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Background: Cytoplasmic polyadenylation element-binding protein 4 (CPEB4) has previously 

been reported to be associated with biological malignancy in various cancers. However, its 

function in tumor growth and metastasis in gastric cancer (GC) remains obscure. Here, we 

explored the functional and molecular mechanisms by which CPEB4 influences GC.

Materials and methods: The expression of CPEB4 was assessed using Western blot and 

immunohistochemistry in GC specimens. The roles of CPEB4 in GC cell proliferation, migra-

tion, and invasion were investigated by cell-counting kit-8 (CCK-8), colony formation, and 

EdU assay; wound-healing assay; and transwell assay, respectively. Quantitative real-time 

PCR (qRT-PCR), Western blot, and immunofluorescence staining were performed to detect 

the expressions of CPEB4 and epithelial–mesenchymal transition (EMT)-related markers. The 

function of CPEB4 on GC cell growth and metastasis was also determined in vivo through 

establishing subcutaneous xenograft tumor and lung metastatic mice model.

Results: The results revealed that the expression of CPEB4 was increased in GC tissues com-

pared with matched normal tissues. High expression level of CPEB4 was significantly associated 

with clinical metastasis and unfavorable prognosis in patients with GC. Furthermore, CPEB4 

silencing remarkably inhibited GC cells’ proliferation, invasion, and metastasis in vitro and 

in vivo. Conversely, CPEB4 overexpression achieved the opposite effects. Mechanically, we 

proved that ZEB1-mediated EMT might be involved in CPEB4-facilitated GC cells’ prolifera-

tion, invasion, and metastasis.

Conclusion: Our findings implied that CPEB4 expression predicted a worse prognosis in 

patients with GC. Besides, CPEB4 contributed to GC cells’ proliferation, migration, and inva-

sion via ZEB1-mediated EMT.

Keywords: CPEB4, gastric cancer, epithelial–mesenchymal transition

Introduction
Gastric cancer (GC), as the fifth most common malignancy and the third leading cause 

of cancer-associated deaths worldwide, is often diagnosed in the advanced stage, with 

a high tendency to metastasize and a poor prognosis.1–3 Despite advancements in a 

comprehensive therapy in recent decades, including the surgical treatment and chemo-

therapy, metastasis is still a major clinical challenge in the curative treatment of GC. 

Therefore, the investigation of the molecular mechanisms underlying GC progression 

and metastasis may provide potential therapeutic strategies for GC.

Recently, epithelial–mesenchymal transition (EMT) has emerged as a critical 

regulator in cancer cells’ invasion and metastasis.4 During EMT, cells shed their epi-

thelial characteristics (such as cellular adherence and absence of motility) and acquire 
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mesenchymal properties (such as motility and invasiveness), 

which are molecularly characterized by the loss of epithelial 

marker E-cadherin and the gain of mesenchymal markers 

N-cadherin and Vimentin.5 Additionally, the EMT process 

can be regulated by transcription factors (such as Snail, 

Slug, ZEB1, SIPI1, and Twist), as well as multiple complex 

signal pathways, including TGFβ, Notch, Wnt, and PI3K/

AKT signaling cascade.4 Interestingly, increasing evidence 

reveals the potential clinical value of targeting EMT in 

cancer treatment.

Cytoplasmic polyadenylation element-binding protein 4 

(CPEB4), a typical member of the CPEB family, is a sequence-

specific RNA-binding protein and a translational regulator, 

which has been demonstrated to be selectively overexpressed 

in various malignancies.6 Notably particularly, recent studies 

have reported that CPEB4 functions importantly in cancer 

cells’ migration and invasion in certain types of cancer, 

such as glioma and breast cancers, and could be exploited 

as a target for cancer treatment.7–10 Nevertheless, to our 

knowledge, the clinical significance and biological func-

tion in GC remain undetermined and even less is known 

about the regulatory mechanism of CPEB4-mediated cancer 

progression.

