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Abstract:  

Growth arrest specific 6 (Gas6) is a multimodular circulating protein, the 

actions are mediated by the interaction with three transmembrane tyrosine 

kinase receptors: Tyro3, Axl, and MerTK, named TAM. Their regulatory 

roles are prominent in the mature immune, reproductive, hematopoietic, 

vascular, and nervous systems. Gas6 /TAM system plays a role in the 

regulation of inflammation, coagulation, cell growth, and clearance of 

apoptotic bodies. Deficiencies in TAM signaling are thought to contribute 

to chronic inflammatory and autoimmune disease in humans, and 

aberrantly elevated TAM signaling is strongly associated with cancer 

progression, and metastasis. We review the function of the Gas6/TAM 

system and the current evidence supporting its potential role in the 

pathogenesis of different diseases. 
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The Gas6/TAM Receptors System 

Gas6 is a member of vitamin K–dependent family of proteins (VKD) 

which includes the procoagulant factors II, VII, IX, and X, and the 

anticoagulant factors, protein C and S, as well as protein Z [1]. Its 

concentration in plasma is around 20-50 ng/mL (0.25 nmol/L). In contrast 

to the VKD proteins of the blood coagulation cascade, Gas6 is not 

primarily synthesized in the liver, but is widely expressed and has been 

found in the lung , heart, kidney, intestine, endothelial cell , bone marrow, 

vascular smooth muscle cell, monocytes and at very low levels in the 

liver [2]. 

 The gene coding for Gas6 was first discovered in 1988 through the 

screening of genes whose expression was upregulated in growth arrest 

embryonic mouse fibroblast so its name derives from its discover. Six 

genes were found and they were named gas1 to gas6. In 1993, the gene 

was sequenced and found to be similar to plasma anticoagulant protein S 

sharing 44% homology with it [3]. Despite this high degree of structural 

similarity, they are functionally different [4]. 

Gas6 is the ligand for the TAM family of receptors, which is composed of 

3 members: Tyro3, Axl, and Mer. Gas6 binds the TAM receptors with 

different affinities: Axl ≥ Tyro3 ≥ Mer [3]. 

Axl was first discovered in 1991 and was named Axl from the Greekword 

―anexelekto,‖ meaning uncontrolled based on the initial observations of 

its function as it was a product of a transforming gene in a T-cell 

leukemia cell line [5].                                                                                                                

 The human genome encodes 58 receptor tyrosine kinases (RTKs), which 

are grouped in 20 families based on homology [6]. Axl is a member of 

TAM subfamily of receptors which belong to the large family of type I 

transmembrane receptor tyrosine kinase [7]. Axl is expressed in most 
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human cells originating from hematopoietic, epithelial, and mesenchymal 

sources. Tyro3 is mostly found in the central nervous system, kidneys, 

ovaries, and testes. Mer is predominantly expressed in ovaries, testes, 

prostate, lungs, and kidneys and to a lesser extent in the thymus, spleen, 

liver, small intestine colon, and placenta [2]. Membrane-bound Axl can 

be shed from the cell membrane as a result of proteolysis, and Axl is 

therefore present in the circulation in a soluble form (sAxl) that consists 

of the extracellular region of the protein [8]. The levels of sAxl 

(0.6nmol/L) are normally in excess of Gas6 (0.25 nmol/L) and that all 

Gas6 is bound to sAxl in normal human blood [9]. The soluble receptors 

can remove the ligand from cell bound receptors and thus inhibit 

signaling [10]. 

 

 

Structure of Gas6 and TAM receptor  

Gas6 is a multidomain protein (Figure-1A). Its molecular weight is 75 

kDa. It contains an amino terminal γ carboxyglutamic acid (Gla domain) 

which gives VKD proteins the ability to bind to anionic phospholipids at 

the cell surface. Gla domain is followed by a loop maintained by a 

disulfide bridge followed by 4 epidermal growth factor–like domains 

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

(LG) repeats that together comprise the sex hormone–binding globulin 

domain (SHBG) interacting with the TAM receptors [2].                                                                                                      

Axl is a 140-kDa protein. The N-terminal starts with extracellular domain 

composed of 2 Ig-like domains followed by 2 fibronectin type 3 domains. 

Then a single-pass transmembrane domain (TM) followed by the 

cytoplasmic tail (intracellular domain) which contains a protein tyrosine 

kinase (TK) domain at the C-terminal (Figure -1B) [11]. 
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Figure (1): Gas6 and TAM receptor structure [3] 

 (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. 

