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YWHAZ (14-3-3ζ) has been reported to be a prognostic marker for various tumors and play a crucial role in many 
oncogenic processes, including proliferation, migration and invasion. However, the functional role and mechanism of 
YWHAZ in gastric cancer (GC) are not detailed and still require study. Herein, the endogenous expression of YWHAZ 
in gastric cancer cell line BGC-823 was silenced by YWHAZ-specific short hairpin RNA (shRNA). Our data showed that 
YWHAZ silencing resulted in cell cycle arrest in BGC-823 cells. Further, YWHAZ-silenced BGC-823 cells acquired increased 
apoptosis rate, which was confirmed by increased levels of cleaved caspase-3, cleaved PARP and Bax and decreased the Bcl-2 
level. Suppression of YWHAZ also promoted autophagy, confirmed by the up-regulation of LC3II /LC3I ratio, and down-
regulation of p62 level. Moreover, YWHAZ suppression inhibited the activation of PI3K/AKT/mTOR signaling pathway 
in BGC-823 cells. LY294002 (PI3K/AKT inhibitor, 200 nM) further promoted YWHAZ silencing-induced apoptosis and 
autophagy in BGC-823 cells while insulin-like growth factor-1 (IGF-1; PI3K/AKT agonist, 10 ng/ml) had the opposite 
effect. Finally, suppression of YWHAZ inhibited the growth of the xenograft tumor in vivo. This study provides extended 
evidence that YWHAZ can be a potential therapeutic target for GC. 
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Gastric cancer (GC) ranks as the third leading cause of 
cancer mortality worldwide in 2012 [1]. Its incidence and 
mortality in East Asia are higher than other global regions 
worldwide, and GC is confirmed to be the second most 
deadly cancer in China [2]. Despite significant advances in 
preventive and diagnostic techniques, GC patients are often 
diagnosed at a late stage and the prognosis remains poor 
[3]. It is therefore essential to identify and develop novel 
therapeutic targets for early GC diagnosis and treatment.

YWHAZ, also called 14-3-3ζ, is an important member 
of the highly conserved 14-3-3 family that plays key roles in 
many biological processes in eukaryotic cells [4–6]. Previous 
study has shown that YWHAZ takes part in the regulation 
of neurogenesis and neural progenitor differentiation [7], 
and YWHAZ not only participates in the regulation of many 
physiological activities, but it is also a novel molecular target 
and prognostic marker for various cancers [4, 8, 9]. YWHAZ 
has been demonstrated to be over-expressed in several 
cancers, including GC, pancreatic cancer, and intrahepatic 
cholangiocarcinoma where it promoted cancer initiation and 

progression [9–12]. Moreover, over-expression of YWHAZ 
contributed to the proliferation and survival of both GC and 
prostate cancer cells [13, 14]. MircoRNA-375 performed 
proapoptotic function in GC cells through down-regulating 
the YWHAZ level [15]. Although several studies have inves-
tigated the regulatory roles of YWHAZ in various cancer 
cells, the detailed mechanisms of YWHAZ in GC still remain 
unclear and require further elucidation.

Herein, specific YWHAZ-shRNA was applied to silence 
the expression of YWHAZ in GC cells, and the effects of 
YWHZA silencing on cell apoptosis, autophagy and related 
mechanisms were assessed in in vitro GC cells for the first 
time. We also detected the effect of YWHAZ on the growth 
of tumor xenograft in nude mice in vivo.

Materials and methods

Cell line and culture. BGC-823 cell line was purchased 
from Zhong Qiao Xin Zhou Biotechnology Co., Ltd. 
(Shanghai, China). The cells were cultured in RPMI-1640 
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medium (Gibco, USA) supplemented with 10% FBS 
(Hyclone, USA) at 37 °C in a 5% CO2 incubator.

