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Silencing of long non-coding RNA PCAT6 restrains gastric cancer 
cell proliferation and epithelial-mesenchymal transition by targeting 
microRNA-15a
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Abstract. Gastric cancer (GC) is a high mortality disease. We studied the function and mechanism 
of long non-coding RNA prostate cancer-associated transcript 6 (lncRNA PCAT6) on cell prolifera-
tion and epithelial-mesenchymal transition (EMT) in GC cells. CCK-8, flow cytometry and colony 
formation assay were respectively used to detect the cell viability, apoptosis and colony formation. 
PCAT6 and miR-15a expression were changed by cell transfection. Moreover, the level of Cyclin 
D1, p53, Bax, Cleaved caspase-3 and relate-proteins of EMT and cell pathways were investigated by 
Western blot. Besides, the level of miR-15a and PCAT6 was tested by RT-qPCR. Besides, the target 
relation between miR-15a and PCAT6 were tested by luciferase assay. PCAT6 was highly expressed 
in GC cells and tissues. Silencing of PCAT6 restrained the relate-proteins of cell proliferation and 
EMT. Furthermore, PCAT6 reversely regulated miR-15a and miR-15a inhibitor reversed the efficacy 
of sh-PCAT6 in cell proliferation and EMT. PCAT6 restrained the relate-proteins of RB/E2F and 
Wnt/β-catenin pathways and miR-15a reverse this progress. Finally, PCAT6 was a target of miR-15a. 
Silencing of lncRNA PCAT6 restrained proliferation and EMT of GC cells by targeting miR-15a via 
RB/E2F and Wnt/β-catenin pathways. 
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Introduction

Gastric cancer (GC) is a malignant tumor derived from the 
gastric mucosal epithelium. It has a high incidence all over 
the world (Karimi et al. 2014). Due to the changes in dietary 
structure, increased work pressure and other reasons, GC has 
squinted towards younger. The current treatment methods 
mainly cover surgery, chemotherapy and drug treatment, 
but the forms and functions of GC drugs are finitude now 
(Lordick et al. 2017; Tsukamoto et al. 2017). Most of the 
inchoate stages of GC have no obvious symptoms, and the 
inchoate diagnosis rate is still low (Song et al. 2017b). There-
fore, strengthening the research on the pathogenesis of GC 
is of great significance for the prevention of GC.

Long non-coding RNA (lncRNA) is a class of RNAs that 
have no protein-coding potential, over 200 nt in length (Jar-

roux et al. 2017). Studies had displayed that lncRNAs played 
a momentous part in the progress of GC (Nasrollahzadeh-
Khakiani et al. 2017). PCAT6 (prostate cancer associated 
transcript 6) is a newly discovered carcinogenic lncRNA. 
Studies proved PCAT6 enhanced cell proliferation in 
prostate tumor (Musumeci et al. 2011) and enhanced cell 
proliferation and metastasis in lung cancer by regulating 
miR-330-5p (Cui et al. 2018). At the same time, a research 
had confirmed that PCAT6 was highly expressed in GC and 
regulated miR-30 in tumor (Xu et al. 2018). 

MicroRNA (miRNA) is a non-coding RNA of approxi-
mately 21–25 nt in size (Hrovatin et al. 2018). Many miRNAs 
have been found to play momentous parts in GC (Shin et 
al. 2014). Studies had proved miR-15a was lower express in 
GC (Wu et al. 2016). Besides, miR-15a had been displayed to 
play an inhibitory action in GC (Kang et al. 2015). Therefore, 
miR-15a may be a potential treatment regimen in GC.

In this study, we focused on the function of PCAT6 in GC. 
Firstly, we investigated the standard of PCAT6 in GC tissues 
and GC cells. Besides, we selected the two cells with the 
highest expression. Transforming growth factor β1 (TGF-β1) 
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was used to cause the epithelial-to-mesenchymal transition 
(EMT) in vitro. The level of PCAT6 was further examined to 
determine whether there was a correlation between PCAT6 
and miR-15a. Besides, we investigated the possible internal 
molecular mechanisms mediated by PCAT6. This study may 
help to understand the role of PCAT6 and provide new target 
for the diagnosis and treatment of GC.

Materials and Methods

Ethics approval 

All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical 
standards.

