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Abstract

The Tyro3, Axl and Mer (TAM) receptor tyrosine kinases are activated by
endogenous ligands, protein S1 (PROS1) and growth arrest-specific gene 6
(Gas6), and those have important effects on cell biology. These receptors (Rs)
can be shad from the cell membrane and their soluble(s) forms can be found
in plasma. We investigated the fluctuation and interactive role of sSTAMRs
and its ligands in patients with hepatocellular carcinoma (HCC), hepatitis
groups, and healthy normal adult controls (NC). The measurement cases were
45 patients with HCC group (stage 1 in 4, stage 2 in 8, stage 3 in 16, and stage
4 in 17), 4 patients with fulminant hepatitis (FH), 14 patients with acute hepa-
titis (AH), 10 patients with chronic hepatitis (CH), 16 patients with liver cirr-
hosis (LC), and 20 NCs matched by age. Plasma levels of three sSTAMRSs and
their ligands were measured by ELISA. In comparison with NCs, Gas6, des-
y-carboxy Gas6, and sTAMRs levels were significantly higher in HCC pa-
tients, but free PROS1 levels were significantly lower. The sTyro3 and sAxl le-
vels peaked HCC stages 2 and 3 respectively, and gradually decreased afterwards
while maintaining high levels. sMer levels increased with the progression of
HCC. Gas6 and des-y-carboxy Gas6 levels gradually increased, and PROS1 le-
vels decreased with the progression of HCC. Gas6 levels were positively corre-
lated with sAxl levels, whereas sMer levels were negatively correlated with free
PROS1 levels. sSTAMRs and Gas6 levels increased in parallel to the progression
of HCC fibrosis. Through the progression of HCC, Axl played the major role in
TAMRs activation. However, sTYro3 continued increasing rapidly from the
early stage, and that of Mer increased throughout the progression. Roles of Axl
may be changed in Mer, because des- y-carboxy Gas6 levels increasing with Gas6
in the advanced stage of HCC cannot send a signal to Axl.
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1. Introduction

The TAM receptor tyrosine kinases comprised of Tyro3, Axl and Mer, have been
under intense study over the last several years for their involvement in the reso-
lution of inflammation, autoimmunity, and most recently for their role in cancer
progression and tumor immunology.

The Tyro3™" mice develop neurological disorders. Axl”~ mice have vascular
defects (like PROS1™~ and Gas6”") impaired vascular remodeling after hemo-
dynamic stress and an increased inflammatory response in central nervous sys-
tem, caused by reduced debris removal. Mer”~ mice show many autoimmune
like features.

Deficiencies in the expression or activities of Tyro3, Axl, and Mer (TAM) lead
to autoimmunity, blindness, and infertility. Conversely, TAM receptors (TAMRs)
are overexpressed in a variety of cancers and possess a gain of function ability to
activate oncogenic and survival signaling pathways. In many of these cancers,
the level of overexpression positively correlates with chemo-resistance, metasta-
sis, and poor survival outcome [1] [2] [3].

TAMRs can be activated by their ligands of the vitamin K-dependent protein
growth arrest-specific gene 6 (Gas6) and Protein S1 (PROS1). PROSI is produced
by a various cell types, such as hepatocytes, endothelial cells, megakaryocytes, and
osteoblasts and is most commonly known as an important co-factor for protein C,
as well as a direct inhibitor of multiple coagulation factors [1] [2] [3].

Gas6 and PROSI1 bind to phosphatidylserine-positive moieties with their N-
terminal p-carboxylated glutamic acid (Gla)-domain. The C-terminal domain
binds to Mer on macrophages, Axl and Tyro3 on dendritic cells, and enveloped
viruses, triggering phosphorylation by the intracellular kinase domain. It is in-
dispensable for the bioactivity of the Gla domain-containing proteins of the
coagulation cascade and is a principal reason that vitamin K is an essential vita-
min [4] [5].

Gas6 Gla domain is required for optimal activation of Tyro3 and Mer, and
that this requirement is absolute for Axl [4] [5]. Gas6 and PROS1 share 44%
amino acid sequence identity and have the same domain structure with the ex-
ception of thrombin cleavage sites which are present in PROSI but not in Gasé6.

