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Background: Growth arrest-specific 6 (GAS6) is a secreted vitamin K-dependent protein

abnormally expressed in various human tumor tissues and can activate the receptor Tyro3,

Axl, and Mer to promote cancer cell proliferation and invasion. Until now, the role of GAS6

has been poorly understood in bladder cancer (BCa).

Materials and Methods: Using bioinformatics analysis, we screened genes significantly

associated with overall survival in BCa. The association between GAS6 and survival was

evaluated by tissue microarray and IHC staining. We investigated the effect of GAS6 on the

development of BCa through in vitro and in vivo experiments.

Results: Here, we report that GAS6 is highly expressed in bladder cancer and is significantly

associated with tumor grade, T stage, and worse prognosis. We found that GAS6 depletion

inhibited proliferation, migration, and invasion of BCa cells. In addition, bioinformatics analysis

revealed that GAS6 may be involved in the regulation of PI3K-AKTsignaling pathway by binding

to receptor TAM and has a significant positive correlation with PI3K family gene expression.

Furthermore, Western blot experiments have shown that GAS6 might modulate the PI3K-AKT

signaling to regulate proliferation and invasion of BCa cells. Treatment of BCa cells with SC79, an

AKT activator, partially restored the effect of GAS6 silencing on cell proliferation and invasion.

Conclusion: The present study suggests that GAS6 may play a pivotal role in the develop-

ment of BCa and may be a potential target for its treatment.
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Background
Bladder cancer (BCa) is the ninth most common cancer in males worldwide.1

Specifically, nearly 75% of BCa patients diagnose as non-muscle-invasive BCa

(NMIBC), while 25% diagnose as muscle-invasive BCa (MIBC).2 The 5-year recur-

rence and progression rates in patients with NMIBC range from 31% to 78% and

from 1% to 45%, respectively.3 At present, treatment and prognosis for MIBC are

mainly based on tumor and nodal stage. Radical cystectomy (RC) is the standard

treatment for localized MIBC and high-risk NMIBC. However, over the past three

decades, the long-term survival rate of BCa has not improved significantly, because

of the lack of more effective treatments and accurate prognostic risk assessment

markers. Patients treated with RC for MIBC have a 5–15% probability of pelvic

recurrence, a 50% probability of distant recurrence,4,5 and the five-year overall

survival rate is approximately 50%.6 Therefore, the identification of new prognostic

markers and therapeutic targets for BCa is urgently required.

Correspondence: Junfeng Zhang; Xudong
Yao
Department of Urology, Shanghai Tenth
People’s Hospital, Tongji University
School of Medicine, Shanghai 200072,
People’s Republic of China
Tel +8613817811836
Fax +86-21-66305158
Email zjfdipan@126.com;
yaoxudong1967@163.com

OncoTargets and Therapy Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com OncoTargets and Therapy 2020:13 4813–4824 4813

http://doi.org/10.2147/OTT.S237174

DovePress © 2020 Mao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://orcid.org/0000-0001-5508-2785
http://orcid.org/0000-0002-5733-4875
http://orcid.org/0000-0001-7234-3940
mailto:zjfdipan@126.com; 
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


GAS6 was originally isolated as growth arrest specific

gene 6 and belongs to the vitamin K-dependent (VKD)

family. Through binding to its receptors Tyro3, Axl, and

Mer (TAM), GAS6 regulates several biological processes

in cells, including proliferation, migration, differentiation,

and adhesion.7 Recent studies have found that the activa-

tion of the GAS6/TAM signaling pathway plays an impor-

tant role in the generation and progression of a wide

variety of human cancers.8–12 In addition, upregulation of

GAS6 is often significantly associated with worse clinical

outcomes, including upper tract urothelial carcinoma, oral

squamous cell carcinoma, lung adenocarcinoma, and renal

cell carcinoma.13–16 However, the role of GAS6 in BCa

remains largely unknown.

