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ABSTRACT 

The aim of this study was to determine the plasma levels of vitamin K-dependent protein growth arrest-specific protein 
6 (Gas6) and its soluble receptor Axl (sAxl) in patients with hepatocellular carcinoma (HCC), acute hepatitis (AH), 
fulminant hepatitis(FH), chronic hepatitis (CH), and liver cirrhosis (LC) and to determine whether Gas6 and sAxl can 
be used as biomarkers. Immunoassys were used to measure levels of plasma Gas6 and sAxl in 40 patients with HCC, 13 
patients with AH, 3 patients with FH, 7 patients with LC, and 20 healthy normal adult controls (NC). Furthermore, uri- 
nary γ-carboxyglutamic acid (Gla) was measured by high performance liquid chromatography. We have addressed this 
issue by conducting a cross-sectional study to determine whether plasma Gas6 and sAxl levels are associated with DCP, 
urinary γ-Gla, and liver functions in humans. Levels of Gas6, sAxl, and γ-Gla were significantly higher in HCC as 
compared to those in NC, and they were significantly positive correlated. Gas6/sAxl molar ratios in HCC were signifi- 
cantly higher than in NC, but those ratios in AH, FH, and LC were significantly lower in NC. Furthermore, Gas6/sAxl 
molar ratios in HCC increased significantly in comparison with those AH and LC. The increase of Gas6, sAxl and 
Gas6/sAxl molar ratio were correlated with the progression and poor prognosis of HCC. Thus, Gas6 and sAxl may be 
useful biomarkers for HCC. 
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1. Introduction 

The growth arrest-specific gene gas6 (Gas6) is a number 
of vitamin K (VK)-dependent ligand family, homologous 
to the protein S (PS), and is capable of binding to differ- 
ent cell surfaces via its N- and C-termini, the N-terminal 
Gla domain binding to phosphatidylserine-containing phos- 
pholipids and the C-terminal laminin G-like (LG) domain 
interacting with the TAM receptors, although the binding 
affinity of this ligand differs for each receptor (Axl > Sky > 
Mer), whereas PS has been shown to only Sky and Mer 
[1-3]. 

Gas6 is not primarily synthesized in the liver, but lung, 
kidney, intestine, ovary, testis, brain, bone marrow and 
vascular endothelium [3]. 

The Gas6/TAM system regulates multiple biological 
processes, including cell survival and proliferation, cell 
adhesion and migration, thrombus stabilization, and in- 

flammatory cytokine release. Therefore, the role of this 
system has been found to be important in inflammation, 
hemostasis, autoimmune disease, nervous, reproductive, 
and vascular systems and cancer [4]. 

In TAM-receptors, the Axl was originally found to be 
overexpressed in leukemia cells, but is expressed in va- 
rious cancer cells. Increase in Axl expression is an indi-
cator of poor prognosis for glioma [5] and kidney cancer 
[6]. Expression of Axl is also found in hepatoma cell 
lines [7,8]. 

The membrane-bound Axl may be shedded from the 
cell membrane as a result of the activity of disinte- 
grin-like metalloproteinase 10 (ADAM 10), and Axl is 
therefore present in circulation in a soluble form (sAxl) 
that consists of the extra cellular region of the protein. 
The levels of sAxl are normally in excess of Gas6 and 
that Gas6 is bound to sAxl in normal human blood [9]. 
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On the other hand, vitamin K (VK) acts as a cofactor 
in the enzymatic carboxylation by γ-glutamylcarboxylase 
of glutamic acid in plasma proteins, and Gla residues 
formed from VK-dependent proteins cannot be reused 
and are excreted in urine. This quantitative measurement 
of urinary excretion of γ-Gla has shown to be reflective 
of total body pool of VK-dependent proteins, and these 
proteins turnover [10]. 

Des-γ-carboxyprothrombin (DCP) is known as a mar- 
ker for hepapocellular carcinoma (HCC), and recent stu- 
dies have revealed the usefulness of DCP as a diagnostic 
marker as well as its pivotal role in cancer progression 
[11]. In addition, DCP induces matrix metalloproteinase 
activity in HCC cells, thus promoting the migration and 
invasion of HCC cells in vitro [12]. 