Clinical specimens

Clinical human GC tissues and the correlative adjacent tis-
sues (n = 20) were acquired from No. 971 Hospital of People’s 
Liberation Army Navy (Qingdao, China). The patients did 
not acquire any treatments before surgery. Every patient 
agreed with joining the research and writing informed 
consent, and this research was ratified by the Medical Eth-
ics Committee of No. 971 Hospital of People’s Liberation 
Army Navy. 

Cell culture and treatment

Human GC cells MKN45, SGC-7901, AGS, MKN28 and gas-
tric epithelial cell GES-1 (China Center for Type Culture Col-
lection, CCTCC, Wuhan, China) were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM, Gibco, Grand Island, NY, 
US). The medium containing 10% fetal bovine serum (FBS, 
Gibco, US) 100 U/ml penicillin (Beyotime, Haimen, China) 
and 100 μg/ml streptomycin (Beyotime, China) at 5% CO2, 
37°C. The culture medium was replaced 2–4 days to achieve 
confluence. TGF-β1 (Abcam, Cambridge, UK) was reconsti-
tuted with ddH2O, 0.1% albumin from bovine serum (BSA, 
Beyotime, US) to 10 ng/ml. Cells were host starvation 8 h, 
after added TGF-β1 (10 ng/ml) 12 h to cause EMT. 

CCK-8 assay

Cells were inoculated in 96-well plates (FPT011, Beyotime, 
China) at a 5 × 103 cells/well. Cells (2 × 103 cells/well) were 
cultured at 5% CO2 at 37°C. After transfecting negative 
control (NC) miRNA and lncRNA, PCAT6 and miR-15a 
inhibitor, the 10 ul CCK-8 reagent (C0038, Beyotime, China) 
was added to the medium. The plates were incubated 1 h in 

the dark at 5% CO2, 37°C. The absorbance was quantitated by 
microplate reader (Bio-Rad, Sunnyvale, CA, US) at 450 nm.

Colony formation assay

500 viable cells were inoculated in 6-well plates (Beyotime, 
China) for 24 h. The cells were washed with phosphate 
buffered saline (PBS) and cultured in complete medium 
at 5% CO2 at 37°C for 10 days. The resulting colonies were 
fixed with 10% formalin (G2161, Solarbio, Beijing, China) 
and stained with 0.1% crystal violet (C0121, Beyotime, 
China) for 10 min. Each treatment run triplicate. Colonies 
were counted and compared to untreated cells (a clone was 
regarded as > 50 cells).

Flow cytometry

Flow cytometry was carried out with PI and FITC-con-
jugated annexin V  staining (C1062M, Beyotime, China). 
PBS washed the fixed cells twice and PI/FITC-Annexin 
V stained, followed by hatch in the dark at 1 h. This assay 
was implemented by FACS can (Beckman Coulter, Fullerton, 
CA, USA). The data was analyzed by FlowJo software (Tree 
Star Software, San Carlos, California, US).

Reverse transcription quantitative PCR (RT-qPCR)

Trizol was used to extract RNA (Molecular Research Center, 
Cincinnati, Ohio). The Taqman MicroRNA Reverse Tran-
scription Kit (4366597, Thermo Fisher Scientific, Runcorn, 
UK) and Taqman Universal Master Mix II within TaqMan 
MicroRNA Assay of miR-15a and U6 (Thermo Fisher Scien-
tific, US) were used for detecting miR-15a expression. SYBR® 
PrimeScript®PLUS RT-RNA PCR Kit (RR037B, TaKaRa, 
China) was used for the Real-Time PCR analysis to test the 
level of PCAT6, GAPDH was an internal parameters. Sam-
ples were run in triplicate. The 2−ΔΔCt equation was used to 
quantify the data.

Transfection 

miR-15a inhibitor is a  chemically modified single strand 
RNA that can competitively bind to mature miR-15a se-
quences. It can specifically silence miR-15a. Short hairpin 
(sh) RNA targeting lncRNA PCAT6 were bind to U6/GFP/
Neo plasmid (GenePharma, Shanghai, China), and called 
sh-PCAT6. The miR-15a inhibitor and the negative control 
(NC) miRNA inhibitor were synthesized by GenePharma 
Co. (Shanghai, China). Lipofectamine 3000 (Carlsbad Life 
Technologies, Carlsbad, CA, US) was used on cell transfec-
tion. Stably transfected cells were selected by using medium 
which was containing 0.5 mg/ml G418 (Sigma, US). After 
about 4 weeks, G418 resistant cells were successfully estab-
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lished. Since the highest transfection efficiency occurred at 
the 48 h, the harvest time was 72 h after transfection in the 
subsequent experiments.