Gas6-receptor interaction and downstream consequences 

When the ligand Gas6 binds TAM receptor, the receptors assemble into 

dimers, bringing the intracellular domains in close proximity. The 

intracellular domains will phosphorylate each other at specific tyrosine 

residues, enabling adaptor proteins to bind to the now activated receptor 

dimer. The adaptor proteins will transmit the signal into the cell, leading 

to altered cell behavior (Figure-2) [12]. 

 

 

 

Gas6/Axl binding followed by                                                                                

 1) Activation of phosphatidylinositol 3-kinase (PI3K) and its 

downstream target, serine/threonine protein kinase (Akt), which is a 
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central step in Axl-dependent signal transduction. The 

Gas6/Axl/PI3K/Akt pathway is required for the antiapoptotic function of 

gas6 in several cell types such as endothelial cells (EC), vascular smooth 

muscle cells (VSMC), fibroblasts, chrondrocytes, oligodendrocytes, 

neurons, and several cancer cells [13]. 

2)  Activation of Akt leads to the inactivation of pro-apoptotic caspase 3 , 

phosphorylation of BCL2-associated agonist of cell death (Bad), a 

proapoptotic mediator, and to an increase of the antiapoptotic protein  B-

cell lymphoma 2 (Bcl-2) by an nuclear factor kappa-light-chain-enhancer 

of activated B cells (NF-kB) dependent mechanism [14].              

 3)  Axl provides a binding site for the adaptor protein Grb2 (growth 

factor receptor-bound protein 2), which might be involved in the 

activation of the mitogen-activated protein (MAP) kinases (extracellular-

signal-regulated kinase (ERK), mitogen-activated protein kinase (p38), c-

Jun N-terminal kinase (JNK)). The Ras/ERK1/2 pathway is essential for 

mediating Gas6 mitogenic activity [15]. Src (non-receptor tyrosine 

kinase) is also involved in Gas6-mediated survival or mitogenic effect 

and a binding site has been identified for Src on Axl. Activation of p38 

and phosphorylation of heat shock protein 25 (HSP25), a regulator of 

actin remodeling, is downstream of Axl [3].  

 4) Gas6/Axl pathway can inhibit vascular endothelial growth factor 

receptor (VEGFR) 2 in endothelial cell morphogenesis through activation 

of the tyrosine phosphatase SHP-2 [16].  

5) Phospholipase C (PLCγ) interacts with TAM, in the process of 

efferocytosis, inducing cytoskeletal rearrangements [17]. 

6) Gas6/Axl pathway is an inhibitory mechanism for toll-like and 

cytokine receptor signaling in innate immune cells. Gas6/Axl activates 

interferon-α/β receptor (INFAR)/signal transducer and activator of 

transcription (STAT1) pathway which increases expression of 
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suppressors of pro-inflammatory signals such as transcription factor twist 

homolog 1 (Twist1), suppressor of cytokine signaling (SOCS1and 

SOCS3) [18]. 

 

Figure (2): Axl receptor signal transduction [15] 

Axl controls cell survival, migration, proliferation and inflammation (red color). 

Major downstream targets of Axl are shown in circles and ellipses. Thick arrows 

show direction of signals. Thin lines show inhibitory effects of Axl. 

 

Function of Gas6/TAM system 

The Gas6/TAM system regulates multiple biological processes, including 

cell survival and proliferation, cell adhesion and migration, thrombus 

stabilization, and inflammatory cytokine release [19]. Therefore, the role 

of this system has been found to be important in inflammation, 

hemostasis, autoimmune disease, nervous, reproductive and vascular 

systems and cancer [14]. 

 Anti-apoptotic and mitogenesis 

Several studies have been presented on the antiapoptotic and mitogenic 

effects of Gas6 signaling. These effects have been documented in 

fibroblasts [20], EC [21], VSMC [22], oligodendrocytes [23], Schwann 
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cells [24], lens epithelial cells [25], neurons [26] and liver cells [27]. 

Gas6 decrease apoptosis after serum starvation [20] and TNFα- treatment 

in several cell types [25]. 

Up-regulation of Gas6 and the TAM receptors have been observed in 

many malignancies, including leukemia, cancer of the thyroid, lung, 

uterus, endometrium, ovary, prostate, gastric cancer, breast cancer, 

Kaposi’s sarcoma, malignant gliomas and renal cell carcinoma [3]. 