In contrast to the vitamin K-dependent proteins of blood coagulation cascade,
Gas6 is not primarily synthesized in the liver, but it is expressed in diverse sites,
such as the lungs, heart, kidney, intestine, ovary, testis, brain, bone marrow, and
vascular endothelium with a plasma concentration approximately 1000-fold
lower than that of PROSI. Approximately 40% PROSI circulates as free PROS1
and 60% as a complex with C4 binding protein (C4BP) [3] [4] [5]. Only free
PROSI is active as a cofactor for activated protein C and ligand for the TAMRs
kinases. In the absence of free PROSI, there is an increased risk of thromboem-
bolism.

Gas6 is a common ligand for all three TAMRs with different affinities (Axl >
Tyro3 > Mer), whereas PROSI activates Tyro3 and Mer (Tyro3 > Mer), but not
Axl. Gas6 binds with high affinity to Axl, with a Kd (dissociation constant) in
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the subnanomolar range, whereas its affinities for Tyro3 and Mer are slightly
lower [4] [5].

Current knowledge indicates that tubby-like protein 1 (tulpl) can bind and
signal through TAMs, whereas tubby signals only through Mer [4] [5].

Membrane-bound TAMs generate soluble ligands-binding domains by pro-
teolytic cleavage of the extracellular domain to yield a secreted protein, and these
soluble types are measured in blood.

Both the Axl and Mer receptors are susceptible to posttranslational regulation
via ectodomain shedding mediated by a disintegrin and metalloprotease domain
(-ADAM-) metallopeptidases, and Mer is resolved by ADAM17 [6] [7]. Mouse
Axl is cleaved by ADAMI10, but the cleavage of human Axl is unclear. There is
no report about Tyro3. The surface proteins of natural killer (NK) cells and
CD44, which stem cell of hepatocellular carcinoma (HCC), are cleaved by
ADAMI10. sMer and sCD163 are generated by shedding and are variable bio-
markers of M,c macrophage activation. In general, M2 macrophages damp in-
flammation and promote tissue remodeling and tumor progression [6] [7].

These soluble fragments have been shown to interact with ligands, modifying
their functions for the Gas6/PROS1-TAM system as well as serving as markers of
its state of activation [3].

An increase in Axl levels in HCC has been reported [8]. Activation of Axl sig-
naling by its ligand Gas6 leads to enhanced proliferation, survival, invasion, and
metastasis of cancer cells. In HCC, in situ hybridization revealed the up-regulation
of Axl and a further study suggested that Axl acts downstream of the Hippo
pathway to trigger cell invasion and metastasis [9].

In a study of sAxl in many patients with very early-stage HCC, serum levels of
sAxl were significantly increased in HCC patients in comparison with healthy or
cirrhotic controls [10]. In addition, there are many reports on an increase in
sAxl levels in HCC. There is a report of overexpression of Tyro3 through the
progression of HCC [11].

The role of TAMRSs in liver inflammation has been studied. Many of these
studies mention the protection of the liver by Gas6.

The mechanisms by which ligands activate TAMRs are not well understood.
There are few clinical studies in contrast to the number of in vitro studies in this
area.

In this present study, we investigated the interaction and role of three TAMRs
and their ligands in HCC by measuring three soluble TAMRs and their ligands
in HCC, other liver disease (Ze. fulminant hepatitis (FH), acute hepatitis (AH),
chronic hepatitis (CH), liver cirrhosis (LC)), and normal healthy subjects (NCs)
for control groups.

2. Methods
2.1. Study Population

Our study was approved by the ethics committee of Hijirigaoka Hospital which
complies with the Treaty of Helsinki. A total of 99 patients were included in this
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study. All patients gave informed consent and all agreed to donate blood samples
and clinical information for the study. Control samples were collected from 20

healthy staff members in our hospitals.

2.2. Patients

The study group comprised 45 patients with HCC and 20 adult normal controls
(NCs) matched by age. Four cases of FH, 14 cases of AH, 10 cases of CH, and 16

cases of LC were also studied. The details of these patients are shown in Table 1.

2.3. Patients Backgrounds

HCC was diagnosed by abdominal ultrasonography, abdominal computed tomo-
graphy (CT), magnetic resonance imaging (MRI), abdominal angiography, and
elevated serum concentrations of a-fetoprotein and des y-caeboxyprothrombin
(PIVKA-2).

The pathological tumor node metastasis (TNM) stages of HCC according to
the Liver Cancer Study Group of Japan [12] [13] were stage 1 in 4, stage 2 in 8,
stage 3 in 16, and stage 4 in 17 patients.