In the present study, by bioinformatics analysis and IHC

staining of tissue microarray, we found that GAS6 is highly

expressed in bladder cancer and is significantly associated

with tumor grade, T stage, and worse prognosis. We found

that GAS6 depletion inhibited proliferation and invasion of

BCa cells. In addition, Bioinformatics analysis revealed that

GAS6 may be involved in the regulation of the PI3K-AKT

signaling pathway by binding to the receptor TAM and has

a significant positive correlation with PI3K family gene

expression. Furthermore, the functions and mechanisms of

GAS6 in the development of BCa were explored.

Materials and Methods
Patients and Specimens
In the present study, all patients signed written informed

consent forms, and the protocol was approved by the

Ethics Committee of Shanghai Tenth People’s Hospital

of Tongji University (number: SHSY-IEC-4.1/19-120/01).

In total, five pairs of BCa and corresponding normal

tissues were obtained from the biological sample library,

60 cases of paraffin-embedded tissues of bladder cancer

were obtained from the Department of Urology. All surgi-

cal specimens have a confirmed diagnosis of urothelial

carcinoma of the bladder. Clinicopathological features

and survival of 60 patients with RC between

January 2009 and December 2015 were collected from

the database of the Department of Urology of Shanghai

Tenth People’s Hospital of Tongji University.

Quantitative RT-PCR Analysis
Total RNA was isolated from bladder cell lines using

Trizol (Invitrogen Life Technologies, CA, USA) and con-

verted into cDNA using the PrimeScript RT Reagent Kit

(Takara Biotechnology, Dalian, China) according to man-

ufacturer instructions. Real-time quantitative PCR (qPCR)

was carried out using KAPA SYBR FAST qPCR kit on the

ABI Prism 7900 fast Sequence Detection System (Applied

Biosystem, Foster City, CA, USA). For qPCR, 10 ng

cDNA were amplified in a 20 ul reaction according to

manufacturer instructions. The 2−ΔΔCt method was used

to assess relative quantities for the relative expression of

GAS6. The primers were:

5′-ACTGTATCATCTGAACCTGACC-3′ (forward) and

′-CATCCAGACGAGGGTTTATAGG-3′ (reverse) for

GAS6,

5′-CCTGGCACCCAGCACAAT-3′ (forward) and

5′-GGGCCGGACTCGTCATAC-3′ (reverse) for β-actin.
Each experiment was conducted in triplicate.

Tumor Microarray and

Immunohistochemistry (IHC)
Tissue microarrays were made using paraffin tissues from

60 patients with RC. Twenty pairs of fresh human bladder

cancer and adjacent normal tissues were fixed in 4% paraf-

ormaldehyde, dehydrated in ethanol solution, and then

embedded in paraffin. IHC was performed as described

previously.17 Anti-GAS6 antibody for IHC was purchased

from Cell Signaling Technology (CST, Boston, MA).

Cell Culture
Human BCa cell lines T24, UMUC3, 5637, and J82, and

the immortalized human normal bladder epithelial cell line

SV-HUC-1 were purchased from the Type Culture

Collection of the Chinese Academy of Sciences

(Shanghai, China). T24, UMUC3, and 5637 cells were

maintained in RPMI-1640 medium (Gibco; Thermo

Fisher Scientific, Inc., Waltham, MA, USA), while J82

cells were maintained in Dulbecco’s modified Eagle’s

medium (Gibco; Thermo Fisher Scientific, Inc.). SV-

HUC-1 cells were maintained in F12K medium (Sigma-

Aldrich; Merck KGaA, Darmstadt, Germany). All cell

culture media were supplemented with 10% fetal bovine

serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and

1% penicillin/streptomycin (HyClone; GE Healthcare Life

Sciences, Logan, UT, USA). All cell lines were maintained

at 37°C in a humidified incubator containing 5% CO2.

Transient Transfection
Small interfering RNAs (siRNA) that specifically knock

down human GAS6 (si-GAS6) and negative control
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oligonucleotides (si-NC) were purchased from

GenePharma (Shanghai, China). siRNA was transiently

transfected into cells using lipofectamine 3000

(Invitrogen; Thermo Fisher Scientific, Inc., Waltham,

MA). The si-GAS6 sequences were as follows:

siRNA#1 5′-GCCUCCAGAUCUGCCACAATT-3′,

siRNA#2 5′-CCUGACCGUGGGAGGUAUUTT-3′,

siRNA#3 5′-GCAUACGGCCUUGGCCCUATT-3′.