Accordingly, we focused on the clinical significance 

of CPEB4 in GC tissues in this study, as well as the role 

and potential molecular mechanism of CPEB4 in GC cells’ 

growth, migration, and invasion.

Materials and methods
Patients, specimens, and cell lines
A total of 112 samples (tumor tissues and corresponding 

normal tissues) were collected from patients with gastric 

adenocarcinoma who underwent radical gastrectomy at our 

hospital. None of these patients received preoperative chemo-

therapy or radiotherapy. Among them, fresh tissues of 45 cases 

were evaluated by Western blot for CPEB4 protein and 112 

cases were also embedded in paraffin blocks for immunohis-

tochemical stainings. Preoperative written informed consent 

was obtained from each patient according to the Declaration of 

Helsinki, and this study was approved by the ethics committee 

of the Fifth Affiliated Hospital of Nantong University.

The human GC cell lines (AGS, BGC823, MGC803, 

MKN45, and SGC7901) and normal gastric epithelial GES-1 

cells were obtained from the Type Culture Collection of 

the Chinese Academy of Sciences (Shanghai, China) and 

cultured in 90%  Roswell Park Memorial Institute-1640 

(Thermo Fisher Scientific, Waltham, MA, USA) supple-

mented with 10% FBS (Thermo Fisher Scientific). All cells 

were propagated at 37°C, in a humidified incubator contain-

ing 5% CO
2
.

lentivirus infection
The sense sequence of short hairpin RNA (shRNA) oligo-

nucleotides specifically targeting the CPEB4 transcripts 

was as follows: sh-CPEB4 sense, 5′-CUGCCUCAUUU 

GGCGAAUAC-3′ and antisense, 5′-UAUUCGCCA 

AAUGAGGCAGC-3′. A negative sequence was used as a 

control. Transfections were conducted using Lipofectamine 

2000 following the manufacturer’s instructions. The full-

length CPEB4 cDNA was inserted into the retroviral vector 

pBabe-puro and the expression vector HA-PMSCV. The 

empty vector was used as control. The CPEB4 expression 

was determined by Western blot and immunofluorescence.

immunohistochemistry (ihc)
The approach for IHC was conducted as described 

previously.11 We used antibodies against CPEB4 (Abcam, 

Cambridge, UK), ZEB1 (CST, Massachusetts, USA), and 

Ki-67 (CST). Sections were observed under the microscope 

in a blinded manner. The immunoreactive score (IRS) was 

evaluated by the staining intensity and the percentage of posi-

tive cells. The staining intensity score was defined as follows: 

0=negative, 1=weak intensity, 2=moderate intensity, and 

3=strong intensity; and the percentage of staining cells was 

scored as follows: 0=0%–5%, 1=6%–25%, 2=26%–50%, and 

3=.50%. Summation of intensity score and quantity score 

led to an IRS ranging from 0 to 6: the sample with IRS$3 

was considered positive, whereas the sample with IRS,3 

was regarded as negative.

Western blot
Western blot was carried out using the standard protocol as 

described previously.12 Briefly, protein samples from tissues 

or cell lysates were separated by SDS-PAGE and transferred 

to polyvinylidene difluoride membrane (EMD Millipore, Bil-

lerica, MA, USA). Membranes were incubated in 5% milk 

to block nonspecific binding, followed by incubation with a 

primary antibody at 4°C overnight. Afterward, membranes 

were incubated with a secondary antibody. Immunoreac-

tivity was visualized by the enhanced chemiluminescence 

detection reagent (Thermo Fisher Scientific). Primary anti-

body against CPEB4 was obtained from Abcam. Primary 

antibodies against E-cadherin, Snail, Slug, ZEB1, SIP1, 

Twist, N-cadherin, and Vimentin were purchased from CST. 