Three types of nodular, diffuse and massive of macroscopic morphological
stratification of HCC are based on the classification of Enggel [14] by using EC
and CT. The number of three form types cases of nodular (cancer nodes lies
scattered), diffuse, (It is occupied by innumerable hepatic cirrhosis-like carci-
noma nodes), and Massive (It is occupied by giant carcinoma nodes) were 17,
14, and 14 respectively. Child-Pugh classification score for these liver diseases
were also calculated.

The number of cases receiving Child-Pugh A, B, and C scores for HCC were 3,
21, and 21 respectively [15].

The 14 cases of AH were all positive for human hepatitis A (HVA) antibody
and cured within 8 weeks. The diagnosis of FH was performed as described by
Fujiwara et al. [16]. All 4 FH patients fell into hepatic coma within 1 - 2 weeks of
onset, and plasmapheresis treatment was performed in all cases, but all patients
died with 14 - 21 hospital days. The diagnosis of chronic hepatitis and LC was
based on clinical and biochemical evidence, and confirmed by liver biopsy, EC,
and CT.

The Child-Pugh classifications of these patients are shown in Table 1.

Venous blood samples were obtained on patients’ admission. Plasma samples
were collected in citric acid (3.8%) and ethylenediaminnetetraacetic acid, and
frozen immediately for storage at —60°C until analysis.

Serum alanine transaminase (ALT), aspirate transaminase (AST), and biliru-
bin levels, and white blood cell and platelet counts were measured using routine
laboratory procedures, and laboratory screening included testing for human he-
patitis A virus antigen (HAV), hunman hepatiis B virus antigen (HVB), human
hepatitis C virus antigen (HCV). The blood levels of the liver (ALT and AST),
functioning of the kidney (blood ureanitrogen, and creatine), cholesterol, and

blood corpuscles for the NCs were all within normal ranges.
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Table 1. Clinical characteristics of the patients Data are mean + standard deviation.

Normal HCC-Stage HCC-Stage  HCC-Stage HCC-Stage FH AH CH LC
controls I I m v
Number
20 4 8 16 17 4 14 10 16
of cases
Age (years) 57.8+18.5 668+146 60+7.7 56.1+7.6 582+ 151  458+208 31.2+42 589+83 63.0+116
Gender
10; 10 2;2 2;6 4512 6; 10 2;2 59 7;3 9; 8
(female; male)
Etiology
0:0:0:0 0:1:3:0 0:2:6:0 0:6:10:0 0:12:6:0 0:2:2:0 14:0:0:0 0:0:4:6 0:6:9:1
(A:B:C:none)
Child-Pugh
grade 0;0;0 0;1;3 0; 652 0;8;8 0;3; 14 0; 0; 4 14;0; 0 0;10; 0 1;12;3
(A; B; C)
Albumin
(g/dl) 33+0.2 29+04 2.8+0.5 25+1.3 23+0.3 3.0+04 2.7+0.7 2.8+0.6 23+0.5
Platelet
(104 256+08 150+04 13.6+28 10.8 + 3.6 104 +1.3 76+08  21.8+15 183+12  97+12
ALT
v/ 24.1+0.5 545+224 218.6+1243 2854 +213.8 304.7 +231.8 643.4 +321.5 356.8 +445.8 98.5+56.4 110.4+85.6
AST
aun 354+ 13.5 68.8+456 358.8+239.4 374.6+278.1 3359 +2454 7682 +459.7 453.7 +334.8 178.5+99.7 143.5+64.3
AFP
(ng/ml) 154 +18.5 452+ 14.6 326.7 + 116.8 1589.6 + 2486.3 3281.5+3221.4 68.9+20.8 28.4+253 438+198 44.8+32.6
DCP
12.7 £10.6 56.8 £ 14.6 445.9 +112.6 1894.2 +778.5 2412.7 +2117.9 43.1+304 348+142 563 %215 73.0%21.6
(mAu/ml)
2.4. Determination of sSTAMRSs Levels in Plasma
Measurements of sTAMs were performed using commercial enzyme-linked
immunesorbent assay (ELISA) kits using the sandwich technique.

For Tyro3, the sandwich ELISA kit used was DuoSet® (R&D Systems, Minne-
apolis, MN, USA). Maxisorp (NUNC A/S, Roskilde, Denmark) plates were
coated with the hTyro 3 monoclonal antibody. Plates were washed 5 times with
phosphate-buffered saline (PBS: pH 7.3) between steps. Plasma samples were
diluted 10 times with blocking buffer and applied to the plates.