Presence of Gas6 and the TAM receptors have clinical implications for 

cancer patients. Low expression of Axl mRNA indicates a good 

prognosis in patients with renal cell carcinoma. High Axl expression in 

breast cancer, pancreatic adenocarcinoma, malignant glioma and 

esophageal adenocarcinoma is a negative prognostic factor [28]. 

Gas6/Axl pathway regulates tumor genesis via several mechanisms which 

include tumor cell survival and growth, anti-apoptosis, increased 

migration, immune cell activation and angiogenesis [29]. 

Inhibition of RTKs has been shown to be a viable way of treating several 

cancers. Inhibiting Axl with antibodies leads to decreased proliferation 

and invasiveness in animal models [30].                                                     

 Phagocytosis & Migration 

Gas6 can act as a bridging molecule with the Gla domain binding 

negatively charged phospholipids on the surface of the apoptotic cell that 

will be engulfed, coincident with LG domains binding a TAM-bearing 

phagocytic cell. Phosphatidylserine (PS) normally resides in the inner 

leaflet of the cell membrane. Exposition of PS at the cell surface is a 

feature of cell injury, activation, and apoptosis [31]. Without proper 

removal of apoptotic cells, secondary necrosis occurs and leads to 

inflammation. Gas6 binds PS in microtiter plates, and monocytes bind 

PS-coated microtiter plates when Gas6 is present, but not in its absence 

[32]. 
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Gas6 can induce migration in Axl expressing cells, including VSMC, 

neurons, and dendritic cells, but is reported to inhibit migration in mouse 

fibrosarcoma cells, renal carcinoma cells, and to inhibit chemotaxis of 

endothelial cells, showing that the migration is highly dependent on cell 

type [33]. 

 Regulation of inflammation 

Axl stimulation by Gas6 can inhibit release of proinflammatory cytokines 

from human macrophages, dendritic cell, sertoli cells, and glial cells, thus 

limiting the immune response [34]. In bone marrow derived dendritic 

cells, Gas6 induces upregulation of SOCS proteins, known for their 

suppression of cytokine signaling [18]. 

 Gas6/Axl in innate immunity 

TAM receptors protect innate immune cells (macrophages, dendritic and 

NK cells) from apoptosis and are involved in phagocytosis of apoptotic 

bodies [35]. The protective role for Axl receptor in chronic immune 

disorders such as rheumatoid arthritis, systemic lupus erythematosus has 

been demonstrated in TAM knockout mice. These mice develop a lupus-

like syndrome and present high levels of circulating auto-antibodies 

against DNA, collagen, and phospholipids. They also show an abnormal 

growth of peripheral lymphoid organs such as the spleen and lymph 

nodes and demonstrate a delayed clearance of apoptotic cells [36]. 

   Gas6 and TAM in the vasculature 

Strong evidence suggested that Gas6/Axl signaling is important in the 

vasculature. Axl and Gas6 are expressed by numerous cell types in the 

vascular wall, including endothelial cells, smooth muscle cells and 

fibroblasts [37]. Gas6/Axl pathways not only increase survival but also 

protect VSMCs from apoptosis and from calcium deposition in vitro [22]. 

Axl is involved in the integrity of the vasculature and its expression is 
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upregulated at the site of vascular injury, suggesting a role for Axl in 

vascular remodeling [3].  

Animals deficient in Axl or Gas6 display impaired vessel integrity and 

have increased vessel leakage compared to their wild type littermates 

[38]. Gas6/Axl pathway is critical for progression of cardiovascular 

pathology via regulation of survival, proliferation and migration of 

vascular cells, and various functions of circulating blood cells [15]. 

 Gas6 and mesangial cell proliferation 

Hyper proliferation of mesangial cells in the kidney is a hallmark of 

glomerular disease. When mesangial cells were treated with medium 

from Gas6-producing cells, they started to proliferate [39]. Gas6 and Axl 

were found to be upregulated in the mesangial cells in a mouse model of 

experimental glomerulonephritis [40]. Kidney expression of Gas6 is 

increased during chronic rejection of transplanted kidneys, lupus 

nephritis, glomerulonephritis and IgA Nephropathy [41]. 