GAPDH antibody, used as the loading control, was bought 

from Bioworld Technology (St Louis Park, MN, USA).
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rna isolation and real-time quantitative 
reverse-transcription Pcr
Total RNA was isolated from cells using the TRIzol reagent 

(Thermo Fisher Scientific) and reversely transcribed to 

complementary DNA using the PrimeScript RT Reagent 

Kit (TaKaRa, Shanghai, China). Quantitative real-time PCR 

(qRT-PCR) was performed with the SYBR Green Assay kit 

(TaKaRa) on a 7500 RT-PCR System (Thermo Fisher Scien-

tific). Relative quantification was calculated using the 2-ΔΔCt 

method. PCR primer sequences are listed in Table S1.

Immunofluorescence staining
Cells plated on coverslips were fixed with 4% paraformalde-

hyde for 15 min. Then, cells were blocked with Triton X-100 

for 30 min. Subsequently, cells were blocked with 5% BSA 

for 30 min, followed by incubation with primary antibodies 

against CPEB4, E-cadherin, and N-cadherin at 4°C overnight. 

The coverslips were incubated with Alexa Fluor-conjugated 

secondary antibody (Bioworld Technology) for 60 min and 

stained with DAPI for 5 min. Finally, cells were observed 

under a fluorescence microscope.

Wound-healing assay
Cells were cultured to confluence in a six-well plate, and 

an artificial wound was gently created using a 10 µL plastic 

tip. Photomicrographs were taken at 0 and 48 h time points 

to monitor the wound-healing process. The wound coverage 

percentage=(0 h width-48 h width)/0 h width×100%.

cells’ migration and invasion assays
For migration assay, cells were plated into the upper cham-

ber of a 24-well 8 µm pore size transwell device (Corning 

Incorporated, Corning, NY, USA). For invasion assay, while 

the upper chamber was coated with a BD Matrigel™ Matrix 

Basement Membrane (BD Biosciences, San Jose, CA, USA). 

Medium containing 20% FBS as a chemoattractant was added 

to the lower chamber. After 24 h, cells on the upper surface 

of the chamber were removed by scraping and the chamber 

was fixed in 4% paraformaldehyde and stained with 0.05% 

crystal violet. Migrated and invaded cells were quantified 

under an inverted light microscope.

cell proliferation assay
Cells at a density of 5×103/well were plated in 96-well plates. 

At the indicated times (0, 24, 48, 72, and 96 h after culture), 

10 µL of cell-counting kit-8 (CCK-8; Shanghai, China) 

solution was added to each well and cultured for another 

80 min. The absorbance value at 450 nm was detected to 

analyze cell viability.

colony formation assay
Cells were seeded in a six-well plate and cultured for 2 weeks 

at 37°C in a humidified incubator containing 5% CO
2
. Sub-

sequently, cells were fixed with crystal violet solution and 

counted under a microscope. Clone formation was defined 

as those containing $50 cells.

edU assay
The proliferation potential of cells was assessed using 

the Cell-Light TM EdU imaging detecting kit (RiboBio, 

Shanghai, China). Briefly, cells (1×105/well) were seeded 

in each well of a 96-well plate. Cells within each well were 

cultured with 10 mM EdU for 2 h and then fixed with 4% 

paraformaldehyde, followed by permeabilization in 0.2% 

Triton X-100 and staining with Apollo solution for 30 min 

in the dark. Subsequently, DAPI solution was used to stain 

the cell nuclei. Finally, cells were imaged under a fluorescent 

microscope.

in vivo tumorigenesis
BALB/c nude mice (6-week old, male) were used to examine 

tumorigenicity. To determine the role of CPEB4 in tumor 

formation, SGC7901 cells (sh-NC/sh-CPEB4) or AGS cells 

(vector/CPEB4) were injected subcutaneously into nude mice 

followed by the measurement of tumor size at 5-day intervals 

using the following formula: volume=(short diameter)2× 

(long diameter)/2.13 The mice were sacrificed after 30 days, 

and tumor samples were resected for tumor mass, Western 

blot, and IHC staining. To ascertain the function of CPEB4 

in tumor metastasis in vivo, cells mentioned earlier were 

injected intravenously into the tail vein of nude mice. At 

30 days after the injection, the lungs of nude mice were 

surgically removed for the count of metastatic nodules and 

then processed for Western blot analysis. The assays were 

done using six nude mice per group. All animal procedures 

were approved by the Ethics Committee of the Fifth Affili-

ated Hospital of Nantong University and were performed 

according to the institutional guidelines.