A standard curve was constructed from serial dilutions of recombinant pro-
tein and negative controls were buffer alone. Biotinylated anti-hTyro3 antibody
was used for detection together with hTyro3-1%-antibody complex/horseradish
peroxidase complexes according to the manufacturer’s instructions. The plates
were developed with orthophenylenediamine and hydrogen peroxide and the
color reaction was stopped by the addition of 100 ul of 1 M sulfuric acid. The
absorbance was determined in an automated plate reader at 490 nm.

Plasma sAxl and sMer levels were determined using Human soluble AXL
ELISA KIT (Aviscera Bioscience, Inc. Santa Clara, USA), and MERRTK ELISA
Kit ( Abnova, Taipei, Taiwan) respectively.

2.5. Determination of Gasé6, Des-y-carboxy Gas6, and Free PROS1
Levels in Plasma
Gas6 and free PROSI levels were determined using commercial ELISA kits that
use the sandwich HUMAN GAS6 ELISA kit (Aviscera Bioscience, Inc. Santa
116 %

0
%%
”0

Scientific Research Publishing



S. Uehara et al.

Clara, USA) for Gas6 and des- y-carboxy Gas6, and protein S test Teijin® (Teijin
Diagnostics, Osaka, Japan) for free PROS1. Des-)-carboxy Gas6 plasma sam-
pling was performed by mixing the same volume of 1 M BaCl, for 1 h at 37C,
and centrifuged 2500 g for 10 min. at 4°C.

These intra- and inter-assay coefficients of variation for sAxl, sMer, sTyro3,
Gas6, and fPROS1 were 8.3% and 9.2%, 9.8% and 12.4%, 3.5% and 4.0%, 11.0%
and 7.1%, and 7.4% and 8.4% respectively.

2.6. Child-Pugh Scores

The clinical status of cases was expressed as Child-Pugh scores.

2.7. Statistical Analysis

Data are expressed as mean *standard deviation. Statistical analysis was per-

formed using Student’s #-test and the level-of significance was set as P < 0.05.

3. Results

3.1. Plasma Levels of sSTAMRSs in Patients with HCC, FH, AH, CH, LC,
and in NCs

3.1.1. Tyro3

Significant increases in sTyro3 levels in patients with stage I - IV HCC, AH,
FH, and LC compared with NCs were observed (1.75 + 0.66 ng/ml vs. 2.63 +
0.97** ng/ml, 8.21 + 3.19** ng/ml, 6.11 £ 2.33** ng/ml, 6.90 + 2.57** ng/ml, 6.55
* 2.87%* ng/ml, 5.46 = 2.17** ng/ml, and 5.33 + 1.90** ng/ml; P < 0.01), but no
differences were noted between patients with CH and NCs (1.75 * 0.66 ng/ml vs.
1.72 £+ 0.64 ng/ml) (Figure 1(a)).

A significant increase pertaining to the sTyro3 levels was noted between HCC
stage II and Il (8.21 + 3.19** ng/ml vs. 2.63 % 0.97 ng/ml;** P < 0.01), and the
sTyro3 levels of HCC showed a peak in HCC stage II, and continued at a high
level afterwards (Figure 1(a)).

3.1.2. Axl

Significant increases in sAxl levels in patients with stage IIl, IV HCC, AH, FH,
and LC compared with NCs were observed (26.9 + 3.0 ng/ml vs. 72.3 + 20.8**
ng/ml, 69.5 £ 25.2** ng/ml, 72.6 + 14.6** ng/ml, 43.6 + 11.9** ng/ml; P < 0.01
and 43.5 + 23.8* ng/ml; P < 0.05), but no differences were noted between pa-
tients with CH and NCs (25.9 * 3.0 ng/ml vs. 23.6 + 11.5 ng/ml). The sAxl levels
at HCC stage IV slightly decreased in comparison with those at HCC stage III
(72.3 £ 20.8 ng/ml vs. 69.5 + 25.2 ng/ml) (Figure 1(b)).

3.1.3. Mer
Significant increases in the sMer levels compared with NC were observed in pa-
tients with HCC stages Il and IV, Il and IV, FH, and AH (15.7 £ 3.1 ng/ml vs.
23.2 + 9.3 ng/ml*, 24.2 + 7.3 ng/ml**, 72.7 + 36.2 ng/ml**, 30.9 + 19.6 ng/ml**,
*P<0.05,**P<0.01).

The sMer levels at each HCC stage increased with the development of the
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stage of the disease (15.1 +£2.4,19.9 £ 7.0,23.2 + 9.3, and 24.2 £ 7.3 ng/ml ).
For sMer, no significant differences were noted between patients with CH,

and LC and NC (13.2 + 3.4 ng/ml, 18.4 + 4.9 ng/ml vs. 15.7 + 3.1 ng/ml) (Figure
1(c)).