Western blot 

Proteins were extracted from cells by RIPA lysis buffer 
(R0010, Solarbio, China) plus protease inhibitor (A8260, 
Solarbio, China). We used protein assay kit (PC0020, 
Solarbio, China) quantified the proteins. This experiment 
was established by using the Bio-Rad system. Primary 
antibodies (Abcam,US) contained Cyclin D1 (ab16663), 
p53 (ab131442), Bax (ab32503), pro Caspase-3 (ab32499), 
Cleaved Caspase-3 (ab32042), β-actin (ab8227), RB 
(ab181616), p-RB (ab47763), E2F (ab179445), Wnt3a 
(ab28472), β-catenin (ab16051), E-cadherin (E-cad) 
(ab15148), N-cadherin (N-cad) (ab18203), Vimentin 
(ab137321), Snail (ab82846) and zinc-finger E-box binding 
homeobox 1 (ZEB1) (ab124512). Primary antibodies were 
prepared at a dilution of 1:1000 in 5% blocking buffer (BSA, 
SW3015, Solarbio, China). The primary antibodies were cul-
tured at 4°C overnight, washed and incubated with second-
ary antibodies goat anti-rabbit IgG (ab6721, 1:5000) 1 h at 
25°C. After rinsing, the polyvinylidene fluoride (PVDF) 
membrane (FFP36, Beyotime, China) bring the antibody 
were shifted to system. Captured signal and quantified by 
Image Lab™ Software (Bio-Rad, US). The above experiments 
were used β-actin as internal parameters.

Statistical analysis

All experiments were repeated three times. Data were 
expressed as mean ± standard deviation (SD). Statistical 

analyses were performed by using Graphpad 6.0 (Graph 
Pad Software, CA, US). The p-values were calculated using 
a one-way analysis of variance (ANOVA) and t-test. p < 0.05 
was considered statistically significant.

Results

PCAT6 was highly expressed in GC cells and tissues

RT-qPCR was used to investigate the level of PCAT6 in GC 
patients, corresponding normal gastric tissues and cells. The 
results revealed that the level of PCAT6 was prominently 
higher in GC tissues than that in normal tissues (Fig. 1A, 
p < 0.001). The results also revealed that PCAT6 was highly 
expressed in MKN45, SGC-7901, AGS, and MKN28 cells 
(Fig. 1B, p < 0.05 or p < 0.001). In the next experiment, we 
selected MKN45 and SGC-7901 cells with the highest expres-
sion to investigate the functions of PCAT6.

Silencing of PCAT6 restrained cell proliferation

The Fig. 2A (p < 0.01) displayed that sh-PCAT6 can con-
spicuously decline the expression of PCAT6 in MKN45 and 
SGC-7901 cells. This implied transfection efficiency was 
high. We explored the functions of PCAT6 from the level 
of cellular and molecular in MKN45 and SGC-7901 cells. 
sh-PCAT6 meaningfully restrained cell viability (Fig. 2B, 
p < 0.05 or p < 0.01) and colony ability (Fig. 2C, p < 0.01), 
meanwhile, it meaningfully enhanced cell apoptosis (Fig. 
2D, p < 0.001). At the molecular level, when sh-PCAT6 was 
transfected, Western blot results (Fig. 2E–G) displayed that 
the level of the Cyclin D1 was conspicuously declined and 

Figure 1. Prostate cancer-associated transcript 6 (PCAT6) was highly expressed in gastric cancer tissue (A) and in MKN45, SGC-7901-
7901, AGS and MKN28 cells (B). * p < 0.05; *** p < 0.001. NT, non tumor; T, tumor.
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p53 was conspicuously enhanced. Fig. 2H–J results proved 
the levels of Bax and Cleaved caspase-3 were also conspicu-
ously increased. In conclusion, silencing of PCAT6 restrains 
cell proliferation in GC cells.