Some case reports suggested that the possible protec-
tive effects of daily high-dose VK (menaquinone-4) treat- 
ment on the recurrence of HCC in successfully treated 
patients have been reported in several small trials. How-
ever, it is not necessarily decided about the evaluation 
[13,14]. In the present study, we paid attention to Gas6, 
which had TAM-system for the structure. 

As a protocol, we measured Gas6 and sAxl mainly in 
the HCC patients and NC groups, and measured these in 
AH, FH, CH, and LC patient groups secondarily. 

Furthermore, we measured urinary γ-Gla as the marker 
of vitamin K metabolism and DCP in the same patient 
group. By analyzing these findings, we determined whe- 
ther Gas6 and sAxl could become biomarkers as not only 
the diagnosis but also the effect of cancer therapy. 

2. Materials and Methods 

2.1. Patients 

The study group comprised 40 consecutive patients with 
HCC (30 male, 10 female; 59.3 ± 13.5 years) treated at 
our hospital between 2008 and 2012, and 20 healthy 
normal adult controls (NC) matched for age (10 male, 10 
females; mean age 57.8 ± 18.5 years), from whom in- 
formed consent was obtained. Furthermore, 33 cases of 
liver diseases including 13 cases of AH (9 males, 4 fe- 
males; mean age 34.5 ± 10.5 years), 3 cases of FH (1 
male, 2 females; mean ages 53.0 ± 21.7 years), 5 cases of 
CH (2 male, 3 female; mean ages 58.8 ± 7.4 years), and 
12 cases of LC (6 males, 6 females; mean ages 59.0 ± 9.8 
years) were studied. All subjects gave written informed 
consent. 

2.2. Patients Background 

The diagnosis of HCC was performed by either imaging, 
ultrasonography, computed tomography, magnetic reso- 
nance imaging, angiography, and elevated serum con- 

centrations of α-fetoprotein and DCP. 
For the initial treatment of 40 HCC cases, 10 (25%), 3 

(7.5%), 19 (47.5%), 5 (12.5%) and 3 (7.5%) received 
percutaneous ethanol injection (PEIT), radiofrequency 
ablation therapy (RFA), trans catheter arterial chemoem- 
bolization (TACE), interferon therapy, and symptomatic 
treatment, respectively. There were three survivals and 
37 deaths to date. The cause of death is 25 cases by the 
disorder and the other disorders ware ten cases. The back- 
ground liver abnormalities included chronic viral hepati-
tis in 17 cases (42.5%), cirrhosis in 21 cases (52.5%), 
and normal liver in 2 cases (5%), associated with hepati-
tis B (n = 19), hepatitis C (n = 19). The pathological tu-
mor node metastasis (TNM) stage of HCC according to 
the Liver Cancer Study Group of Japan [15,16] was stage 
II in 4 (10%), stage III in 14 (35%), and stage IV in 22 
(55%). 

The 13 cases of AH were all positive for IgM-anti HA 
antibody and cured within 8 weeks. The diagnosis of FH 
was performed in accordance with study of Fujiwara A., 
et al. [17,18]. Three cases fell into hepatic coma and he- 
patic failure within one week, and plasmapheresis treat- 
ment was performed in all cases, but led to death. The 
diagnosis of chronic hepatitis and LC was based on cli- 
nical and biochemical evidence, and confirmed by liver 
biopsy. Six patients were grade A, eight were graded B, 
and three were graded C under the Child-Pugh classifica-
tion system. The 17 cases of CH and LC were hepatitis B 
(n = 2), hepatitis C (n = 11), and normal (n = 4). Blood 
samples from those patients were collected at days 7 of 
admission. 

The etiology of the cases with liver abnormalities was 
determined by testing for HBsAg, HBV-DNA, IgM-an- 
tiHA (Dainabot, Tokyo, Japan), anti-HCV (Kokusai Si- 
yaku, Kobe, Japan) and HCV-RNA (Roche Diagnotics, 
Mannheim, Germany). 

Venous blood samples were taken on patients’ admis- 
sion. Plasma samples were collected in citric acid (3.8%) 
and EDTA, and frozen immediately for storage at ‒20˚C 
until analysis. 

The control group of liver and renal functions was wi- 
thin the normal ranges aspartate aminotransferase (AST), 
alanine aminotransferase (AST) < 40 IU/L, bilirubin < 
0.8 mg/dL, blood urea nitrogen (BUN) < 20 mg/dL, crea- 
tinine < 1.0 mg/dL with no cases of anemia or hyperlipi-
demia (cholesterol < 200 mg/dL). 