Plasmids construction and stable cell lines genera-
tion. The shRNA for human YWHAZ gene (5’-GATCCCC-
GCTGAGCGATATGATGACATTCAAGAGATGTCAT-
CATATCGCTCAGCTTTTT-3’) and the negative control 
(NC) shRNA (5’-GATCCCCTTCTCCGAACGTGT-
CACGTTTCAAGAGAACGTGACACGTTCGGAGA-
ATTTTT-3’) were inserted into the pRNA-H1.1 vector. 
pRNA-H1.1-YWHAZ shRNA or pRNA-H1.1-NC shRNA 
was transfected into BGC-823 cells by lipofectamine 2000 
(Invitrogen, USA) according to the manufacturer’s instruc-
tions. Stable YWHAZ-silenced BGC-823 cells were selected 
by incubation with 800 μg/ml G418 at 24 hours after trans-
fection. The interference efficiency was verified by real-time 
PCR and western blot, as described below.

Quantitative real-time PCR (qPCR). The mRNA expres-
sion of YWHAZ in BGC-823 cells was detected by qPCR. 
Total RNA was extracted from cells with RNApure total RNA 
fast isolation kit (BioTeke, Beijing, China) and cDNA was 
obtained by Super M-MLV reverse transcriptase (BioTeke, 
Beijing, China) following the manufacturer’s instructions. 
The qPCR was conducted in 20 μl volume on Exicycler 96 
(BIONEER, Daejeon, Korea). The primer sequences used 
were synthesized by Sangon Biotech Co., Ltd (Shanghai, 
China) and presented as follows: YWHAZ (forward-5’-
TGTTGTAGGAGCCCGTAG-3’, reverse-5’-GCAACCT-
CAGCCAAGTAA-3’) and β-actin (forward-5’-CTTAGTT-
GCGTTACACCCTTTCTTG-3’, reverse-5’-CTGTCACCT-
TCACCGTTCCAGTTT-3’). β-actin was used as the internal 
control and mRNA expression was calculated by the 2–ΔΔCT

 
method.

Western blot. BGC-823 cells were lysed by RIPA buffer 
(Beyotime, China) supplemented with 1% phenylmethyl-
sulfonyl fluoride (PMSF; Beyotime). The protein concentra-
tion was determined by BCA Protein Assay Kit (Beyotime) 
according to the manufacturer’s instructions. Equal amounts 
of protein samples were then subjected to sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred to PVDF membrane. After blocking with 5% 
skim milk for 1 hour, the membrane was incubated at 4 °C 
overnight with primary antibodies YWHAZ (1:500, Sangon 
Biotech, China), cleaved caspase-3 (1:500) and cleaved 
PARP (1:500, Cell Signaling Technology, USA), Bcl-2 (1:500, 
Sangon Biotech, China), Bax (1:500, Sangon Biotech, China), 
LC3 (1:500) and p62 (1:500, Cell Signaling Technology, USA), 
p-PI3K (1:1000) and PI3K (1:500, Abcam, UK), p-AKT 
(1:500), AKT (1:500), p-Mtor (1:500) and mTOR (1:500, Cell 
Signaling Technology, USA), β-actin (1:500, Bioss, China). 
The membrane was then incubated with HRP-conjugated 
goat anti-rabbit or goat anti-mouse secondary antibodies 
at 37 °C for 45 minutes. The blots were visualized with ECL 
reagent (Beyotime, China).

Cell apoptosis analysis by flow cytometry. The apoptosis 
of BGC-823 cells was detected by Annexin V-FITC/PI double 

staining Apoptosis Assay Kit according to the manufacturer’s 
instructions (KeyGEN, China). Briefly, cells were collected 
and re-suspended with 500 μl Binding Buffer and single-
cell suspensions were incubated with 5 μl Annexin V-FITC 
and 5 μl PI for 15 minutes in the dark. Cell apoptosis was 
analyzed on a flow cytometer (BD, USA).

Cell cycle analysis by flow cytometry. The cell cycle was 
analysed by Cell Cycle and Apoptosis Analysis Kit (Beyotime, 
China) according to the manufacturer’s instructions. Briefly, 
cells were collected and fixed with pre-cooling 70% ethanol at 
4 °C for 2 hours. The fixed cells were washed twice with PBS, 
re-suspended with 500 μl staining buffer, then incubated with 
25 μl PI and 10 μl RNase A at 37 °C for 30 minutes away from 
light. The cell cycle was then detected by flow cytometry (BD, 
USA).