Silencing of PCAT6 restrained the cell EMT

Western blot was used for investigating the functions of 
PCAT6 on EMT in MKN45 and SGC-7901 cells. From Fig. 
3A and B, TGF-β1 conspicuously declined the level of E-cad 
(p < 0.001) and enhanced the levels of N-cad, Vimentin, Snail 
and ZEB1 (p < 0.001) in MKN45 cells. On the other hand, 
sh-PCAT6 conspicuously enhanced the level of E-cad (p < 
0.01) and declined the levels of N-cad (p < 0.01), Vimentin 
(p < 0.001), Snail (p < 0.01) and ZEB1 (p < 0.01) which was 
caused by TGF-β1 in MKN45 cells. The same results were 
displayed in SGC-7901 cells (Fig. 3C and D). Above results 
implied that silencing of PCAT6 restrains the EMT in GC 
cells.

Silencing of PCAT6 up-regulated miR-15a 

The level of miR-15a was meaningfully enhanced after trans-
fecting sh-PCAT6 in MKN45 and SGC-7901 cells (Fig. 4, 
p < 0.001). This implied PCAT6 was negatively regulated 
miR-15a. 

Silencing of PCAT6 restrained cell proliferation by targeting 
miR-15a

Firstly, we transferred with NC inhibitor and miR-15a in-
hibitor into MKN45 and SGC-7901 cells. We found miR-15a 
inhibitor statistically declined miR-15a expression and this 
implied that we successfully transfected miR-15a inhibitor 
into the cell (Fig. 5A, p < 0.001). Further results revealed 
that miR-15a inhibitor reversed the sh-PCAT6-induced 
decline in cell viability and cell colony ability, meanwhile, 
it declined and rise in cell apoptosis (Fig. 5B–D, p < 0.05) 
in MKN45 and SGC-7901 cells. On the other hand, at the 

Figure 3. Silencing of PCAT6 restrained the cell epithelial-mesenchymal transition. TGF-β1 conspicuously declined the level of E-cad 
and enhanced the levels of N-cad, Vimentin, Snail and ZEB1, and sh-PCAT6 conspicuously enhanced the level of E-cad and declined the 
levels of N-cad, Vimentin, Snail and ZEB1 which was caused by TGF-β1 in MKN45 cells (A and B) and in SGC-7901 cells (C and D). 
** p < 0.01; *** p < 0.001. PCAT6, prostate cancer-associated transcript 6; TGF-β1, transforming growth factor β1; E-cad, E-cadherin; 
N-cad, N-cadherin; ZEB1, zinc-finger E-box binding homeobox 1.
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molecular level, Western blot results (Fig. 5E–G) displayed 
that the level of Cyclin D1 (p < 0.001) was conspicuously 
increased and p53 (p < 0.05 or p < 0.01) was conspicuously 
declined when transfected miR-15a inhibitor, compared to 
transfection of sh-PCAT6 alone. Fig. 5H-J results proved the 
levels of Cleaved caspase-3 (p < 0.05 or p < 0.01) and Bax 
(p < 0.01 or p < 0.001) which was caused by sh-PCAT6 were 
conspicuously declined when transfected miR-15a inhibitor. 
In short, silencing of PCAT6 restrained cell proliferation and 
promotes apoptosis by targeting miR-15a in GC.

Silencing of PCAT6 restrained EMT by targeting miR-15a

Western blot was used to investigate the efficacy of miR-15a 
on EMT in MKN45 and SGC-7901 cells. From the Fig. 6A 
and B, sh-PCAT6 conspicuously enhanced the level of E-cad 
(p < 0.001) and declined the levels of N-cad (p < 0.001), Vi-
mentin (p < 0.001), Snail (p < 0.01) and ZEB1 (p < 0.001) in 
MKN45 cells. Meanwhile, miR-15a conspicuously declined 
sh-PCAT6-induced the level of E-cad (p < 0.001) and en-
hanced the levels of N-cad (p < 0.01), Vimentin (p < 0.01), 
Snail (p < 0.01) and ZEB1 (p < 0.01) in MKN45 cells. The 
same results were discovered in SGC-7901 cells (Fig. 6C and 
D). Above results implied that silencing of PCAT6 restrains 
EMT by targeting miR-15a.