The negative control siRNA sequences were:

5′-UUCUCCGAACGUGUCACGUTT-3′.

Total proteins were extracted at 48 hours after

transfection.

Cell Proliferation
The CCK-8 assay was performed to evaluate cell prolif-

eration according to manufacturer instructions (Yeasen,

Shanghai, China). Twenty-four hours after cell transfec-

tion, 1000 cells were seeded into each 96-well plate with

100 mL culture medium (10% FBS). Then, 10 μL CCK-8

solution was added to each plate at 1, 2, 3, 4 or 5 days and

cultured for 2 h at 37°C. The absorbance at 450 nm was

measured with a microplate spectrophotometer (BioTek,

Winooski, VT, USA).

Colony Formation Assays
The cell proliferation was furthermore evaluated by colony

formation assays. At 24 h after cell transfection, 500 cells

were seeded in six-well plates. After 2 weeks, the colonies

were fixed with 95% ethanol, stained with 0.1% crystal

violet. Colony size and number were used to assess pro-

liferative capacity.

Cell Cycle Analysis
At 48 h after cell transfection, cells were harvested,

sequentially washed twice with cold PBS, and then fixed

in 70% ethanol at 4°C overnight. Then, cells were washed

with cold PBS, centrifuged and stained with propidium

iodide (PI) containing RNase in the dark at 37°C for 15

min. Flow cytometry was used to perform cell cycle ana-

lysis using BD FACS Calibur. Each experiment was con-

ducted in triplicate.

Cell Migration and Invasion Assays
Transwell chambers were purchased from Corning

(Lowell, MA, USA). For the cell migration assay, after

cell transfection at 24 h, 5 × 104 cells were added into the

upper chamber of the Transwell chamber in 200 µL med-

ium without FCS, with 500 µL culture medium containing

10% FCS in the lower chamber. Cells were maintained for

24 h at 37°C. The number of invaded cells was counted as

previously described.17

For the cell invasion assay, the Transwell filters were pre-

coated using Matrigel according to the manufacturer’s recom-

mendations (BD Biosciences, Franklin Lakes, NJ, USA). The

subsequent experiments were the same as the migration assay.

Each experiment was conducted in triplicate.

Western Blot
The total cell proteins were extracted with RIPA buffer

supplemented with protease inhibitors. Total proteins

(30 µg) were separated by SDS/PAGE and blotted onto

a nitrocellulose (NC) membrane. Membranes were incu-

bated with primary antibody against GAS6 (#67202, CST,

Boston, MA), cyclinD1 (ab40754, Abcam, Cambridge,

MA, USA.), cyclinE1 (ab33911, Abcam), p21 (#2947,

CST), p27 (#3686, CST), total AKT (#2920, CST), PI3K

(#4255, CST), and phospho-AKT (#4060, CST). GAPDH

(ab181602, Abcam) overnight at 4 °C. The protein band

was identified using an Odyssey scanner (Li-COR

Biosciences, Lincoln, NE, USA.). The expression of

GAPDH was used as an internal control.

Xenografts in Mice
This study was performed following the institutional and

national guidelines and regulations of the Animal

Protection and Use Committee and approved by the

Ethics Committee of Shanghai Tenth People’s Hospital

of Tongji University (SHDSYY-2019-3028). In brief, 12

4-week-old male nude BALB/c mice were subcutaneously

injected with 2 x 106 T24 cells. Tumor size was measured

once every 3 days using a Vernier caliper and tumor

xenograft volume calculated as follows: length × width2

×0.5. After 30 days, mice were sacrificed, and all tumor

xenografts were collected.