2.3. Determination of Gas6, and Soluble Axl  
(sAxl) Levels 

Measurement of Gas6, and sAxl levels were carried out 
using commercial ELISA kits that use the sandwich 
technique: DuoSet® (R&D Systems, Minneapolis, MN, 
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USA) for Gas6, and sAxl (Human Soluble Axl Elisa, 
Adipo Bioscience, Santa Clara, USA). 

These intra- and inter-assay coefficients of variation 
for Gas6, and sAxl measurements were 6.4% and 7.9%, 
and 6.7% and 8.0% respectively. 

2.4. Determination of DCP (PIVKA-II, and  
Urinary γ-Gla levels 

Plasma levels of DCP were measured by using ELISA kit 
(Eitest PIVKA-IIkit; cut-off value, 40 mAU/ml; Sanko 
Junyaku Co., Tokyo, Japan). 

Urine samples were frozen at −20˚C, subsequently thaw- 
ed and centrifuged at 1500 g for 10 min. The supernatant 
obtained was diluted with distilled water between 2 to 32 
times, and the diluted sample was used for analysis. The 
Gla content of these samples was measured as described 
elsewhere Kuwada [19]. Urine samples were col- lected 
from 24-hour urine collections. 

2.5. Determination of Liver Enzymes, White  
Blood Cell Count, Platelet Counts, and  
Bilirubin 

Serum ALT, AST, bilirubin, and white blood cell and 
platelet counts were each measured by routine laboratory 
procedures. Furthermore, the etiology of the cases with 
hepatitis was determined by routine laboratory proce- 
dures for HBsAg, HBV-DNA, IgM-antiHA (Dainabot, 
Tokyo, Japan), anti-HCV (Kokusai Siyaku, Kobe, Japan) 
and HCV-RNA (Roche Diagnotics, Mannheim, Germa- 
ny). 

2.6. Statistical Analysis 

Data are expressed as men ± SD. Statistical analysis was 
carried out by using the Student’ t-test and the level of 
significance was P < 0.05. 

3. Results 

3.1. Plasma Levels of Gas6 in Cases with HCC,  
AH, FH, CH, and LC, and in Normal Adult  
Controls 

The plasma levels of Gas6 in cases with liver diseases 
and normal adult controls (NC) were shown in Table 1. 

The plasma Gas6 levels in cases of HCC were signifi- 
cantly higher than in the healthy normal adults, and the 
levels in clinical HCC stages of II, III, and IV were in- 
creased significantly compared with normal adults. 

Increase in Gas6 levels correlated with clinical stages 
of HCC. However, insignificant increase in levels of 
Gas6 were observed in patients with AH, FH, CH and 
LC as compared to those if NC (Table 1). 

3.2. Plasma Levels of sAxl in Cases of HCC, AH,  
FH, CH and LC, and in Normal Adults  
Controls 

The plasma levels of sAxl in cases of the liver diseases 
and NC were shown in Table 1. 

The plasma levels of sAxl were significantly higher in 
cases with HCC, AH, FH, and LC, than in the healthy 
NC. The plasma sAxl levels in cases with HCC were 
higher than in the NC, and increase in these levels was 

 
Table 1. Plasma levels of Gas6, sAxl, Des γ-carboxyprothrombin (DCP), and urinary levels of γ-Gla in patients with hepato- 
cellular carcinoma (HCC), acute hepatitis (AH), fulminant hepatitis (FH), chronic hepatitis (CH), liver cirrohsis (LC), and 
normal adult controls (NC). 

Diseases n Gas6 (ng/ml) sAxl (pg/ml) DCP (AU/ml) γ-Gla (nM/mg·Cr) 

Normal subjects (NC) 20 18.8 ± 3.6 271.8 ± 19.2 8.1 ± 7.9 68.9 ± 17.9 

Hepatocellular carcinoma (HCC) 40 76.0 ± 21.2** 905.6 ± 255.1** 1582.8 ± 1221.5** 102.6 ± 32.2* 

II 4 56.3 ± 22.4* 645.0 ± 243.5* 252.3 ± 166.9** 70.1 ± 36.0 

III 14 71.3 ± 17.5** 836.4 ± 199.1** 1126.1 ± 1071.7** 93.3 ± 30.5* HCC (TNM stage) 