 

Role of Gas6/ TAM system in some diseases: 

 Liver pathology 

Gas6 and Axl are mainly expressed in oval cells of the liver, and not in 

hepatocytes. Oval cells are precursors which differentiate and proliferate 

upon hepatic injury. In these cells, Gas6 acts as a survival factor that 

protects against apoptosis. Oval cells are the secondary response to 

hepatic injury, in the situation where hepatic stellate cells (HSCs) are 

unable to proliferate. HSCs are mature cells that are responsible for the 

liver’s regenerative ability, and which accumulate at the site of injury and 

transform into cytokine-secreting myofibroblasts. Axl is also expressed in 

HSCs, and signals through the PI3K/Akt and NFκB pathways to protect 

against apoptosis. In liver pathologies, a hepatoprotective role for Gas6 
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has been reported in ischemia/ reperfusion-induced damage, and in the 

wound healing response to liver injury [11]. 

Gas6/Axl is a profibrogenic route that is activated in patients with chronic 

liver disease. The role of Gas6/Axl pathway in liver fibrosis is by 

participating in the activation of HSC. Therefore, small molecule 

inhibitors against Axl, that effectively eliminate HSC activation and 

reduce experimental fibrosis progression, may be interesting therapeutic 

tool for future clinical trials [42].  

Axl is found to be upregulated in HCC tumors compared to normal 

hepatocytes and seems to be more associated with lymph node metastasis 

[43].                                            

 [44] reported that the increase of Gas6, sAxl and Gas6/sAxl molar ratio 

were correlated with the progression and poor prognosis of HCC, so it 

could be used as useful biomarkers for HCC.                                                            

A study done by [45] showed that Plasma Gas6 concentration is a novel 

noninvasive biomarker of liver fibrosis but  further studies are required to 

clarify its clinical and pathophysiological role in chronic liver diseases.     

 

 Diabetes Mellitus                                                                                       

According to the study done by [46], plasma Gas6 concentration was 

significantly lower among patients with type 2 diabetes and its value was 

inversely correlated with fasting glucose. Plasma Gas6 is associated with 

altered glucose tolerance, inflammation and endothelial dysfunction. It 

also may represent a risk factor of type 2 diabetes and a potential marker 

of inflammation and endothelial dysfunction.                                                                                                              

Chronic inflammation and activation of the innate immune system are 

closely involved in the pathogenesis of type 2 diabetes. Gas6/TAM 

signaling resulted in inhibition of the inflammatory response in dendritic 

cells and macrophages so it has a role in controlling innate immunity and 
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inflammation processes so the inflammatory effects of high glucose may 

be mediated through low Gas6 levels as well as reduced TAM signaling 

and, consequently, activated innate immunity [47]. 

 

Autoimmune and Chronic Inflammatory Diseases 

      The TAM pathway has been implicated in various human chronic 

inflammatory and autoimmune diseases, including multiple sclerosis 

(MS), SLE, inflammatory bowel diseases, and rheumatoid arthritis [48]. 

Inefficient phagocytosis of apoptotic cells and membranes has been 

described in TAM knock-out (KO) mice. It a reported that the delayed 

clearance of apoptotic cells and the loss of regulation of the inflammatory 

response are associated with the development of a lupus-like syndrome in 

TAM KO mice [49].  

Improved understanding of the specific immunological function of the 

TAM and their agonists is likely to pave the way for tailored therapeutic 

approaches in chronic inflammatory and autoimmune diseases [48].  

 

Infectious Diseases 

The role of TAM and their ligands in viral infectivity has been reported. 

It was found that, AXL favors filovirus infections. Furthermore, 

expression of TYRO3 and MERTK were similarly able to confer 

susceptibility to Ebola and Marburg viruses [50]. It was found that AXL 

could favor the infectivity of a wide array of viruses; vaccinia, Lassa, 

dengue, and West Nile. Although multiple studies have concurred on the 

ability of TAM to favor viral infection in vitro, the function of this AXL 

in viral infections in vivo remains controversial. When wild-type mice 

were infected with a lethal dose of the PR8 influenza virus strain, the 

systemic administration of an anti-AXL antibody significantly reduced 

mice mortality. This protective effect correlated with increased 
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expression of type I IFN and reduced lung pathology. Similarly, treatment 

with this anti-AXL antibody reduced the lung pathology upon respiratory 

syncytial virus infection in mice. Thus, the fundamental role of TAM as 

negative regulators of the immune response appears to have been 

exploited by viruses to dampen and bypass the host defense. The role of 

TAM in viral infections may be much more complex than their role in 

dampening type I IFN signaling [48]. 

 

Cancer 

The discovery of TAM   was encouraged by two major interests: their 

putative role in development and differentiation, and their potential 

function in transformation and carcinogenesis.  