statistical analyses
Chi-squared test was performed to compare clinical features of 

patients between different groups. Kaplan–Meier survival 

analysis was done by the log-rank test. All of the data were 

expressed as the mean±SD and were analyzed by Student’s 

t-test. All the analyses were conducted using the SPSS 21.0 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6156

cao et al

software (IBM Corporation, Armonk, NY, USA). Differences 

were considered statistically significant at P,0.05.

Results
Clinical significances of CPEB4 in patients 
with gc
To investigate the function of CPEB4 in the progression of 

GC, we first detected CPEB4 protein expression in 45 pairs of 

tumor samples and matched normal tissues by Western blot. 

It was shown that CPEB4 expression was significantly higher 

Figure 1 Relative CPEB4 expression in GC tissues and its clinical significance.
Notes: (A) Western blot analysis of CPEB4 expression in GC tumor tissues and matched normal tissues. Magnification ×200. (B) representative ihc images of cPeB4 and 
ZeB1 in gc tumor tissues and adjacent normal tissues. (C) Quantitative evaluation of cPeB4 expression in tumor tissues and corresponding normal tissues in accordance 
with staining scores. (D) scatterplots of the average staining scores of cPeB4 expression in patients without or with metastasis. (E) Kaplan–Meier survival curves for gc 
patients with cPeB4 expression. *P,0.05.
Abbreviations: cPeB4, cytoplasmic polyadenylation element-binding protein 4; gc, gastric cancer; ihc, immunohistochemistry.

in tumor samples compared with corresponding normal 

tissues (Figure 1A). Second, the expressions of CPEB4 and 

ZEB1 were determined in tumor tissues and matched normal 

tissues of 112 patients with GC by immunohistochemical 

staining (Figure 1B). As shown in Figure 1C, compared to 

normal tissues, CPEB4 expression was markedly increased 

in tumor tissues and its expression was significantly higher 

in metastatic tumor tissues (Figure 1B). Additionally, a 

clinicopathological association analysis demonstrated that 

CPEB4 was significantly correlated with tumor size, T stage, 
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Table 1 relationship between cPeB4 expression and clinico-
pathological features in gastric cancer

Features n CPEB4 P-value

Negative Positive

age (years) 0.834
$60 76 48 28
,60 36 22 14

gender 0.188
Male 77 45 32
Female 35 25 10

Tumor size (cm) 0.002a

$5 66 49 17
,5 46 21 25

Lauren’s classification 0.403
Diffuse 29 20 9
intestinal 83 50 33

lymphatic vessel invasion 0.252
With 45 31 14
Without 67 39 28

T stage 0.001a

T1 + T2 50 23 27
T3 + T4 62 47 15

pTnM stage 0.004a

i + ii 47 22 25
iii + iV 65 48 17

lymph node metastasis ,0.001a

With (n1 + n2 + n3) 67 53 14
Without (n0) 45 17 28

Note: aMean P,0.05.
Abbreviation: cPeB4, cytoplasmic polyadenylation element-binding protein 4.

Table 2 correlation analysis between cPeB4 expression and 
ZeB1 expression in gastric cancer tissues by chi-squared test

Gene CPEB4

Positive Negative χ2 P-value C

ZeBi
Positive 58 11 35.637 ,0.001a 0.491
negative 12 31

Notes: C, contingency coefficient. aMean P,0.05.
Abbreviation: cPeB4, cytoplasmic polyadenylation element-binding protein 4.

pTNM stage, and lymph node metastasis (P,0.05) (Table 1). 