Silencing of PCAT6 restrained the RB/E2F and Wnt/β-catenin 
signaling pathways via targeting miR-15a

From the figure we can see that sh-PCAT6 enhanced the ratio 
of pRB/RB) and restrained the level of E2F (Fig. 7A and B, 
p < 0.001), Wnt3a and β-catenin (Fig. 7E and F, p < 0.001) 
in MKN45 cells. These expressions were reversed after the 
system was transfected with miR-15a inhibitor. The same 

tendency of pRB/RB and E2F (Fig. 7C and D, p < 0.001), 
Wnt3a and β-catenin (Fig. 7G and H, p < 0.01) were found 
in SGC-7901 cells. Above results implied that silencing of 
PCAT6 restrained the RB/E2F and Wnt/β-catenin signaling 
pathways via targeting miR-15a.

PCAT6 was a target of miR-15a

To further investigate the relationship between miR-15a 
and PCAT6, we transferred miR-15a mimic into the lucif-
erase system containing the target gene PCAT6. It displayed 
PCAT6 level was declined in PCAT6-WT and basically 
no change in PCAT6-MUT, indicating miR-15a is a target 
of PCAT6 (p < 0.05, Fig. 8A). The targeting sequence was 
shown in Fig. 8B.

Discussion

GC is a  familiar malignant tumor across the globe with 
poor prognosis and high mortality (Hamashima 2014). 
In this study, firstly, we presented that PCAT6 was highly 
expressed in GC cells and tissues. Besides, we discovered 
that silencing of PCAT6 meaningfully restrained EMT and 
cell proliferation. Besides, we proved sh-PCAT6 negatively 
regulated miR-15a expression, silencing of PCAT6 restrained 
EMT and cell proliferation by targeting miR-15a. Finally, we 
discovered that PCAT6 exerted its efficacy by restraining the 
RB/E2F and Wnt/β-catenin signaling pathways.

EMT is foundational physiological phenomena. It can 
invade tumors (Pillai et al. 2015). When EMT occurs in 
the cells, the epithelial marker molecules E-cad is down-
regulated and the mesenchymal markers like Vimentin and 
N-cad are up-regulated (Singh et al. 2018). The above marker 
molecules are regulated by transcription factors including 
the Snail and ZEB families. They restrain the level of E-cad 
by transcription, up-regulate the levels of mesenchymal 
markers, and initiate the EMT (Kim et al. 2012). TGF-β1 
universally exists in a variety of cells. It can play a significant 
part on impacting cell proliferation, differentiation and so on 
(Kajdaniuk et al. 2013). TGF-β1 can straightforwardly act on 
cancer cells and cause EMT in cells, enhancing the augment 
of malignancy (Fabregat et al. 2014). A large number of stud-
ies had put into use TGF-β1 to induce EMT (Bi et al. 2012; 
Mutlu et al. 2016; O’Leary et al. 2018). In this experiment, 
we displayed that TGF-β1 conspicuously declined the level 
of E-cad and enhanced the levels of N-cad, Vimentin, Snail 
and ZEB1 in MKN45 and SGC-7901 cells. This means that 
we had successfully established the EMT model.

In recent years, studies had put forward that PCAT6 
played a  significant efficacy in the progression of cancer 
(Shi et al. 2018). Researchers displayed that PCAT6 was 
highly expressed in lung tumor and knockdown of PCAT6 

Figure 4. Silencing of PCAT6 up-regulated miR-15a. The level 
of miR-15a was meaningfully declined after the transfection of 
sh-PCAT6 in MKN45 and SGC-7901 cells. *** p < 0.001. PCAT6, 
prostate cancer-associated transcript 6; miR, microRNA.
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inhibited proliferation and invasion in lung cancer cells (Wan 
et al. 2016). In addition, PCAT6 might be a tumor marker 
for lung cancer (Wan et al. 2017). Besides, studies proved 
PCAT6 worked in prostate tumor (Misawa et al. 2017) and 
could control liver tumor (Chen et al. 2019). Another study 
discovered that PCAT6 inhibited colon tumor by enhancer 
of zeste homolog 2 (EZH2) (Huang et al. 2019). Recently, 
a study confirmed that PCAT6 was highly expressed in GC 
(Xu et al. 2018). Our research was in line with the above re-
searches, implying the tumor promoter function of PCAT6. 
Our results also displayed that PCAT6 was elevated in GC 
tissues and silencing of PCAT6 could inhibit cell prolifera-
tion and decline EMT. 