IV 22 83.3 ± 20.9**+ 997.5 ± 250.9**+ 2081.8 ± 1152.4** 113.9 ± 27.9**+ 

Acute hepatitis (AH) 13 25.0 ± 10.7 576.0 ± 151.9** 27.5 ± 14.5** 67.8 ± 11.1 

Fulminant hepatitis (FH) 3 53.0 ± 7.0 1246.0 ± 418.0* 38.7 ± 12.5* 59.0 ± 15.9 

Chronic hepatitis (CH) 5 16.0 ± 4.8 448.0 ± 105.3 23.1 ± 9.7* 68.3 ± 15.2 

Liver cirrhosis (LC) 13 27.9 ± 12.7 747.9 ± 232.3** 57.7 ± 55.0** 71.4 ± 16.8 

*
 P < 0.05, **P < 0.01 indicates statistical significance vs. NC. +P < 0.05, HCCⅡ-stage indicates statistical significance vs. Ⅲ,Ⅳ-stage. 
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correlated with clinical stages of HCC. Significant dif- 
ference in plasma levels of sAxl was also observed be- 
tween clinical stages II, III, IV of HCC. 

3.3. Correlation between Plasma Levels of Gas6  
and sAxl in Cases with HCC, AH, FH, CH  
and LC 

A significant positive correlation was observed between 
Gas6 levels and sAxl levels in cases with all liver dis- 
eases. In particular, there was a significantly correlation 
between Gas6 and sAxl levels in cases with HCC (r = 
0.654, P < 0.01; Figure 1). 

Likewise, the coefficients of correlation between Gas6 
and sAxl levels in AH, FH, CH, and LC cases were 0.550, 
0.677, 0.995, 0.806, respectively. These coefficients of 
correlation in cases of AH and LC were statistically sig- 
nificant. 

3.4. Plasma Levels of Gas6/sAxl Molar Ratio in  
Cases of HCC, AH, FH, CH, and LC, and  
Normal Adults Controls 

The Gas6 and sAxl levels in cases with the liver dis-
eases were higher than in NC (Figure 1). The Gas6/ sAxl 
molar ratios in liver diseases were shown in Figure 2. 

The median Gas6/sAxl molar ratios in NC, AH, FH, 
CH, LC, HCC, HCC-II, HCC-III, and HCC-IV were 0.37, 
0.26, 0.29, 0.20, 021, 0.50, 0.54, 0.51, and 0.50 respec-
tively. Gas6/sAxl molar ratios in the TNM classifica-
tion of HCC increased, however, the increased ratios 
 

 

Figure 1. Correlation between Gas6 and sAxl in patients 
with hepatocellular carcinoma (HCC), acute hepatitis (AH), 
fulminant hepatitis (FH), chronic hepatitis (CH) and liver 
cirrhosis (LC). The coefficients of correlation between Gas6 
and sAxl in HCC (●: r = 0.653, n = 40, P < 0.01), AH (〇: r = 
0.550, n = 13, P < 0.05), FH (✚: r = 0.607, n = 3, P < 0.05), 
CH (▲: r = 0.995, n = 5, P < 0.05), and LC (▲: r = 0.806, n = 
12, P < 0.05), respectively. 

in II stage were not statistically significant, although the 
molar ratios in cases with AH, FH and LC were lower as 
compared to those in normal adult controls. The Gas6/ sAxl 
molar ratios in cases with HCC increased significantly in 
comparison with those in cases with AH and LC (Figure 2). 

3.5. Correlation between Plasma Levels of Gas6  
and DCP in Cases with HCC, AH, FH, CH,  
and LC 

The coefficients of correlation between plasma Gas6 and 
DCP levels in cases of HCC, AH, FH, and LC were 
0.135, −0.08, −0.999, −0.170, and 0.485 respectively. 
Most of these correlations except FH were not statisti- 
cally significant (Figure 3). 
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Figure 2. Gas6/sAxl molar ratios in patients with hepato- 
cellular carcinoma (HCC), acute hepatitis(AH), fulminant 
hepatitis (FH), chronic hepatitis (CH), and liver cirrohsis 
(LC). *P < 0.05, **P < 0.01 vs. Normal controls (NC). +P < 
0.05, ++P < 0.01 CH, LC vs. HCC. 
 