Table 2 shows that the expression level of CPEB4 was 

positively related to that of ZEB1 (P,0.001, contingency 

coefficient [C]=0.491) in primary lesion. Additionally, 

compared with patients without lymph node metastasis, those 

with metastasis showed significantly higher staining scores 

for CPEB4 (P,0.05) (Figure 1D), indicating that CPEB4 

might function importantly in metastasis. Furthermore, 

survival analysis revealed that patients with CPEB4 posi-

tive had poorer prognosis than those with CPEB4 negative 

(P,0.05) (Figure 1E).

cPeB4 expression in gc cell lines
To identify the appropriate GC cell lines with low or high 

expression of CPEB4, Western blot was performed for pro-

tein samples derived from five GC cell lines (AGS, BGC823, 

MGC803, MKN45, and SGC7901) and normal gastric epi-

thelial GES-1 cells. Among them, CPEB4 expression was the 

highest in SGC7901 cells and was the lowest in AGS cells 

and GES-1 cells (Figure 2A), which indicated that CPEB4 

was overexpressed not only in primary tumors but also in 

GC cell lines compared with corresponding normal controls. 

Hence, SGC7901 cells were selected for stable transfection 

with shRNA lentivirus vectors toward CPEB4 and AGS cells 

were selected for stable transfection with CPEB4 expres-

sion vector. Obviously, CPEB4 expression was markedly 

decreased by shRNA-CPEB4 and significantly increased 

by CPEB4 overexpression via Western blot detection 

(Figure 2B) and immunofluorescence staining (Figure 2C).

cPeB4 promotes gc cells’ growth, 
migration, and invasion in vitro
To investigate the effects of CPEB4 on GC cell migration 

and invasion in vitro, we performed in vitro wound healing, 

transwell migration, and transwell invasion assays. Both 

wound healing and transwell migration assays indicated 

that the migratory capability of CPEB4-silencing SGC7901 

cells was weaker than that of the corresponding sh-NC cells, 

whereas CPEB4-overexpressing AGS cells showed greater 

migration capability (Figure 2D and E). Consistently, the 

transwell invasion assay revealed the similar effect on GC 

cells’ invasion (Figure 2E). Subsequently, we examined the 

effect of CPEB4 expression on GC cells’ growth in vitro. 

Using the CCK-8 assay (Figure 2F), colony formation assay 

(Figure 2G), and EdU incorporation assay (Figure 2H), we 

revealed that CPEB4 knockdown markedly suppressed cell 

proliferation in SGC7901 cells, while CPEB4 overexpression 

in AGS cells exerted the opposite result. Taken together, 

these results indicated that CPEB4 could facilitate prolifera-

tion, motility, and invasiveness of GC cells in vitro.

ZeB1-mediated eMT is critical for 
cPeB4-induced gc cells’ growth, 
migration, and invasion
Accumulating evidence has demonstrated that EMT endows 

epithelial cells with their migratory and invasive abilities and 

functions importantly in many cancers’ metastasis process, 

including GC.4,14 To investigate the relationship between 

CPEB4 and EMT, qRT-PCR was performed to analyze the 

influence of CPEB4 on EMT-related molecules. We found 

that CPEB4 silencing resulted in higher level of the epithe-

lial marker E-cadherin, lower levels of the mesenchymal 

markers N-cadherin and Vimentin, and transcription factor 
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ZEB1 but did not significantly influence other transcription 

factors (Snail, Slug, SIP1, and Twist), whereas CPEB4 over-

expression in AGS cells demonstrated the opposite effects 

(Figure 3A). Besides, Western blot and immunofluorescence 

staining further proved that CPEB4 negatively correlated with 

E-cadherin but positively correlated with ZEB1, N-cadherin, 

and Vimentin in GC cells (Figure 3B and C).

Next, to demonstrate the involvement of transcription 

factor ZEB1 in CPEB4-mediated GC cells’ growth, migra-

tion, invasion, as well as EMT, the ZEB1 expression was 

downregulated in GC cells. The results manifested that 

shRNA-mediated suppression of ZEB1 in AGS cells led to 

a noticeable reversal of CPEB4-induced EMT (Figure 4A). 

