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Gas6/Axl signaling pathway promotes proliferation, migration
and invasion and inhibits apoptosis in A549 cells
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Abstract. Several studies have demonstrated that growth
arrest-specific protein 6 (Gas6) and Axl are highly expressed
in various tumor tissues, such as renal cell and esophageal
carcinoma. However, the effect of the Gas6/Ax] signaling
pathway on lung adenocarcinoma is still unclear. The aim
of the present study was to investigate the effect of the
Gas6/Ax] signaling pathway on lung adenocarcinoma cells
and its mechanism of action, which may provide a novel
target for the clinical treatment of lung adenocarcinoma.
Human lung adenocarcinoma tissues were used to examine
the activation of the Gas6/AxI signaling pathway. In addition,
the human lung adenocarcinoma cell line A549 was employed
to study the effects of the Gas6/AxI signaling pathway on
the proliferation, migration, invasion and apoptosis of lung
adenocarcinoma cells. Recombinant human Gas6 protein
and inhibitor TP-0903 were used to activate and inhibit the
Gas6/Axl1 signaling pathway, respectively. The results revealed
that Gas6 and Axl expression level was increased in human
lung adenocarcinoma tissues compared with adjacent healthy
tissues. After inhibition of the Gas6/Axl signaling pathway
with TP-0903, p21, p53, caspase 3, caspase 8 and caspase 9
exhibited higher expression level in A549 cells. The opposite
effect was observed when the Gas6/AxI signaling pathway was
activated. In addition, the migratory and invasive ability of
A549 cells was determined via wound-healing and Transwell
invasion assays. The results indicated that the migratory and
invasive ability of A549 cells was significantly increased when
the Gas6/Axl1 signaling pathway was activated and inhibition
of Gas6/AxI signaling pathway caused the opposite results.
Activity of Gas6/AxI signaling pathway was shown to be

Correspondence to: Dr Xiaoli Li, Department of Medical
Oncology, Affiliated Hospital of Hebei University, 648 Dongfeng
East Road, Baoding, Hebei 071000, P.R. China

E-mail: 57425183@qq.com

“Contributed equally

Key words: growth arrest-specific protein 6/Ax] signaling pathway,
proliferation, migration, invasion, apoptosis

positively associated with cell proliferation by Cell Counting
Kit 8 and clone formation assays. In conclusion, the Gas6/Ax1
signaling pathway was revealed to promote the proliferation,
migration and invasion and inhibit the apoptosis of lung
adenocarcinoma cells, which serve important roles in the
progression of lung adenocarcinoma.

Introduction

At present, lung cancer is the leading cause of cancer-asso-
ciated mortality, resulting in 30-40 deaths per 100,000 (1,2).
Histologically, lung cancer can be divided into small and
non-small cell lung cancer (2). As one of the most common
subtypes of non-small cell lung cancer, the incidence of lung
adenocarcinoma accounts for >40% of the total incidence of
lung cancer (3). Moreover, in the past few decades the incidence
of lung adenocarcinoma has demonstrated an upward trend,
which has posed a great threat to human life and health (4).
Therefore, the early diagnosis and treatment of lung adenocar-
cinoma is important for the prevention and treatment of lung
cancer. However, early diagnosis of lung adenocarcinoma is
difficult, as the early symptoms of lung adenocarcinoma are
insignificant, and no specific markers exist (5). When cancer
occurs, patients are usually in a locally advanced stage, but the
patients are usually diagnosed in the terminal stage of cancer.
Therefore, patients miss the optimal opportunity for surgical
treatment (6). Although traditional anti-tumor treatments, such
as radiotherapy and chemotherapy, can exhibit certain cura-
tive effects, they cannot markedly change the mortality rate
of lung adenocarcinoma due to their toxic effects on normal
cells and multi-drug resistance (7). Previously, tumor-targeted
therapeutic drugs, such as gefitinib and cetuximab, have
achieved certain effects, but their application range is narrow,
and various side effects have also occurred and resistance
has emerged (8). Therefore, the search for novel and effective
approaches for early diagnosis and treatment still constitute
an important element for the prevention and treatment of lung
adenocarcinoma.