3.2. Plasma Levels of Ligands (Gas6 and Free PR0OS1) in Patients
with HCC, FH, AH, CH, and LC, and NCs

3.2.1. Gas6

Plasma levels of Gas6 were higher in all HCC stages (I - IV) than NCs (18.2 +

2.6 ng/ml vs. 26.5 + 2.5** ng/ml, 33.3 £ 7.1** ng/ml, 73.7 + 26.7** ng/ml, 81.6 *

34.3** ng/ml, **P < 0.01) (Figure 2(a)).
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Figure 1. Plasma levels of sTyro3, sAxl, and sMer in patients with HCC, FH, AH, CH,
and LC, and in normal controls. Data are mean +SD *P < 0.05, **P < 0.01 vs. NC, +P <
0.05, ++P <0.01 vs. each stage of HCC.

118 M’ Scientific Research Publishing

§23



S. Uehara et al.

From stages I to Il of HCC, Gas6 levels significantly increased, but the in-
crease from stages Il to IV of HCC were not significant (26.5 £ 2.5 ng/ml vs.
33.3 £ 7.1* ng/ml, *P < 0.05. 33.3 + 7.1 ng/ml vs 73.7 + 26.7** ng/ml, **P < 0.01.
73.7 £ 26.7 ng/ml vs 81.6 + 34.3 ng/ml).

The GAs6 levels in patients with FH, AH, and CH were decreased in compar-
ison with those in NCs, but Gas6 levels in patients with LC were increased in
comparison with those of NCs (18.2 + 2.6 ng/ml vs. 11.0 + 2.2** ng/ml, 15.7
5.1 ng/ml, 13.2 £ 5.1* ng/ml; **P < 0.01, *P < 0.05, vs. 28.6 + 17.2* ng/ml; *P <
0.05) (Figure 2(a)).

3.2.2 Free PROS1

Plasma levels of free PROSIwere lower in all (I - IV) HCC stages in compari-
son with those in NCs (11.0 + 1.2 ng/ml vs. 8.2 + 1.7* ng/ml, 6.1 + 1.9** ng/ml,
5.9 £ 1.5%* ng/ml, 5.9 + 1.5%* ng/ml; *P < 0.05, ** P< 0.01) (Figure 2(b)).

Free PROSI levels in patients with FH, AH, and CH were decreased than NC,
but free PROAL1 levels in patients with LC were increased than NC (11.0 £+ 1.2
ng/ml vs 3.9 + 0.4** ng/ml, 5.5 £ 1.9** ng/ml, 7.8 £ 1.5* ng/ml; **P < 0.01, *P <
0.05, vs 5.7 + 1.7* ng/ml; * P < 0.05) (Figure 2(b)).
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Figure 2. Plasma levels of Gas6, and free PROSI in patients with HCC, FH, AH, CH, and
LC, and in normal controls. Data are mean + SD *P < 0.05, **P < 0.01 vs. NC, +P < 0.05,
++P<0.01 vs. each stage of HCC.
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3.3. Reciprocal Interactions with sTAMRs Levels and Their
Ligands Levels in Patients with HCC, and in Other Liver
Diseases

In the three TAM-receptors, the plasma sMer and sTyro3 levels significantly
correlated in HCC and other liver diseases; the correlation coefficients were
0.544* (*P <0.05), 0.170 (not significant; ns), 0.551* (*P < 0.05), 0.619* (*P <
0.05), 0.564* (*P < 0.05) for HCC, FH, AH, CH, and LC patients, respectively.

Plasma Gas6 and sAxl levels in HCC cases were significantly correlated, and
the correlation coefficient was 0.763** (**P < 0.01). Plasma levels of Gas6 and
sAxl were correlated in the patients with liver diseases; the correlation coeffi-
cients were —0.770 (ns), 0.660* (* P < 0.05), 0.408 (not significant), 0.535* (*P <
0.05) for FH, AH, CH, and LC respectively. Plasma levels of Gas6 and sAxl in
patients with FH showed a significantly negative correlation (Figure 3).

Plasma sMer and free PORS1 levels were significantly negatively correlated in
HCC patients, and the correlation coefficient was —0.574** (** P < 0.01). Plasma
sMer and free PROS1 levels were also negatively correlated in patients with FH,
AH, CH, and LC, and the correlation coefficients were —0.365, —0.346, —0.270,
and —0.634** (**P < 0.01), respectively. A significant negative correlation was

found only in LC patients between sMer and free PROS1 (Figure 4).