In vivo tumor xenograft study. Healthy female nude 
BALB/c mice (4-weeks-old) were purchased from HFK 
Bioscience Co.,LTD (Beijing, China). 1×107 BGC-823 cells 
in 100 μl serum free PRMI 1640 from parental, NC, and 
YWHAZ silencing groups were subcutaneously injected into 
the fossa axillaris of nude mice (n=6 for each group). The 
tumors were measured and the volume was calculated every 
three days after tumor nodules were observed. The mice were 
sacrificed 28 days after the injection, and the tumors were 
removed, weighed and collected. The animals were cared for 
in accordance with the principles and guidelines for the Care 
and Use of Laboratory Animals. All experimental procedures 
performed in studies involving animals were in accordance 
with the Institutional Animal Care and Use Committee 
guidelines of Jilin University.

Statistical analysis. All experimental values were 
expressed as mean ± standard deviation (SD). The Student’s 
t test compared the differences between the two groups, and 
p-value less than 0.05 was statistically significant.

Results

YWHAZ expression in gastric cancer cells. The protein 
levels of YWHAZ in four GC cell lines (BGC-823, SGC-7901, 
HGC-27 and MGC-803) were assessed by western blot, and 
the result suggested that the level of YWHAZ in BGC-823 
cells was higher than in other three cells lines (Figure 1A). 
Hence, the BGC-823 cell line was chosen to establish the 
stable YWHAZ silencing GC cell line. YWHAZ-shRNA was 
applied to inhibit the endogenous expression of YWHAZ. 
Figures 1B & C show that both mRNA and protein expres-
sions of YWHAZ were significantly decreased in YWHAZ-
shRNA transfected BGC-823 cells.

YWHAZ suppression induced cell cycle arrest and 
apoptosis in BGC-823 cells. Figure 2A highlights the 
determination of cell cycle progression by flow cytometry. 
Suppression of YWHAZ resulted in significant decrease in 
the number of cells in BGC-823 cells’ S phase compared 
to the NC group. Although YWHAZ silencing increased 
the number of cells in the G1 phase, there was no signifi-
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Figure 1. Establishment of stable YWHAZ-silenced cells. A) Western blot analysis evaluated the YWHAZ protein level in various GC cell lines and 
β-actin was used as a loading control. B) The YWHAZ protein level after transfection of YWHAZ-shRNA in BGC-823 cells was detected by western 
blot. C) YWHAZ mRNA expression after transfection of YWHAZ-shRNA in BGC-823 cells was detected by qPCR. The results are confirmed in three 
repeated experiments. Each value is shown as the mean ± SD (n=3). **p<0.01, ***p<0.001, versus the NC group.

cant statistical difference. In addition, the apoptosis rate in 
BGC-823 cells was markedly enhanced by YWHAZ silencing 
compared with the NC group (Figure 2B). Figures 2C–G show 
apoptosis-related proteins levels determined by western blot, 
where YWHAZ suppression significantly increased protein 
levels in pro-apoptotic proteins cleaved caspase-3, cleaved 
PARP and Bax, and obviously decreased the level of anti-
apoptotic protein Bcl-2 in BGC-823 cells.

Suppression of YWHAZ promoted autophagy in 
BGC-823 cells. The LC3 and p62 autophagy-related protein 
levels were detected in order to evaluate the effect of YWHAZ 
on autophagy. Figure 3 reveals that YWHAZ suppression 
increased the ratio of LC3 II/LC3 I and decreased the level of 
p62 in BGC-823 cells, thus indicating that YWHAZ silencing 
promoted autophagy in the BGC-823 cells.

The PI3K/AKT/mTOR signaling pathway is involved 
in the regulation of apoptosis and autophagy by YWHAZ 
suppression. To further evaluate the detailed mechanism of 
YWHAZ in BGC-823 cells, the canonical PI3K/AKT/mTOR 
signaling pathway was selected. Figures 4A–C show that the 
protein levels of phosphorylated PI3K, AKT and mTOR were 
markedly decreased by suppression of YWHAZ in BGC-823 

cells while the total PI3K, AKT and mTOR had no significant 
changes. The PI3K/AKT/mTOR pathway role was elucidated 
by YWHAZ silenced BGC-823 cells treated with LY294002 
or IGF-1; the respective inhibitor and activator of the PI3K/
AKT pathway. As shown in Figure 4D, LY294002 treatment 
significantly enhanced YWHAZ silencing-induced apoptosis 
in BGC-823 cells, while IGF-1 treatment inhibited apoptosis. 