Statistical Analysis
Data were analyzed using SPSS 24.0 software (Chicago,

IL, USA) and Prism 7 software (GraphPad Software, Inc.,

La Jolla, CA). Data are shown as mean ± standard devia-

tion (SD). The Student’s t-test was performed to determine

the differences between the two groups. The association

between GAS6 expression and clinicopathological features

was evaluated using chi-square test or Fisher’s exact test.

P<0.05 were considered statistical significance.
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Results
High Expression of GAS6 Is Associated

with Clinical Parameters and Worse

Overall Survival
In this study, we performed bioinformatics analysis of TCGA

data and identified GAS6 as a potential prognostic biomarker

in survival for BCa. To confirm this finding, we detected

GAS6 protein expression in BCa samples and cell lines by

IHC and Western blot. IHC staining showed that GAS6

expression was noticeably higher in BCa than in the paired

non-neo-plastic BCa samples (14 (70%) vs.6 (30%), P<0.05)

(Figure 1A). Similarly, we found that GAS6 was overex-

pressed in BCa cell lines compared with SV-HUC-1 normal

cells by the Western blot (Figure 1B). IHC staining showed

that GAS6 expression was higher in high-grade BCa

(Figure 1C). Additionally, 50 of the 60 cases in the tissue

microarray were available, and IHC staining showed the

correlation between GAS6 overexpression and tumor

T stage and N stage (Figure 1D; Table 1, P<0.05). These

findings are consistent with the results of the Oncomine open

cancer microarray database (https://www.oncomine.org/)

(Figure 1E and F, all P<0.05). Furthermore, Kaplan–Meier

survival analysis showed that high expression of GAS6 was

significantly associated with poor overall survival (OS)

(Log-rank test: P=0.009; Figure 1G). The finding is consis-

tent with the result of Kaplan Meier Plotter database (http://

kmplot.com/analysis/) (Figure 1H, P<0.05).

Knockdown GAS6 Expression Inhibits

Proliferation, Migration, and Invasion of

BCa Cells
To determine the function of GAS6 on BCa, GAS6

siRNAs #1–3 were designed and transfected into the

BCa cell lines, UMUC-3 and T24. Western blot confirmed

that the cells with GAS6 siRNA #1 showed the most

effective GAS6 knockdown among three siRNAs

(Figure 2A and B, all P<0.05). Furthermore, specific

GAS6 siRNA #1 was transfected into UMUC-3 and T24

(Figure 2C, all P<0.05), to examine cell proliferation and

invasion by CCK-8 and colony formation assays. The

CCK-8 assay showed that silencing GAS6 significantly

leads to reduced proliferation of UMUC-3 and T24 cells,

compare with si-NC group (Figure 2D, P<0.05).

Consistently, GAS6 knockdown significantly decreased

the colony formation rate of UMUC-3 and T24 cells

(Figure 2E, P<0.05). To evaluate the influences of GAS6

on migration and invasion of BCa cell, specific GAS6

siRNA #1 was transfected into UMUC-3 and T24, which

were used for the Transwell migration and invasion assays.

The number of migrating and invasive UMUC-3 and T24

cells significantly decreased when GAS6 was knocked

down (Figure 2F and G). These findings suggest that

GAS6 plays a critical role in proliferation, migration, and

invasion of BCa cells.

GAS6 Knockdown Induces BCa Cell

Cycle Arrest by Decreasing Cell

Cycle-Related Gene Expression
To further examine the effect of GAS6 on cell proliferation,

we performed flow cytometry to analyze changes in the cell

cycle distribution of the UMUC-3 and T24 cells after GAS6

silencing. The results show that GAS6 knockdown led to

increases in the percentage of cells in the G1 phase and

a corresponding decrease in the S phase, compared with the

control group (Figure 3A, all P<0.05). These data suggest

that knockdown of GAS6 expression resulted in BCa cell

cycle arrest at G1 phase. To investigate the underlying

mechanism of cell cycle arrest, expression of G1 phase cell

cycle-related genes was evaluated by Western blot. Our data

indicate that cyclin D1 and cyclin E1 expression was

increased while the expression of p27 and p21 was decreased

in BCa cells transfected with GAS6 siRNA (Figure 3B

and C, all P<0.05). Collectively, these findings suggest that

the GAS6 may promote proliferation of BCa cells by indu-

cing cell cycle-related gene expression.