Increasing studies suggested that lncRNAs exerted their 
functions by sponging miRNAs (Ling 2016). Previous studies 
verified that lncRNAs played a part on GC through miRNAs 
(Xia et al. 2014). For instance, lncRNA H19 worked in GC 
via miR-141 (Zhou et al. 2015) and lncRNA XIST enhanced 
GC via miR-497 (Ma et al. 2017). Further research displayed 
that PCAT6 exerted its function via miR-204 (Wu et al. 
2019). Therefore, we hypothesized that PCAT6 might also be 
achieved by regulating miRNAs in GC. miR-15a can induce 
apoptosis, and also participates in tumor cell cycle through 
other genes (Cimmino et al. 2005). A research displayed that 

miR-15a exerted functions in prostate tumor (Takeshita et 
al. 2010). Besides, there was also a study put forward that 
miR-15a modulated BCL-2 to exert functions (Cittelly et 
al. 2010). In addition, a literature discovered that miR-15a 
exerted efficacy in restraining GC (Song et al. 2017a). On 
the other hand, miR-15a can restrain the metastasis of GC 
cells by modulating Twist1 (Wang et al. 2017). Therefore, we 
further studied the relationship between PCAT6 and miR-
15a in GC. Interestingly and similarly, in the current study, 
we demonstrated that miR-15a and PCAT6 were negatively 
correlated, and PCAT6 can participate in cell proliferation 
and EMT by regulating miR-15a in MKN45 and SGC-7901 
cells. The functions of PCAT6 were reversed by miR-15 
inhibitor in GC. Moreover, we further discovered PCAT6 
was a target of miR-15a

The RB/E2F and Wnt/β-catenin signaling pathways play 
momentous parts in tumor (Schwarzenbach 2016). Previ-
ous studies had reported that RB/E2F and Wnt/β-catenin 
pathways were activated in GC and the two pathways were 
involved in the pathogenesis of GC (Birkenkamp-Demtroder 
et al. 2011). Studies proved TGF-β1 caused EMT via RB/E2F 
and Wnt/β-catenin signaling pathways (Dong et al. 2018) 
and PCAT6 exerted its efficacy via Wnt/β-catenin signaling 
pathways (Singh et al. 2018). On the other hand, miR-15a was 

Figure 6. Silencing of PCAT6 restrained epithelial-mesenchymal transition by targeting miR-15a. sh-PCAT6 conspicuously enhanced 
the level of E-cad and declined the levels of N-cad, Vimentin, Snail and ZEB1; and miR-15a conspicuously declined sh-PCAT6-induced 
the level of E-cad and enhanced the levels of N-cad, Vimentin, Snail and ZEB1 in MKN45 cells (A and B) and in SGC-7901 cells (C and 
D). ** p < 0.01; *** p < 0.001. For abbreviations, see Fig. 3.
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Figure 7. Silencing of PCAT6 re-
strained the RB/E2F and Wnt/β-
catenin signaling pathways via 
targeting miR-15a. Silencing of 
PCAT6 restrained the RB/E2F 
signaling pathway via targeting 
miR-15a in MKN45 cells (A 
and B) and in SGC-7901 cells 
(C and D). Silencing of PCAT6 
restrained the Wnt/β-catenin 
signaling pathway via targeting 
miR-15a in MKN45 cells (E and 
F) and in SGC-7901 cells (G and 
H). ** p < 0.01; *** p < 0.001.
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involved in GC through RB/E2F and Wnt/β-catenin signal-
ing pathways (Ofir et al. 2011; Bai et al. 2019). Fortunately, 
we also discovered that the ratio of pRB/RB was enhanced 
and the level of E2F, Wnt and β-catenin were declined when 
transfected sh-PCAT6, and these level were reversed when 
transfected with miR-15 inhibitor in this system. In short, 
silencing of PCAT6 restrained RB/E2F and Wnt/β-catenin 
signaling pathways by the up-regulation of miR-15a.

In summary, silencing of lncRNA PCAT6 restrained 
proliferation and EMT of GC cells by targeting miR-15a via 
RB/E2F and Wnt/β-catenin signaling pathways. This article 
might afford a new thought for the clinical treatment of GC.
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