 

Figure 3. Correlation between Gas6 and DCP in patients 
with hepatocellular carcinoma (HCC), acute hepatitis (AH), 
fulminant hepatitis (FH), chronic hepatitis (CH), and liver 
cirrhosis (LC). The coefficients of correlation between in 
HCC (●: r = 0.135, n = 40), AH (〇: r = −0.081, n = 13), FH 
(✚: r = −0.991, n = 3, P < 0.05), and CH (▲: r = −0.170, n = 
5), LC (■: r = 0.485, n = 12), respectively. 
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3.6. Plasma Levels of DCP in Cases of HCC, AH,  
FH, CH and LC, and in Normal Adult  
Controls 

The plasma levels of DCP in cases of liver diseases and 
NC were shown in Table 1. 

The plasma levels of DCP in cases of HCC were sig- 
nificantly higher than in healthy normal controls. 

Furthermore, these values were elevated according to 
the TMN classification of the HCC and these statistical 
differences of the values between the stages were sig- 
nificant. Furthermore, positive correlation was seen be- 
tween DCP and Gas6 levels in cases with HCC, but it 
was not significant correlation. 

In both the cases of AH and FH, the DCP levels de- 
creased than the cut/off values in HCC (<40 mU/ml), but 
the DCP levels in cases of LC slightly increased. 

3.7. Levels of Urinary γ-Gla Levels in Cases with  
HCC, AH, FH, and LC and in Healthy  
Normal Adult Controls 

The urinary γ-Gla in cases with HCC, AH, LC and in NC, 
were shown in Table 1. The urinary levels of γ-Gla in- 
creased significantly in cases with HCC were as com- 
pared to those in the NC. However, the urinary γ-Gla 
levels in cases with AH, and FH were lower than in the 
NC. 

3.8. Correlation between Plasma Gas6 Levels  
and Urinary γ-Gla Levels in Cases of HCC,  
AH, FH, and LC 

The coefficients of correlation between levels of plasma 
Gas6 and urinary γ-Gla in patients with HCC, AH, FH, 
CH and LC were 0.678, 0.725, 0.607, 0.230, and 0.674 
respectively (Figure 4). Most of these correlations ex-
cept CH were statistically significant (Figure 4). 

3.9. Correlation with Plasma Gas6, ALT, AST,  
Platelet Count, White Blood Cell Count, and  
Bilirubin in Cases of HCC, AH, FH, CH and  
LC 

The coefficients of correlation between Gas6, ALT, AST, 
platelet count, white blood cell count, and bilirubin, in 
cases of HCC (n = 40) were 0.218, 0.145, −0.105, 0.202, 
and 0.169, respectively. In cases with AH (n = 13), those 
coefficients were −0.068, −0.096, 0.264, −0.277, and 
−0.231, respectively. In cases with FH (n = 3), those co- 
efficients were −0.023, 0.204, −0.099, and 0.280, and 
−0.887, respectively. In cases with CH (n = 5), those 
coefficients were 0.422, 0.425, 0.036, 0.249, and 0.487 
respectively. In cases with LC (n = 12), those coefficients 
were 0.422, 0.501, 0.274, −0.481, and −0.278 respec- 
tively. 
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Figure 4. Correlation between Gas6 and γ-Gla in patients 
with hepatocellular carcinoma (HCC), acute hepatitis (AH), 
fulminant hepatitis (CH), chronic hepatitis (CH) and liver 
cirrhosis (LC). The coefficients of correlation between in 
HCC (●: r = 0.678, n = 40, P < 0.05), AH (〇: r = 0.725, n = 
13, P < 0.05), FH (✚: r = 0.607, n = 3, P < 0.05), CH (▲: r = 
0.230, n = 5), and LC (■: r = 0.674, n = 12, P < 0.05), re- 
specttively. 
 

The correlation coefficients of Gas 6 and platelet count, 
and bilirubin in cases with LC were statistically signifi- 
cant, and the correlation coefficients of Gas6 and bili- 
rubin were significant in cases with FH. 

4. Discussion 

The hemostatic proteins are well carboxylated, and their 
main site of synthesis is liver, which is well vascularized 
to receive dietary VK absorbed from the gut into blood. 

Whether dietary VK is as equally available to other tis- 
sue is unknown. 