Besides, sh-ZEB1 expression in AGS cells observably 

suppressed CPEB4-facilitated cell migration and invasion 

(Figure 4B) as well as cell growth (Figure 4C–E). On the 

whole, these data implied that CPEB4 promoted GC cells’ 

growth, migration, and invasion via the activation of ZEB1-

mediated EMT.

cPeB4 facilitates tumor formation and 
metastatic potential in vivo
To further confirm the effect of CPEB4 on tumor growth and 

metastatic potential in vivo, we established subcutaneous 

xenograft tumor and lung metastasis model in nude mice. 

The result revealed that CPEB4 silencing in SGC7901 cells 

significantly hindered tumor growth, as evidenced by the 

reduced tumor volume and tumor mass (Figure 5A). Con-

sistent with the results in vitro, CPEB4 silencing resulted in 

the higher level of E-cadherin and the lower level of ZEB1, 

N-cadherin, Vmentin, and Ki-67 by Western blot and IHC 

analysis in the xenograft specimens (Figure 5B and C). 

Inversely, CPEB4 overexpression in AGS cells led to the 

opposite effect (Figure 5A–C).

Additionally, the lung metastatic tissues indicated that 

CPEB4 knockdown had led to a significantly less number of 

lung metastatic nodules (Figure 6A) and a distinct reversal of 

EMT (Figure 6B). As expected, CPEB4 overexpression had 

imposed significantly opposite effects on GC cells’ metas-

tasis in vivo (Figure 6A and B). Collectively, these results 

revealed that CPEB4 could promote GC cells’ growth and 

metastasis in vivo.

Discussion
Although great achievements have been made in surgical 

treatment and chemotherapy over the past few years, metas-

tasis remains the major cause of death in cancer patients. 

Given that the spread of cancer cells to distant organs, from 

a relatively immobile type to a more invasive phenotype, is 

generally accepted as a leading function in tumor metastasis, 

novel therapeutic approaches are urgently required to prevent 

the metastatic dissemination of cancer cells.5,15 Hence, the 

identification of novel key targets and the potential mecha-

nisms involved in cancer cells’ invasion and metastasis is 

promising. Interestingly, recent studies have revealed that 

CPEB4 was highly expressed in multiple tumor types and was 

involved in tumor progression and metastasis.6,7 For example, 

CPEB4 has been reported to be markedly increased in cancer 

tissues and be a promising therapeutic target in metastatic 

colorectal carcinoma.16 In breast cancer, CPEB4 was dis-

tinctly elevated in primary lesions compared with adjacent 

normal tissues and played a pivotal role in breast cancer 

invasion and metastasis.9 Ortiz-Zapater et al demonstrated 

that CPEB4 was overexpressed in pancreatic ductal adeno-

carcinoma and CPEB4 silencing in pancreatic cancer cells 

reduced the cell invasion ability, which described CPEB4 

as a potential candidate target for cancer therapy.10 To data, 

however, little is known about the clinical significances of 

CPEB4 in GC tissues and the effect of CPEB4 expression 

on GC cells’ growth, invasion, and metastasis.

In this study, we provided evidence that CPEB4 might 

serve as a potential prognostic biomarker or therapeutic tar-

get for patients with GC. We found that CPEB4 expression 

was distinctly increased in GC primary lesion compared 

with matched normal tissues. Clinical significance analysis 

indicated that CPEB4 expression was positively correlated 

with clinical metastasis and patient survival, suggesting that 

CPEB4 might function crucially in GC evolution and metas-

tasis. Also, we evaluated the biological roles of CPEB4 in GC 

cells. Our results revealed that the depletion of endogenous 

CPEB4 expression suppressed cell growth, migration, and 

invasion both in vitro and in vivo. Conversely, CPEB4 over-

expression reversed these events. Subsequently, mechanical 

analysis demonstrated that CPEB4 controlled EMT in GC 

cells by regulating transcription factor ZEB1.