The predominant literature on TAM signaling in cancer focuses on its cell 

autonomous oncogenic function in tumor cells.  One of the first evidences 

of a TAM signaling axis involving tumor cells and tumor-associated 

macrophages came from the experiments of [51], these authors 

demonstrated that tumor-infiltrating macrophages display higher levels of 

Gas6.This raises the possibility that factors predominant in the tumor 

microenvironment, such as IL-10 and M-CSF, lead to GAS6 upregulation 

in tumor-associated macrophages. Tumor-associated macrophages, in 

turn, use the upregulated Gas6 to engage TAM receptors in tumor cells. 

This TAM signaling promotes tumor cell proliferation. 

A recent study described the therapeutic efficacy of a potent small 

molecule inhibitor of TAM in reducing cancer metastasis in mice to the 

inhibition of TAM signaling in NK cells and the subsequent enhancement 

of NK cell activation.  

There are reports, in contrast, describe an anti-oncogenic role for TAM 

signaling in tumor-associated immune cells. Interestingly, these reports 

use a model of inflammation-induced colon carcinogenesis. Patients with 
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chronic intestinal inflammation and inflammatory bowel diseases are at a 

significantly increased risk of colorectal cancer. TAM signaling in 

colonic inflammation and colorectal cancers may consistent with an anti-

inflammatory and antitumor function. Finally, the functional effect of 

TAM signaling during immune cell–cancer cell interaction may vary with 

the tumor type. The stage of the tumor—early stage, such as 

carcinogenesis and tumor initiation, versus late stage, such as tumor 

progression and metastasis—may also be crucial in determining how 

TAM function in tumor-associated immune cells can influence 

therapeutic outcomes. Thus, evidence-based targeting of the TAM may 

complement existing immunotherapy regimens to release the full power 

of the anticancer immune response [48]. 

 

References: 

[1] Zuo Py, Chen Xl, Lei Yh, Liu C y and Liu Y w: Growth arrest-

specific 

gene 6 protein promotes the proliferation and migration of endothelial 

progenitor cells through the PI3K/AKT signaling pathway. International 

J. 

Of Molecular Medicine   2014; 34: 299-306. 

 

[2] Van der Meer JH, van der Poll T and van't Veer C: TAM receptors, 

Gas6, and protein S: roles in inflammation and hemostasis. The 

American 

Society of Hematology blood   2014; 123(16): 2460-2469. 

 

[3] Laurance S, Lemarié C A and Blostein M D: Growth Arrest-Specific 

Gene 6 (gas6) and Vascular Hemostasis American Society for Nutrition. 

Adv. Nutr.  2012; 3: 196–203.  

 

[4] Studer RA, Opperdoes F R, Nicolaes G A, Mulder AB and Mulder R: 

Understanding the functional difference between growth arrest-specific 

protein 6 and protein S: an evolutionary approach. Open Biol. 2014; 

4(10): 

1-11. 

 



ISSN: 2536-9474 (Print) 

ISSN: 2536-9482 (Online) 

review article / FYMJ    

Bassyouni et al., 2018, 1 (1), 5-23 

 
 

 

  
Page 18 

 

  

[5] O’Bryan J P, Frye R A, Cogswell P C, Neubauer A, Kitch B,  Prokop 

C, Espinosa R, Le Beau M M,  Earp H S and Liu E T:  Axl, A 

transforming gene isolated from primary human myeloid leukemia cells, 

encodes a novel receptor tyrosine kinase. Mol   Cell Biol. 1991; 11:5016–

31. 

 

[6] Robinson D. R., Wu Y. M and Lin S F: The protein tyrosine kinase  

family of the human genome. Oncogene   2000; 19: 5548-5557. 

  

[7] Fernández-fernández L, Bellido-Martín L and García de Frutos P:  

Growth arrest-specific gene 6 (GAS6): An outline of its role in  

haemostasis and inflammation. Thromb Haemost 2008; 100: 604–610. 

 

[8] Hsiao F C, Lin Y F, Hsieh P S, Chu N F, Shieh Y S, Hsieh C H, Lee  

C H and Hung Y J : Circulating Growth Arrest-Specific 6 Protein Is  

Associated With Adiposity, Systemic Inflammation, and Insulin  

Resistance among Overweight and Obese Adolescents. J Clin Endocrinol   

Metab. 2013; 98(2): E267–E274. 