While LY294002 treatment up-regulated the ratio of LC3II 
/LC3I and down-regulated the level of p62 in YWHAZ-
silenced BGC-823 cells, IGF-1 treatment had the opposite 
effect. These results suggest that PI3K/AKT/mTOR signaling 
pathway is involved in YWHAZ mechanisms in BGC-823 
cells.

Suppression of YWHAZ inhibited the growth of 
xenograft tumors in vivo. The nude mouse tumorigenesis test 
assessed the ef﻿﻿fect of YWHAZ suppression on in vivo. tumor-
igenesis ability. Figures 5A and B highlight that the volume 
of xenograft tumor generated by YWHAZ-silenced BGC-823 
cells was significant less than that generated by NC BGC-823 
cells. The xenograft tumor weight was also significantly 
reduced when YWHAZ was silenced (Figure 5C) and figure 
5D validates the protein level of YWHAZ in tumor tissues. 
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Figure 2. The effect of YWHAZ suppression on cell cycle and apoptosis in BGC-823 cells. A) Cell cycle progression in BGC-823 cells was detected by 
flow cytometry. The percentage of cells in each cell cycle phase is shown. B) Annexin V/PI staining was used to detect cell apoptosis in BGC-823 cells. 
The percentage of apoptosis cells is shown. C) The protein levels of Bcl-2, Bax, cleaved caspase-3, and cleaved PARP in BGC-823 cells were determined 
by western blot analysis, with β-actin used as the loading control. D-G) Gray scanning analysis of the protein bands. The results are confirmed in three 
repeated experiments. Each value is shown as mean ± SD (n=3). *p<0.05, **p<0.01, ***p<0.001, versus the NC group.

Discussion
GC is always diagnosed at advanced stages, leading to 

poor prognosis for most patients with GC [16]. Therefore, 
searching for promising molecular target for early diagnosis 
and treatment is essential for GC patients, and YWHAZ, 
as a member of 14-3-3 family, is known to participate in 
multiple cellular processes. A previous study demonstrated 
that YWHAZ was frequently over-expressed in GC tumor 

tissues, and this significantly correlated with malignancy 
in GC patients. Silencing YWHAZ inhibited proliferation, 
migration and invasion of GC cells [13]. The novelty of 
this study is that we fully investigated the role of YWHAZ 
in apoptoisis, autophagy and its related mechanisms in GC 
cells in vitro and tumorigenesis in vivo. Our data showed 
that suppression of YWHAZ promoted GC cell apoptosis 
and autophagy by inactivating the PI3K/AKT/mTOR 
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Figure 3. The effect of YWHAZ suppression on autophagy in BGC-823 cells. A) The protein levels of LC3 and p62 were assessed by western blot. 
B-C) Gray scanning analysis of the protein bands. The results are confirmed in three repeated experiments. Each value is shown as mean ± SD (n=3). 
*p<0.05, **p<0.01, versus the NC group.

Figure 4. The PI3K/AKT/mTOR signaling pathway is involved in YWHAZ suppression in BGC-823 cells. The protein levels of p-PI3K, PI3K, p-AKT, 
AKT, p-mTOR, mTOR in BGC-823 cells were assessed by western blot. B-D) Gray scanning analysis of the protein bands. E) YWHAZ-silenced BGC-
823 cells were treated with 200 nM LY294002 or 10 ng/ml IGF-1 for 12 h. The apoptosis of BGC-823 cells in different treatment groups was evaluated by 
Annexin V/PI staining. The percentage of apoptosis cells is shown. F) YWHAZ-silenced BGC-823 cells were treated with 200 nM LY294002 or 10 ng/
ml IGF-1 for 12 h and LC3 and p62 protein levels were assessed by western blot. G-H) Gray scanning analysis of the protein bands. The results are con-
firmed in three repeated experiments. Each value is shown as mean ± SD (n=3). *p<0.05, **p<0.01, ***p<0.001, versus the NC group. #p<0.05, ##p<0.01, 
###p<0.001, versus the YWHAZ-shRNA group.
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signaling pathway and that YWHAZ suppression reduced 
tumorigenic ability in vivo.