GAS6 Knockdown Inhibits BCa Growth

in vivo
To investigate the effect of GAS6 on BCa growth in vivo, we

first established UMUC-3 and T24 cell lines with stable

expression of GAS6 knockdown (Figure 4A and B), and

we performed a xenograft tumor model experiment by sub-

cutaneously injecting UMUC-3 shGAS6, UMUC-3 shNC,

T24 shGAS6 and T24 shNC into nude mice. Tumor size was

monitored over time with a Vernier caliper. We found tumor

size and volume were significantly reduced in the GAS6

knockdown group compared with the controls on day 18,

24, and 30 (all P<0.05) (Figure 4C–F). Similarly, the tumor

weight of the GAS6 knockdown group was significantly

lighter than that of the shNC group when the tumors were

harvested and weighed on day 30 (Figure 4G and H P<0.05).

Together, these results support the hypothesis that GAS6

overexpression promotes proliferation in BCa.
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Figure 1 High expression of GAS6 is associated with clinical parameters and worse overall survival. (A and B) The expression of GAS6 in BCa samples and BCa cell lines by

the IHC, qRT-PCR, and Western blot (scale bar = 200 μm for 10× and 100 μm for 20×). (C and D) IHC staining shows the correlation between GAS6 expression and tumor

T stage and histologic grade (scale bar = 100 μm for 20×). (E and F) The correlation between GAS6 expression and tumor T stage and histologic grade in BCa derived from

Oncomine database (https://www.oncomine.org/). (G) Kaplan–Meier survival analysis shows the association between the expression of GAS6 and OS, the Log-rank test was

used to assess the significance. (H) Prognosis of BCa patients with low or high expression of GAS6 derived from Kaplan Meier Plotter database (http://kmplot.com/analysis/).

Data are shown as mean ± SD. *Statistically significant (P < 0.05).
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GAS6 Silencing Inhibits Proliferation and

Invasion of BCa Cells by Inactivating the

PI3K/AKT Signaling

Pathway
To further explore the intra-cellular downstream signals

that are involved in the GAS6-mediated increase in BCa

cell proliferation and invasion, we performed a KEGG

signal network analysis and found PI3K/AKT signaling

is a potential downstream pathway for GAS6. Next, we

examined the correlation between GAS6 and the PI3K

gene family in the TCGA database using the online tool

GEPIA. The results revealed that expression of the

GAS6 gene is correlated with PIK3CA, PIK3CD, and

PIK3CG (all P<0.05, Figure 5A–D). Furthermore, we

examined the role of GAS6 in PI3K/AKT signaling.

Western blot analysis indicated that knockdown of

GAS6 expression significantly reduced PI3K and

p-AKT expression but had no effect on total AKT

(Figure 5E and F, all P<0.05). Furthermore, we treated

shGAS6-silencing UMUC-3 and T24 cells with the AKT

activator SC79. Through performing CCK8 assay and

Transwell invasion assay, we found that SC79 partially

restore the effect of GAS6 silencing on cell proliferation

and invasion (Figure 5G and H, all P<0.05). Together,

these data demonstrate that GAS6 silencing might inhibit

BCa progression via inactivating PI3K/AKT signaling.

Discussion
GAS6, a member of the vitamin K-dependent (VKD)

family, is a protein of 678 amino acids. GAS6 activates

downstream signaling pathways by its sex hormone-

binding globulin (SHBG) domain interacting with Tyro3,

Axl, and Mer (TAM) receptors. GAS6 has the highest

affinity with AXL, followed by Tyro3, then Mer.18

Numerous studies have found that GAS6/TAM plays

a key role in cancer cells, tumor microenvironment, and

metastasis.9,19–21 Bioinformatics analysis showed the

involvement of GAS6 in the progression and survival of

BCa. Until now, there has been no report about the specific

mechanisms of GAS6 in the development of BCa.