3.4. The Changes of Ratios Three sTAMRs Levels of the HCC
Patients/Three sTAMRs Levels of the NCs in the Progress of
HCC

The changes of the ratios of three sSTAMRs of HCC/three sTAMRSs of NCs in the
progress of HCC cases are expressed in Figure 5(a).
The changes of sTyro3 continued high level from early stage of HCC. As for

the sAxl levels, increase is remarkable from middle stage of HCC, and sMer
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Figure 3. Correlation between plasma levels of sAxl and Gas6 in patients with HCC (a), and other liver diseases (b).
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Figure 4. Correlation between plasma levels of sMer and free PROSI in patients with HCC (a), and
other liver diseases (b).

levels increased in late stage of HCC. Fluctuation of sSTAMRSs levels in the stage

progression of HCC cases showed peaks in the order TAM (Figure 5(a)).

3.5. The Levels and Correlations of sSTAMRs and Their Ligands in
the Three Macroscopic Tissue Types (Nodular, Diffuse, and
Massive) of HCC

The number of nodular, diffuse, and massive cases was 10, 17, and 18, respec-
tively.

Gas6 and three sTAMRSs levels increased with the clinical stage development
of the three HCC tissue types, and in tissue types with much fibrosis (massive or
diffuse types). However, PROS1 decreased according to progress of HCC.
(Figure 5(b)).

3.6. The Ratios of Gas6/Total Three sTAMRs, and Total of Two
STAMRs (sMer and sTyro3)/Free PROS1 in HCC Cases, Other
Liver Diseases (AH, CH, LC and FH ) Patients, and NCs

Gas6/total three TAMRs ratio in the stage from I to IV of HCC, FH, AH, CH,
LC and NC were 0.60 + 0.08*, 0.57 £ 0.10%, 0.71 + 0.21**, 0.80 *+ 0.28**, 0.08 £
0.05**, 0.2 + 0.05%*, 0.37 *+ 0.14, 0.41 *+ 0.17, and 0.42 + 0.08 respectively (*P <
0.05, **P < 0.01). The total sTyro3 and sMer/free PROS1 ratio in the stage from
[to IV of HCC, FH, AH, CH, LC and NC were 2.15 + 0.37'%% 558 +
3.07*1%%%, 5.81 + 2.56™%%*, 5.58 + 2.13*19%%, 42,5 & 37.2°1%%%, 7.56 + 5.4' %1%, 3.06
+2.294'%,4.70 + 2.44', and 1.62 £ 0.32*'”° espectively (*P < 0.05, **P < 0.01 vs
NC).

Both of Gas6/ total three sSTAMRs, and total of two sSTAMRs (sMer and sTy-
ro3)/free PROSI ratios in HCC patients increased than it of NCs ratios, and ac-
cording to progress the stages, but ratio of the Gas6/total three sSTAMRs in the
other liver diseases (i.e. AH, CH, LC, and FH) patients lower than it of NCs. In
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contrast, ratios of the total of sMer and sTyro3/free PROSI in the other liver
diseases patients were higher than it of NCs ratio (Figure 5(c) Figure 5(d)).

3.7. Correlation between Gasé6 Levels and Des-)-Carboxy Gas6
Levels in Patients with HCC

The des-y-carboxy Gas6 levels in HCC cases increased with the progression of
HCC. Gas6 and des-y-carboxy Gas6 levels were correlated (r = 0.581%*, *P <
0.05). The des- y-carboxy Gasé6 levels significantly increased from HCC stage I -
IV (Figure 6(a) Figures 6(b)).

3.8. Correlation Coefficients between Child-Pugh Scores and
sTAMRs, and Their Ligands in Patients with HCC and Other
Liver Diseases

The correlation coefficients between Child-Pugh scores, and sAxl, sMer, sTyro3,
Gas6, and free PROSI levels in HCC patients were 0.317*, 0.351*, 0.373*, 0.356%,
and —0.386%, respectively (*P < 0.05). Likewise, the correlation coefficient be-
tween Child-Pugh scores, and the levels of sSTAMRs, in HCC patients was 0.449*

(*P < 0.05).
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Figure 5. The changes of ratios three STAMRs levels of the HCC patients/three STAMRSs levels of the NCs in
the progress of HCC (a), the levels of sSTAMRs and their ligands in the three macroscopic HCC tissue types
(b), and the ratios of Gas6/total of three STAMRs (c) and the total of two TAMRs (sMer and sTyro3)/free
PROS1 in HCC patients, other liver diseases (AH, CH, LC and FH) patients, and NCs (d). Data are mean val-
ues, mean + standard deviation.
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Figure 6. Correlation between Gas6 and des-)-carboxy Gas6 in patients with HCC (a),
and des- y-carboxy Gas6 level in stage with HCC (b). Data are mean * standard deviation.