Axl is a member of the receptor tyrosine kinase family.
It binds to its ligand growth arrest-specific protein 6 (Gas6)
and activates its own tyrosine kinase activity (9). It activates
downstream signal transduction pathways and serves an
important role in cell adhesion, proliferation, migration and
inhibition of apoptosis (9). Gas6 and Axl have been indicated
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to be highly expressed in various tumor tissues, and activa-
tion of the Gas6/Axl] signaling pathway has been revealed to
serve an important role in tumor cell proliferation and inhi-
bition of apoptosis, tumor angiogenesis, tumor invasion and
metastasis (10,11). Sawabu et al (12) demonstrated that the
expression of Gas6 and Axl mRNA and protein was higher
in gastric cancer tissues compared with adjacent healthy
tissues. In a study on hepatoma cells lines, Lee et al (13)
indicated that Gas6 induced Axl phosphorylation to activate
the MAPK/ERK signaling pathway and upregulate the down-
stream factor Slug. Slug belongs to the Snail transcriptional
repressor superfamily, and its upregulation can enhance cell
motility, thereby enhancing hepatoma cell invasive ability (13).
However, in lung adenocarcinoma, the role of the Gas6/Axl
signaling pathway has rarely been studied. Therefore, the
current study used human lung adenocarcinoma tissues and
the human lung adenocarcinoma cell line A549 to study the
effects of the Gas6/AxI signaling pathway on lung adenocar-
cinoma. The present study demonstrated that TP-0903, which
is an inhibitor of the Gas6/Axl signaling pathway, may be a
targeted drug for the Gas6/Axl signaling pathway for the
treatment of lung adenocarcinoma as a better alternative to
other drugs, such as gefitinib and cetuximab.

Materials and methods

Patient tissue samples. All lung adenocarcinoma tissues were
obtained from patients undergoing lung adenocarcinoma
resection. The present study was approved by the Ethics
Committee of the Affiliated Hospital of Hebei University
(Baoding, China) and written informed consent was provided
by all patients. All patients were diagnosed with lung adeno-
carcinoma by imaging and based on pathological findings.
A total of 22 lung adenocarcinoma tissues (age, 55-65 years;
17 males and 5 females) and adjacent healthy tissues (distance,
1 cm) were obtained from January 2017 to September 2019.
Patients with first-onset disease were included; patients who
had undergone radiotherapy or chemotherapy were excluded.
During the operation, the lung adenocarcinoma and adjacent
healthy tissues were immediately removed and stored in liquid
nitrogen for subsequent experiments.

Cell culture and drug treatment. The lung adenocarcinoma
cell line A549 was purchased from American Type Culture
Collection. Cells were cultured in RPMI-1640 medium
(Thermo Fisher Scientific, Inc.) containing 1x10° gmol/I
penicillin and streptomycin and 10% FBS (Thermo Fisher
Scientific, Inc.). Cells were cultured in an incubator at 37°C
with 5% CO,. Then, 0.1 puM AxI inhibitor (cat. no. TP-0903;
Selleck Chemicals) (14), 1 ug/ml recombinant human Gas6
(ACROBiosystems, Inc.) (15), Gas6 + siRNA-AxI or an
equal volume of PBS was used to treat cells. Control cells
were treated with sterile phosphate buffer or negative control
siRNA.

Small interfering (si)RNA transfection. A549 cells were trans-
fected with siRNA-AxI] or siRNA-negative control (Thermo
Fisher Scientific, Inc.). A total of 95% of the cells were viable
12 h after transfection. The cells were incubated for another
day before subsequent experiments. Axl expression level was

decreased after transfection with siRNA-AxI. The transfection
efficiency was examined via reverse transcription-quantitative
PCR (RT-qPCR). The siRNA-AxI sequence was as follows:
siRNA-AxI-sense, 5'-UAUCACAGGUGCCAGAGGA-3';
siRNA-Axl-antisense, 5'-UCCUCUGGCACCUGUGAUA-3'.
Negative control siRNA sequence was 5'-GCAAGCTGACCC
TGAAGTT-3'

The cells were transfected after cell growth density had
reached 30%. A total of 50 pmol siRNA were mixed with
serum-free RPMI-1640 medium in 25 pl final volume, and
1 ul Entranster-R4000 (Engreen Biosystem, Ltd.) was mixed
with 24 ul serum-free RPMI-1640 medium and incubated at
room temperature for 15 min. The RNA and Entranster-R4000
solutions were subsequently mixed and further incubated at
room temperature for 15 min. The 50 ul transfection solution
was mixed with 0.45 ml complete RPMI-1640 medium and
added into the cells. A total of 6 h after transfection at 37°C,
the cell medium was replaced with fresh complete RPMI-1640
medium and the cells were cultured.