All vitamin K dependent (VKD) proteins may bind 
carboxylase through two contact sites, low-affinity and 
high-affinity, with osteocalcin having reversed affinities 
to that of the other VKD proteins. Undercarboxylated os- 
teocalcin is frequently observed in the general popula- 
tion, which indicates that incomplete carboxylation oc- 
curs in bone where osteocalcin is synthesized. The extent 
of undercarboxylation is unknown because the analysis is 
indirect, i.e., on blood samples rather bone tissue [20,21]. 

The environment of the biosynthesis increase of the 
Gas6, osteocalcin, and DCP may resemble it [22]. In other 
words, it is VK-deficiency state and/or serum starvation 
[21]. Our study demonstrated the increase of Gas6, DCP 
and urinary γ-Gla in HCC, however, the precise mecha- 
nism(s) of their biosynthesis remain elusive. 

On the other hand, the urinary γ-Gla level in AH, CH, 
FH, and LC decreased than the healthy normal controls. 
In addition, the γ-Gla level in many cancers increased. 

Therefore, it is thought that the VK metabolism for 
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these liver diseases is inhibited [22]. 

A number of recent studies show that increases in 
Gas6 and its receptor Axl are associated with a poor prog- 
nosis for glioblastoma [6] and ovarial carcinoma, [23] 

and with an improved prognosis for renal cell carcino- 
ma, demonstrating the complexity of the system, [7] and 
the elevated plasma DCP in HCC patients is associated 
with a high risk of vascular invasion, intra-hepatic metas- 
tasis, tumor recurrence, and DCP is to promote matrix 
metalloproteinase activity in HCC cell [11]. 

There studies of Tso, et al. [8] and He, L. et al. about 
Axl in HCC [9]. A study by He, et al., using cDNA mi- 
croarray showed that Hca-F cells with higher Axl levels 
had high lymphatic metastasis potential, and proliferative 
advantage, and this study also showed that the angio- 
genic factor protein (Cyr 61) was the principle gene af- 
fected by Gas6 stimulation of Axl in the Hca-F cells. 

In the liver, Gas6 is mainly expressed in Kupffer cells 
with levels below those observed in other tissues such as 
lung, kidney or heart, and the expression of Axl is found 
in HCC cells [24]. 

Furthermore, Gas6 was expressed in antigen-present- 
ing cells and endothelial cells (ECs) but not in T-cells. 
From these evidences, plasma Gas6 originates from ECs 
and leukocytes (including dendritic cells are macrophages) 
[25-27]. 

The present study showed that the plasma Gas6 and 
sAxl levels were significantly higher in HCC than in the 
healthy normal adult controls. Furthermore, the Gas6 and 
sAxl levels were elevated together in a significant corre- 
lation in HCC, and those both levels progressively in- 
creased with progressing TNM stages in HCC. 

Furthermore, the Gas6/sAxl molar ratios in the HCC 
were significantly higher than in normal adult controls. 
Gas6 molar level has lower than sAxl in plasma, and the 
elevated Gas6/sAxl molar ratio in HCC shows relative 
predominance of Gas6 for TAM system. 

As a result, the trend of the increased plasma Gas6 or 
Gas6/sAxl molar ratio in HCC may reflect the continu- 
ance of the cancer proliferation, and those elevated val- 
ues in the HCC are associated with the poor prognosis. 
Also, it is thought that the elevation of these values is 
observed in the inflammation [28]. 

Gas6 is not only the modulation of cell growth and in- 
hibits apoptosis but also acute-phase reactant, and is in- 
creased during sepsis, the associated inflammatory dis- 
eases, regulate neovascularization, and rejection of trans- 
plants [27,28]. 

Illustratively, there are many similar reports for renal 
cell cancer [7], severe sepsis, [28] SLE, [27] and abdo- 
minal aortic aneurysms [29]. 

In these, Gas6 increases in renal cell cancer, severe 
sepsis, and SLE, but sAxl decreases in abdominal aortic 

aneurysms. 
These ratios showed a positive trend corresponding to 

the progression of the stage of a disease and may lead to 
poor prognosis. 

A dynamic equilibrium between sAxl and Gas6 levels 
in plasma may have an important regulatory role and af- 
fect Gas6 function. Ekman et al. reported that the meas-
ured Kds of recombinant-sAxl for Gas6 binding was 4 
fold higher in comparison with that of sAxl in human 
serum [30]. 

sAxl may increase the bioavailability of Gas6 by pro- 
longing its half-life and showing ligand release from the 
complex to provide physiologically relevant levels of 
Gas6 in tissues, thereby resulting in local or systemic 
effects of the protein and the nature and/or duration of 
the signaling event [31]. 