Conversely, the correlation between Child-Pugh scores, and sAxl, sMer, sTy-
ro3, Gas6, and free PROSI levels in patients of FH, AH, and CH showed no clear
tendency.

4. Discussion

The Gas6/PROS1-TAM system regulates key features of cellular physiology and
its modulation could lead to interesting therapeutic targets in thrombotic disease
[17], such as sepsis [18], autoimmune disease [19] [20], atherosclerosis [21] and
cancer [22] [23]. The differential activities of the TAM ligands Gas6 and PROS1
remain poorly understood.

When activated by Gas6, hemostasis is promoted by an activated platelet and
tissue factor, and protein S has a TAM-independent inhibitory effect on hemos-
tasis [5] [24].

Though Gas6 develops in many organs, the main site of synthesis for Gas6 is
not the liver. Gas6 and TAMs are mainly found in Hepatic Stellate Cells (HSCs)
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and not in hepatocytes, and are mainly derived from activated HSCs [25]. HSCs
associated with various immune-modulatory functions have been shown to in-
duce Myeloid Derived Suppressor Cells (MDSC) from myeloid cells, and they
plays an important role in liver carcinogenesis as key modulators of fibrosis and
the tumor cell microenvironment [26] [27].

In recent studies, a hepatoprotective role for Gas6 was observed in several
acute liver damage models, whereas its deficiency was associated with decreased
liver fibrosis [28] [29] [30]. Furthermore, the Gas6 acts for hepatoprotection in
the severe acute liver damage experiment [30] [31].

Fluctuation of three sSTAMRs and their ligands in FH patients is remarkable
increase of sSTAMRs and consumption of their ligands, and Gas6 and sAxl in the
same patients show negative relationship. This situation resembles PROS1, Gas6
and Axl deficiency.

PROS1”~ mice have a lethal coagulopathy and vascular malformation, and
this vascular malformation is most probably due to the impaired blood flow
caused by thrombus formation, and this situation could speculate it to be due to
insufficient Axl signaling. As a result, the signaling of these sSTAMRS results in
no reaction, and these clinical features are lethal coagulopathy, and disturbance
of consciousness is to come from hepatic encephalopathy with severe inflamma-
tion [32] [33] [34].

In patients with AH, CH, LC, and FH, the Gas6/total three STAMRs ratios
were lower than NCs, and the total of two sTAMRs (sTyro3 and sMer)/free
PROSI ratios was higher than NCs. It was thought that these results expressed
characteristics of the production organ of the Gas6 and PROSI.

As a result, the consumption of Gas6 with hepatoprotective function contri-
butes to the prognosis in the hepatitis group of the acute phase (FH and AH).

On the other hand, Gas6 plasma level increases in parallel to liver fibrosis in
chronic liver diseases (CH and LC) progression [35]. Liver fibrosis in the devel-
opment of liver cirrhosis with persistent inflammation may lead to a favorable
microenvironment for cancer development.

Overexpression of TAMRs was observed in HCC cases as well as other can-
cers. In three STAMRS, the levels of sTyro3 continued high level from early stage
of HCC.

Tyro3 is most abundantly expressed in the nervous system and many other
tissues, and the action of Tyro3 can lead to cells transformation in vitro, and can
promote malignancy by inducing proliferation [36]. Recently, the study by
Chan, ef al. revealed that the function of Tyro3 is essential, selective inhibitor of
type 2 immunity [37] [38]. In HCC, both of the Gas6/total three sSTAMRs and
total sTyro3 and sMer/free PROSI ratios increased, but, according to the devel-
opment of HCC, these levels increased in Gas6 predominance in comparison
with PROSI. The three sTANRs levels in HCC groups increased than NCs and
increased according to the progression and metastasis. Tyro3 overexpression
promotes cancer cell-survival by overcoming senescence.