 

[9] He L, Zhang J, Jiang L, Jin C, Zhao Y, Yang G and Jia L : 

Differential 

Expression of Axl in Hepatocellular Carcinoma and Correlation with 

Tumor Lymphatic Metastasis. Molecular Carcinogenesis   2010; 49 (10):  

882-891. 

 

 

 [10] Murphy G: The ADAMs: signalling scissors in the tumour   

Microenvironment. Nat Rev Cancer 2008; 8: 929-941. 

 

[11] Axelrod H and Pienta K J: Axl as a mediator of cellular growth and 

survival J Oncotarget.  2014; 5(19): 8818–8852. 

 

[12] Pawson T: Specificity in signal transduction: from phosphotyrosine-

SH2 domain interactions to complex cellular systems. Cell 2004; 116: 

191-203. 

[13] Sawabu T, Seno H, Kawashima T, Fukuda A, Uenoyama Y, 

Kawada  

M, Kanda N, Sekikawa A, Fukui H and Yanagita M : Growth arrest- 

specific gene 6 and Axl signaling enhances gastric cancer cell survival 

via  

Akt pathway. Mol Carcinog. 2007; 46:155–64. 

 

[14] Hasanbasic I, Cuerquis J, Varnum B and Blostein M D: Intracellular  



ISSN: 2536-9474 (Print) 

ISSN: 2536-9482 (Online) 

review article / FYMJ    

Bassyouni et al., 2018, 1 (1), 5-23 

 
 

 

  
Page 19 

 

  

signaling pathways involved in Gas6-Axl-mediated survival of 

endothelial  

cells. Am J Physiol Heart Circ Physiol. 2004; 287: H1207–13. 

  

[15] Korshunov VA: Axl-dependent signaling: A clinical update. Clin 

Sci  

(Lond). 2012; 122(8): 361–368. 

  

[16] Gallicchio M, Mitola S, Valdembri D, Fantozzi R, Varnum B, 

Avanzi 

G C and Bussolino F: Inhibition of vascular endothelial growth factor  

receptor 2-mediated endothelial cell activation by Axl tyrosine kinase  

receptor. Blood 2005; 105:1970-1976.  

 

[17] Todt J C, Hu B and Curtis J L: The receptor tyrosine kinase Mer TK 

activates phospholipase C gamma2 during recognition of apoptotic  

thymocytes by murine macrophages. J Leukoc Biol. 2004; 75: 705–13. 

 

[18] Rothlin CV, Ghosh S, Zuniga E I, Oldstone M B and Lemke G: 

 (TAM receptors are pleiotropic inhibitors of the innate immune 

response.  

Cell 2007; 131:1124-1136. 

 

[19] Axelrod H and Pienta K J: Axl as a mediator of cellular growth and  

survival J Oncotarget. 2014; 5(19): 8818–8852. 

 

[20] Stenhoff J, Dahlback B and Hafizi S: Vitamin K-dependent Gas6  

activates ERK kinase and stimulates growth of cardiac fibroblasts.  

Biochem Biophys Res Commun. 2004; 319: 871-878. 

 

 

 

[21] Rajotte I, Hasanbasic I and Blostein M: Gas6-mediated signaling is  

dependent on the engagement of its gammacarboxyglutamic acid domain  

with phosphatidylserine. Biochem Biophys Res Commun. 2008;   376: 

70- 

73. 

[22] Melaragno MG, Cavet M E, Yan C, Tai LK, Jin Z G, Haendeler J  

and Berk B C: Gas6 inhibits apoptosis in vascular smooth muscle: role of  

Axl  kinase and Akt. J Mol Cell Cardiol.2004; 37: 881–887. 

 

[23] Shankar SL, O'Guin K, Kim M, Varnum B, Lemke G, Brosnan C F 

and Shafit-Zagardo B: Gas6/Axl signaling activates the 



ISSN: 2536-9474 (Print) 

ISSN: 2536-9482 (Online) 

review article / FYMJ    

Bassyouni et al., 2018, 1 (1), 5-23 

 
 

 

  
Page 20 

 

  

phosphatidylinositol 3-kinase/Akt1 survival pathway to protect 

oligodendrocytes from tumor necrosis factor alpha-induced apoptosis. J 

Neurosci. 2006; 26: 5638-5648 

 

[24] Li R, Chen J and Hammonds G: Identification of Gas6 as a growth  

factor for human Schwann cells. J Neurosci. 1996; 16: 2012-2019. 