Western blot analysis. A549 cells were seeded in six-well
plates at 1x10° cells/well. After the cells had reached the
appropriate confluency at 2 days, total protein was extracted
using RIPA lysis buffer (Beyotime Institute of Biotechnology),
and protein concentration was measured using the BCA
method (Thermo Fisher Scientific, Inc.). SDS-PAGE was
subsequently performed with 10% gels and 30 pg protein
loaded per lane, followed by transfer of the proteins to a
PVDF membrane. After blocking with 5% BSA (Beyotime
Institute of Biotechnology) for 2 h at room temperature, the
PVDF membrane was incubated with the following primary
antibodies: Gas6 (rabbit; 1:3,000; Abcam; cat. no. ab264098),
Axl, (rabbit; 1:3,000; Abcam; cat. no. ab259831), p21 (rabbit;
1:3,000; Abcam; cat. no. ab109520), p53 (rabbit; 1:3,000;
Abcam; cat. no. ab32389), caspase-3 (rabbit; 1:1,000; Cell
Signaling Technology, Inc.; cat. no. 9662S), caspase-9 (rabbit;
1:1,000; Abcam; cat. no. ab32539) and f-actin (1:10,000;
ProteinTech Group, Inc.; cat. no. 66009-1-Ig) overnight at 4°C.
Following three washes with TBS-0.1% Tween 20 (TBST), the
membrane was incubated in the secondary antibody solution
(horseradish peroxidase-conjugated goat anti-rabbit IgG H&L;
1:2,000; Abcam; cat. no. ab205718) on a shaker for 1 h at room
temperature. After washing the membrane three times using
TBST, the protein bands were visualized and detected using
an electrochemiluminescence system (Sigma-Aldrich; Merck
KGaA). B-actin was used as the internal control.

RT-gPCR. A549 cells were seeded into 6-well plates at
1x10° cells/well, and the cells were treated as aforementioned.
TRIzol® reagent (Thermo Fisher Scientific, Inc.) was used
to extract total RNA from the cells. A spectrophotometer
(UV-670; Shanghai Mapada Instruments Co., Ltd.) was used
to measure the concentration of the extracted RNA, and the
RNA concentration was diluted to 200-500 ng/ul with RNase
free water. Following measurement of the RNA concen-
tration, RNA was reverse transcribed to cDNA using the
PrimeScript™ RT Master Mix (Thermo Fisher Scientific, Inc.).
Temperature protocol was 15 min at 37°C, 5 sec at 85°C and
30 min at 4°C. Subsequently, qPCR was performed to quantify
Gas6, Axl, p21, p53, caspase-3 and caspase-9 expression level
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Table I. Primers used for reverse transcription-quantitative PCR.
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Gene name Primer type Sequence (5'-3") Length (base no.)
Axl Forward TCAAGGTGGCTGTGAAGACGA 21
Reverse CGTTCAGAACCCTGGAAACAGAC 23
Gasb6 Forward GCCTTCTACAGCCTGGACTAC 21
Reverse TCTTGAGTTTCTTCGTGGAGTG 22
p21 Forward AGTATGCCGTCGTCTGTTCG 20
Reverse GACTGCAAGACAGCGACAAG 21
p53 Forward GGTTCCTGCCCCAGGATGTTG 21
Reverse GGAACATCTCGAAGCGCTCA 20
Caspase-3 Forward CAGAATCATAAGCCCCTGGA 20
Reverse TCTGCGAGTCAGGCATTTG 19
Caspase-9 Forward TTCTTGAGCAACACCCTC 18
Reverse CGCATACACTGTCTACCT 18
GAPDH Forward ACAACTTTGGTATCGTGGAAGG 22
Reverse GCCATCACGCCACAGTTTC 19

Gas6, growth arrest-specific protein 6.

using TagMan Fast Advanced Master Mix (Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions,
and GAPDH was used for normalization. The primers used for
RT-gPCR are presented in Table I. Relative mRNA expression
levels were calculated using the 2224 method (16).