Recently, EMT has emerged as a key event of cancer 

cells’ invasion and metastasis through conferring an inva-

sive phenotype in certain cancers.17,18 Noticeably, a very 

substantial effort has been made to discover novel targeted 

genes that accelerate cancer progression via stimulating 

EMT process.19–22 In this investigation, we revealed that 

CPEB4 silencing inhibited the EMT process, accompanied 

by downregulated expression of the mesenchymal markers 

N-cadherin and Vmentin and the upregulated expression of 

the epithelial marker E-cadherin, whereas CPEB4 overex-

pression showed the opposite effect. More interestingly, 
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Figure 3 effects of different expression levels of cPeB4 on eMT-related markers in sgc7901 and ags cells.
Notes: Following cPeB4 shrna or overexpression treatment, qrT-Pcr (A), Western blot (B), and immunofluorescence (C) were used to determine the expressions of 
eMT-related markers in cPeB4-altered cells, including the epithelial marker e-cadherin, the mesenchymal markers n-cadherin and Vimentin, and transcription factors (snail, 
slug, ZeB1, siP1, and Twist). *P,0.05. Magnification ×400.
Abbreviations: cPeB4, cytoplasmic polyadenylation element-binding protein 4; eMT, epithelial–mesenchymal transition; qrT-Pcr, quantitative real-time Pcr; shrna, 
short hairpin rna.
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Figure 5 Influences of CPEB4 silencing or overexpression on GC cells’ tumor growth in vivo.
Notes: (A) representative images of tumors formed in nude mice injected subcutaneously with gc cells. Tumor volume was measured every 5 days. at 30 days after 
inoculation, nude mice were sacrificed and tumors were weighed. (B) expressions of cPeB4, e-cadherin, ZeB1, n-cadherin, and Vimentin in xenograft tumors were 
determined in each group by Western blot. (C) expressions of cPeB4 and Ki-67 in xenograft tumors were detected in each group by immunohistochemistry. n=6 in each 
group. *P,0.05. Magnification ×200.
Abbreviations: cPeB4, cytoplasmic polyadenylation element-binding protein 4; gc, gastric cancer.

C

SGC7901 AGS

sh-NC sh-CPEB4 Vector CPEB4

C
PE

B
4

K
i-6

7

B

SG
C

79
01

 re
la

tiv
e

pr
ot

ei
n 

ex
pr

es
si

on 1.5

1.0

0.5

0.0

CPEB4

E-ca
dh

eri
n

N-ca
dh

eri
n

Vim
en

tin
ZEB1

*

*
* * *

A
G

S 
re

la
tiv

e
pr

ot
ei

n 
ex

pr
es

si
on 3

2

1

0

CPEB4

E-ca
dh

eri
n

N-ca
dh

eri
n

Vim
en

tin
ZEB1

*

*

*
* *

sh-CPEB4
sh-NC

CPEB4
Vector

sh-NC

CPEB4

E-cadherin

ZEB1

N-cadherin

Vimentin

GAPDH

SGC7901 AGS

sh-CPEB4 Vector CPEB4

A

Tu
m

or
 m

as
s 

(g
)