Recently, Loges et al. provide new evidence on the 
regulation and significance of Gas6/Axl activity in can-
cer. Using three different syngeneic models of transplan-
tation of Gas6−/− bone marrow intro wild type mice, 
they elucidated that tumors educate tumor infiltrating 
macrophages to secrete high levels of the Gas6 and its 
Tyro3, Axl, Mer receptors, leading to tumor growth and 
metastasis. In other words, Gas6 fosters tumor growth by 
promoting cancer proliferation [32,33]. 

According to the development of the HCC, DCP hav- 
ing less Gla residues and lost most coagulant ability in- 
creases [12,34]. Furthermore, increased plasma DCP in 
HCC is related to the presence of vascular invasion, por- 
tal vain thrombosis, and intrahepatic metastasis etc. About 
these, Gas6 exerts prothrombotic properties in the hema-
topoietic and vascular compartments. 

Gas6 that is released (or circulating) subsequently binds 
to one of the TAMs, which leads to up-regulation of tis- 
sue factor. The details of the course are still unknown, 
and tissue factor can then initiate coagulation, ultimately 
leading to further thrombotic generation and the forma- 
tion of fibrin clot [35]. In HCC, the increase of Gas6 may 
respond to increase of the DCP. 

Gas6 secreted by macrophages and hepatic stellate 
cells (HSC) activated into myofibroblastic cells (HSC/ 
MFB) after experimental acute and chronic CCL4 injury 
liver inflammation models promotes HSC and HSC/MFB 
survival and might support transient HSC/MFB accumu- 
lation during liver healing [21,22,36]. 

In another experimental model, the plasma levels of 
Gas6 increase early after ischemia/reperfusion (I/R), which 
paralleled the upregulation of Gas6 in hepatic extracts. 
These findings indicate that Gas6 exerts protective effect 
against liver I/R injury, emerging as a Gas6 potential 
novel target in disease clinical setting where hepatic I/R 
damage occurs such as liver transplantation, hemorrha- 
gic shock or liver surgery [36]. 
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Therefore, the trend of Gas6 is supplied by the inflam- 
matory process of the liver and normalizes it by a process 
of the inflammatory healing. 

The sAxl, Gas6, and urinary γ-Gla levels in those liver 
diseases (AH, FH, CH, and LC) show approximately 
good correlation. As for those facts, it is thought that 
vitamin K metabolism is generally inhibited in those 
liver diseases. However, levels of Gas6 that not produced 
with hepatocyte are always lower than levels of sAxl in 
those liver diseases and normal controls. Therefore, the 
Gas6/sAxl molar ratios in liver diseases (AH, FH, CH, 
LC) decreased significantly in comparison with those 
HCC, and healthy normal controls. 

FH did not lead to healing, but the Gas6/sAxl molar 
ratios were lower than normal adult controls. As for this, 
various functional deficiency of Gas6 may have brought 
poor prognosis of FH. Furthermore, the mechanism of 
the decrease of the secretion of Gas6 in FH may be inhi- 
bition of the VK metabolism, increase of cytokines/che- 
mokines or any role for Mer. Future examination is nec-
essary about these. 

High sAxl levels may prevent Gas6 interaction with 
the membrane-bound receptors and inhibit Gas6 specific 
signaling, whereas low sAxl levels could potentiate Gas6 
activity, but further examinations are necessary so that 
those facts are proved. 

A potential ability of sAxl to serve as a natural an- 
tagonist of Gas6 could have clinical relevance. 

Therefore, we thought that Gas6 and sAxl and Gas6/ 
sAxl ratio in progress HCC increased than other liver 
diseases (AH, FH, CH, and LC). These measurements 
suggest possibility as the biomarkers of the HCC therapy. 

When we considered potential treatment for cancer by 
conventional results, at first a strategy to block supply of 
Gas6 for the cancer cell is assumed, and a strategy to in- 
hibition Axl signaling pathway for cancer cell is assum- 
ed. 

Further studies are needed to establish Gas6 and sAxl 
as important biomarkers for correlation with disease stage 
and predicting prognosis. 
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