher in chronic rejection of 

transplanted kidneys, lupus nephritis, 

glomerulonephritis and IgA Nephropathy (16). Zhen et al. 
(17) suggested that kidney affection occurs by 2 

mechanisms. The first is that the coagulation cascade is 

activated in severe human and experimental 

glomerulonephritis and inhibiting GAS 6 (which acts as 

a coagulation factor and as a regulator of thrombosis) 

can cause bleeding and anemia by inhibiting platelet 

aggregation. The second is through its anti-inflammatory 

effect. 

 

 TAM Receptors Implications in rheumatic 

diseases: 

 Autoimmunity and abnormalities in TAM signaling 

pathway are suggested by many authors to be strongly 

connected. TAM receptors level in circulating immune 

cells and plasma concentrations of GAS 6 are reduced in 

systemic lupus 5098aptor5098atosus, Behcet’s disease, 

rheumatoid arthritis, inflammatory bowel disease, and 

psoriasis patients. On the contrary, concentrations of 

circulating soluble TAM receptors are elevated in 

patients with systemic lupus 5098aptor5098atosus, 

Sjogren’s syndrome, rheumatoid arthritis and Behcet’s 

disease which support the theory about the important 

role of TAM receptors in the development of 

autoimmunity (12). 

 

 Rheumatoid arthritis (RA): 

It has been found that arthritis is more significant 

in mice deficient in Axl and Mer receptors, which 

confirm that defects in GAS 6/TAM pathway are 

involved in development of autoimmune diseases such 

as RA and that Axl and Mer receptors prevent 

development of autoimmune diseases. Mer is increased 

in non-inflammatory joint diseases like osteoarthritis and 

RA in remission and also believed to react with 

interleukin 10 to inhibit release of proinflammatory 

cytokines and accumulation of dead cells (18). 

 

 Systemic Lupus Erythematosus (SLE): 

Removal of dead cells and inhibition of immune 

response are two important functions of TAM receptors 

that are impaired in Systemic Lupus Erythematosus and 

lead to a condition similar to systemic lupus in mice, and 

in humans active lupus disease. Lupus disease diagnosis 

and activity can be measured by levels of TAM receptors 

and GAS 6. Additionally, promising papers favor the use 

of TAM receptors as a therapy for lupus and lupus 

nephritis (19). 

 Removal of apoptotic cells is deficient in SLE 

patients. This function is the responsibility of monocytes 

and macrophages, which recognize apoptotic cells 

through multiple surface receptors including (TAM) 

receptors that has an important function in maintaining 

innate immunity and efficient removal of dead cells, this 
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is vital for the stability and normal function of immune 

system (20). 

 

 Lupus Nephritis ( LN ): 

Bellan et al. (11) performed a study of plasma level of 

GAS 6 and TAM receptors in lupus nephritis and 

reported that they were positively correlated with plasma 

creatinine concentration and 24-hour protein in urine, 

which may be a reflection to a disturbed cleavage of the 

membrane receptor. Metalloproteases cause cleavage of 

the extracellular domains of TAM receptors to produce 

soluble forms of the re5099aptor (sTAM) that may be 

the cause of kidney inflammation and glomerular 

damage that cause the proteinuria. Increase in sMer is 

also associated with impaired removal of apoptotic cells, 

leading to production of autoreactive B cells and 

production of pathogenetic autoantibodies and immune 

complexes that cause damage to the kidney. 

 

 Sjögren Syndrome (SS): 

Qin et al. (21) reported that primary SS patients show 

decrease of TAM receptors mRNAs levels in peripheral 

blood mononuclear cells, and increase in sMer levels, 

which is correlated with anti-RO and anti-LA 

autoantibodies levels and disease activity indicated by 

the SS disease activity index score. Additionally, Chen 

et al. (22) reported that plasma level of GAS 6 is less in 

primary SS cases than control group in blood and labial 

salivary glands. 

 

 Systemic Sclerosis (SSc): 

Bellan M., et al. (14) studied the role of GAS 6 and TAM 

receptors in evaluating the cardio-pulmonary 

complications of systemic sclerosis disease and 

suggested that GAS 6 and its receptors sAxl and sMer 

can establish if patients affected by SSc have been 

complicated with either pulmonary hypertension (PAH) 

or interstitial lung disease (ILD) as sMer is suggested to 

be an accepted marker for PAH while GAS 6 together 

with sAxl for ILD. 

 

CONCLUSION 

Many researchers studied the role of Growth 

arrest-specific 6 protein (GAS 6) and MER receptors in 

autoimmunity, viral infection and cancer development. 

GAS 6 and protein S are well known ligands of tam 

receptors that are structurally and functionally similar. 

Plasma levels of GAS 6 and its soluble tam receptors 

increase in blood of cases affected by systemic lupus 

erythematosus and lupus nephritis and can be used as 

markers for disease diagnosis and severity grading. 

Additionally, GAS 6 and TAM receptors can be used as 

disease markers and a potential target for therapy in 

rheumatoid arthritis and Sjogren’s syndrome. 
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