In this study, we found that GAS6 was overexpressed

in BCa cells. GAS6 overexpression was associated with

poor OS and was a potential prognostic factor for patients

with BCa. GAS6 knockdown reduced the expression level

of PI3K/AKT-related genes and led to decreased prolifera-

tion and invasion of BCa cells. Therefore, we demon-

strated that GAS6 plays an important role in the

development of BCa by the PI3K-AKT signaling.

Previous studies have demonstrated that GAS6 is upre-

gulated in several cancer cells, including glioma, schwan-

noma, melanoma, and pancreatic ductal adenocarcinoma cell

lines.8–10,22 In addition, several studies have reported that

GAS6 is highly expressed in human tumor tissues.8,22,23

Clinically, high expression of GAS6 is an independent prog-

nostic factor for poor survival in several cancers.8,22 The

underlying mechanisms of GAS6 upregulation in cancers

Table 1 Correlation Between GAS6 Expression and

Clinicopathologic Parameters in Patients with BCa

Parameters No. of

Patients

Low

Expression

of GAS6

High

Expression

GAS6

P value

Gender 1.000

Male 44 19 25

Female 6 3 3

Age (years) 0.030*

≤ 65 21 13 8

> 65 29 9 20

BMI 0.335

≤ 24 28 14 14

>24 22 8 14

Hypertension 0.425

No 31 15 16

Yes 19 7 12

Diabetes 0.733

No 41 19 22

Yes 9 3 6

Histologic

grade

0.785

Low 4 1 3

High 46 21 25

T stage 0.013*

≤T1 22 14 8

T2-T4 28 8 20

N stage 0.008*

Negative 39 21 18

Positive 11 1 10

M stage 1.000

M0 45 20 25

M1 5 2 3

Tumor size

(cm)

0.283

≤ 3.5 27 10 17

>3.5 23 12 11

Note: *Statistically significant (P < 0.05).
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Figure 2 Knockdown of GAS6 expression inhibits proliferation, migration, and invasion of BCa cells. (A and B) GAS6 siRNA #1 is the most effective GAS6

knockdown among three siRNAs for UMUC-3 and T24 cells, as assessed by Western blot and qRT-PCR. (C) Specific GAS6 siRNA #1 was transfected into UMUC-3

and T24. (D and E) Silencing of GAS6 leads to significantly reduced proliferation of UMUC-3 and T24 cells compared to the si-NC group as assessed by CCK-8 and

colony formation assay. (F and G) Transwell assays show GAS6 knockdown inhibits the migration and invasion of UMUC-3 and T24. Data are shown as mean ± SD.

*Statistically significant (P < 0.05).
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included GAS6 transcription activation of transcription fac-

tors, methylation and long non-coding RNA (lncRNA), as

well as gene polymorphisms.24–28 In this study, we found

GAS6 expression was elevated in four BCa cells compared

with SV-HUC-1 normal cells. Tissue microarray and IHC

staining showed that GAS6 expression was significantly

associated with pathological stage, grade, and overall survi-

val of BCa. These data were consistent with the Oncomine

Si-GAS6NC

UMUC-3

T24

p27

p21

GAPDH

Cyclin D1

Cyclin E1

si-GAS6
+  
-    

si-NC
UMUC-3 T24

-
+

+  
-    

-
+

A

B C

Figure 3 GAS6 knockdown induces BCa cell cycle arrest by decreasing cell cycle-related gene expression. (A) Flow cytometry analysis of changes in the cell cycle

distribution of the UMUC-3 and T24 cells after GAS6 silencing. (B) Expression of G1 phase cell cycle-related genes evaluated by Western blot. (C) Relative expression of

each protein in UMUC-3 and T24 cells quantified using Image-J software and normalized to GAPDH. Data are shown as mean ± SD. *Statistically significant (P < 0.05).