Immunocytofluorescence (IF) staining. Cell slides were placed
into a 24-well plate and A549 cells were seeded on the slides
at 5x10* cells/well. After cell confluence reached 50%, IF
staining was performed. After being washed with PBS, the
cells were fixed with 4% paraformaldehyde for 20 min at room
temperature and incubated in 1% Triton for 15 min at room
temperature, followed by blocking non-specific antigens with
10% goat serum (Beyotime Institute of Biotechnology) for 1 h
at room temperature. The cells were then incubated overnight
at 4°C with caspase 8 (rabbit; 1:500; Abcam; cat. no. ab25901).
The following day, after washing the cells with PBS, a
fluorescent secondary antibody [goat anti-rabbit IgG H&L
(Alexa Fluor® 488); 1:500; Abcam; cat. no. ab150077] was
added to the cells for 2 h at room temperature. Finally, DAPI
was added and incubated for 10 min at room temperature.
The cells were visualized using a fluorescence microscope
(magnification x200; Carl Zeiss AG).

Cell Counting Kit-8 (CCK-8) assay. A total of 5,000
A549 cells/well were added to a 96-well plate and placed in a
37°C cell culture incubator. After the cells became adherent,
the cells were treated as aforementioned. Following treat-
ment for 24 h, 10 ul CCK-8 reagent (Dojindo Molecular
Technologies, Inc.) was added to each well. The 96-well plate
was then placed in the cell culture incubator for another 2 h.
Finally, a microplate reader was used to measure the absor-
bance of each well at 450 nm.

Flow cytometry. A total of 1x10° A549 cells/well were seeded
in a six-well plate. After cell confluence reached 50%, flow

cytometry was performed. The medium was discarded
following treatment as aforementioned for 24 h. Following
washing of the cells with PBS, trypsin without EDTA was
used to digest the cells for 2 min at 37°C. Following collec-
tion by centrifugation (1,000 x g, 5 min, 20°C), the cells were
washed with cold PBS and were suspended in 400 pul 1X
Annexin V binding solution at ~1x10° cells/ml. Subsequently,
5 ul Annexin V-FITC (Beyotime Institute of Biotechnology)
was added to each tube of cells, which was gently mixed and
incubated in the dark for 15 min at room temperature, followed
by addition of 10 ul PI in each tube and incubation for 5 min
at room temperature. Finally, flow cytometry (Thermo Fisher
Scientific, Inc.; cat. no. A28997) was used to detect apoptosis
with Attune NxXT software version 3.1.2 (Thermo Fisher
Scientific, Inc.).

Wound-healing assay. A549 cells were seeded into a six-well
plate at 1x10° cells/well. When cell confluence reached 100%,
a 10-ul pipette tip was used to create wounds vertically in
the wells. Following removal of the floating cells using PBS,
the cells were cultured in serum-free RPMI-1640 medium
containing aforementioned treatments. Photos (magnifica-
tion x100) of the cells at the same position of the wound were
captured under a light microscope at 0, 6, 12 and 24 h after
wound creation to compare the healing speed of each group.

Transwell invasion assay. A total of 50 ul Matrigel were added
into the Transwell chambers (8 #m) and incubated at 37°C for
30 min to allow Matrigel precoating. The treated cells were
digested using trypsin for 2 min at room temperature, and
the cell suspensions with 1x10° cells diluted in RPMI-1640
medium were added to the Transwell chambers. The serum-free
medium was placed in the upper chamber and medium with
30% FBS was placed in the lower chamber. After incubation
for 24 h at 37°C with 5% CO,, the cells in the upper layer of the
chamber filter were removed with a cotton swab. Subsequently,
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Figure 1. Lung adenocarcinoma tissues exhibit higher expression level of Gas6 and Axl compared with healthy adjacent tissues. The expression level of Gas6
and Axl in lung adenocarcinoma tissues and healthy adjacent tissues was determined by (A) western blotting and (B and C) RT-qPCR. A total of 4 lung
adenocarcinoma and adjacent healthy tissues from 4 patients (P1, P2, P3 and P4) were randomly selected for western blotting, while all lung adenocarcinoma
and adjacent healthy tissues were used for RT-qPCR. "P<0.05. RT-qPCR, reverse transcription-quantitative PCR; Gas6, growth arrest-specific protein 6.

0.1% crystal violet was used to stain the invaded cells for
15 min at room temperature. The cells attached to the bottom
layer of the chamber filter were observed by a light micro-
scope (magnification x400), the number of cells was counted
in four fields of view per sample, and the effects of treatment
as aforementioned on the invasive ability of A549 cells were
examined.