1.5

1.0

0.5

0.0

sh
-N

C

sh
-C

PEB4
Vec

tor

CPEB4

SGC7901 AGS

*

*

Tu
m

or
 v

ol
um

e 
(m

m
3 ) 1,000

800

600

400

200

0

0 d
ay

5 d
ay

s

10
 da

ys

15
 da

ys

20
 da

ys

25
 da

ys

30
 da

ys

*

*

sh-NC
sh-CPEB4
Vector
CPEB4

sh-NC

SG
C

79
01

A
G

S

sh-CPEB4

Vector

CPEB4

accumulating evidence indicated that transcription factor 

(such as Snail, Slug, ZEB1, SIP1, and Twist), as a crucial 

modulator of EMT, was an intracellular element relevant 

to cellular proliferation, longevity, and invasion.4 In many 

types of human cancer, transcription factor was overacti-

vated, thus regulating cells’ proliferation, invasion, and 

metastasis.23 In our present study, we found that knockdown 

of CPEB4 expression could observably decrease ZEB1 

expression and in turn suppressed EMT process, thereby 

reducing the growth, migration, and invasion abilities of 

GC cells. On the contrary, CPEB4 overexpression con-

tributed to the opposite effects. However, no changes in 

the expressions of the other EMT transcription factors 

(Snail, Slug, SIP1, and Twist) were also observed when 

CPEB4 expression was changed. Next, we reduced the 

endogenous ZEB1 expression, which weakened not only 

CPEB4-induced EMT but also cells’ growth, invasion, and 

metastasis. Thus, we could reasonably assume that CPEB4 
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Figure 6 effects of cPeB4 silencing or overexpression on the metastasis of gc cells in vivo.
Notes: (A) The lung metastatic nodules were counted. (B) expressions of cPeB4, e-cadherin, ZeB1, n-cadherin, and Vimentin in lung metastatic nodules were determined 
in each group by Western blot. n=6 in each group. *P,0.05.
Abbreviations: cPeB4, cytoplasmic polyadenylation element-binding protein 4; gc, gastric cancer.

facilitated GC cells’ growth, invasion, and metastasis via 

ZEB1-regulated EMT.

Although ZEB1 acted as a downstream effector in 

CPEB4-induced migration and invasion, it is worth explor-

ing the more in-depth mechanism(s) involved in the complex 

interaction of CPEB4 and ZEB1. As reported, ZEB1 was 

found to serve as a direct downstream transcriptional target 

involved in cancer cells’ invasion and metastasis. Besides, 

it demonstrated that the upstream target molecule and a 

binding partner constituted a transcriptional complex within 

ZEB1 promotor, thereby facilitating the ZEB1 expression.24 

Clinically, CPEB4 expression was positively correlated with 

ZEB1 expression in this study. To gain more insights into 

CPEB4-mediated ZEB1 of GC cells, a luciferase reporter 

assay could be conducted to determine whether CPEB4 

regulates ZEB1 promoter activity, which would prove a direct 

or indirect relationship between CPEB4 and ZEB1. Further-

more, in subsequent experiments, we evaluated whether 

other genes or certain signaling pathways are involved in 

CPEB4-mediated transactivation of ZEB1.

Conclusion
Our data demonstrated that high CPEB4 expression was posi-

tively associated with cancer metastasis and poor prognosis 

in patients with GC and CPEB4 could promote GC cells’ 

growth, invasion, and metastasis via activation of ZEB1-

mediated EMT, thus possibly leading to the advancement 

of novel clinical targets for cancer patients. Nevertheless, 

further exploration of the complex interaction of CPEB4 

and EMT is urgently required to enlarge the understanding 

of the mechanism.
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Supplementary material

Table S1 Primers designed for qrT-Pcr

Genes Sequence (5′–3′)

Forward Reverse

cPeB4 TggggaTcagccTcTTcaTa caaTccgccTacaaacaccT
e-cadherin cgagagcTacacgTTcacgg gggTgTcgagggaaaaaTagg
n-cadherin TcaggcgTcTgTagaggcTT aTgcacaTccTTcgaTaagacTg
Vimentin cTgcTTcaagacTcggTggac aTcTccTccTcgTacaggTcg
snail aaggccTTcTcTaggcccT cgcaggTTggagcggTcag
slug TTcggacccacacaTTaccT gcagTgagggcaagaaaaag
ZeB1 gaTgaTgaaTgcgagTcagaTgc acagcagTgTcTTgTTgTTgT
siP1 caagaggcgcaaacaagcc ggTTggcaaTaccgTcaTcc
Twist cagcTacgccTTcTcggTcT cTgTccaTTTTcTccTTcTcTgga
gaPDh aggggccaTccacagTcTTc agaaggcTggggcTcaTTTg

Abbreviations: cPeB4, cytoplasmic polyadenylation element-binding protein 4; qrT-Pcr, quantitative real-time Pcr.
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