Mao et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2020:134820

http://www.dovepress.com
http://www.dovepress.com


T24 shNC

T24 shGAS6

D

H

F

B

G

E

UMUC-3 shNC

UMUC-3 shGAS6

A

C

Figure 4 GAS6 knockdown inhibits bladder cancer growth in vivo. (A and B) UMUC-3 and T24 cell lines with stable expression of GAS6 knockdown were established. (C–H)

Tumor size, volume, and weight compared between the GAS6 knockdown group and negative control. Data are shown as mean ± SD. *Statistically significant (P < 0.05).
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Figure 5 GAS6 knockdown inhibitors proliferation and invasion of BCa cells by inactivating PI3K/AKT signaling pathway. (A–D) Bioinformatics analysis shows that the

expression of the GAS6 gene is correlated with PIK3CA, PIK3CD, and PIK3CG (all P<0.05). (E) The role of GAS6 in PI3K/AKT signaling by Western blot. (F) Relative
protein expression of each protein in UMUC-3 and T24 cells was quantified using Image-J software and normalized to GAPDH. (G) SC79 treatment partially restored the

effect of GAS6 silencing on cell proliferation by CCK8 assays (all P<0.05). (H) Transwell assays revealed that SC79 treatment partially restored the effect of GAS6 silencing

on cell invasion. Data are shown as mean ± SD. * Statistically significant (P < 0.05).
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and TCGAdatabase analysis. Together with our results, these

data suggest that upregulation of GAS6 may promote the

development of BCa. However, the potential mechanism of

GAS6 upregulation in BCa has not been investigated.

Interestingly, Bester et al found lncRNA GAS6-AS2 could

lead to hyperactivation of the GAS6/TAM pathway to pro-

mote cellular survival and resistance to cytarabine treatment

in acute myeloid leukemia.26 Besides, Rui et al have shown

that lncRNA GAS6-AS2 was significantly up-regulated in

BCa tissues and positively correlated with tumor stages and

poor prognosis, and it could promote the proliferation and

metastasis of bladder cancer cells.28 So, it may be inferred

that lncRNA GAS6-AS2 in bladder cancer may up-regulate

GAS6 and promote progression of bladder cancer.

We furthermore focused on the functional role ofGAS6 in

the progression of BCa. It has been observed that GAS6 is

involved in proliferation and invasion of multiple cancer

cells. A recent study reported that GAS6 knockdown inhib-

ited the growth of prostate cancer cells by reducing AKTand

MAPK phosphorylation.12 Another study revealed that

GAS6 promoted proliferation of schwannoma cells via induc-

tion of SRC, focal adhesion kinase (FAK), and NF-κB.6

Additionally, GAS6 involves tumor cell proliferation by acti-

vating ERK signaling pathway.10 Moreover, several studies

have shown that GAS6 may be involved in metastasis of

several types of cancer, including prostate, renal cell, pan-

creatic, and breast cancer.21,29-32

The underlying mechanisms of GAS6-regulated cell

migration and invasion include JNK/ERK1/2, SRC, and

AKT/GSK-3β/β-catenin pathways.21,30,32 In our study, we

found that GAS6 knockdown inhibited proliferation, migra-

tion, and invasion of BCa cells. To investigate the mechan-

isms of GAS6 in tumor progression, KEGG analyses were

performed and showed that GAS6/TAM may be involved in

the regulation of downstream PI3K/AKT signaling path-

ways. Furthermore, TCGA database analysis also showed

that high expression of GAS6 was significantly associated

with PI3K expression. In addition, we found that the protein

levels of PI3K and p-AKT were significantly decreased by

GAS6 knockdown. Treatment of BCa cells with SC79, an

AKT activator, partially restored the effect of GAS6 silen-

cing on cell proliferation and invasion. These results have

shown that GAS6 may modulate PI3K-AKT signaling to

regulate the proliferation and invasion of BCa cells.

Conclusions
Our study demonstrates that GAS6 is overexpressed in

BCa cells. High levels of GAS6 expression are associated

with tumor stage and grade, poor OS, and is a potential

prognostic marker for BCa. In addition, we show that

GAS6 plays a pivotal role in the proliferation, migration,

and invasion of BCa cells by activating PI3K-AKT signal-

ing. Therefore, GAS6 may serve as a novel prognostic

marker for BCa patients and might be a potential target

for the treatment of BCa.
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