 

[25] Valverde P, Obin MS and Taylor A: Role of Gas6/Axl signaling in  

lens epithelial cell proliferation and survival. Exp Eye Res. 2004; 78: 27- 

37. 

 

[26] Yagami T, Ueda K, Asakura K, Sakaeda T, Nakazato H, Kuroda T,  

Hata S, Sakaguchi G, Itoh N, Nakano T, Kambayashi Y and Tsuzuki H:  

Gas6 rescues cortical neurons from amyloid beta protein-induced  

apoptosis. Neuropharmaco. 2002; 43:1289-1296. 

 

[27] Lafdil F, Chobert MN, Deveaux V, Zafrani ES, Mavier P, Nakano 

T,  

Laperche Y and Brouillet A: Growth arrestspecific protein 6 deficiency  

impairs liver tissue repair after acute toxic hepatitis in mice. J Hepatol.  

2009; 51: 55-66. 

 

[28] Gustafsson A, Martuszewska D, Johansson M, Ekman C, Hafizi S,  

Ljungberg B and Dahlbäck B : Differential expression of Axl and Gas6 

in  

renal cell carcinoma reflecting tumor advancement and survival. Clin  

Cancer Res. 2009; 15: 4742-4749. 

 

[29] Holland S J, Powell M J, Franci C, Chan E W, F riera A M, 

Atchison  

R E, McLaughlin J, Swift S E, Pali E S, Yam G, Wong S, L asaga J, 

Shen  

M R, Yu S, Xu W, Hitoshi Y, Bogenberger J, Nor J E, Payan D G and  

Lorens J B: Multiple roles for the receptor tyrosine kinase axl in tumor  

formation. Cancer Res. 2005; 65:9294–9303. 

 

  

 [30] Ye X, Li Y and Stawicki S: An anti-Axl monoclonal antibody  

attenuates xenograft tumor growth and enhances the effect of multiple  

anticancer therapies. Oncogene 2010; 29: 5254-5264. 

 

[31] Wu Y, Tibrewal N and Birge R B: Phosphatidylserine recognition 

by  



ISSN: 2536-9474 (Print) 

ISSN: 2536-9482 (Online) 

review article / FYMJ    

Bassyouni et al., 2018, 1 (1), 5-23 

 
 

 

  
Page 21 

 

  

phagocytes: a view to a kill. Trends Cell Biol. 2006; 16: 189-197. 

  

[32] Freeman G J, Casasnovas J M, Umetsu DT and DeKruyff R H: TIM  

genes: a family of cell surface phosphatidylserine receptors that regulate  

innate and adaptive immunity. Immunol Rev. 2010; 235(1): 172-189. 

 

[33] Cavet M E, Smolock E M, Ozturk O H, World C, Pang J, Konishi A  

and Berk B C : Gas6-axl receptor signaling is regulated by glucose in  

vascular smooth muscle cells. Arterioscler Thromb Vasc Biol. 2008 ; 28:  

886-891. 

 

[34] Grommes C, Lee C Y, Wilkinson B L, Jiang Q, Koenigsknecht- 

Talboo J L, Varnum B and Landreth G E : Regulation of microglial 

phagocytosis and inflammatory gene expression by Gas6 acting on the  

Axl/Mer family of tyrosine kinases. J Neuroimmune Pharmacol.2008: 3:  

130-140. 

 

[35] Lemke G and Rothlin C V  : Immunobiology of the TAM  

receptors. Nat Rev Immunol. 2008  ; 8:327–336. 

 

[36] Ye F, Han L, Lu Q, Dong W, Chen Z, Shao H, Kaplan HJ and Li  

Q : Retinal self-antigen induces a predominantly Th1 effector  

response in Axl and Mertk double-knockout mice. J Immunol. 2001; 

187:  

4178-4186.  

 

[37] Tjwa M, Bellido-Martin L, Lin Y, Lutgens E, Plaisance S, Bono F,  

Delesque-Touchard N, Hervé C, Moura R, Billiau A D, Aparicio C,  

Levi M, Daemen M, Dewerchin M, Lupu F, Arnout J, Herbert J M,  

Waer M, García de Frutos P, Dahlbäck B, Carmeliet P, Hoylaerts M F  

and Moons L : Gas6 promotes inflammation by enhancing  

interactions between endothelial cells, platelets, and leukocytes. Blood;  

 2008; 111: 4096-4105. 

 

[38] Burstyn-Cohen T, Heeb M J and Lemke G: Lack of protein  

S in mice causes embryonic lethal coagulopathy and vascular dysgenesis.  