The programmed cell death in apoptosis is cell suicide, 
and this has key roles in multiple physiological and patho-
logical processes, which is an important factor for self-
stabilization. The occurrence of tumor is largely attributable 
to abnormal cell apoptosis. Apoptosis has been the main 
target and method in tumor therapy so far and regulation of 
apoptosis-related gene expression is the key method used to 
induce tumor cell apoptosis. 

Here, the Bcl-2 family proteins play important roles in 
the regulation of apoptosis [17]. Anti-apoptotic Bcl-2 and 
pro-apoptotic Bax proteins are two crucial members of the 
Bcl-2 family. The ratio of Bcl-2/Bax closely correlates with 
cancer cell apoptosis and this is considered a predictive marker 
[18, 19]. Caspase-3 is a key effector molecule in the apoptotic 
signal transduction pathway [20], where activation cleaves 
its PARP substrate resulting in loss of DNA repair function 
and apoptosis [21]. Our results confirm that suppression of 
YWHAZ in BGC-823 cells significantly induced apoptosis 
by down-regulating the Bcl-2 level and up-regulating 
Bax, cleaved caspase-3 and the cleaved PARP levels.

Autophagy ensures that cellular components are orderly 
degraded and recycled in eukaryotic cells. The specific LC3 
marker for autophagy has two important subtypes, LC3-I and 
LC3-II, and autophagous activation can be demonstrated by 
the conversion of LC3-I to LC3-II [22]. P62 is another impor-
tant autophagy-related protein and this can be degraded in 
autophagosomes during the autophagy process. Thus, the 
level of p62 level inversely correlates with autophagy level 
[23]. Autophagy has complicated effects in different condi-
tions; although it is an adaptive response which protects cells 
against injury it can also mediate programmed cell death. 

Based on this dual mechanism, autophagy has been 
demonstrated to play contradictory roles in different cancer 
stages. A recent study showed that activation of dopamine 
receptor D5 suppressed GC cells by inducing autophagic cell 
death [24]. More recent reports demonstrated that induc-
tion of autophagy inhibited GC cells proliferation [25–27]. 
However, research has also suggested that silencing AQP3 
induces GC cell apoptosis by inhibiting autophagy [28]. 
Herein, suppression of YWHAZ significantly induced 
autophagy in BGC-823 cells; clearly shown by increased 
LC3II /LC3I ratio and decreased p62 level. These results 

Figure 5. In vivo suppression of YWHAZ inhibited tumorigenesis of GC. A) Images of nude mice and removed xenograft tumors at 28 days after the 
injection of YWHAZ-silenced or NC BGC-823 cells. B) The tumor growth-curve of tumor volume is shown. C) The tumor weight of different groups 
was presented. D) The YWHAZ protein level in tumor tissues was measured by western blot. The results are confirmed in three repeated experiments. 
Each value is shown as mean ± SD (n=6). ***p<0.001 compared to the NC group.
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indicate that YWHAZ silencing inhibited GC progression by 
inducing autophagous cell death.

The PI3K/AKT/mTOR signaling pathway is a canonical 
intracellular signal transduction pathway, and it has been 
reported to be involved in GC cell regulation of prolif-
eration, apoptosis and invasion [29–31]. This pathway also 
plays crucial roles in autophagy regulation. A recent study 
suggested that IL-37 induces autophagy in liver cancer by 
inhibiting the PI3K/AKT/mTOR pathway [32]. In addition, 
Ding et al showed that tanshinone IIA suppressed prolifera-
tion and induced autophagy of U251 cells by inhibiting the 
PI3K/AKT/mTOR pathway[33]. 

Finally, our results are quite consistent with previous 
studies, and they clearly confirm that YWHAZ-silencing 
induces apoptosis and autophagy in BGC-823 cells by 
inactivation of the PI3K/AKT/mTOR pathway. Moreover, 
silencing YWHAZ restrained tumorigenesis in nude mice in 
vivo; and we therefore suggest YWHAZ is a potential thera-
peutic target in Gastric Cancer
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