As for the sAxl levels, the increase is remarkable from middle stage of HCC.
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The activation of Axl signaling by its ligand Gas6 leads to enhanced prolifera-
tion, survival, invasion, resistance against apoptosis, and metastasis of cancer
cells. In HCC, in situ hybridization revealed up-regulation of Axl and a further
study suggested that Axl acts downstream of the Hippo pathway to trigger cell
invasion and metastasis [39] [40].

The sMer levels increased gradually in late stage of HCC. Mer can act in an
anti-inflammatory manner being expressed primarily on anti-inflammatory M2c
macrophages, and cleavage of Mer occurs via ADAM17, which is also known as
tumour necrosis factor-a-converting enzyme (TACE) [7]. In the tumor, Mer
contributes to tumor growth and metastasis through macrophage [3] [41] [42].

Furthermore, three STAMRs and Gas6 levels in the three HCC macroscopic
tissue types (degree of fibrosis of each tissue types became the order of massive >
diffuse > nodular by the measurement of matrix metalloproteinases. data not
shown.) increased in parallel with their fibrosis progression.

From these results, the difference between HCC patients and other hepatitis
patients in Gas6/PROSI-TAM system is increase of plasma Gas6 levels which is
higher than NCs range.

Recently Loges et al. [43] determined the role of macrophage-derived Gas6 in
experimental solid tumor models. In their study, tumor-infiltrating macrophag-
es display higher levels of Gas6 than their splenic counterparts.

This finding raises the possibility that factors predominant or enriched in the
tumor microenvironment, including IL-10 and M-CSF, lead to Gas6 upregula-
tion in tumor-associated macrophages. Tumor-associated macrophages, in turn,
use upregulated Gas6 to engage TAMRs in tumor cells. There is suspected that
the biosynthesis of Gas6 of these HCC in activated Hepatic Stellate Cells (HSCs)
in the tumor cell microenvironment in hepatic fibrosis [26] [27] [29].

Furthermore, recent reports by Tso, ef al [44] and Lew, et al. [45] revealed the
mechanisms of signaling mediated by Gas6 and PROS1 via interactions with
three TAMs. According to their reports, sSTAMs act as specific ligand antagon-
ists. The phosphatidylserine (PtdSer) lipid vesicles, apoptotic cells, and enve-
loped viruses in local tissues significantly potentiate the ligand-induced activa-
tion of Mer and to a lesser extent Tyro3, but not Axl. For example, sTyro3 and
sAxl act as effective ligand antagonists by blocking PROS1- and Gas6-induced by
TAMs, respectively. sMer shows weak inhibitory activities toward both ligands.
Gas6 lacking its PtdSer-binding Gla-domain (namely the des-y-carboxy Gla or
Gla-less domain) is significantly weakened as a Tyro3/Mer agonist and inert as
an Axl agonist. In other words, Axl bound des-y-carboxy Gas6 is dead as a li-
gand, and Mer and Tyro3 bound des-)-carboxy Gas6 have partial kinase activa-
tion [44] [45]. The increase of the des- )-carboxyGas6 level was found according
to development of the stage of disease of HCC and a correlation was found be-
tween des-y-carboxy Gas6 and Gas6 levels. Our finding that the sAxl level at
stage 5 decreased in comparison with the sAxl at stage 3, but sMer, sTyro3 and
the Gas6 levels continued to gradually increase with the progression of the dis-

ease, indicates that in advanced stages of HCC, Mer and Tyro3 plays a predomi-

K2
035: Scientific Research Publishing

125



S. Uehara et al.

nant role and that Axl is dispensable [44] [45].

It was estimated that the same mechanism intervened between both of the in-
crease of des-y-carboxy Gas6 and des- y-carboxy prothrombin in HCC patients
[46].

Furthermore, Paolino M., ef al reported that plausible model for warfarin’s
anti-metastatic activity, in which warfarin mediates rejection of metastatic tu-
mors by blocking the activation of TAM/Cbl-b inhibitory circuits in NK cells
and succeeded in tumor metastasis inhibition [47] [48].

As well as these, increases of desy-carboxy-prothrombin and des)-carboxy
Gas6, and urinary y-carboxyglutamic acid in HCC patients suggests presence of
the acceleration of vitamin K metabolism in HCC tissues [49] [50].

For example, as a result of our measurement, studies of the vitamin K meta-
bolism antagonists of TAM ligands, and TAM system may be performed. TAM
signaling for HCC therapy shows different strategies for targeted TAM inactiva-
tion and the expected anti-cancer benefits of such therapies by affecting the tu-
mor, or indirectly, via activation of the immune system. In future, many further

studies are expected.
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