J Clin Invest. 2009; 119: 2942-2953.  

 

[39] Yanagita M, Ishimoto Y and Arai H : Essential role of Gas6  

for glomerular injury in nephrotoxic nephritis. J Clin Invest. 2002 

; 110: 239-246. 

 

[40] Yanagita M, Arai H, Ishii K, Ohashi K, Mizuno K, Varnum B,  



ISSN: 2536-9474 (Print) 

ISSN: 2536-9482 (Online) 

review article / FYMJ    

Bassyouni et al., 2018, 1 (1), 5-23 

 
 

 

  
Page 22 

 

  

Fukatsu A, Doi T and Kita T : Gas6 regulates mesangial cell proliferation  

through Axl in experimental glomerulonephritis. Am J Pathol . 2001; 

158:  

1423-1432. 

 

[41] Fiebeler A, Park JK, Muller DN, Lindschau C, Mengel M, Merkel S,  

Banas B., Luft FC. and Haller H. (2004): Growth arrest specific protein  

6/Axl signaling in human inflammatory renal diseases. Am J Kidney Dis.  

2004; 43: 286-295. 

  

[42] Bárcena C, Stefanovic M, Tutusaus A, Joannas L, Menéndez A,  

García-Ruiz C, Sancho-Bru P, Marí M, Caballeria J, Rothlin CV,  

Fernández-Checa JC, de Frutos PG and Morales A : Gas6/Axl  

pathway is activated in chronic liver disease and its targeting reduces  

fibrosis via hepatic stellate cell inactivation. Journal of Hepatology 2015;  

63: 670–678. 

 

[43] Lee H J, Jeng Y M, Chen Y L, Chung L and Yuan R H :  Gas6/Axl  

pathway promotes tumor invasion through the transcriptional  

activation of Slug in hepatocellular carcinoma. Carcinogenesis 2014;  

35:769–775. 

 

[44] Uehara S, Gotoh K, Handa H and Maki Y: Plasma Levels of  

Growth Arrest Specific Protein (Gas6) and the Soluble Form of Its  

Tyrosine Kinase Receptor Axl (sAxl) in Patients with Hepatocellular  

Carcinoma. Journal of Cancer Therapy 2013; 4: 632-639.  

 

[45] Bellan M, Pogliani G, Marconi C , Minisini R, Franzosi L, Alciato  

F, Magri A, Avanzi G C, Pirisi1 M and Sainaghi  P P : Gas6 as a putative  

noninvasive biomarker of hepatic fibrosis. Biomark. Med. 2016;   

10(12):1241-1249.                                                    

  

[46] Hung Y-J, Lee C-H, Chu N-F and Shieh Y-S: Plasma Protein  

Growth Arrest–Specific 6 Levels Are Associated With Altered Glucose  

Tolerance, Inflammation, and Endothelial Dysfunction. Diabetes Care;  

2010; 33(8):1840-1844. 

 

[47] Kuo F-C, Hung Y-J, Shieh Y-S, Hsieh C-H, Hsiao F-C and Lee C- 

H : The levels of plasma growth arrest-specific protein6 is  

associated with insulin sensitivity and inflammation in women. Diabetes  

Research and Clinical Practice 2014; 103:304 -309. 

 



ISSN: 2536-9474 (Print) 

ISSN: 2536-9482 (Online) 

review article / FYMJ    

Bassyouni et al., 2018, 1 (1), 5-23 

 
 

 

  
Page 23 

 

  

[48] Rothlin CV, Carrera-Silva EA, Bosurgi L, Ghosh S:TAM receptor 

signaling in immune homeostasis. Annu Rev Immunol. 2015; 33:355-91. 

 

[49] Rothlin CV and Lemke G: TAM receptor signaling and autoimmune 

disease. Curr Opin Immunol. 2010 December ; 22(6): 740–746. 

 

[50] Shimojima M, Takada A, Ebihara H, Neumann G, Fujioka K:  

Tyro3 family-mediated cell entry of Ebola and Marburg viruses. J. Virol.  

2006; 80:10109–16.  

 

[51] Loges S, Schmidt T, Tjwa M, van Geyte K, Lievens D 

Malignant cells fuel tumor growth by educating infiltrating leukocytes to  

produce the mitogen Gas6. Blood   2010: 115:2264–73. 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/25594431
https://www.ncbi.nlm.nih.gov/pubmed/25594431