Colony formation assay. A549 cells (5x10% cells/well) in
24-well culture plates for each group were cultured for 7 days
until the colonies (diameter, 0.3-1.0 mm) were visible. 0.1%
crystal violet staining was performed for 30 min at room
temperature, and the number of colonies was counted using
ImagelJ 1.52 software (National Institutes of Health).

Statistical analysis. STATA v12.0 software (StataCorp
LP) was used for statistical analysis. Measurement data are
presented as the mean + SD. A paired Student's t-test was used
to compare data between two groups. For comparisons among
>2 groups, one-way ANOVA followed by Bonferroni's post
hoc test was used. All experiments were repeated three times.

P<0.05 was considered to indicate a statistically significant
difference.

Results

High expression of Gas6 and Axl in lung adenocarcinoma
tissues. Lung adenocarcinoma tissues removed during surgery
were compared with adjacent healthy tissues, and the expres-
sion level of Gas6 and Axl was detected by western blotting
(Fig. 1A) and RT-qPCR (Fig. 1B and C). The results revealed
that the expression level of Gas6 and Axl in lung adenocar-
cinoma tissues was notably higher compared with that of the
adjacent healthy tissues.

Gas6/Axl signaling pathway promotes proliferation in
A549 cells. The effect of Gas6/Ax1 signaling pathway on lung
adenocarcinoma cells was demonstrated using two different
ways of inhibiting the Gas6/AxI signaling pathway. TP-0903
and siRNA-AxI were used as inhibitors of the Gas6/Axl
signaling pathway. RT-qPCR revealed that transfection with
siRNA-AxI efficiently reduced the expression level of the AxI



{2 SPANDIDOS

b EJ PUBLICATIONS

- 1.5
o *
3 ey
[
Q
3 1.04 P21 — S —
<
% P53 e WD e
% 0.5 B-aCtin e — — —
2 N Ny
] & Cb& "b& v
kK & SO ¢
© < N
0.0 &
> > RS <
& & & &
Y & ¥
& &
N
E F
3
£
Qo
s
>
31
0 T n_, T T control TP-0903 Gas6
O o &) IS
& & I 4
SR S
e”éb

EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 1321, 2021

o

Relative p21 mRNA expression

*
ey
5 56 iy
4
5
34
3 g
o
2 5 x
3, ey
° -
1 2
=
&
0 0
S & o >
& & & &
* Q &
2
£
00
G 500 X x
8 4004 r—y
c
o
8 300+ _
b
2 200-
€
3
Z 100+
Gas6+siRNA-AxI| 04
& & & ¥
S
< &£
o
g
S

Figure 2. Gas6/AxI signaling pathway promotes proliferation in A549 cells. (A) The efficiency of siRNA-AxlI transfection was determined via RT-qPCR.
(B) The expression level of p21 and p53 in A549 cells was determined by western blotting and (C and D) RT-qPCR. The proliferative ability of the indicated
groups was determined using (E) Cell Counting Kit-8 assay and (F and G) colony-formation assay. “P<0.05. RT-qPCR, reverse transcription-quantitative PCR;

Gas6, growth arrest-specific protein 6; siRNA, small interfering RNA.

mRNA compared with the siRNA-control (Fig. 1A). The results
of western blotting (Fig. 2B) and RT-qPCR (Fig. 2C and D)
demonstrated that TP-0903 increased, while recombinant
human Gas6 decreased the expression level of p21 and p53
compared with control cells. Furthermore, the expression
level of p21 and p53 in the Gas6 + siRNA-AxI group higher
compared with that of the Gas6 group. In addition, CCK-8
assay (Fig. 2E) indicated that the inhibitor TP-0903 decreased
and recombinant human Gas6 increased cell viability when
compared with the control group. Furthermore, cell viability
was decreased in the Gas6 + siRNA-AxI group compared with
the Gas6 group. The results of the colony formation assay were
similar to those of the CCKS assay (Fig. 2F and G). The results
revealed that the proliferation of A549 cells also decreased or
increased by inhibiting or activating the Gas6/Ax1 signaling
pathway, respectively.

Gas6/Axl signaling pathway promotes the migration and
invasion of A549 cells. The effect of the Gas6/Axl] signaling
pathway on the migratory and invasive ability of A549 cells
was examined using wound-healing and Transwell invasion
assays. The results of the wound-healing assay (Fig. 3A and C)
demonstrated that the cell scratch healing rate was lower in the
TP-0903 group and higher in the Gas6 group when compared
with the control group, and the cell scratch rate of the Gas6 +
siRNA-AxI group was lower when compared with the Gas6
group. The Transwell invasion assay (Fig. 3B and D) revealed
that when compared with the control group, the cell invasive
ability of the TP-0903 group was decreased and that of the
Gas6 group was increased. Furthermore, the cell invasive

ability of the Gas6 + siRNA-AxI group was reduced compared
with that of the Gas6 group. Therefore, the results indicated
that the migratory and invasive ability of A549 cells decreased
or increased by inhibiting or activating the Gas6/AxI signaling
pathway, respectively.

Gas6/Axl signaling pathway inhibits apoptosis in A549 cells.
The apoptosis of A549 cells was examined by flow cytometry
(Fig. 4A and B). The results revealed that the apoptotic level
of the TP-0903 group was higher and that of the Gas6 group
was lower compared with that of the control group, and the
level of apoptosis in the Gas6 + siRNA-AxI group was higher
compared with that of the Gas6 group. Western blot analysis
(Fig. 4C) and RT-qPCR (Fig. 4D and E) demonstrated that the
expression level of caspase-3 and caspase-9 was increased in
the TP-0903 group and decreased in the Gas6 group compared
with the control, but the expression level of caspase-3 and
caspase-9 in the Gas6 + siRNA-AxI group was higher than
that of the Gas6 group. The results of cell immunofluores-
cence (Fig. 4F) indicated that TP-0939 increased and Gas6
reduced the expression of caspase-8, while siRNA-AxI could
attenuate the effect of Gas6. These results indicated that when
the Gas6/Ax1 signaling pathway was inhibited or activated,
the level of apoptosis of A549 cells increased or decreased,
respectively.

Discussion

Lung adenocarcinoma is the most common subtype of lung
cancer, accounting for 65% of non-small cell lung cancer cases
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Figure 3. Gas6/AxI signaling pathway promotes the migration and invasion of A549 cells. The migratory and invasive ability of the indicated groups was
determined via (A and C) wound-healing assay and (B and D) Transwell invasion assay, respectively. ‘P<0.05. Scale bars, 50 ym. Gas6, growth arrest-specific

protein 6; siRNA, small interfering RNA.

and >40% of all lung cancers (17). Therefore, understanding the
carcinogenic signaling mechanisms of lung adenocarcinoma is
necessary to discover novel therapeutic targets for the treatment
of this disease. In the present study, the Gas6/Ax1 signaling
pathway was demonstrated to increase the proliferation,

invasion and migration of A549 cells, and inhibit the apoptosis
of A549 cells. In addition, high expression level of Gas6 and
Axl1 was also observed in the lung tissues of patients with lung
adenocarcinoma. These data confirmed the pro-tumorigenic
role of the Gas6/Axl signaling pathway. These results are
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(D and E) reverse transcription-quantitative PCR. (F) The expression level of caspase-8 in the indicated groups was determined by cell immunofluorescence.

"P<0.05. Gas6, growth arrest-specific protein 6; siRNA, small interfering RNA.

similar to those by Kariolis et al (18), who demonstrated
that inhibiting the Gas6/AxI signaling pathway potentiated
the anti-tumor effect of chemotherapy. Wang et al (19) also
revealed that the Gas6/Axl] axis can promote breast cancer
resistance and metastasis via the AKT/GSK-3f/3-catenin
signaling pathway. These results indicated that the Gas6/AxlI
signaling pathway promoted malignant tumorigenesis.

As a common neoplastic disease, lung adenocarcinoma
has a great impact on human health (20). When patients
visit their doctor are often in the late stages of the disease;
therefore, it is particularly important to discover targets for
the treatment of lung adenocarcinoma (21). The present study
revealed that the Gas6/AxI signaling pathway exhibited an
important effect on lung adenocarcinoma. When the Gas6/AxI
signaling pathway was inhibited, the proliferation and inva-
sive ability of lung adenocarcinoma cells were significantly
decreased and the apoptotic level was increased. These results
are similar to those of previous studies. For instance, in an

in vitro study in osteosarcoma cell lines, Han et al (22) demon-
strated that the expression of phosphorylated (p)-AKT in the
osteosarcoma MG63 and U20S cell lines was associated in
a concentration-dependent manner with exogenous Gas6 and
p-AKT expression, and that p-Axl was positively associated
with p-AKT. It was also demonstrated that exogenous Gas6
attenuated the apoptosis rate of these osteosarcoma cell lines
by activating AxI, and it was hypothesized that the Gas6/AxI
signaling pathway may promote osteosarcoma by activating
the downstream PI3K/AKT signaling pathway (22). In the
A549 lung adenocarcinoma cell line of the present study, the
inhibitory effect of the Gas6/AxI pathway on tumor cell apop-
tosis was also demonstrated. However, it is unclear whether the
Gas6/Axl signaling pathway exerts an anti-apoptotic effect by
activating the PI3K/AKT signaling pathway in lung adenocar-
cinoma. Therefore, the mechanism of the anti-apoptotic effect
of the Gas6/AxI signaling pathway on tumor cells will be
further explored in future studies. Rankin et al (23) revealed
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that downregulation of Axl expression in ovarian cancer
cells inhibited MMP-2 gene transcription by decreasing the
activity of the MMP-2 promoter, whereas decreased MMP-2
expression resulted in decreased invasion, metastasis and
tumorigenic ability of the ovarian cancer cells. The study
also demonstrated that the expression level of p-AKT was
decreased when Axl expression was downregulated in ovarian
cancer cells, while the expression level of p-ERK1/2 was not
affected (23). Therefore, it was speculated that the Gas6/AxI
axis promoted the activation of the PI3K/AKT pathway, which
in turn enhanced the expression and activity of MMP-2. As a
result, MMP-2 promoted the invasion and metastasis of tumor
cells. Sainaghi ef al (24) demonstrated that when exogenous
Gas6 was added into the culture medium of the DU145
prostate cancer cell line during serum starvation, the uptake
of PHl-thymidine by tumor cells increased, and the expres-
sion level of p-AKT and p-p38 MAPK also increased. This
suggested that Gas6 may enhance the mitotic ability of tumor
cells by activating the PI3K/AKT and p38 MAPK signaling
pathways. Therefore, existing studies have indicated that the
Gas6/Axl1 signaling pathway can promote tumor cell migration
and invasion, while increasing tumor cell proliferation in
various types of tumors.

A previous study has also demonstrated that Gas6 and Axl
were highly expressed in lung adenocarcinoma tumor tissues,
indicating that the Gas6/AxI signaling pathway was activated
in lung adenocarcinoma tumor tissues (25). This also provided
a theoretical basis for the present study to investigate the use
the Gas6/AxI signaling pathway as a target for the treatment of
lung adenocarcinoma. At present, the treatment of advanced
lung adenocarcinoma mainly includes chemoradiotherapy, but
itcan only serve arole in delaying the course of the disease (26).
Therefore, the Gas6/AxI signaling pathway may be the focus
of future clinical research as a possible therapeutic target for
lung adenocarcinoma.

However, there are also certain limitations to the present
study. EGFR, echinoderm microtubule-associated protein-like
4, anaplastic lymphoma kinase and VEGF have been indicated
to be the most important driver genes of lung adenocarcinoma.
However, the specific targets of the Gas6/AxI signaling pathway
in lung adenocarcinoma and whether they are associated with
the aforementioned driver genes are unknown. Therefore, the
specific targets of the Gas6/AxI signaling pathway in lung
adenocarcinoma will be explored in subsequent studies to
provide a strong theoretical basis for the clinical treatment of
lung adenocarcinoma.

In summary, the Gas6/AxI signaling pathway was revealed
to be highly expressed in lung adenocarcinoma tissues and
cells, and inhibition of the Gas6/AxI signaling pathway atten-
uated the proliferation and invasion of lung adenocarcinoma
cells. The present study provided a potential molecular target
for future tumor-targeted therapy and indicated that TP-0903
may be an effective drug to treat lung adenocarcinoma. In
addition, the current study preliminarily demonstrated the
role of the Gas6/Axl signaling pathway in the development
of lung cancer. However, its deeper function and potential
molecular mechanisms remain unclear and require further
investigation. In conclusion, the Gas6/AxI signaling pathway
was indicated to promote the proliferation, migration and
invasion and reduce the apoptosis of lung adenocarcinoma

cells, thereby serving an important role in the progression of
lung adenocarcinoma.
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